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Determination of lead and cadmium in soil by
electrothermal atomization atomic
absorption spectrometry
E. Ortega i, M.L. Lorenzo2, C. Cabrera 2, M.C. López2. ^Department of
Edaphology and Agricultural Chemistry and ^Department of Nutrition and
Bromatology, School of Pharmacy, University of Granada, Campus de Cartuja
sin, E-18014 Granada, Spain.
Introduction. This study reports the optimization of a method for determining lead and cadmium
in soil with electrothermal atomization atomic absorption spectrometry (ETA-AAS). As an
analytical sample, soil is a complex matrix and requires the optimization of a time-temperature
program for the drying, charing and atomization phases in the graphite furnace, and corrections to
avoid interferences and other factors that might affect accuracy and precision.
The analyte determination precise a previous disolution of sample. The samples arc mineralized in a microwave acid digestion bomb; to optimize the procedure we did a serie of assays at
different power settings of microwave oven, combining the settings with different durations of
digestion, and varying the amounts of sample and acid. In accordance with the recommendations
of several authors (1), (2), (3), we took the physicochemical characteristics of the soil sample into
account in optimizing the digestion process.
Materials and Methods. The samples were mineralized in a microwave acid digestion bomb
(Parr 4782), which was heated in a Moulinex FM-460 microwave oven (600W) in 25%
increments, for 90 sec. Two-hundred-fifty mg of air dried and homogenized sample were treated
with 4 mL of 65% nitric acid, 4 mL of 40% hydrofluoric acid and 2 mL of 70% perchloric acid
(analytical reagent grade) and diluted to 100 mL with ultrapure water (18 MQ cm resistivity).
Pb and Cd were determined by ETA-AAS with a Perkin-EImer 2380 double-beam AAS
apparatus equipped with a deuterium arc background corrector and hollow cathode lamps. The
samples were atomized in a Perkin-EImer HGA 400 furnace and pyrolytic graphite tube with a
L'vov platform at 283.3 nm and 228.8 nm, respectively. Signals were recorded with a PerkinEImer 024 potentiometric recorder. The samples were injected manually with a Pipetman
micropipet.
The temperature-time program for the graphite furnace was optimized on the basis of
previous assays with a reference material (River sediment SRM 2704) certified by the U.S.
National Bureau of Standards (NBS). A solution of NH^PC^-NHtNOj (200 and 10 /<g respectively) was used as a chemical modifier for a 10 /<L aliquot analytical solution to lead determination and 20 \iY. to cadmium determination. Ammonium molybdate saturated solution was used to
precondition the furnace tubes.
For lead analysis, samples were mineralized at 750qC and atomized at 2000°C for 6 sec. For
Cd analysis, samples were mineralized at 500°C and atomized at 2100°C with an integration time of
5 sec. The purging gas was argon at 99.9998% purity; by stopping the flow of argon during
atomization of analyte, sensitivity was increased without altering the lifetime of the tube. The
furnace was cleaned by raising the temperature to 2650°C, and the graphite tube was allowed to
cool to 20°C between each analysis.
Calibration and analytical characteristics were evaluated. The calibration plots for lead and
cadmium were obtained from standard solutions. To detect possible interferences, the standard
additions method was used (4). The slopes of the calibration lines for spiked samples were similar
3

to the slope of the calibration line for the standards in acid medium; thus, matrix effects were
considered negligible.
For the used instrumental conditions, the analytical detection limits (5) were 0.4 pg of Pb and
0.16 pg of Cd. Sensitivity (element concentration for 0.0044 absorbance units) was 1.8 ng/mL for
lead and 0.22 ng/mL for cadmium.
The accuracy and precision of the method were checked with the NBS reference material and
recovery assays (6). Two-hundred-fifty mg of reference material were mineralizated and diluted as
the described sample procedure. We determined 165.5 ± 6.0 \i% Pb/g (RSD= 5.1%) and 3.59 ±
0.26 /Ag Cd/g (RSD= 10.3%) in relation at the certified value of 161 ± 17 pg Pb/g and 3.45 ± 0.22
fi% Cd/g (mean ± standard deviation, at 95% confidence internal about the mean for n=10).
Percentage recoveries ranged from 97.88 to 100.61% for lead and from 94.57 to 98.64% for
cadmium.
Absorbance in ten successive determinations of different samples were statistically analyzed
(7). RSD (%) ranged from 1.50 to 4.53 for lead spectrophotometric determination, and from 2.44
to 7.81 for cadmium spectrophotometric analysis.
Results and Discussion. The digestion procedure we developed provides rapid, complete
mineralization of the sample with minimal losses, and avoids external contamination by the
reaction vessel or reagents, because of the small amounts involved of these materials. More than
one element at a time can be analyzed in a single analytical solution (Pb, Cd, As, Hg, etc.), and the
method is suitable for a wide variety of samples. The digestion procedure increases the precision
and accuracy of the analytical technique. Omission of the standard additions method considerably
simplifies the analysis.
The analytical technique we propose is suitable for the determination of lead and cadmium in
soil and similar materials (sewage sludges, sediments, fertilizers). The detection limits, sensivity,
accuracy and precision we obtained were adequate withing the range of Pb and Cd normal
concentration in soil (8). Our method make it useful for routine analysis, not only for quality
control assays of soils, but also as a measure of environmental pollution and as a tool in the
assessment of medium- and long- term health risks to vegetation and food chain.
Literature Cited.
(1) Carrondo, M.J.; Reboredo, F.; Ganho, R.; Oliveira, J. 1984. Analysis of sediments for heavy
metals by a rapid electrothermal atomic-absorption procedure. Talanta 31:561-564.
(2) Bettinelli, M.;Pastorelli, N.; Baroni, U. 1986. Determination of trace metals in sediment
standard reference materials by graphite furnace atomic absorption spectrometry with a stabilized
temperature platform. Anal. Chim. Acta 185:110-117.
(3) Ruiz, E.; Echeandia, A.; Romero, F. 1991. Microanalytical determination of metallic
constituents of river sediments. Fresenius J. Anal. Chem. 340:223-229.
(4) Kalivas, J.H. 1983. Precision and stability for the generalized standard additions method.
Anal. Chem. 55:565-567.
(5) Long, G.L.; Winefordner, J.D. 1983. Limit of detection: a closer look a the IUPAC definition.
Anal. Chem. 55:713.
(6) Horwitz, W. 1983. Repport of the Committee on laboratory studies. J. Assoc. Off. Anal.
Chem. 66:455-466.
(7) Stiel, R.G. 1982. Principles and procedures of statistics. McGraw-Hill. London.
(8) Horwitz, W. 1982. Evaluation of analytical methods used for regulation. J. Assoc. Off. Anal.
Chem. 65:525-530.
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Influence of dissolved organic matter on the differential pulse
polarographic determination of Cr(VI)
S. Cram*., W. Fischer *, M.E.Gutierrez** and L. Flores**
^Department of Soil Science, Hohenheim University, Germany.** Geography
Institute UN AM, México

Introduction. Electrochemical reactions occur at a characteristic potential and produce a current that is
proportional to the concentration of the species in solution (Henze & Neeb 1986)). The differential
pulse polarography (dpp) is a very suitable method for the determination of Cr(VI) in soil extracts (Flores, 1992), but if there is dissolved organic matter (DOM) present in the soil extract, there are a number
of complications wich disturb the direct relationship between the measured voltammetric signal and the
free metal concentration.
In this work we analized the chromate interaction with humic acid, based on the reduction wave. The
current was measured under controled conditions as the Cr(VI) concentration was increased and the
ocurrence of a break in the response curve was used to study the complex formation between humic
acid and chromate. It is shown that the use of the standard additions method for quantification when
complexation occurs can lead to serious accurancy problems. The errors can offen be compensated
through the use of correct quantification methods.
Materials and Methods. The soil extracts were obtained by shaking 2 g of soil with TRIS-Buffer
pH=12.9. lmL of this extract was added to the polarographic cell with NaOH as supporting electrolyte
and deoxigenated during 4 min using high purity nitrogen. A dp polarogramm was then recorded over
the voltage range -0.5V to -1.6V (scanning rate = lOmVs"1; pulse amplitude = -lOmV ; drop time =
0.5s. Successive additions of CrVI-standard were made, with and without DOM.
Results and Discussion. Figure 1 shows the characteristic peak potential for Cr(VI) in 0.1M NaOH of 1.12V with the corresponding calibration curve. The relationship between peak current and chromium
(VI) concentration was found to be almost linear.
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Figure 1. DPP of succesive additions of Cr(VI) in 0,01M NaOH and the corresponding calibration
curve
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When DOM is present in the soil extract, a shoulder peak appeared at -0.92V (fig.2) and the Cr(VI)
peak height decreases. This indicates that there is some interaction between the Cr(VI) and DOM. Studies in electrochemistry have led to the distinction of three types of metal complexes based on the shape
of the plot dpp limiting current (Ai) vs the Cr(VI) concentration: a) aquo-metal ion complexes are completely reducible at an electrode, b) non labile complexes are completely inert and cannot be reduced
and c) quasi labile complexes are partially reduced (van Leeuwen 1987). The shape of the curve in
figure 3 indicates that the shoulder peak can be a reduction wave for a chromate-humate complex and it
behaves as a quasi labile complex .
The decrease on the peak height implicates that the Cr(VI) peak is no more proportional to its free metal
concentration in solution. Figure 4 illustrates that the chromate concentration was best determined by
measuring the area under the two peaks formed in the dpp. Figure 4 represents the linear relationship
between the area of the peaks and the Cr(VI) concentration.
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Figure 2. Polarographic response after increasing additions of Cr(VI) to the polarographic cell containing 0.1M NaOH and soil extract with DOM.
Figure 3. Plot of peak current at -1.12V as a function of added Cr(VI).
Figure 4. Plot of the area of the two peak vs Cr(VI) concentration showing a linear relationship.
Literature cited
Flores V.L. (1992) Tesis (Maestrfa en Qufmica) UNAM, México.
Henze G. and Neeb R. (1986) Elektrochemische Analytik. Springer Verlag.
van Leeuwen H.P. (1987) Voltammetric titrations involving metal complexes. The Science of the Total
Environment.60: 45-55.

Investigation of Soil Humic Acids by Means of Polyacrilamide
Gel Electrophoresis in Combination with some Modem
Biochemical and Physico-chemical Methods
O. A. Trubetskoj, and O. E. Trubetskaya. Institute of Soil Science and
Photosynthesis, and Branch ofShemyakin , Institute ofBioorganic Chemistry,
Russian Academy of Sciences, 142292, Pushchino, Moscow Region, Russia.

INTRODUCTION. Humic and fulvic acids arise from the soil organic
matter as a result of humification processes when biological
substances are converted into an amorphous group of dark colored
materials. The presence of charge resulting from ionization of
functional groups is a fundamental property of humus acids. This
property is exquisitely exploited by means of electrophoresis and
this technique has been extensively used in the fractionation of
humic substances. The earlier electrophoresis have been considered
rather as a low informative preliminary stage in separation of
humic fractions and diffuse distribution of humic matter along
lines of electric current was reported (1) We have developed the
method of electrophoresis in polyacrylamide gel (PAG) with urea and
sodium dodecyl sulfate as a denaturating agents for fracionation of
soil humic acids into several discrete zones and studied some of
their physico-chemical properties.
MATERIALS AND METHODS. The humic materials were extracted by carboxylate resin from six genetically different soils, namely soddy
podzolic, grey forest, chernozem, black compact, chestnut and red
soils. Concentration of humic acids (HA) was carried out by acid
precipitation. Electrophoretic fractionation of soil HA in 10% PAG
in the presence of denaturating agents, isolation and purification
of humic acids fractions (HAF) have been carried out (2,3).
The samples (approximately 1-2 mg of HA and HAF) were hydrolyzed with 5.7 N HC1 for 24h at 110°C under nitrogen and released
amino acids were determined using analyzer LC 5001 (Biotronik, Germany ).
Absorption spectra HA and HAF were recorded with a Beekman
DU-8 spectrophotometer equipped with an automatic recorder. Spectral ranges examined were 220-665 nm. E4 /E6 ratios, i.e. the ratio
of the optical densities at 465 and 665 nm were evaluated from the
plots.
Tne HA of

RESULTS AND DISCUSSION.

each son studied separated into

five discrete bands which differ greatly in electrophoretic mobility. The electrophoregram bands are comparatively homogeneous, quite
reproducible, lacking diffusion and background. Probably soil HA
contain constant and uniform fractions.
The electophoregram scans at 480nm revealed clear differences
in correlation of peak heights corresponding to HAF in the six
soils, this point to a possible means of classifying the soil studied»
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A method of preparative isolation and purification of HAF has
been developed ( 3 ) . Electrophoretic mobility of HAF after their
eluation from the gel and purification do not change.
Absorption spectroscopic investigations in the ('V and visible
ranges have been carried out .Correlation be twejej\, gradual increase
of E,/K~
ratio and extinction coefficients (E.A,) of HAF and inc4

b

400

rease of their electrophoretic mobilities assumes distribution of
fractions in the gel matrix according to molecular weights.
Amino acid compositions of HA and HAF were determined (4) There were
seventeen identifiable amino acids
in HA and HAF after
acid hydrolysis. While the amino acid composition of HA and HAF was
similar, we observed essential differences in quantities of their
amino acids per gramme of dry sample. The HA have average values of
amino acid content in comparison with the fractions.
The obtained differences between the physico-chemical properties of studied HA fractions point out the possible differences in
their structural organization and chemical composition.

LITERATURE CITED.
(1) Hayes,M.,MacCarthy,P., Malcolm,R. and Swift,R. 1989. Humic substances II. Search of Structure. John Wiley, Chishester.
(2) Trubetskoj,0.,Kudryavceva,L. and Shirshova,L. 1991. Characterization of soil humic matter by polyacrylamide gel electrophoresis
in the presence of denaturating agents. Soil Biol.Biochem.23:11791181.
(3) Trubetskoj,0. and Trubetskaya,0. 1992. Isolation,
purification
and some physico-chemical properties of soil humic substances fractions obtained by polyacrylamide
gel electrophoresis. Soil Biol.
Biochem.24:893-896.
(4) Trubetskoj,0, and Trubetskaya,0. 1992. Amino acid compositions
of soil humic acids fractions obtained by polyacrylamide gel electrophoresis.
Proc. of the 6th Intern.Meeting of IHSS.Bari, Italy,
accepted for publication.
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X-RAY ABSORPTION SPECTROSCOPY AND THE
STUDY OF SOIL SORPTION PHENOMENA
L. Charlet* and A. Manceau, Environmental Geochemistry Group, LGIT,
University of Grenoble (UJF), BP 53, F-38041 Grenoble, France.
Introduction. Recent advances in the development of non-invasive, in-situ spectroscopic
techniques have been applied successfully to the study of soil constituents. Among emerging
spectroscopic methods mat recently developed. X-ray absorption spectroscopy (XAS) is one of
the few methods capable of providing, at room temperature, and possibly in aqueous media,
direct structural information on the short range order and on the nucleation of, say,
"amorphous" natural soil particles, and of dilute metal species sorbed on them.
Method X-ray absorption spectroscopic (XAS) techniques allow the investigation, at a
molecular level, of sorption reactions at the solid/water interface. XAS is commonly subdivided
into two methods known as EXAFS (Extended X-Ray Absorption Fine Structure Spectroscopy)
and XANES (Near-Edge X-Ray Absorption Fine Structure). The key features of XAS methods
can be summarized as follows:
- XAS is an element specific method which can be used for studying compositionally
complex particles. Any element of the periodic classification can be theoretically studied.
- Structural information extends beyond the first coordination shell. This characteristic
explains EXAFS growing success for studying the structure of surface complexes.
- Solutions and poorly- or well-crystallized materials can be studied also since this
method does not require any long range order to work. This sensitivity to local order makes it a
valuable tool for probing the structure of soil particles that are currently amorphous through Xray diffraction- In certain conditions, it can be an in-situ non-invasive method. Material can be studied
in their natural aqueous environment (e.g. as wet pastes or in solution) if the energy of the edge is
high enough for the incident beam not to be absorbed too much by water molecules.
- XANES provides information on the oxidation number of the investigated element, and
thus allow surface redox reactions to be studied.
- One of the major limitation of XAS is its lack of spatial resolution in comparison to,
say, electron diffraction. This limits its use to materials where the X-ray absorber phase is unique
but not necessarily to pure samples. If X-ray absorber sites are several, such as in a sorption
experiment where solely 50% of the sorbate would have been sorbed, the XAS spectrum would
be a weighted average of all the local structures of the sorbate.
Results. The formation and structure of soil, typically poorly crystallized, particles, will be
discussed using the example of Fe and Mn (oxyhydr)oxide colloids. We will then present a
selective review of some results obtained in our laboratory with X-ray absorption spectroscopy
(1,2) with regard to the study of sorption phenomena, i.e. of formation of surface complex ,
heterogeneous nucleation, coprecipitation and solid state diffusion.
The experimental systems to be discussed include:
- The adsorption of selenate and cadmium on ferrihydrite, and that of lead and zinc on
birnessite,
- The heterogeneous nucleation of chromium and thorium on ferrihydrite and silica
respectively, and
- The coprecipitation of cadmium (Figure 1) and chromium with Fe within ferrihydrite.

9

The validity of the distinction between these three sorption mechanisms is developed. A
possible description of these surface phenomena at a macroscopic level, but in accordance with
the EXAFS structural results, is explored.

Figure:!: Structure of cc(Fe.995Cd.005)OOH, as deduced from EXAFS measurements

Literature Cited.
(1) Charlet, L. and Manceau, A. (1993) Structure, formation and reactivity of hydrous oxide
particles. Insights from X-ray absorption spectroscopy, in Sampling and Characterization of
Environmental Particles II. (J. Buffle, Ed.) International Union for Physical and Applied
Chemistry Series, Lewis Publ. pp.117-164.
(2) Charlet, L. and Manceau, A. (1992b) X-Ray absorption spectroscopic study of the sorption
of Cr(III) at the oxide-water interface. II. Adsorption, coprecipitation and surface precipitation
on ferric hydrous oxide. Journal of Colloid and Interface Science 148:443-458.
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Iodophenol Transport in Undisturbed Soil Cores Measured
using Computed Tomography
S.H. Anderson*, X. Liu, and C.J. Gantzer. Department of Soil and Atmospheric
Sciences, University of Missouri-Columbia, Columbia, MO 65211
Introduction. The heterogeneous nature of soil presents serious problems in accurately
predicting solute transport. Researchers (1, 2) have recently used tracers with computed
tomography (CT) to visualize flow in both geologic and soil materials. It was hypothesized that
an organic contaminant could be chosen such that it contained a high atomic number element in
its structure so that it could be traced using CT techniques in undisturbed soil cores. The
objectives of this experiment were to select an appropriate organic contaminant that could be
traced in soil using CT and to use the organic contaminant in spatially determining transport
properties such as pore-water velocity, dispersivity, and retardation within undisturbed soil cores.
Materials and Methods. Undisturbed soil samples (76.2 mm long x 76.2 mm diam.) were
removed from the 24 to 100 mm soil depth in a field under wheat management near Hartsburg,
Missouri. The soil was Sarpy loamy sand (mixed, mesic Typic Udipsamment). The samples
contained within Plexiglas cylinders were taken to the laboratory. Plexiglas inflow and outflow
endplates were attached to the ends of the soil core. The endplates were sealed with gaskets and
"/ere held in place with three nylon bolts. Swagelock quick-connect fittings were attached to the
inflow and outflow endplates which allowed for saturation of the core, addition of the
breakthrough solution, and collection of the effluent. Prior to conducting breakthrough
experiments, the cores were saturated with distilled water containing dilute concentrations of
CaCl2 and MgCl2 to prevent physical dispersion of the soil. A Siemens SOMATOM DRH CT
scanner was used for scanning the cores during solute breakthrough. Scans were performed
using 125 kVp energy with a 5-s measuring time and a 2-mm slice thickness. The cores were
scanned with a 256 x 256 reconstruction matrix with a pixel size of 0.5 by 0.5 mm. The soil core
assembly was placed in the CT scanner with the longitudinal core axis perpendicular to the scan
plane. Scans were performed through the soil core in a plane normal to the longitudinal axis of
the core and at a distance of a few mm upstream from the downstream face of the core. Scans
were performed at 60-s intervals beginning when a 1% (g/g) KI solution was introduced at the
upstream face of the core. The flow rate of the core was maintained constant using a peristaltic
pump. After the effluent concentration was equal to the applied concentration, the core was
flushed with the saturating solution without moving the sample from its position in the scanner.
The flushing time took twice as long as the KI breakthrough experiment. After flushing, a 1.35%
(g/g) iodophenol solution was introduced at the upstream face of the core. The KI and
iodophenol solutions contained the same concentrations of CaCl2 and MgCl2 as the saturating
solution. Scans were taken at 60-s intervals during the KI breakthrough, the KI flushing, and the
iodophenol breakthrough. Effluent samples were collected during scanning and were evaluated
for KI and iodophenol concentrations. Iodide concentrations were determined with an iodide
specific electrode. Iodophenol was analyzed using high performance liquid chromatography.
Breakthrough times for each pixel were calculated as the time when the relative concentration
(KI breakthrough) in each pixel reached 0.5. Linear pore-water velocity (u) in each pixel was
determined by dividing the distance (L) of the scan plane from the inflow end of the soil core by
the breakthrough time. Dispersivity (a) for each pixel was calculated by determining the slope
(S) of the relative concentration curve (KI breakthrough) and using the following relationship: a
= L/(4JIS 2 ). The retardation coefficient for each pixel was determined by dividing the time to
breakthrough of iodophenol at each pixel by the time to breakthrough of iodide.
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Results and Discussion. From experience with organic contaminants, iodophenol was selected
as the organic contaminant to use with the computed tomography breakthrough experiments.
Iodophenol is soluble in water and could be detected with the CT scanner at concentrations near
the limit of its solubility. A comparison between results from the CT method and the effluent
extraction method for determining relative iodophenol concentrations vs. time is illustrated in
Figure 1. Due to the fact that the iodophenol is adsorbed to' some degree, the relative
concentration never reached 1.0 during the length of the experiment. However, the shapes of the
two curves agree very well which indicates that the CT method can be used to scan breakthrough
of organic contaminants such as iodophenol. This was conducted in an undisturbed soil core
which appears to be fairly uniform which accounts for the good agreement between the two
methods. Plots of pore-water velocity and dispersivity as functions of position within the core
(determined from the Kl breakthrough) are shown in Figure 2a and 2b. A plot of the retardation
coefficient distribution as a function of position within the soil core determined from the
iodophenol breakthrough is shown in Figure 2c. These plots indicate that the core is somewhat
heterogeneous even though the breakthrough curves indicated otherwise. These results are quite
promising since this is the first time that an organic tracer has been scanned using computed
tomography in an undisturbed soil core. Approximately 10,000 values of retardation were
determined with this technique which indicates that computed tomography does have the
potential to obtain results at a level of precision approaching the scale of macropores.

2 0
4 0 6 0
Tim» (mln)

Fig. 1 Relative iodophenol concentration vs.
time for effluent samples and CT method.

Fig. 2. Transport properties as a function of horizontal and vertical position within an
undisturbed soil core: (a) pore-water velocity, (b) dispersivity, and (c) retardation coefficient.
Literature Cited.
(1) Anderson, S.H., R.L. Peyton, J.W. Wigger, and C.J. Gantzer. 1992. Influence of aggregate
size on solute transport as measured using computed tomography. Geoderma 53:387-398.
(2) Withjack, E.M. 1988. Computed tomography for rock-property determination and fluidflow visualization. Soc. Pet. Eng. Formation Evaluation, 3:969-704.
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Color and Chlorophenols Removal from Kraft Bleach-Plant
Effluents by Allophanic Compounds
C. Diez*1, G. Pena and M. L. Mora2. ' Depto de Ingenieria Quimica. 2 Depto. de
Ciencias Quimicas. Universidad de la Frontera. Temuco - Chile.
Introduction. Bleached Kraft mills usually discharge large volumes of brown-colored effluents as a
result of the different operations used in the processing of wood and pulp. Brown color of the effluents
originates mainly from lignin degradation products, most being of them chlorinated (1). Lignin and its
derivatives are difficult to degrade because of the strong linkages within the molecule, especially
biphenyl-type carbon-to-carbon linkages. Because chlorolignins are not easily biodegradable,
conventional biological treatment methods are only moderately effective in decreasing effluent COD
(2). Thus, it is necessary to use other treatments based on the employment of the white-rot fungi or
through the neutralization of the anionic charges of the lignine derivates. The high affinity that these
organic compounds have for Al and Fe makes the use of treatments based on clay adsorption
mechanisms possible. In this work, we study the capacity of removing chlorophenol compounds using a
synthetic allophanic fractions with ferrihydrite coating and natural allophanic soils.
Materials and Methods. Bleached Kraft pulp mill effluents treated by biological oxidation in aerated
lagoons were utilized to study the color and chlorophenols removal. The effluent utilized presents 326
mg/1 phenolic compounds, pH of 7.5 and 1,861 Pt/Co units.
Allophanic compounds (AL-SI-OH) were synthetized by coprecipitation of potassium silicate and
aluminium chloride at pH 5.5 and a temperature of 25 °C. Afterwards, 6% ferrihydrite with an area' of
450 m /g was precipited "in situ" according to the methodology proposed by Mora (3). Soil from
southern Chile were sampled at three depths: 10-20, 20-40, 40-60 cm and activated by washing with
H2SO4 0.1M and by calcination at 550 °C.
Isotherms: 10 ml of effluent (pH 7 5) and 250 mg of AL-SI-FE were taken and periodically stirred for
24 hours. Afterwards, it was centrifugated to 10,000 x g for 10 min. With the same technique, pH
effect and solid/solution relationship were studied. The remaining phenolic compounds concentration
was measured by ultraviolet absorbance in a 1 cm quartz cell at 215 nm, at pH 6 (0.2 M KH2PO4
buffer). Color was measured at 440 nm in a spectrophotometer Hach DR-2000 and expressed as Pt/Co
units. Infiltration column: Glass column of 400 x 25 mm was packed with a mixture (50%) of soil and
sand were used. The column was previously activated by washing with H2SO4 0.1 M. The column was
operated with a hydraulic retention time of 2 hours and the content of phenolic compounds and color in
the column effluent were analyzed at intervals of 2 hours.
Results and discussion. The kinetics studies using allophanic compounds (AL-SI-FE) point out that
the removal mechanism is carried out by means of a rapid reaction in the first 5 min. where 70% of
color and phenolic compounds removal occur, followed by a slow reaction which settles at about the
24 h. As shown in Fig. 1 color and phenolic compounds removal increase with the increasing allophanic
compounds concentration and there is a high correlation between phenolic compounds concentration
and color.
On acidifying the allophanic suspention-effluents the removal increases (90% at pH 4 ) as a result of
the increasing positive charge of this compound, facilitating the reaction between the phenolic
22

compounds and Al-OH and Fe-OH surface sites
(Fig 2). Similar reactions between humic
compounds of the soil organic matter and allophanic
compounds have been described through an ligand
exchange mechanism.
The greater cations concentrations neutralizing the
charge of the active surfaces in the allophanic soils
were displaced by the protons when the soil was
washed with an acid solution. So sites Al-OH and
Fe-OH present in the inorganic soil matrix were
activated to react with the phenol compounds
«L-SME(i>|t
obtaining a removal of around 90% and similar
values for color remotion when soil 20-40 cm was Fig 1- Effect of allophanics compounds concentration
on color and chlorophenols removal.
employed (Fig 3). The other two profiles of soil
presented lower removal percentages. The remotion
capacity of this soil in the first profile (10-20 cm) was reduced due to the high organic matter content
which is coating and blocking the active sites of the clay fraction. The remotion capacity of the profile
40-60 cm was also reduced due to the low contents of the fine colloidal fraction decreasing the number
of the active sites. The column studies showed that 90% of the color and 70% of phenolic compounds
still were removed after 12 hours of column work.

Fig 3- Effect of acidified soil profile on color and
chlorophenols removal.

Fig 2- Effect of allophanics compounds at different
pH on color and chlorophenols removal.
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Methanogenese in organoreichen Salzmarschen
K. Dittrich* and L. Giani. Soil Science Division, Carl-von-Ossietzky Universiteit,
P.O.Box 2503, D-26111 Oldenburg, Germany
Abstract. Variations of methane and sulfate concentrations were determined in saltmarsh soils rich
in organic material (FAO: Thionic Fluvisols). Soil samples have been collected down to a depth of
100 cm and subsamples out of every 10 cm section were analysed for methane and sulfate
concentration. The methane concentrations were well correlated with the texture of the soil and the
organic content. Organic soil samples had the highest methane concentrations (2-9 umol/g dry
weight) followed by clay (0-2 umol/g dw) and the lowest contents were analysed in sand (0,1-0,3
umol/g dw). Even soil samples with sulfate concentrations up to 15 mM had higher methane
concentrations than other saltmarsh soils which are in a comparable state of development on the
south coast of the North Sea (0,02 umol/g dw). The results further indicate a correlation between
methane and sulfate concentrations within the same section in a profile. The section with the lowest
sulfate content in every profile always had the highest content of methane. Methane emission rates
showed high differences between sample sites with and without vegetation.
Einfiihrung. Das Sehestedter AuBendeichsmoor befindet sich im EinfluBbereich der Nordsee Bei
Sturmfluten kommt es zur Erosion von Torffasern aus dem Hochmoor, die im Bereich zwischen
Moor und Meer zusammen mit marinen Sedimenten wieder abgelagert werden. Die daraus entstehenden Salzmarschen sind in ihrem Aufbau jedoch nicht grundsatzlich durch eine homogene
Vermischung von Torffasern und marinen Sedimenten gekennzeichnet, oft ist ihr Aufbau sehr
inhomogen. Es treten kleinraumig stark wechselnd, mehr oder weniger machtige, Sand-, Schluff-,
Ton- oder Torfbander bzw -schichten auf. Oberirdisch ist der grööte Teil des Moores schon
abgetragen Seine ehemalige Ausdehnung ist heute noch daran zu erkennen, daB in den Salzmarschen
seewarts des Moores ab 30 - 50 cm Tiefe Hochmoortorf ansteht.
Aufgrund des hohen Gehaltes an organischer Substanz in diesen Boden findet eine intensive
Methanogenese start, die normalerweise in marinen, sulfatreichen Sedimenten und Boden nicht von
Bedeutung ist (King and Wiebe, 1980) Methanogene und sulfatreduzierende Mikroorganismen
konkurrieren um die gleichen Substrate (H2/C02, Acetat). Die Sulfatreduzierer haben jedoch eine
höhere Afïinitat zu diesen Substraten und können sie mit einem gröBeren Energiegewinn umsetzen.
Sie haben dadurch einen Konkurrenzvorteil (Kristjansson et. al., 1982).
Durch diese Untersuchungen soil geklart werden, welches AusmaB die Methanogenese dieser
organoreichen Salzmarschen hat und welcher Zusammenhang zum Prozess der Sulfatreduktion
besteht. Sie sollen weiterhin einen Beitrag dazu liefern, die Kenntnisse über diese weltweit einzigartige Boden zu vertiefen.
Material und Methoden. Von April bis Juli 1993 wurden Bodenproben mit einem Bohrstock von
100 cm Lange an morphologisch verschiedenen Salzmarschen entnommen. Die Bohrstockproben
wurden in 10 cm Abschnitte unterteilt und aus jedem Abschnitt wurde Boden fiir die Bestimmung
der Methankonzentration und der Sulfatkonzentration im Porenwasser entnommen. Gasemissionsraten wurden mit geschlossenen Glaskammern ermittelt.

24

Ergebnisse und Diskussion. Die Methankonzentrationen im Boden variieren erheblich zwischen
den einzelnen Bodenabschnitten (Torf, Ton, Sand). Die höchsten Methankonzentrationen mit 2 bis 9
umol/g Trockengewicht wurden im Torf gemessen, gefolgt von den tonigen Bodenproben mit 0 bis 2
umol/g TG und schliefilich den sandigen mit 0,1 bis 0,3 umol/g TG. Die höchsten Methangehalte in
den tonigen Proben wurden an Übergangen vom Ton zum Torf festgestellt. Die Ergebnisse zeigen
eine deutliche Korrelation zur Körnung bzw. zum Gehalt an organischer Substanz des untersuchten
Bodenabschnittes.
Die Sulfatgehalte nehmen im Profil von oben nach unten ab und liegen zwischen 0,2 und 25 mM,
wahrend die Sulfatgehalte des Oberflachenwassers, das stellenweise in den Salzmarschen vorkommt,
zwischen 3 und 6 mM betragen. Meerwasser enthalt im Durchschnitt 28 mM S04. Die Sulfatgehalte
in den torfigen Bodenproben uberschreiten 6 mM nicht, dort wurden die höchsten Methangehalte
gemessen. In den tonigen Proben wurde ab einer Sulfatkonzentration von 6 mM S04 keine Methankonzentration gröBer 1 umol/g TG festgestellt und ab einer Sulfatkonzentration von 15 mM keine
höhere Methankonzentration als 0,2 umol/g TG Einher mit den höchsten Methangehalten im Profil
gehen die niedrigsten Sulfatgehalte im Porenwasser des entsprechenden Profilabschnittes. Die
Ergebnisse weisen auf eine Beziehung der Methanproduktion zum Sulfatgehalt des Bodens hin.
Die Methankonzentration in typischen Salzmarschen der südlichen Nordseeküste liegt im Durchschnitt bei 0,02 umol/g TG (Giani, 1992). Die hier gemessenen Methankonzentrationen liegen, bis
auf wenige Ausnahmen, oberhalb dieses Wertes. Bei den tonigen Bodenproben ist eindeutig eine
höhere Methanproduktion ab Sulfatwerten kleiner 15 mM zu erkennen. Auf jeden Fall liegt die
Sulfatkonzentration, ab der geringere Methankonzentrationen auftreten, oberhalb von 1 mM S04,
dem Schwellenwert fiir die Hemmung der Methanproduktion (Reeburgh und Heggie, 1977). Dies
zeigt, daB der Schwellenwert von 1 mM S04 sich nicht im natürlichem System wiederfinden laBt,
wie auch schon andere Untersuchungen bestatigen (King, 1984; Oremland et al., 1982; Giani et al.,
1984) Entweder bedarf dieser Schwellenwert einer Revision oder der Ort der gemessenen Sulfatund Methankonzentrationen ist nicht der Ort ihrer Bildung.
Erste Ergebnisse zeigen, dafi die Methanemissionen von der untersuchten Flache stark abhangig
davon sind, ob Salzmarschvegetation vorhanden ist oder nicht.
Literator.
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The Significance of Base Status in Highly Weathered Forestry
Subsoils on Four Contrasting Geologies in Southern Africa.
M. J. Donkin* and C. W. Smith. Institute for Commercial Forestry Research,
University of Natal, Pietermaritzburg 3201, South Africa.
Introduction. Rainfall, and specifically soil moisture, is the dominant influence on
commercial tree growth potential in southern Africa. The forestry areas of the summer
rainfall regions display, for the most part, highly leached, highly weathered and well
developed soils. In this part of the sub-continent, measures of subsoil base status have
traditionally been used to indicate water relations in the well-drained solum, rather than for
assessing site fertility. The assumption is that higher effective rainfall at a site will be
reflected by lower indices of base status in well-drained, well developed soils at that site.
This way of thinking is exhibited in the local soil classification system (1).
Materials and Methods. To investigate the meaningfulness of these suppositions, sites
considered to be clearly "good" or "marginal" from a commercial forestry viewpoint were
identified on each of four commonly encountered parent materials, and subsoil samples from
comparable, well developed profiles of undisturbed soil, lacking obvious signs of
hydromorphy, were taken. Six of the sites were taken from a conceptual climosequence in
Natal (2), and the granitic soils were sampled in the Eastern Transvaal. The soils were
classified according to the local soil classification (1) and according to Soil Taxonomy (3).
Measures of soil base status commonly applied in southern Africa were determined, and the
results obtained are displayed in Tables 1 and 2.
Table 1

Sandstone derived soils

Location
Soil Classification
(i)
Sou Taxonomy3'
(ii)

local sou
classification"

Granite derived soils

"Good Site"

"Marginal Site"

"Good Site"

"Marginal Site"

Qudeni

Bray Hül

Tweepoort

Witrivier

Humic Xanthic
Acrudox

Lithic Haplustox

Typic
Kanhaplustult

Rhodic Kandiustult

Magwa 1100 clay

Magwa 1100 clay

Hutton 1200
sandy clay loam

Griffin 1100 sandy
clay loam

Bl horizon clay content

59%

46%

34%

29%

Bl E C E e

0.49

5.08

1.73

3.22

54

48

19

66

Bl S-value"

0.41

5.30

0.33

2.14

Bl pH {\M KC1)

5.0

3.9

4.1

4.3

Bl Base saturation6

Results and Discussion. While the results presented here cannot be compared in a strictly
statistical sense, thev are nevertheless in accordance with general experience in the summer
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rainfall regions of southern Africa. Effective Cation Exchange Capacity (ECEC) and S-value
(sum of exchangeable basic cations, expressed per unit clay content), although in all cases
low, irrespective of parent material, nevertheless show distinct differences between "good" and
"marginal" forestry sites, with the lower values being consistently observed for the "good"
sites. Base saturation levels are, however, comparatively high for such low ECEC soils, and
the ability of this index to discriminate between "good" and "marginal" sites is not readily
apparent. This is in agreement with similar observations made elsewhere (4,5) and lends
weight to the criticism concerning the employment of cation ratio indices as classification
criteria for highly weathered, low CEC, variable charge soils, as exercised by Soil Taxonomy.
Table 2

Shale derived soils

Location
Soil Classification
(i)
Soil Taxonomy31
(ii)

local sou
classification01

Dolerite derived soils

"Good Site"

"Marginal Site"

"Good Site"

"Marginal Site"

Boscombe

Bloemendal

Knight

Cedara

Typic Kandihumult

Magwa 1200 silty
clay loam

Typic
Kanhaplustult

Typic
Kandihumult

Typic
Kanhaplustult

Inanda 1100 clay

Inanda 1200 clay

Magwa 1200 clay

B l horizon clay content

49%

76%

61%

59%

B l ECEC°

0.82

3.61

3.24

3.89

51

53

43

87

B l S-value"

0.86

2.53

2.03

5.76

B l pH (1M KC1)

4.7

4.2

4.5

4.7

B l Base saturation

a fl fi -

6

Sum of lAf NH^CHjCOO exchangeable basic cations (Ca, Mg, K, Na) and \M KC1 extractable acidity
(cmol,. kg'1 sou)
Sum of exchangeable basic cations as a percentage of ECEC
Sum of Ui NH,CHjCOO exchangeable cations (Ca, Mg, K, Na) (cmol,. kg' clay)
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Evolution of some physico-chemical parameters in soils
cultivated by means of ecological agriculture techniques.
A. Garcia Navarro **, J. Labrador* and L. Fernandez Pozo.**
** Cdtedra de Edafologia y Quimica Agricola., Universidad de Extremadura,
06071, Badajoz, Spain.
* Servicio de Investigation y Desarrollo Tecnológico. Consejeria de Agricultura y
Comercio, Apdo.217, 06071, Badajoz, Spain.
Introduction. The ecological agriculture is a way of agrarian production that can be included away
the socalled "alternative agricultural models". This form combined both traditional agricultural
wisdom and newly acquired knoldewdge about agronomy. Its priority is to obtain high quality food
respecting the environment and maintaing the fertility of the soil at the same time by making the best
use of the resources and leaving behind chemical synthesis products (1).
At present, this agricultural model is becoming specially important for given areas, not only for the
quality of its products but also for the obvious improvement in edaphic parameters related to fertility
and conservation of arable lands.
Materials and methods. The samples correspond to a 32-Ha farm situated in Extremadura
(Spain). It has been divided into 4 plots and 47 subplots to this pourpose. The predominant soils is a
Typic Xerofluvent with an area in the south of a 30 % of Ultic Haploxeralf which has developed on
slate. pH and Eh were determined electrometrically in a water-soil suspension following a proportion
of 1:1. Exchange bases, CEC and EC according to the dispositions in the Soil Survey Manual (2).
Results and Discussion. During the 5 years of crops under study (1987-91), which coincided
with the beginning of ecological production on the farm, the soil of the whole farm was fertilized in
an uneven way with 35.000 Kg/Ha of sheep manure biannually, alternated with green manure, either
lupin or mustard-rape, which amounted to 12.000 Kg/Ha, and two limy amendments of dolomite
which account for 600-800 Kg/Ha. Furthermore, during the first few years nitrate of Chile was
added in determinated areas as a nitrogenate amendments.The evolution of the soil was observed, and
samples were taken every September and October, year after year from 1987, when the experiment
started.
The table shows the average pH values and the exchange complex, as well as their range.
The limy amendments practised had a strong influence on the pH wich an average rise of nearly two
units and which affected all the unit intervals. This rise may be considered normal for the period
analysed, but if we observe its evolution , several sharp changes appear, as shown in fig 1,
coinciding with the irregular application perfomed. These values contrast with those corresponding to
the evolution of Ca and Mg, and
Min.
Max.
" a b o v e M w i t n *at o f degree of
Average
Initial Final
Initial Final Initial Final
pH
5,4
7,1
6,3
7,3
5,1
6,1
C.E.C.*
8,3
10,3
14,4
15,0
4,4
6,0
Na*
0,08
0,3
0,32
0,53
0,02
0,17
K*
0,18
0,48
0,34
1,16
0,02
0,18
Ca*
2,8
3,2
5,7
5,8
0,4
1,7
Mg*
0,4
1,1
1,6
1,9
0,1
0,6
42
48
70
73
15
41
vi
CEC= Cation Exchange capacity;V= Base sat.;*= cmolcKg"
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The pH shows a good initial correlation with the
exchange Ca ++ (Fig. 2), which disappears at the
end. This fact can be explained by the presence
of quick lime in the soil, which raises the
measurement of the pH and not that of the Ca+ +
in such a way that the real pH of the ground in
lower to the one we measured in a diluted
suspension, a situation which hardly occurs in
reality.
The use of a buffered solution to determine
exchangeable Ca ++ , reduces the effect of the
quick lime as we have seen through a simple
experiment. This apparently contradictory fact
only corroborates the influence of the exchange
complex and the inertia transmitted by the buffer
capacity of the soil.
The CEC initially presents a high multiple
correlation with clay and organic matter (r=
0,724) with regression coefficients of 0,3 and
1,8 respectively, suited to the nature of both
components, which an origin ordinate of 3,9,
which would represent other active components
in the soil. At the end of the experiment the
coefficient of multiple correlation (r=0,820) rises
and the regression coefficients acquire values of
0,3 and 2,5 respectively, which shows a logical
maintenance of the nature and behaviour of the
clay, and an increase in the quality of the organic
matter, the origin ordinate remains at 3,4 which
takes importance away from the rest of the
actives components.
Lastly, it is worth pointing out that the exchange
K + shows some variations according to more
irregular areas in time, something similar to what
was observed for the pH; the maximums
coinciding with the addition of green fertilizers.

Literature Cited.
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Office, Washington, D.C.
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Changes of Soil Physico-chemical Properties
and Crop Yields by Upland-Paddy Rotation
Systems.
In Sang Jo, and Lee Yul Kï«. Soil
Physics
Division,
Agricultural
Sciences Institute,
Suwon 441-707 Republic of
Korea.
I n t r o d u c t i o n . Rice cultivation has been continued in Korea for i t s a e r i t s of
delicious food and water, and control the soil erosion during heavy rainny season.
Recently non-rice crops introduced to low-land paddy s o i l s . The changes of soil
properties and crop yields at rotation systeas becaae «ore interest to scientist and
pol Icy «akers
M a t e r i a l and M e t h o d s . Crops were cultivated under four different paddy-upland
rotation systeas at Cheongwon s i l t loaa s o i l , the f i n e s i l t y , aixed, nonacid, aesic
f a a i l y of Fluventic Eutrochrepts. Rotat ion-systeas are continued paddy, every year
rotation, every two year rotation, rice after three year upland c u l t i v a t i o n .

Results and Discussion.
After four year crop c u l t i v a t i o n , the structures of B1 horizons were not changed
by different rotation systeas with aoderately fine to aediua subangular blocky
structure. The value and hue of soil colors were increased with upland condition
period, also Bottle colors were also changed by rotation systeas.
Standing water level were aore rapidly decreased at rice f i e l d followed by upland
crop c u l t i v a t i o n than continuous rice c u l t i v a t i o n . Sediaented voluaes of the soils
were increased to 1.34-1.42 by upland crop c u l t i v a t i o n for their aggregaes were aore
stable than continuous paddy condition.
Soil bulk density of continuous paddy f i e l d was 1.15, 1.32 and 1.43 for soil
depth 0-10ca, 10-20ca and 20-30ca respectively. And it was decreased to 0.98 at the
paddy soils followed by 3year upland cultivations. Soil hardness wera also lowered
by upland experiment in surface, but i t was increased in subsurface at rotation
plot. Soil aggregates of surface soil after f i r s t rotary were f i n e r in paddy soil
followed by three year upland crop c u l t i v a t i o n s ( 2 . 4 ) .
Soil pH were Increased by rotation systea for 11ae application during the
c u l t i v a t i o n . Available phosphorus were also higher In upland crop c u l t i v a t i o n for
aore application rate of phosphate and control the leaching. Organic aatter content
and the aaounts of extract able cations were very affected by rotation systeas for
their various f e r t i l i z e r
application, and oxidation or reduction state by
subaerged(S).
In continuous rice plot, about three quaters of root were distributed In Sea
layer, and 13% of root were In 5-IOca layer ; it 's aeans 86% of t o t a l roots were
distributed in lOca layer. But in case of every year rotation plots, 60S of the root
were distributed In 0-5ca depth, 20» in 5-ISca depth(1.3).
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Plant height, nuaber of panicles and grains of rice and root zones increased at
upland followed plots than continuous paddy condition. But f e r t i l i t y was higher in
continuous upland. Rice yield also increased to 116.6% at rice followed by three year
upland than continuous paddy c u l t i v a t i o n . The yields of rice and peanut were better
upland paddy rotation conditions than continuously cultivation of one crop.
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1983. The Effects
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Root Distribution of Barley. J . Korean. Soc. Soil S c i . F e r t . 16(2) : 126-130
(4) Letey J. 1985. Relationship between soil physical properties and crop
production. Advances in Soil Science 1 : 277-294
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Table 1. soil cheaical properties and crop y i e l d s .
Ext. cat 1on(mei/ioog)
Rotation
System

Year

P-P-P-P

U-P-U-P

U-U-P-P

U-U-U-P

PH
(1:5)

P20s
(ppm)

P'85
P'86
P'87

5.4
5.7
5.4

80
64
74

P'88

5.4

U'85
P'86
U'87
P'88

Y1e1d(1:on/he)

0M

GO

K

Ca

Mg

Rice

0. 17
0. 19
0. 13

3.05
3.09
2.66

89

2. 1
2.0
2.2
2.3

0. 12

2.66

0.54
0.54
0.46
0.46

6. 16
7.33
6.26
6. 16

-

5.6
5.9
6.0
6.0

118
120
122
115

2.3
2.6
2.5
2.8

0.20

4.02
3.72
4.63
4.76

0.56
0.62
0.57
0.57

-

2.76

0.23
0.29
0.24

U'85
U'86
P'87

5.7
6.0
5.8

2.3
2.4
2.6

5.7

2.5

0. 12
0.36
0.26
0.22

4. 11
4.87
4.42

P'88

98
123
104
107

4.96

0.57
0.95
0.48
0.62

U'85

5.6
6.0
6.3
6.4

93

2.4

0.22

3.45

0.57

120
132
117

2.5
2.5
2.7

0.42
0.37
0.26

4.40
5.53
5.00

1. 16
1.02
1.07

U'86
U'87
P'88
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8.45

-

Peanut

2.59

6.66

-

-

3.00
2.51

7.01
6.44

7. 18

2.78
2.34
2.24

-

Chemical, biochemical and bacteriological caracterization of
vermicompost obtained from coffee pulp.
S. Irisson, I. Barois and E. Aranda. Departamento de Biologia de Suelos,
Institute de Ecologia, A.C. Xalapa, 91000 Ver. México.
Introduction. Since 1987, the use of earthworms in the recovery of the main by-product of
coffee industry (coffee pulp) has been studied. In this process earthworm culture can perform
three useful functions: 1) A reduction of the pollution-potential of the coffee pulp, that was
once thought to be useless, 2) the production of a high quality protein meal suitable for
inclusion in various livestock rations and also, 3) the bioconversion of the waste into "humus"
or "vermicompost", wich can decrease the use of chemical fertilizers. In this context, the
detailed composition of the product obtained from three diferent species of earthworms was
studied: Eisenia andrei, Eisenia fetida, and Perionyx excavatus (ANNELIDAOLIGOCHAETA).
Materials and methods. The experiment was conducted under field conditions, using 6 wooden
wall boxes of 1.0 X 1.0 X 0.4 m each, covered with asbestos tiles. The boxes were filled with
a initial volume of 400 litres of coffee pulp and inoculated with a 500 g starting population
of earthworms, in the following treatments:
A.- Vermicomposting with Eisenia andrei.
B.- Vermicomposting with Eisenia fetida.
C - Vermicomposting with Perionyx excavatus.
D.- Vermicomposting with the three mixed species.
E.- Control with a periodic mixing treatment.
F.- Control with pulp left in storage.
The vermicomposting process ended after about a three month period, when all the pulp had
been transformed into a stabilized vermicompost. The two controls were collected after 6
months. Samples from the initial coffee pulp used and also from the resulting products of
each treatment were collected and analyzed for % moisture and amount of dry residue and
various chemical, biochemical and bacteriological properties.
Chemical analysis consisted of: total, amoniacal, nitric and organic Nitrogen, % organic
matter, total Carbon, C/N ratio, insoluble and total Phosphorus, soluble Potassium, total
Sulphur, Calcium, Sodium, Magnesium, Zinc, Copper, Iron, Zinc, Boron, Manganese,
Molibdenum, pH and heavy metals (Pb, Cd, Sr).
Biochemical and bacteriological analysis were made (some following methods suggested by the
Mexican Oficial Standards Organisation-SECOFT), for: toxic substances (Caffeine, tannins,
carboxilic acids and phenolic groups) and enzymatic activity (dehydrogenase, phosphatase,
urease and nitrogenase); faecal coliforms and Salmonella populations.
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Results and Discussion. Where Eisenia andrei, Eisenia fetida, and Perionyx excavatus were
present alone and mixed, any of the coffee pulp was transformed into a stabilized
vermicompost, with no significant differences between any of the earthworm treatments; The
four products obtained had the necessary chemical characteristics to be a good medium for
plant growth, with a balanced content of immediately available plant nutrients. The C/N ratio
obtained indicates a good maturation due to earthworm and microbial activity, wich was
intensely stimulated. On the other hand, the analysis revealed neither the toxic substances,
nor the coliform bacteria and Salmonella present in the initial pulp.
The mixed-pulp control treatment, colected three months later with 12 overturnings , had a
less efficient transformation, less mineralization, higher organic matter titer and larger size
particles. In the stored pulp, only the thin surface layer revealed any change, becoming dry
and compacted, while the material underneath remained unchanged. The inner layers were
still fresh and no transformations had taken place, thus resembling the open piles and the
initial pulp colected.
It can be concluded therefore that vermicompost ing is a relatively simple, cheap, effective and
efficient method to use coffee pulp, achieving in this way an ecological operation, superior
to other methods. At same time, many more earthworms were obtained at the end than
initially inoculated, which can be used to increase the composting area or as a possible source
of protein. In addition the earthworms have an important ecological benefit since they allow
the recovery of a resource that would otherwise be wasted.
The vermicompost resulting from the pulp of coffee, is a valuable resource with wide ranging
uses including as potting soil and a soil conditioner, permitting ..."soil utilization in harmony
with nature".
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Characterization of Sixteen Strains of Ectomycorrhizal
Fungi under different Cultural Conditions
J. Perez-Moreno and R. Ferrera-Cerrato. Soil Microbiology
Centro de Edafologia, Colegio de Postgraduados, Montecillo
Estado de México,
MEXICO.
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INTRODUCTION
The importance of the ectomycorrhizal fungi in temperate ecosystems has been widely
documented. It is well known that the characteristic dominant plants of the boreal and
temperate forest biomes associate simbiotically, in obligated form, with basidiomycetous
fungi forming this symbiosis. Strains of these fungi have proved its beneficient action in
greenhouses and have been successfully used in reforestation programs (1). Indeed, in
temperate countries with forest tradition, an industry manipulating inoculants of these
organisms have been developed. Currently, about 5000 species of fungi are suspected of
being ectomycorrhizal (2). However, only few authors have documented good cultural
descriptions of these fungi. Recently, it has been pointed out the need of further cultural
studies because of their importance in genetic, biochemical, physiological and taxonomical
studies, as well as in the selection of strains for comercial use. In the present research,
sixteen strains isolated in Abies and Pinus mexican forests were micro- and
macromorphologically characterized on three agar media under two temperatures.
MATERIALS AND METHODS
Isolations were made from carpophores collected in the central part of Mexico at Pinus
hartweggi Lind. and Abies religiosa (H.B.K.) Cham, et Scl. forests, following Molina and
Palmer methods (3). It were used preferentially primordia and otherwise free of roots and
larvae carpophores. Presence and abundance of aerial and prostrated hyphae, color,
elevation and texture of the colonies were evaluated macroscopically. Ridell's method (4)
or mycelium directly obtained from Petri dishes was used for micromorphological
characterization. Hyphae diameter, wall width, presence of swellings and constrictions and
clamp- and H-connections were evaluated. To determine the strains growth, five mm
diameter plugs were cut out from the edges of young colonies and placed in the center of
90 mm Petri dishes. These plates were incubated upside down at room temperature (18-25
°C) and 28 °C, for 30 days. The growth on three culture media was also evaluated; these
were Potato-dextrose-agar Merck (PDA), Hagem's medium and modified Melin-Norkrans
(MMN) medium.
RESULTS AND DISCUSSION
Sixteen strains belonging to genus Amanita were characterized. The strains were included
in the following species: A. flavoconia, A. fulva, A. gemmata, A. muscaria, A. pantherina and
A. rubescens. There were some intra- and interspecific differences among the colony
morphology when these were grown in different agar media, mainly in presence and
abundance of aerial and prostrated mycelium. Such differences were more evident in some
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species as A. rubescens. Colony elevation ranged from 2-8 mm. Clamp connections were
only observed in some strains of A. muscaria, while hyphal swellings and constrictions were
very common. Most of the cultures where white, however some presented yellow, gray,
brown, reddish-brown, reddish-brown and cream tints. Such differences were indeed
observed in isolations originating from the same species. Molina (5) pointed out a similar
phenomenum in Pisolithus tinctorius strains. Exudation of reddish-brown, brown and
yellowish pigments into the agar, after a two-week incubation period, changing the original
color of PDA, and in lower degree MMN and Hagem's agar, was very frequent. A.
muscaria had a very typical macromorphology when young, producing hemispherical
colonies. In general terms, the best growth was observed in MMN followed by PDA and
Hagem's media. However, some strains of A. rubescens grew better on PDA followed by
MMN and Hagem's media. Room temperature produced better growings than 20 °C (Fig.
1), reflecting perhaps the cooler soil temperatures where strain mycelium would normally
occur. In culture, most of the strains grew slowly (< 90 mm/month). However, some A.
fulva strains grew faster showing a greater use potential because of their easier
management. In some of the isolated strains, the subsequent propagation was not possible.
This character was considered as indicative of specific nutritional requirements, a typical
feature of ectomycorrhizal strains.
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Fig. 1. Growth of some studied mycorrhizal fungi strains under different cultural conditions.
RT = Room temperature, MMN = modified Melin-Norkrans medium, PDA = Potatodextrose agar medium, AF = Amanita flavoconia, AM = Amanita muscaria, AG = Amanita
gemmata, AR = Amanita rubescens.
LITERATURE CITED
(1) Castellano, M.A. and R. Molina. 1989. In: T.D. Landis, R.W. Tinus, S.E. McDonald and
J.P. Barnett (Eds.). The Container tree nursery manual. Vol. 5. U.S.D.A., Forest Service,
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CONCRETION CHEMICAL COMPOSITION OF
SOME BULGARIAN SOILS
M. Jokova and R. Dilkova. Institute of Soil Science and
7 Shosse Bankya, 1080 Sofia, Bulgaria.

Agroecology,

Introduction. Iron-manganese concretions are the main characteristics of periodical
surface waterlogged soils due to textural differentiation. They are results of the alternation of aerobic and anaerobic conditions, i.e. of the oxidation and reduction mainly of iron
and manganese. The purpose of this paper is to investigate chemical composition of
concretions of waterlogged soils with different textural differentiation.
Materials and Methods. Concretions (in diameter > 2 mm and 2-1 mm) were separated
from soil samples from different waterlogged soils and dissolved with HF and HC104
acids. Heavy metals, iron and aluminium contents were determined by AAS and phosphorus content- by spectrometry (yellow procedure)
Results and Discussion. The results show that the contents not only of Fe and Mn, but
also of Ni, Zn, Cu, Pb, Co and P are much higher in the concretions than those in the soil
samples (Table 1). The date confirm the conclusions about preferential adsorbtion of
transition metals by Mn oxides (2) and about a net negative charge of Mn0 2 over a large
range in pH (3). Probably, the predominating form of iron of the concretions is goethite
(1) that strongly binds P. Therefore certain amounts of the elements are included in a form
that is hardly available to plants. The higher amounts of the concretions and the higher
contents of the elements in them are, the bigger parts of the total contents of these
elements are weakly mobile and do not participate in soil forming processes and plant
uptake.
The amounts and chemical composition of the concretions are indicative of the duration
and degree of the waterlogging. As the stages of soil development are advanced, as the
textural differentiation of soils and the amounts of the concretions are higher
Literature Cited. (1) Babanin, V., Karpatchevsky, L.,. Opalenko, A. and Shoba, C. 1976.
On the forms of Fe-compounds of concretions of different soils. Pochvovedenie,
5: 132-138. (2) Gongmin, F. Allen, H. and Cowan Ch. 1991. Adsorption of cadmium and
copper by manganese oxide. Soil Science, 152:72-81. (3) Ross, D. and Bartlett, R. 1981.
Evidence for nonmicrobial oxidation of manganese in soil. Soil Science, 132:153-160.
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Table 1. Chemical composition of concretions of Pseudopodzolic soil 1 (Planosol 2 ,
Typic Albaqualf3) of Glavatzi.
c
o
•N
••*
\~
o
X
Ap
AB
C

Sampling
Depth
cm
0-10
30-35
150-160

Zn
Ni
Co
Cu
Pb
mg/kg mg/kg mg/kg mg/kg mg/kg
50
120
540

540
660
940

36
40
68

421
455
580

110
108
130

Mn
%
3.68
4.52
6.73

P
%
0.20
0.13
0.11

Concr.
%of
soil
sample
14.52
0.65
13.63
0.49
12.61
0.50
Fe
%

1,2,3 - According to Bulgarian, FAO and USA Soil Taxonomies
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Geochemical Barriers in Environmental Aspects
N. S. Kasimov, and A. I. Perel'man. Faculty of Geography, Moscow State
University, 119899, Moscow, Russia..
Introduction. The subject of this paper is the classification of
geochemical barriers in soils and the examples of concentration of
elements as a result of natural processes and techno-industrial impacts.
Materials and Methods. Theoretical concepts and practical approaches are
based on the results of landscape-geochemical analysis and
experiments
performed by the authors at different sites in Europe and Asia during the
last 25 years.
The principles of investigation
and classification of
geochemical
barriers. Geochemical barriers are places in the crust where a sharp
decline in the rate of migration of chemical elements occurs over a short
distance, so that they become concentrated (4). Geochemical barriers can
be identified in landscapes, soils, and the biosphere as a whole.
They
are often associated with the boundaries of soil horizons and weathered
crust and are formed as a result of subvertical movement of solutions
(radial barriers) or at boundaries between soil types where there is
lateral migration
(lateral barriers).
When
studying
geochemical
barriers, the main focus is placed not on the areas where geochemical
conditions remain stable (acidic, alkaline, oxidative, reducing, etc.),
but on the locations where they change, which become independent objects
of study.
Geochemically, the
barriers are
subdivided into
natural
and
technogenic.
Either type
can be
mechanical, biogeochemical,
or
physicochemical (4). The physicochemical types have been most thoroughly
studied. In terms of the factor that causes the deposition of elements
from water, we distinguish oxygen (A), hydrogen sulfide (B), gley (C),
alkaline
(D),
acidic
(E),
evaporative
(F),
sorptive (G), and
thermodynamic (H) barriers.
The concentrations of elements on each of
these barriers depend not only on the type (A,B,C, and the like), but
also on the composition of the water arriving at the barrier. As a
result, dozens of types of concentration of elements can be distinguished
by the matrix approach. Each type is assigned a designator that includes
the symbol for the barrier type and the category of water (B3 and the
like). Most types of concentration of elements at geochemical barriers
also occur in soils. In a given type of soil profile, two or more
interrelated geochemical barriers may be superimposed, forming complex
geochemical barriers (for example, A - C ) .
The matrix principle was extended by one of us beyond the systematica
of geochemical barriers to all landscape-geochemical boundaries (3). The
prominence of the boundaries,
and thus of the geochemical barriers,
depends on the prominence of the combination of redox and pH conditions
in water category 12 (in Perel'man's classification) that arrive at the
barrier, and on the 12th class of geochemical conditions existing on the
other side of the barrier between two situations.
In addition to these
principles of systematica, Glazovskaya also classifies barriers in terms
of capacity (low, medium, and high). The idea that geochemical barriers
are important in the development of accumulations of elements in soils
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and parent material was used by Glazovskaya as a basis for the concept of
landscape geochemical processes (1).
Depending
on
the
type
of
mass
transport,
we distinguish
infiltrational and diffusional barriers. The former occur in eluvial
soils, and the latter occur in stagnant waters, for example, in bogs. In
diffusional migration, elements can approach the barrier from opposite
sides. Such a barrier is two-sided, and different associations of
elements, for example, cationic and anionic (Zn and Y, Co and Mo, and the
like), will be deposited on it (2).
Many types of concentration of elements at geochemical barriers
involve redox and pH zonation. For example, in places where is an abrupt
change from reducing to oxidative conditions, an oxygen barrier A
(A1-A1,2) will form, in which type A6 accumulation of iron and manganese
is especially typical (for example, bog soils of the taiga zone,
ortsands, laterites of tropical ground waters and the like). Where
acidic waters come into contact with a hydrogen sulfide-containing
medium, reducing hydrogen-sulfide barriers of type B3 (or less often B4)
arise; many metals are deposited at these barriers as insoluble sulfides.
This type of barrier is typical of playa (shor) Solonchaks and other
salinized
soils
of
steppes
and
deserts.
At
the contact of
oxygen-containing waters with a gley situation, there arises a gley
barrier of type C2, which is especially typical of the marginal zones of
bogs in humid landscapes. Many rare elements concentrate at this type of
barrier. With pH zonation are associated the formation of alkaline (D)
and acidic (E) barriers. In soils where an acidic medium is succeeded by
an alkaline medium over a short distance, a prominent alkaline barrier,
usually of type D2 and less often of type D6, is formed. Cationic
elements, such as iron, calcium, magnesium, manganese, barium, strontium,
zinc, copper, nickel, cobalt, lead, cadmium, and the like, are especially
likely to be concentrated at these barriers. A typical example of the D2
barrier is presented by areas of the taiga landscape where limestone
underlies a thin carbonate-free boulder loam.
In these areas, when
acidic solutions that have formed in the Podzolic soil encounter the
limestones, their pH rises sharply, the primary result of which is the
deposition of iron and manganese. Acidic barriers of type E arise when
there is a rapid decline in pH, particularly when a highly alkaline
medium is replaced by an acidic medium.
These barriers are less common
in soils: they concentrate anionic elements, including silicon, as well
as such elements as molybdenum, germanium, selenium, yttrium, and its
associated rare earths, scandium and zirconium (2,5). The frequency of
radial and lateral barriers in soils and soil-geochemical catenas can
provide a basis for soil-geochemical classifications and should be taken
into account in mapping.
Literature Cited.
1.
Glazovskaya, M.A. 1988.
Geokhimiya prirodnykh i
tekhnogennykh
landshaftov SSSR (Geochemistry of natural and technogenic landscapes of
the USSR). Vysshaya Shkola, Moscow.
2. Kasimov, N.S. 1988.
Geokhimiya Stepnykh i pustynnykh landshaftov
(Geochemistry of Steppe and Desert landscapes).
Moscow University,
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Moscow University,
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Stores of adsorbed sulfate in podsolized soils in relation to
sulfur deposition and pedogenetic differences
E. Karltun. Department of Soil Sciences, Box 7014, S-750 07 Uppsala, Sweden.
Introduction. The adsorption of S042 by Fe and Al oxides has been recognized as a process of
potential importance in determining the effects of soil acidification caused by deposition of
HjSO,, (1). A sizeable adsorption of S042" in the soil withdraws leachable anions and, if the adsorption occurs as ligand exchange, acts as a pH buffer in the soil solution (2). Podsolized soils
in Scandinavia are shown to have a greater capacity to adsorb S042" than other soil types in the
region (3). It has been shown that the ability of a podsolized soil to adsorb S042 is primarily determined by the amount of inorganic Fe plus Al oxides in the Spodic horizon (4). The large
variability in the amount of these oxides has made it difficult to observe differences in the absolute amount of adsorbed S042 in podsolized soils between areas receiving different amounts of
S through atmospheric deposition. The aim of this study was to study podsolized soils along S
deposition gradients in order to determine if there are significant differences in the amount of
adsorbed S042" expressed on basis of the total amount of inorganic Fe plus Al oxides in the soil.
Materials and Methods. Twenty-five (25) Swedish podsols were selected along three transects representing the three geographical regions Götaland, Svealand and Norrland. The transects were selected to obtain a gradient in S deposition between the sampling sites. All profiles
were well aerated and freely drained and all sampling sites had coniferous forest stands. The E
horizon was sampled separately, and the B horizon was sampled down to 10 or 20 cm depth
depending on the thickness of the E horizon whereafter fixed sampling depths were used down
to 0.8 m. Samples from five pits at each site were pooled to obtain site representative samples.
Fe and Al were analyzed in the following extracts; Na-dithionite-citrate (Fe^.), acid oxalate
(Alox) and Na-pyrophosphate (A1PYP, Fepyp). Inorganic Fe was calculated as the difference between Fe^T and FePYP and inorganic Al as the difference between A1QX and A1PYP. Adsorbed S0 4
was extracted with 0.01 M Ca(H2P04)2 and analyzed for S042 by ion chromatography (IC). The
amounts of adsorbed S042 and inorganic Fe plus Al were corrected for stoniness and bulk density in each subhorizon sampled. Data on S deposition were obtained from deposition maps and
were corrected for the influence of the forest stand on the deposition (5).
Results and Discussion. To avoid the problem of spatial variability in the distribution of inorganic Fe plus Al within the profile (Fig. 1) the amount of inorganic Fe plus Al and the amount
of adsorbed S042 were integrated over depth from the top of the B horizon down to 0.8 m
depth. Thus, the total amounts of adsorbed S0 4 2" and inorganic Fe plus Al in the B horizon and
in the upper part of the C horizon were obtained. Subsequently, the ratio between the integrated amounts of adsorbed S042 and inorganic Fe plus Al were used as an indicator of the intensity in S0 4 2 adsorption in each profile. By using a quotient instead of the absolute amount
one avoids the largest problem in establishing geographical trends in S042" adsorption; the large
variability between sites due to differences in pedogenesis. Linear regression with S deposition
as the independent variable and the above mentioned ratio as the dependent one was calculated
(Fig 2). The slope was significantly different from zero (P=0.0006) and ^=0.41. Thus, there
was a statistically significant relationship between S deposition and the amount of adsorbed
S042" expressed on basis of the amount of inorganic Fe plus Al in the podsols studied. The considerable variation between the profiles is probably primarily due to uncertainties the estimates
of historic and present deposition.
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The present findings indicate that the increased deposition of S due to industrial activity has resulted in a net accumulation of adsorbed S042" in Swedish podsols. Since the size of this pool is
considerable (6) and has been proven to be in rapid equilibrium with the soil solution (7) one
can conclude that adsorbed S042" together with the acidity built up during the adsorption is likely to be mobilized when S deposition decreases.
Literature cited.
(1) Johnson, D.W. 1980. Site susceptibility to leaching by H^SO., in acid rainfall. In: Hutchinson, T.C., and M. Havas. (eds). Effects of acid precipitation on terrestrial ecosystems.
(2) Johnson, D.W. and D.W. Cole. 1980. Anion mobility in soils: relevance to nutrient transport from forest ecosystems. Environ. Int. 3:79-90.
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Estimation of Calcareous Material in non-Irrigated and Irrigated
Ordinary Chernozems of Stavropol' Upland (Russia)
O. S. Khokhlova, and I. S. Kovalevskaya. Institute of Soil Science and
Photosynthesis, 142292, Pushchino, Moscow Region, Russia.

Introduction.
Processes
of
formation,
redistribution
and
segregation of carbonates are closely related to soil water regime
and are considered to be the most important pedogenic processes in
semiarid and arid territories. On this basis the purpose of our
investigation was to study the changes of calcareous material in
chernozems due to irrigation.
Materials
and methods. We examined
non-irrigated
ordinary
chernozem and irrigated one since 1956. The soils studied are
derived from loess deluvial clay loams on the north-western slope
of Stavropol' upland, (Russia). The complex of morphological and
instrumental methods was used. The calcareous accumulations were
classified according to Ovechkin (1984).
Results and Discussion. The average content of carbonates in the
profiles studied makes up 6-7%. Illuvial-calcareous horizon A ca
in non-irrigated chernozem occurs at the depth of 32-60 cm and
contains 7,6% of carbonates. In the underlying horizons the
content of carbonates is less and they are spreaded uniformly.
Illuvial-calcareous horizon in irrigated chernozem occurs deeper:
B ca horizon is at the depth of 120-170 cm and contains 9,0% of
carbonates. The content of carbonates within the uppermost horizon
is two times lower as compared with the same horizon in
non-irrigated chernozem. The horizons with maximum of calcareous
accumulations in irrigated chernozem occur generally 30 cm deeper
than in non-irrigated soil.
The following types of calcareous accumulations within the soil
profiles studied were observed : efflorescence, veins, white soft
spots and impregnation within the lower horizons. According to the
morphometric calculation veins and white soft spots predominate in
irrigated and non-irrigated soils respectively. The spots are
situated in the large cracks and pores of the profiles while the
veins are diffused in the soil material. The white soft spots
being easily separated from the soil in non-irrigated chernozem
have diffuse boundaries in irrigated one.
Mezomorphological investigations showed that calcareous veins
in
irrigated
chernozem
have
signs
of
dissolution
and
recristalization: they are represented by larger crystals of
calcite, which are more closely packed and more pure than those in
non-irrigated soil. The white soft spots bear clear evidences of
dissolution: crystals are "melted", loosely packed and mixed with
soil material.
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On the basis of the thermal analysis data it has been found
that the white soft spots of both ordinary chernozems contain
48-54% of calcite, efflorescence and veins - 7-15%. In irrigated
chernozem white soft spots and veins contain more calcite than in
non-irrigated soil. This can be accounted for by the accumulation
of calcite in the forms of veins in the course of irrigation, and
by the examination of the internal parts of white soft spots which
usually contain more calcite as compared with external parts.
Besides, calcareous material in veins of non-irrigated soil are
dissociated at lower temperatures than that in irrigated chernozem
probably due to less size and more loose packing of calcite
crystals in calcareous accumulations.
X-ray diffraction patterns show that calcite in migrational
forms of carbonates (veins) from both soils is characterized by
the presence of some magnesite component, whereas segregating
forms (white soft spots) are composed of pure calcite with stable
lattice that follows from IR spectra. Variety of calcite
mineralogical features of calcareous accumulations is consistent
with the sedimentation of migrational and segregating forms in
different microzones of the soil profile, as was described by
morphometric analysis and therefore with different mechanisms of
their formation. As migrational forms are more abundant in
irrigated soil, it can be concluded that magnesian calcite
formation is intensified due to irrigation.
Thus the prolonged irrigation causes alterations of water
regime of ordinary chernozems and leads to some changes in
carbonate profiles and carbonate accumulations. Segregating forms
of carbonate accumulations in irrigated chernozems are replaced by
migrational
ones
with
another
calcite
mineralogical
characteristics. Finally, irrigation results to the changes of the
mechanisms
of
accumulation
and
chemical
peculiarities
of
calcareous material.
Literature Cited.
(1) Ovechkin S.V.1984. Genesis and mineralogical composition of
calcareous accumulations of Ukrainian and Zavolgje chernozems.
Soils and soil cover of forest and steppe zones of the USSR and
their rational use. Moscow, USSR, 184-189, (in Russian).
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Amorphous Materials in Soils of the Blue Ridge Mountains
in Western North Carolina
W.C. Lynn* RA. Goodwin, H. Smith and J A. Kelley: USDS-SCS, Lincoln,
Nebraska, Shelby, North Carolina, and Raleigh, North Carolina, U.S.A.
Introduction. To understand and classify soils formed from volcanic deposits, a set of soil
physical and chemical properties common to these soils was identified and grouped under
the term, "andic soil properties". A soil order of Andisols was adopted in Soil Taxonomy.
As a result, criteria for andic soil properties have been tested on sods that did not form on
volcanic deposits. Some soils classified as Umbrepts at high elevations in the Blue Ridge
Mountains nave horizons that meet the requirements of andic soil properties. This poster
examines the properties of mountain soils in the Blue Ridge and the logic of including
them with or excluding them from Andisols or Andic intergrades.
Materials and Methods.
Predominant soil parent materials are low-grade
metasedimentary rocks (slate, phyllites, metasandstone) or felsic to mafic high-grade
metamorphic rocks (gneisses). Volcanic rocks are few, mostly in the form of intrusive
dikes. No volcanic ashes are identified in the region.
The USDA-SCS Soil Survey program has been active in the Blue Ridge Mountains of
North Carolina for the past 10 years. In 1985 a sampling and characterization project for
mountain soils was begun and continues to the present. The Mountain Soils Study has
been active in 12 counties, a total area of 1,254,591 hectares (3,100,094 acres), where soil
surveys have been completed or are under way. A total of 101 pedons have been described
and sampled for characterization analysis in support of the Soil Survey. Descriptions were
prepared, and samples were collected and analyzed according to SCS standards (Soil
Survey Staff, 1951, Soil Survey Laboratory Staff, 1992). Analyses include physical and
chemical properties required for andic sou properties, spodic materials, and organic soil
materials: Organic carbon, pH, bulk density, phosphate retention, volcanic glass, soil color,
aluminum and iron extracted by ammonium oxalate, and optical density of oxalate extract.
Results and Discussion. In the Blue Ridge setting, the presence of andic or andic
intergrade properties is associated with umbric epipedons. Umbric epipedons are more
strongly expressed as elevation increases, as temperature decreases, and as rainfall
increases. The three parameters are mutually supportive in this landscape. Soils at high
elevations have thick umbric epipedons. Typical climatic conditions include mean annual
precipitation of 1250 to 2500 mm, of which about 90 percent is rain, mean annual air
temperature of 11°C and common fog and/or cloudy conditions. Plots of pertinent
properties vs elevation show that andic soil properties are not met below an elevation of
about 1400 meters. Andic intergrade properties are not met below an elevation of about
800 meters. Typically the umbric epipedons occur farther down slope on cool aspects
(north, east) than on warm aspects. No volcanic glass has been identified in any of the
pedons tested.
In individual pedons, the expression of andic/andic intergrade properties increases toward
the soil surface. In addition to ammonium oxalate, two other extractions of aluminum and
iron are part of the characterization data set. Dithionite citrate extracts iron and aluminum
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from goethite and hematite and from organic matter. Sodium pyrophosphate dissolves
organically complexed aluminum and iron. For the Blue Ridge soils, the three extracts
yield essentially the same results suggesting that aluminum and iron bound with organic
matter is the common source. The distribution of andic and andic intergrade properties as
a function of depth corresponds closely to distribution of organic carbon. Thus, several
lines of evidence converge toward the conclusion that amorphous materials in Blue Ridge
Mountain soils are directly associated with the amount of organic matter and the formation
of umbric epipedons.
References
(1) Soil Survey Staff. 1951. Soil Survey Manual. USDA-SCS Agric. Handb. 18. U.S. Gov.
Print, office, Washington DC.
(2) Soil Survey Laboratory Staff. 1992. Soil Survey Laboratory Methods Manual, Soil
Survey Investigations Report No. 42. National Soil Survey Center, Lincoln, Nebraska.
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Transformation of Catechol as Catalyzed by 8-Mn02 and
Tyrosinase : Comparison of the Reaction Products
A. Naidja, P. M. Huang and J.-M. Bollag. Department of Soil Science, University
of Saskatchewan, Saskatoon Sask. Canada and Laboratory of Soil Biochemistry,
Center for Biore mediation and Detoxification, The Pennsylvania State University,
University Park, PA USA.
Introduction. In soils environments, minerals, enzymes and microorganisms influence the
transformation of organic compounds. Both tyrosinase (a polyphenoloxidase and Cu-containing
enzyme) and bimessite (S-MnO^ have the ability to transform phenolic compounds through
oxidative polymerization leading to humification. Therefore, both biotic and abiotic catalysts
have an impact on the dynamics of phenolic compounds, the formation of humic substances and
environment quality. Enzymes and minerals behave similarly in their ability to oxidize phenolic
compounds (1). The objective of this study was to compare the products of transformations of
catechol, which is one of the precursors of the humic matter and present in the industrial
chemicals, as catalyzed by tyrosinase and bimessite. To date the nature of the transformation
products of polyphenols adsorbed on the mineral surfaces still remains obscure. The present
study was also intended to cast light on this aspect.
Materials and Methods. Bimessite (ö-MnO^ was synthesized according to McKenzie (2).
Commercial mushroom tyrosinase (EC 1. 14. 18. 1) was used. Experiments were conducted in
aqueous solutions at an initial pH 6.5. Bimessite or tyrosinase was added to 10 mM of catechol
solution; after 45 h of reaction at 25.0 °C, the C 0 2 released was determined (3). The supernatant
of the bimessite system and the solution of the tyrosinase system were examined by mass
spectrometry and UV-Visible spectroscopy. Also, the sediment of the bimessite system was
analyzed by mass spectrometry, X-ray diffraction and FTIR.
Results. C 0 2 released was influenced by the amount of bimessite in the suspension and reached
a maximum when 25 mg of bimessite (0.5 mg/ml) was present (Table 1). In the presence of
tyrosinase, a small amount of C0 2 was detected (nine time less than that in the presence of
bimessite at its optimum concentration).
Based on the mass spectra of the reaction products formed from catechol, which were
generated by both abiotic and biotic catalysts, the reaction products including fragments were
divided into three groups according to their molecular weight, and some hypothetical chemical
structures were suggested (Table 2): 1) organic components (MW < 325) which were detected in
the supernatant after reaction with bimessite and also in the presence of tyrosinase, 2) those (390
< MW < 523) which were only adsorbed on the bimessite surfaces and 3) those with higher
molecular weight (776 S MW < 900) which were only produced by tyrosinase catalysis.
The absorbance in the range 200-600 nm of the reaction products, humic
macromolecules, formed via enzymatic catalysis was higher than those formed via mineral
catalysis and remaining in the supernatant. The higher absorbance indicates the presence of a
higher amount of products which have a higher degree of condensation of the aromatic rings, a
higher ratio in aromatic nuclei to aliphatic side chains and a higher molecular weight (4). The
catalytic effect of bimessite in the abiotic generation of C 0 2 through its ability to cleave the ring
structure (5) apparently accounts for the lower molecular weight of the polycondensates formed
in the bimessite system.
Furthermore, in the bimessite system, some of the reaction products were adsorbed on the
bimessite surfaces as evidenced by the mass spectrometric data and the appearance of the bands
at 1588 cm 1 (skeletal ring breathing modes in simple and polycyclic aromatics, including
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Table 1. Effect of the amount of birnessite or tyrosinase on C 0 2 release from catechol* after 45
h at 25.0 °C.

birnessite (mg)$
0.0
2.0
4.0
25.0
tyrosinase (mg)**
0.0
2.0
4.0

C 0 2 (nmol)tt

pHj

pHf

6.5
6.5
6.5
6.5

5.3
5.3
5.5
6.5

0
24
60
280

6.5
6.5
6.5

5.3
4.0
4.0

0
20
32

t 500 |j.mol catechol/50ml at pH 6.5.
t t ± 4|i.mol.
$ Suspension prepared in water at pH 6.5.
W 1.0 mg/ml phosphate buffer at pH 6.5.
Table 2. Suggested chemical structures for some of the reaction products which were formed
from catechol as catalyzed by tyrosinase and birnesite and detected by mass spectromerty
in different systems.

Catechol-tyrosinase or
;upernatant of catecholbirnessite suspension

Sediment of catecholbirnessite suspension

Catechol-tyrosinase
quinones or asymmetric vibration of unionized carboxyl groups) and at 1486 cm"1 (stretching
vibration of ortho-substituted aromatics) in the FTIR spectrum of the sediment This may have
an impact on the environment where the mineral surfaces may play an important role in the
fixation and the transformation of the toxic phenolic compounds.
Literature cited.
(1) Bollag J. -M., Meyers C , Pal S. and Huang P. M. 1994. In : P. M. Huang, J. Berthelin, J.-M.
Bollag, W. B. McGill and A. L. Page (eds.) Environmental Impact of Soil Component
Interactions. Lewis Publishers, Chelsea, MI. (In Press).
(2) McKenzie R. M. 1971. Miner. Mag. 38 :493-502.
(3) Wang M C. and Huang P. M. 1989. Sci. Total Environ. 81/82 : 501-510.
(4) Schnitzer, M. 1978. In : M. Schnitzer and S. U. Khan (ed.) Soil organic matter, pp. 1-64.
Elsevier Scientific, Amsterdam.
(5) Wang M. C. and Huang P. M. 1992. Sci. Total Environ. 113 : 147-157.
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Soil and lake water chemistry in North Finland
Anne-Maj Kahkönen
fh.L.
Geological Survey of Finland
Regional Office for Northern Finland
PL 77, 96101 Rovaniemi, Finland
Introduction
Ecosystems in Fennoscandia and Kola North 'Russia) are threatened by heavy metal
pollution and acid deposition derived from emissions of Cu-Ni smelters in Kola
Peninsula and to varying extent from southern Fennoscandia and Central Europe. Arctic
and subarctic ecosystems are pointed out as sensitive due to geological and climatological
factors (Kinnunen & Varmola 1990, Pulkkinen 1991, Tikkanen et al. 1992).
I
Based on extensive chemical analyses of lake water data in Finnish Lapland it has been
demonstrated that a significant number of lakes have been acidified or their buffering
capacity is critical low (Kahkönen & Mahöneu 1993). The acidity of Finnish lakes
reflects the interaction between the athmospheric loading of sulphate, the catchment
sensitivity and the amount of organic anions present (Forsius et al. 1990). The purpose
of the research was to investigate the effects of soil geochemistry, hydrology and organic
matter concentrations to sensitivity to acidification of lakes in Finnish Lapland.

Materials and Methods
The sensitivity to acidification of mineral soils and lake waters and their interactions
were determined by linking 1007 lake water analyses to 26 855 till samples from their
catchment areas. The lake water samples were taken during the fall overturn (august to
september) during the years 1987-1991. The sampling and analyses (see Forsius et al.
1990) were carried by the Water and Environment District of Lapland in Finland. The
hierarchic position of lakes was determined by classifying the lakes into drainage lakes
(inflow and outflow), headwater lakes (no inflow, outflow) and closed lakes (no inflow,
no outflow).
The soil chemistry of the catchments were determined by using the analyses of till
samples collected in the geochemical mapping program carried and analyzed by the
Geological Survey of Finland. The sampling density was 1 sample / 4 km2 and the
samples were taken from parent material (till) from the depth > 1 m (C-horizon). Total
31 elements of fine fraction of till (< 0.06 mm) was analyzed after hot aqua regia
digestion method by Inductively Coupled Plasma Spectrometry (ISO/DIS 11466). The
equivalent sum of the base cations (Ca^+Mg^+K*) of till was used for determining the
natural buffering capacity and sensitivity of soils to acidification. The amount of
potential eoluble aluminium of till WM pypressed as the ratio of aluminium (Al**)
equivalents to the equivalent sum of base cations.
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Results and Discussion
It was found that 6 % of lakes studied had lost their buffering capacity (ANC < 0 ueq/1)
and in 20 % of the lakes ANC was critically low (ANC 0-50 ueq/1). Most of them were
classified as closed or headwater lakes. On the bases of low content of soluble base
cations (Ca^+Mg^+K* < 500 meq/kg) the soils are more sensitive to acidification in
northeastern Finnish Lapland and in parts of southern and southwestern Lapland. The
acidified and poorly buffered lakes were mainly located in the catchment areas identified
as sensitive according to low natural buffering capacity. The ratio of the catchment area
to the lake area was distictly smaller in acidified and acidifying lakes compared to well
buffered lakes. The high sulphate concentrations of acidified lakes (median 60 peq/D in
northeastern Lapland, near the Finland and Russian boarder, had positive correlation
to the highest sulphur deposition pattern derived from Cu-Ni smelters in Kola Peninsula.
In West Lapland the concentration of sulphate of non-acidic lakes are anomalous high
due to sulphide minerals in soil. The acidity of humic lakes is highly contributed by
organic matter derived from peatlands in South Lapland.
The geochemistry of the soils in the catchments and the hydrological pathway taken by
the waters and runoff were viewed as the dominant factors controlling the buffering
properties of the lakes. These two factors interact to high degree. The proportion of the
acidic lakes in Finnish Lapland receiving similur amounts of sulphur deposition may
vary greatly depending on the inherent sensitivity of these regions.
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Bioactive Substances (BS) Influence on Humus
Condition of Carbonate-Containing Ordinary
Chernozyom Under Lucerne
I.V. Morozov, O.S. Bezuglova. Deparment of Soil Science, Rostov State
University, Rostov-on-Don, Russia
INTRODUCTION. Lately an active research into new non-traditional
soil fertility improving total humus content and qualitative composition regulating» plant nutrition opt 1mum1 zing sources aye being
carried outIn this respect applications of bioactive substances (BS) appeared
to be promising.
At Rostov University complex research into fodder concentrate of
L-lyzin and barda influence on fertility! microbocenosis and entomofauna of soil are being madeThe multicomponent composition of L-lysm and barda (the ecologically pure by-product of microbiological production) includes the
following compounds: amino acids,carbohydrates,raw protein,vitamins
of b-group, microelements which are known to be biologically active
substances.
The application of barda in plant production may help solve the
problem of industrial wastes- Lysin proved to increase agricultural
crops (Ponomarenko, Xazadaev, 1987).
MATERIALS AND METHODS. The experiment was conducted in 1990-1992 in
smal 1-plotted fields under lucerne on ordinary carbonate-containing
chernozyom of average capacity and little huminization and heavy
loamed- It was repeated four times. In many respects the soil had
lost its original qualities during long-term irrational plowing.
Total humus content was very low-ranging from 1-9 to 2-4 per cent;
approximately SOtf of it contained unhydro1izab1 e remainder - humin
(Hm). Dehumi f i cat ion degree over 50*>C, absorbed basis sum 26-52
(mg-eq/100 g of soil ).
EXPERIMENT SCHEME. 1-controi; 2-background < superphosphate; P60 >!
3-background+lysin; 4-background+barda; 5-lysin; 6-bardaIn 1990 the BS were added to the soil just before sowing, and in
1991-1992 in the form of fertilizers according to the same schemeMixed speciments were taken every year from 0-25 (cm) depth before
adding preparations and 1, 2, 3, 5 month after itQualitative total humus was determined (according to its oxidation)
by Turin's metod- Water-soluable humus was estimated by Kubel-Timan
method, fraction-grouped composition - by Turin's method in Ponoraaryova-Plotnikova's modification (1968). The results of the analyses
were sugected to variation-statistic processingRESULTS AND DISCUSSIONS. The results of the experiment testify BS
to have an essential influence on whole soil complex-Alterations of
total and water-soluable humus content and its dynamics appeared to
be in all variants where pure preparations or mixed ones (with fertilizers) were added to the soil- The resulting feature of the action of the combinations under investigation is the increasing of
humus mobility. Fluctuation range of total humus content during the
vegetation period increased- The total humus content increase tendency took place only in variant 2 (1990) and 4 (1991). Humus content increased by 0-1-0-2 per cent (absolute)- On the contrary pure
BS variants showed total humus content lowering by 0-l-0-35< in comparison with the controlled one- In 1992 humus content increased by
0.1-0-2VC in comparison with the controlled one- It's true for barda
variant, pure as well as mixed with superphosphate- Noticable changes are statistically reliable-BS combined with mineral fertilisers
make the content of water-soluable humus increase in comparison
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with pure preparationsOn the control plot the tendency to accumulate humic acid (HA)
along with decreasing absolute and relative content of fulvic acid
(FA) and Hm was observed- Thanks to such redistribution humated humus increases that is expressed in increasing of the correlation
HAC:FAC from 1.2 (September 1990) to 2-0 (September 1992). In 1990
and 1991 the tendency to increase relative content of HA-1 and HA-2
fractions took place- The data on calcium humates fraction dynamics
are specially interest ing-Thus in April 1991 this fraction share in
humus composition increased by 1-3X compared to the same period of
1990- It remaind practically constant by the end of vegetation period- In 1992 the tendency to HA-2 fraction decrease by lvï by April
and by 2VC by September
in comparison with the same period of 1991
was observed.We consider the decrease of calcium humates to be connected with the increased carrying out of calcium from the soil by
lucerne and superfluous moisture in soil ( rainfall in 1992 was two
times as much as in 1991 )•
Application of BS significantly changes humus fraction-group composition dynamics- The adding of lysin and barda mixed with superphosphate results in optimization of humus transformation processesThis is expressed in organic matter humification degree increase
compared to the background- By the September of 1990 and 1991 this
index in BS variant was by 4-5 relative per cent higher than that
in the background variant- Here the increase of HA-2 and HA-3 content fractions with the simultaneous decrease of FA and Hm sum making humus humated (HACIFAC over 2) also took place- HA-1 fraction
remains practically the sameIn the variant of pure preparations dynamics of fraction-group humus content, organic matter humification degree.HAC:FAC didn't differ from the corresponding control indexes. But the comparison of
these variants with each other showed that the mentioned indexes
are somewhat lower when applying barda-It is explained by the higher crop of lucerne.
SUMMARY. The results of our recearch show that the BS application
combined with superphosphate is optimal- It ensures higher crop of
lucerne and stabilizes humus condition of soil- Unfortunately, the
dehumification problem cannot be wholy solved by this method.
LITERATURE CITED.
(1) Ponomaryova V.V.,Plotnikova T-A- 1968- Metodika i nekotorye resultaty frakcionirovaniya gumusa chernozyomov. Pochvovedenie.il(2) Ponomarenko V-A-,Kazadaev A.A- 1987. Prirainenie kormovogo koncentrata lizina v rastenievodstve- RGU, Rostov-na-Donu, 78 pp.
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Chemical Properties of Soils
in Compostela, Nayarit.
A. Rivera C*, and J. D. Garcia P. Coordination
Universidad Autónoma de Nayarit. México.

de Investigation

Cientifica

Introduction. For diagnosing the nutritional status of crops, is necessary to know the status
nutritional in the soil, and the soil testing so this lets us know the chemical properties of soil.
This work was carried out in Compostela, Nayarit area, located at 21°4i' north lalitude, and
104°55' west longitude of Greenwich Meridian. This area has an average annual temperature
of 21-25°C, and its average rainfall 800-1000 mm. Its climatic classification is AW2 W(e),
warm subhumid according to Koppen modified by E. Garcia. (Sintesis Geografica del Estado
de Nayarit). The objetive of this work was to determine some chemical properties of soil in
order to propose the best use and management of soils.
Materials and Methods. The area under study represent around 12,786 ha. was realized
recolecting soil samples at 30 centimeters deep. The samples were identified with a label and
set down into plastic bags (1 kg), and prepared for the analysis. The following characteristic
were determined: organic matter (Walkley and Black); texture (Bouyoucos); total N (%OM
X 25); P (Bray and Kurts); Ca y Mg (EDTA); y pH (1:2).
Results and Discussion. The content of organic matter (OM) was high in the first 10 cm
(6.5%) and was decreasing according to deeping. However, the 80 percent of soil was very
low in O.M. the color of soil was reddish, with loam-claying textures. The N contents were
very low in 85 percent of samples. Situation that would be able to correct with the adition of
organic manures in soil. The Ca contents was low 0.5 and 10 meg/100 g. The Mg contents
was between 0.3 to 10.1 meg/100 g. The pH was between 5.6 to 7.2.
Conclusion. The contents of organic matter were very low in the majority of soil. The values
of pH were not limitating for the growth and crops production. The soils area are in good
conditions for the growing of basic crops as corn, bean, sorghum and peatnut.
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México.
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Tesis de licenciatura. Escuela Superior de Agriculture de la Universidad Autónoma de
Nayarit. Tepic, Nayarit., México.
(3)
SA.R.H. 1993. Estudio agrqlógico semidetallado del proyecto de temporal de
Compostela, Nayarit. Delegación Estatal. Tepic, Nay., México.
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Nayarit. 1990. Tepic, Nayarit., México.

52

ABSTRACT
The study was realized recolecting soil samples at 30 centimeters deep. The following
characteristic were determined: organic matter (Walkley and Black); texture (Bouyoucos); total
N (% OM X 25); P (Bray and Kurts); Ca y Mg (EDTA); and pH (1:2).
The contents of organic matter (OM) were high in the first 10 cm (6.5%) and was decreasing
according to deeping. However, the 80 percent of soil was very low in O.M. The N contents
were very low. The Ca contents was low 0.5 and 10 meg/100 g. Mg contents was between 0.3
to 10.1 meg/100 g. The pH was between 5.6 to 7.2.
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PHYSIC-CHEMICAL CHARACTERISTICS OF
ANDOSOLS AND VERTISOLS CULTIVATED WITH
AMARANTH IN THE STATE OF MORELOS,
MEXICO.
M. Taboada S., R. Oliver G. and H. Zagal M. Centro de Investigaciones
Biológicas. Universidad Autónoma del Estado de Morelos. Av. Universidad
No. 1001 Col. Chamilpa. 62210 Cuernavaca, Morelos, México.
Introduction. Amaranth, commonly known in Mexico as "alegria", constitutes a good
production alternative, so much for its nutritive or industrial importance, as for the
possibility to expand the agricultural horizon of temporary peasants. The soil conditions
requiered for amaranth cultivation an development, in general, have been poorly studied,
in the different countries where its cultivated. The present investigation is part of a integral
analysis to determinate the advantage of this plant as a alimentary possibility in the State
of Morelos. Having as a particular objective: Analized the physic-chemicals characteristics
of two soil units (andosol and vertisol) cultivated with amaranth in the State of Morelos,
México.
Materials and Methods. Cultivation was stableshed during the june-november period
1993, in the experimental fields of the Chamilpa Campus and Instituto Profesional de la
Region Oriente of the Universidad Autónoma del Estado de Morelos; characterized by
andosol and vertisol, respectivaly. Soils evaluations we done before seeding and after
harvest, by compound mixtures of 0-20 and 20-40 cm in depth. The following physicchemicals characteristics were determinated: color by means of Munsell Charts. Apparent
density by the flask method; real density by picnometer method; porosity was quantified
with the quotient relation of the two densities; mud, sand and clay percentages were
obtained by the Bouyucos hydrometer; texture was determinated using the texture
triangle; organic matter and carbon was quantified by the Walkey and Black method; pH
by means of the potentiometer method; the total nitrogen percentage by Kjeldahl; the CEC
using EDTA and centrifugal pump andfinallyNa and K with the help of flame photometer
method.
Results and Discussion. The andosol soil unit was caracterized by its derivation from
volcanic ashes, low porosity and active internal drainage; its a non-mature soil with larger
depth than 60 cm. On the other hand, the vertisol, is clayey, heavy, with notable fissures
during the dry season and easyly inundable in the rain season; in general, the drainage
tends to be defficient in this soil. Results are summarized in the following table:
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Campus Chamilpa
20-40 cm

0-20 cm
AFTER'

BEFORE'
Total Nitrogen {%)
Carton (%)
Org. Mat. (%)
Na (ppn)
K (ppm)
CEC (meq/100)
pH (1:2.5)

0.10
0.82
1.45
19.93
15.68
82.72
6.9

Appar. Dens.
Real Dens.
Rarosity
Clay

0.81
1.85
56.2
16.8
47.2
36.0
Frank
10 YR 6/6
10 YR 3/6

Sand

Hud
Texture
Color dry
nunid

0.06
0.26
0.46
14.31
17.81
111.19
6.4
0.77
1.86
58.38
16.4
45.6
38.0
Frank
10 YR 5/8
10 YR 3/4

Instituto Profesional de la Region Oriente
0.10
Total Nitrogen {%)I 0.11
Carton (%)
1.42
0.84
Org. Mat. (%)
2.51
1.49
Ite(ppn)
21.56
22.72
K(ppn)
21.61
20.12
CEC (mep/100)
112.67
121.97
pH (1:2.5)
6.8
6.7
Appar. Dens.
0.97
0.90
2.5
Real Dens.
2.5
Porosity
61.2
64.0
Texture
Clayey
Clayey
* Before Seeding

BEFORE

0.021
0.63
1.11
14.26
18.58
110.35
6.7
0.78
1.85
57.84
18.8
45.4
35.8
Frank
10 YR 6/8
10 YR 4/6
0.081
1.08
1.94
24.57
17.56
124.59
6.3
1.05
2.38
55.9
Clayey

AFTER

0.018
0.26
0.47
22.37
15.77
110.36
6.5
0.75
1.85
59.46
18.4
47.6
34.0
Frank
10 YR 5/8
10 YR 3/4
0.048
0.93
1.65
23.82
17.98
127.37
6.5
1.0
2.63
62.0
Clayey

** After Harvest

The information here presented is coincident with the results obteneided by other autors
(1, 2, 3) in soil unities similars to those here analized. In general termins, it is said that
amaranth (Amaranthus spp), supports drastics changes in altitudes and climate, its also
develops sucessfully in other soil units with physic-chemical conditions; the plant grows
with similars yields or sometimes superior ones than the average (1 Ton/Ha).
Literature cited
1. Alejandre, I. and F. Gomez L. 1986. Cultivo del Amaranto en México. Universidad
Autónoma de Chapingo, Mex.
2. Oliver, G R., et. al 1991. Algunos aspectos edaficos del Cultivo del Amaranto en
Temoac, Morelos, México. Primer Congreso Internacional del Amaranto. Oaxtepec,
Morelos. 68 p.
3. Reyna, T. T., et. al. 1989. Amaranto (Amaranthus spp) en México. Geografia. INEGI.
México 3(1)99:107.
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The Soil Chemistiy, Ecosystemically Integrated into the
Environmental Research
Alexandre Vasu. Research Institute for Soil Science and Agrochemistry,
Bucharest, Roumania.

In the ecosystemic approach (Chirita 1974, Vasu 1984,1988)
in the terrestrial ecosystems the soil is the subsystem which
achieve the systemic unity of the life with the environment by
the multitude of functional connections, especially trophycal,
with the others subsystems of the biot p and with the biocenosis,
in forming and evolution processes, as well as nutritional medium. In the soil the focus of the main connections is the soil
solutions, considered as the ecological factor which achieve the
systemic unity of the phytocenosis with the biotop. The specific
ion activities of the soil solution, directly accessible to the
plant roots, is in dynamic equilibrium with the adsorbed ions,
potential accessible to the plant, the mobile struoture of the
soil, as well as with the constitutive elements of the mineral,
organic and organo-metalic compounds of the ground systemic
structure of the soil (Vasu 1988). The equilibrium state is
thermodynamioally controled by the so colled thermodynamic stability parameters (pH, Eh, Te,V, humidity, temperature) (Vasu
1988,1989).
The changes in the "cnermodynamic stability conditions (pH,
Eh etc) modifie the ioniaation in the soil solution and thus the
ionic equilibria in the biogeochemical cycles. That means that
the quantity of ions is modified (but not only this) because the
ioniaation of different element is different in the same conditions. The relative ratio of the main nutienta in the different
points of the biogeochemical oyolea ia changed. Consequently the
qualitative and quantitative effective nutrition solution for
vegetation ia changed. If the changes are larger than the homeoatazio interval in which the nutrients ratio ia aooorded with
the vegetation needs, the disturbance of the biogeochemical ojolea
induoea modifications in the phytooenoae atraotare and thoa in the
eooayatem stability.

On this way it was possible to identify the spedific equilibria of the biogeocemical cycles of different ecosystem types.
By differential diagnosis it was also put into evidence the biogeochemical cycles equilibrium desturbsnces and his cosequences
in the ecological desequilibris, the processes which occur and
mostly the mechanisms of the processes too.
The diagnosis of the desequilibria allow to identify the
level of the desturbance, as functional or functional and stuctural (mobile or mobile and ground structure ) and on this bases
to elaborate un objective substantiated ecological reconstruction
strategy with for different steps (Vasu 1993).
The concept and the original systemic interdisciplinar methodology was applied for the identification of the desturbances and
the ecological substantiation of the environment management in:
fertility lowering and physical structure destroing of the roumanian and russian chernosems, castaniosems and vertisols by intensive irrigation practices, acidification with irreversible alteration of the clay minerals by the spruce extension out of his
natural area, oak and common oak drying, pollution with havy metals, powders and acid rains, effect of deforestation, effect of
earthworms in physical soil structure new building,effect of grassland in physical soil structure building etc*
Literature Cited.
(1) Chirita C D . 1974. Ecopedology, with general soil science basis.
Bucharest, Ed. Ceres.
(2) Vasu A* 1984. Selective extraction of any elements from soil
with ooaplexing agencies. Doctor thesis, Politechnical Institute Bucharest.
(3) Vasu-A. 1988. The soil'system - edaphotop - means of produce
tion. An. ICPAXLIX-127.
(4) Vasu A. 1989. Components in equilibrium in biogeochemical
cycles of the terrestrial eoosystems. An. ICPA L-175»
(5) Vasu A. 1993. Ecosystemic substantiation of the ecological
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Composition y Transformation de la Materia Organica en
Suelos Volcanicos de Chile
M. Aguilera, G. Borie y P. Peirano. Departamento de Quimica Inorgdnica
y Analitica, Facultad de Ciencias Quimicas y Farmacéuticas, Universidad de Chile,
Casilla 233, Santiago, Chile.
La materia organica (MO) de los suelos volcanicos de Chile,
sus caracteristicas y propiedades han sido objeto de la investigación de nuestro grupo. Comprobamos que estos suelos tienen un
alto contenido de MO muy humificada, un bajo contenido de C
disponible y un elevado contenido de C biomasico responsable de
la gran actividad biológica que en ellos se desarrolla.
Determinamos también algunas propiedades de. la MO_como la^acidez
y capacidad de retención de iones (Zn , Mg
y Ca ) por
polimeros hümicos y fülvicos, obtenidos por sintesis microbiana
o enzimatica y también extraidos de suelos volcanicos.
En los ültimos anos adquiere relevancia el estudio del balance
y dinamica de la MO en distintos tipos de suelos tanto sin culti
var como cultivados. Asi Coleman y Elliott estudian la descomposición y producción de MO, la interacción entre MO y los nutrientes por efecto de cultivo continuo, aplicación de herbicidas, rol de la actividad microbiana, etc. Benedette y col. estu
dian el balance del humus agregando al suelo distintos materiales organicos. Miden evolución de anhidrido carbónico y contenido de acidos hümicos, detectando diferentes grados de humificación.
Kononova, destaca la descomposición de la MO en suelos
sometidos a una adición intensa de fertilizantes minerales y
sehala la necesidad de evitar esas pérdidas por el uso excesivo
de fertilizantes. Nardy y col. estudiando el efecto de herbicidas en la MO de suelos, detectan un incremento en la mineralización de residuos vegetales sin aumento en la humificación.
Otros autores, al estudiar el efecto de pesticidas en el
C-biomasico concluyen que depende del pesticida. Cabe sehalar
que el estudio actual de la materia organica de los suelos
incluye el analisis exhaustivo de sus fracciones tanto en sus
estructuras quimicas como las modificaciones que estas sufren
por efectos del manejo de los suelos.
Para dilucidar algunos de estos aspectos se hace un balance de
la MO en suelos de igual origen pero de antigüedades diferentes,
lo que incide en una mayor cristalinidad de los constituyentes
inorganicos y en una menor interacción con los constituyentes
organicos. El estudio se extiende a suelos sin cultivar y cultivados con el objeto de ver como se modifican las fracciones de
la MO. Ademas se determinan parametros bioquimicos relacionados
a la dinamica de la MO como son biomasa y actividades enzimatica s que regulan los procesos de óxido-reducción (PFO, DH).
En las fracciones hümicas AH y AF se determinan algunas propie
dades fisicas y quimicas que permiten interpretar el grado de
humificación y la reactividad de estos materiales.
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Luego conociendo el status basico organico y biológico de los
suelos, se propone conocer la dinamica de C14 agregando a esos
suelos, glucosa-C14- Se incuba en condiciones controladas y se
determina actividad respiratoria de la microflora. Finalizada la
etapa de mineralización del sustrato marcado se procédé a
determinar las modificaciones producidas en los suelos respecto
a sus niveles basicos de MO y los parametros bioquiraicos
relacionados.
En suelos de reciente formación: 2 Nadis (Frutillar, Piedras
Negras), 3 suelos Trumaos (Puerto Octay, Osorno, Temuco), junto
a 2 suelos Rojo Arcillosos (Cudico y Collipulli) de mayor antigüedad, se realizan las siguientes determinaciones: C del suelo,
fraccionamiento de la MO, C biomasico por la técnica descrita
por Jenkinson, C de hidratos de carbono por el método de la antrona. La actividad biológica se conoce a través de determinaciones de actividad respiratoria, actividades de DH y PFO. Todas
las técnicas fueron adaptadas por el grupo para suelos volcanicos chilenos. El grado de humificación se determina espectrofo
tométricamente. El grado de acidez por técnicas potenciométricas. La interacción de las fracciones organicas con cationes
se determina por su Maxima Capacidad de Retención (CMR).
Algunas conclusiones obtenidas para estos suelos son:
-Presentan contenidos de MO que van desde 4 a 16$C. Los trumaos
y nadis poseen mayor % C-organico que los rojo arcilloso.
-Los sometidos a cultivo ven generalmente disminuido su
contenido de MO respecto a su homólogo sin cultivar.
-Presentan un alto grado de humificación de su MO, alcanzando
valores de % de huminas entre 40 y 80%. El cultivo provoca un
leve aumento en el % de huminas.
-Los resultados indican que entre 42 a 825? de la MO adicionada
como glucosa-C14, es incorporado al suelo en un periodo de 4
meses, 58 a 83/5 del C14 es incorporado a las huminas; un 15 a
195ê en los AH y un 9 a 27% en los AF. Esta incorporación es
mayor en suelos trumaos y nadis y considerablemente menor en el
suelo rojo arcilloso.
-La adición de N y P afecta la humificación del C14 favoreciendo
la incorporación de C14 a las fracciones hümicas y fülvicas, en
desmedro de la fracción huminas. El cultivo provoca una
disminución en la incorporación del C14 a las huminas. Estos
resultados permiten evaluar la potencialidad de uso y la
preservación de la fracción organica del suelo.
Summary.
A study was done of the organic matter content and
some properties in three of the main groups of Chilean volcanic
soils, trumao, hadi and rojo arcilloso. The study involves
cultivated and non-cultivated soils and evaluates the effect of
agriculture management on carbon distribution, on the dynamics
of added 14C and on the related biological activity.
The results show that Chilean volcanic soils are highly
humified but, because of their properties, potentially active
materials. In addition, they have a very important biomass
closely related to OM. A high percentage of the added labeled
material is incorporated into the soil, specially on the humus
fraction.

59

Soil organic matter size and density fractions in contrasting
annual and perennial legume systems.
Barrios, E.*, Buresh, R.J. and Sprent, J.I.* International Centre for Research
in Agroforestry, Nairobi, Kenya. *Dept. of Biological Sciences, University of
Dundee, Dundee U.K.
SUMMARY. Conventional agriculture reduces soil organic matter (SOM) content by destroying
the aggregate structure of the soil that protects SOM from microbial decomposition. SOM
depletion is recognized as largely responsible for nutrient limitations and deterioration of soil
structure in soils. Reduction of SOM content after cultivation has been related to losses in C
and N from the particulate organic matter fraction. Crop rotations and agroforestry systems that
include nitrogen-fixing legumes, either annual or perennial, have been shown to mantain SOM.
Our ability to enhance management of annual and perennial cropping systems for sustained
production is partly dependent on our understanding of how different SOM fractions are
impacted by cultivation and how they are related to changes in the nutrient supply capacity of
the soil. In this study, biologically meaningful SOM fractions were physically isolated (size and
density fractionation) from within the structure of soil aggregates taken from different
agroforestry and annual crop systems. The amount and quality of the organic matter associated
with these fractions was assessed. The fate of recent organic inputs into SOM was done using
stable isotope analysis of I3C. Cropping of C3 plants (legume) on soils previously planted with
C4 plants (maize) can be used to assess the carbon contribution of annual and perennial legumes
to SOM fractions. Experimental treatments included 8 seasons of: a) continuous maize, b) a
maize/cowpea (Vigna unguiculata) rotation, c) a maize/cowpea-pigeonpea (Cajanus cajan)
rotation, d) maize-piegeonpea intercrop, e) maize + Gliricidia (Gliricidia sepium) prunnings,
e) maize-Gliricidia intercrop and f) Gliricidia improved fallow. Size fractionation (>2000 /im,
250-2000 fim, 53-250 /xm, <53 pm) was preceded by sonication to ensure adequate soil
dispersion. Density fractionation on the same size fractions compared three different methods:
a) Na-polytungstate (d=1.85 g.cnr3), b) Nal (d=1.7g.cnr 3 ) and c) LUDOX (d=1.37 and 1.13
g.cm"3). Nitrogen mineralization was examined on light fractions isolated from various size
fractions of SOM.
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Influence of homoionic clays on the formation of
melanoidin-type compounds from glucose and tryptophan.
M.Bosetto, P.Arfaioli, G.G.Ristori and P. Fusi. Dipartimento di Scienza del
Suolo e Nutrizione della Pianta. - Centro di Studio per i Colloidi del Suolo CNR50144 Firenze, Italia.

Introduction. Melanoidins are dark brown nitrogenous polymers of high molecular weight,
which can be prepared in laboratory from condensation reactions between sugars and amino
acids, polypeptides or proteins, and between polysaccharides and polypeptides. These
compounds are frequently found in food systems, where account for the browning of foods
during long periods of storage. This phenomenon is also called "browning reaction" or
"Maillard reaction".
In soils, the formation of melanoidins is considered a possible way for the origin of the
humic substances, as suggested by the early works of Maillard (1912,1916).
Recent studies, using different tecniques, as IR, ESR, CP-MAS NMR, UV, GC-MS and
HPLC (1,2) confirmed that these polymers closely resemble some brown organic substances
occurring in soils, natural waters and recent sediments, in terrestrial and marine environment.
The formation of these substances seems to be dependent on the nature of the starting
material (3,4). Moreover, changes in temperature, alternate wetting and drying cycles and the
presence of different clay minerals can affect these reactions. Actually clays, and particularly
smectites, are known to promote the condensation of many adsorbed organic molecules.
The aim of this work was to investigate whether different clay minerals, under
experimental conditions comparable to those occurring in natural soil environment, can promote
the formation of melanoidin-type compounds from simple organic molecules such as sugars and
aminoacids.
Material and methods. The starting materials for the formation of the melanoidin-type
compounds studied in this work were D-glucose and L-tryptophan.
The clays used were: Crook County (Wyoming, USA) Bentonite, Hohen Hagen
(Germany) Nontronite and Zettlitz (Germany) Kaolinite, made homoionic with polyvalent
cations (Ca2+, Al 3+ and Cu2+).
A known amount of 1:1 L-triptophan and D-glucose (50 + 50 mg) was added to 1 g of
the different clays and submitted to several wetting-drying cycles at 70°C for 30 days. Similar
experiments were conducted with L-tryptophan in absence of glucose, and with tryptophan and
glucose, replacing the clay with powdered quartz, to evidence the role of the clay.
Melanoidin-type compounds were also prepared heating a water solution (0,2 M) of
glucose and tryptophan (1:1) at 70°C for 30 days (1), for comparison with the products formed
in the presence of the minerals (clays or quartz).
At the end of the experiments, the clay-organic systems were extracted in distilled water
to remove the unreacted fractions of the starting compounds. The amount recovered was
determined by Gas Liquid Chromatography (GLC) according to the method suggested by
Gehrke and Leimer (5). Difference IR spectra, in KBr pellets, of the dark brown compounds
remaining on the clay after extraction, were obtained from powdered samples against a blank of
pure clays. The same analysis were performed on the compounds obtained in the presence of
quartz. The spectra were compared with those of melanoidins prepared as described above. X
rays diffraction analyses of the same samples were also performed.
Results and discussion. Clay minerals resulted to promote the formation of dark-brown
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substances from glucose and triptophan as well as from tryptophan alone.
FT-IR spectra of the brownish compounds formed on the clays in many cases closely
resemble those obtained from melanoidins prepared in water solutions.
Furthermore, these spectra were similar to those of different types of melanoidins
reported in literature (6,7).
The unreacted amounts of tryptophan, as measured in water extracts, were dependent on the
different types of clays and the saturating cation. On the contrary, glucose was quite completely
transformed.
The order of the catalytic effectiveness of the investigated clay was :
Nontronito Montmorillonite> Kaolinite
Quantitatively, the amounts of unreacted tryptophan on glucose-tryptophan Nontronite and
Montmorillonite-complexes were about 10-20%, while it was 40-50% in Kaolinite. Different
values were found for complexes with tryptophan alone (60-80% in Nontronite and
Montmorillonite, 92-98% in Kaolinite).
As it concerns the effectiveness of the cations the following order was observed'.
Cu^AP^Ca 2 - 1 Almost the total amounts of tryptophan was recovered from quartz systems in the same
period of time.
X rays analyses revealed the presence of dark brown compounds in the interlayers of the
smectites.
The reactions observed could represent a possible pathway for the formation of humic
compounds in soils, particularly in those rich of smectites (vertisols). The typical microfabric of
these soils, characterized by a large amount of pores <lu, could protect simple compounds such
as aminoacids and sugars from microbial degradation. This would allow reactions similar to
those observed in our experiments to occur.
Literature cited
(1) Benzing-Purdie L. and Ripmeester J.A. 1983. Melanoidins and soil organic matter: evidence
of strong similarities revealed by 13C CP-MAS NMR.Soil.Sci.Soc.Am.J.47:56-61.
(2)Rubinsztain et al. 1984. Investigations on the structural units of melanoidins.
Org.Geochem.6: 791-804.
(3)Kumada K. and Kato H. 1970. Browning of pyrogallol as affected by clay minerals. Soil Sci.
and Plant Nutr. 16, n.5:195-200.
(4)Wang M.C. 1991. Catalysis of nontronite in phenols and glycine transformations. Clays and
Clay minerals 39:202-210.
(5)Gehrke C.W. and Leimer K. 1971. Trimethylsilylation of aminoacids. Derivatization and
chromatography. J. Chromatogr. 57:219-238.
(6)Rubinsztain et al. 1986. Characterization of melanoidins by IR spectroscopy-I-Galactoseglycine melanoidins. Org.Geochem. 9:117-125.
(7)Mal'S.S. et al. 1982. Comparative study of melanoidins and humic acids. Soviet Soil
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Organic Matter Role on Potassium-Calcium-(Zinc or
Magnesium) Selectivity of a Chilean Andisol.
M. Escudey, P. Reyes, C. Pizarro, P. Diaz, J. Foerster and
G. Galindo. Dpto. de Quimica, Universidad de Santiago de Chile, Casilla
442, Correo 2, Santiago, Chile. Fax: (56-2) 6813083
•

Introduction. In Chile, most of the agricultural activities are carried out on volcanic
materials derived soils. Andisols, with a mineralogy dominated by poorly organized
aluminosilicates, have variable surface charge, high organic matter content and a pH
dependent cation exchange capacity.
A previous work of K-Ca exchange selectivity carried out on inorganic clay fractions of
Chilean Andisols showed a general preference for K (1). The objective of present paper is to
determine the effect of soil organic matter on K-Ca-Zn and K-Ca-Mg binary and ternary
exchange reactions of a Chilean Andisol, using the Gaines and Thomas equivalent fraction
thermodynamic treatment (2).
Materials and Methods. A sample of the B horizon from uncultivated area of Vilcun soil
was used. This Andisol is located in Temuco (Central Southern Chile). Soil sample was
sieved in the field to pass a 2 mm and stored at field moisture content.
The organic matter free soil fraction was prepared treating the soil with 30% H2C«2 until no
dark residue remained and no changes in sample isoelectric point was noted (3), this sample
was labeled Vilcun w/o OM (without organic matter).
A general characterization through chemical analysis, organic carbon determination (WalkeyBlack method), specific surface area (EGME and BET methods), isoelectric point, X-ray
diffraction, FTTR, and DTGA was carried out.
Samples were made homoionic in K (to be used in all equilibria involving K) or Ca (to be
used in all equilibria without K), and kept suspended.
Cation exchange equilibria were carried out at 4.0±0.1°C and 25.0+0.1°C, at constant ionic
strength (0.05010.003), the equilibrium pH was 5.410.3 for Vilcun sample, and 5.910.3
for Vilcun w/o OM. About 500 mg of sample was used to get each equilibrium isotherm
point, samples were equilibrated with solutions containing different equivalent fraction of K
or Ca. Ternary equilibria were carried out at constant K equivalent fraction in solution of 0.3
and 0.6. Exchangeable ions were replaced by four washings with 0.15 M NH4NO3,
determined by atomic absorption spectroscopy, and corrected for the entrapped solutions in
the samples.
Results and Discussion. Vilcun soil has a mineralogy dominated by allophane (>50%)
with presence (<5%) of mica, felspar, cristobalite, and chlorite. The soil pH is 5.6 in H2O
1:1, and 4.8 in KC11:1. The characterization of samples used is given in Table 1.
Table 1.- Chemical analysis, organic carbon content, isoelectric point (IEP), and BET and
EGME specific surface area of soil sample and fraction.
AI2Q3

Fe203
wt %

Si0 2

Organic C
%_

IEP

Vilcun

25.3

9.3

21.2

9.1

3.2

291

24

Vilcun w/o OM

21Q

14,2

242
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U

256

28_
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Fig. I Exchange selectivity for K-(Zn, Mg, Ca) equilibria
fot Vilcun aoll with and without organic matter (OM) at 2S'C

Fig. 2. Exchange selectivity for C a - Z n and C a - M g
equilibria for Vilcun aoll at 25'C. Effect of Potassium.

Vilcun soil has a very high organic matter accumulation, the specific surface areas estimated
by BET or EGME methods suggest the importance of internal surface area.
In all equilibria the cation exchange capacity (CEC, considered as the total exchangeable ions
in each equilibrium) ranges between 13-18 meq/lOOg and 7-13 meq/100g for Vilcun and
Vilcun w/o OM respectively. The OM destruction decreases the CEC values, in agreement
with negative external surface charge reduction (Table 1, IEP values), showing that internal
active sites are the most important in exchange. In general, only slight temperature effect was
observed in CEC magnitude and in selectivity.
Representative exchange selectivity curves compared with non selectivity curves (A G°=0 for
mono-divalent and di-divalent equilibria) are shown in figures 1 and 2, plotted as equivalent
fraction of adsorbed ion (N) vs equivalent fraction in solution (X).
The OM reduces the selectivity for Ca and Zn in all mono-divalent binary equilibria (Fig. 1).
The selectivity sequence is Zn>K=Ca>Mg for soil sample, but after OM destruction the
selectivity sequence change to Zn>Ca=K»Mg. The same selectivity sequence for di-divalent
equilibria was observed. The organic matter destruction increases the selectivity for Zn and
Ca over Mg.
In ternary equilibria (Fig. 2) carried out at constant XK=0.3 or 0.6 the presence of K increases
the preference for Ca over Mg and reduces the preference for Zn over Ca, when compared to
isotherms carried out at XK=0.
Vilcun w/o OM shows a slight preference for Zn over Ca, but Vilcun soil Ca-Zn exhange is
well described by the non-preference curve, denoting an organic matter efecL
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(1) Escudey, M. and Galindo, G. 1988. Potassium-Calcium exchange on inorganic clay
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(3) Escudey, M., Ervin, J., and Galindo, G. 1986. Effect of iron oxide dissolution treatment
on isoelectric point of allophanic soils. Clays and Clay Minerals 34,108-110.
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Studying the quality of humus in tropical soils
Dr. József Fekete. Department of Soil Science and Agricultural Chemistry
University of Agricultural Sciences H-2103 Gödöllö, Hungary
Abstract. We have studied the quality of humus in different tropical soils by two solvental,
optical method. The soils we have studied are: Kenyan, South-Chinese and Cuban tropical
brown, ferralsoil and gleyic type soil. The humic substances can be well separated by the result
and show a coherence with genetical and dynamic properties of the soils.
Introduction. The quantity and the quality of the humus content has an important effect on the
fertility and the genetical properties of the soil. That is why the different humic substances are
tested extensively for the purpose of characterising the soils in the temperate and tropical regions.
The decomposition and humification of the organic matter shows a close relation with the
vegetation, climate, hydrological correlation, dynamics and the type of the soils (Fekete, 1988:
Haigitai, 1964: Maul, 1972). Zonn (1968) has also noticed that the quantity of the insoluble
humic material is directly proportional to the age of the soil and this phenomenon is suitable to
define the relative age of it. There are several methods to define the humus quality of the soil
(Haigitai, 1964). Solution by acetyl-bromide (by springer), solution by acetyl-sulphate, fractional
method by Tyurin, electroscopical - X-ray - , DTA- and optical methods, light - absorption tests
in UV and IR spectrums, etc.
Methods. Our humus quality studies were implemented by Haigitai's two-solvent method. The
humic materials were solved in NaF (1%) and NaOH (0.5%). The extinction of these solution
were measured by Specol photometer in 460, 490, 520, 550, 580, 610, 640, 670, 700 and 730 nm
wavelength ranges. Using these results we could figure out the stability value of the humic
materials (Q) and the stability coefficient (K).
Q

=

NaF

l£ _

'-'NaOH

^NaF
'-'NaOHxH

Ef^aF - extinction of the NaF solution
E^aOH = extinction of the NaOH solution
H =' total humus content (%), by Tyurin
Discussion. The results are involved in the table. We illustrated the extinction values and
stability values graphically (Figures 1-4). The amount of humus in the different soils shows
significant differences which is in relation with the vegetation, climatic circumstances and the
quantity of decomposition. The quantity and quality also changes in the different soil types. (See
Table)
The soil we have studied can be divided into two classes by the quality of the humus.
In the first class the average Q values are 2.08 - 4.96. The Kenyan 1., 2., 3. and Cuban 7. tropic
siallyticsoils can be numbered to this group. The extinction values of NaF extract are always
higher than in case of the NaOH's (Figures 1-3). The stability values are relatively high and are
typical by the growing wavelength: first have a decreasing then an increasing rate. In 'lie humic
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substances of these soils the more stable, bigger, Ca-saturated humats are in predominance. The
emergence of these humic materials took place in natural or slightly alcalic circumstances. This
quality is typical of the limic, montmorillonitic, loam soils.
In the second class the Q values are significantly lower below 1. the Kenyan 4., 5., SouthChinese 6., Cuban 8. and 9. ferralsoils and the tropic gleysoils (Figures 2,3). The extinction
values of the NaOH extracts are over the NaF. The humus stability numbers have a little
decreasing or increasing rate, depending on the wavelength. These humic substances are not
perfectly formed, have small molecules and are very mobile, which helps the leading. In this
class two subclasses can be separated. The humic substances, stability numbers and stability
coefficients of the Kenyan 4. and Cuban 9. ferralsoil, which were formed during aerobe
circumstances are the smallest. The humic substances of the Kenyan 5., South-Chinese 6 and
Cuban 8 were formed by partial or constant effect and their stability number is between 0.5 and
0.8.
Result of soil analysis
Soil
Kenya
Kenya
Kenya
Kenya
Kenya
South
China
Cuba
Santa
Clara
Mantazas

Humus
%
1.21
1.87
1.30
1.86
1.41

PH

Q

K

1a
1b
2a
2b
3

Depth
cm
0-25
25-75
0-25
25-50
0-20

H20
7.10
7.18
7.20
7.05
7.50

2.08
3.87
2.15
0.56
2.87

1.71
1.67
1.90
0.33
2.65

4
5a
5 b
5a
6b
7

0-20
0-20
20-40
0-25
25-50
0-15

1.27
1.28
1.04
0.35
0.30
3.81

5.51
6.36
6.42
4.92
4.71
7.05

0.13
0.88
0.84
0.58
0.38
4.96

0.08
0.70
0.64
1.70
2.36
1.09

Tropical
brown soil
Tropical
brown soil
Tropical
brown soil
Ferralsoil
G ley soil
(red)
Gleysoil
(red)
Cambisoil

8
9

0-25
0-20

3.58
2.39

5.45
6.41

0.77
0.23

0.21
0.10

Gleysoil
Ferralsoil

Summary. We can say that the two-solvent optical method is suitable to characterised the
genetical and nutrient-dynamical properties of the tropic soils. The humus quality values are
typical in case of the siallitic, ferralitic and tropical soils.
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Hargitai, L.(1964): Comparing and studying the quality of humus of Middle-European soils
Maul, F.(1972): Comparing and studying the quality of humus of the main Cuban soils by optical
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Szabó, L. (1991): Protections against the erosion of ferralitic solis by agrotechnical methods in
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Labile Organic Matter and Its Relation with Exchangeable
Elements of Oxisols with Different Mineralogy, Texture
and Organic Matter Content
M. L. de Medeiros and E. S. Mendonga. Departamento de Solos, Universidade
Federal de Vigosa, 36570-000 Vigosa, Minas Gerais, Brasll.
Introduction. Many researchers have emphasized the great importance of the organic matter (OM)
on controlling the balance of charges of tropical soils. Recent models divide OM into a series of
pools of different turnover times, where the active OM pool could play a major role in nutrient
release and on the elements cycle in the soil. Mendonca (1992) utilized CaHP0 4 to quantify the
amount of carbon in the labile organic form at Oxisols from the Cerrado Region of Brazil. According
with his work, this form of carbon is strongly related with the exchangeable cations and is influenced
by pH and ion strength of soil solution. Therefore, it may be related with to the dynamic of elements
in soil solution. However, there is not a suitable method available to characterize the labile organic
matter of tropical soils, which is related with the biological activity and the dynamic of soil elements.
Thus, the aim of this work is to develop a methodology to determine the amount of organic carbon
at labile form of highly weathered soils with different mineralogical, physical and chemical
properties, and study its relation with the dynamic of elements and biological activity.
Materials and Methods. The A and B horizons of five Oxisols with kaolinite, gibbsite and goethite
domaining the clay mineralogy and with distinct amount of clay and organic carbon where sampled
at the Southeast Region of Brazil. These materials were chemical- and physically characterized.
Based on previous study, 100 ml of NaH2S04 at different concentrations (0.005; 0.01; 0.05;
0.1; 0.5; 1.0 and 2.0 M) was shaken for 30 min with 50 g of soil, smaller than 2 mm, in
polyethylene centrifuge tubes and spun for 10 min at 20000 G. The clear supernatant was filtered
through a membrane filter, previously washed with 100 ml of deionized and distilled water. An
aliquot of the clear filtered solution was mixed with 0.1 M K2Cr207 and concentrated H2S04 in a 125
cm3 conical flask. Titration was carried out with 0.05 M Mohr salt. The content of Ca, Mg, K, Fe
and Al in the solution was measured by atomic absorption spectrophotometry (Ca, Mg and Fe), flame
photometry (K) and by the aluminon method (Al). Electroconductivity was measured by
conductivimetry. Microbial biomass was measured by the methodology described by Anderson and
Domsch (1978). The effect of the treatment was tested by analysis of variance, where the effect of
the levels of NaH2S04 was tested by regression analyses and correlation studies.
Results and Discussion. It was observed a proportional increase in the amount of labile forms of
carbon extracted with the increasing concentration of sulphate. This compound was supposed to take
out the organic molecules weakly adsorbed by the exchangeable sites on the soil surface and by the
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exchangeable cations of the soils, as the follow scheme:
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The results indicate that Al was more difficult to extract than Mg, being necessary a higher
concentration of the stractant to take out the same amount of exchangeable Al than exchangeable Mg.
This result emphasized the effect of charges of the cations on the stability of the linkage with the
exchangeable sites. It seems that the methodology developed is promising to extract labile forms of
organic molecules from Oxisols.
The paper will discuss the relationship between the amount of exchangeable cations extracted
with the elements and organic carbon taken out with NaH2P04, and their relationships with biological
activity.
Literature Cited.
Anderson, T.H. & Domsch, K.H. 1978. A physiological method for the quantitative measurement
of microbial biomass in soil. Soil Biol. Biochem. 10:207-213.
Mendonca, E.S. 1992. The effect of the organic and mineral fractions on the acidity and charge of
soils from the Cerrado Region, Brazil. University of Reading. PhD theses.
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Changes in Organic Matter After 24 Years of Fertilization
in Hungarian Soils
E. Micheli, P. Stefanovits and I. Czinkota. University of Agriculture,
of Soil Science and Agrochemistry, Gödöllö 2100 Hungary
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Introduction. Long-term experiments have been established for better understanding of the effect
of fertilizers, crop rotation and tillage systems on crop production and soil fertility. Important data
were obtained from these experiments about the effects on yield, the nutrient content of soil and the
physical properties of soil (2, 5). Studies on the effect on humus reported the decline in soil organic
matter in the initial years of cultivation (4, 9) and generally lower levels of organic carbon of
cultivated soils than their counterparts under natural vegetation (8, 5). Less information is available
on the effect of fertilizers on the quality (composition and stability) of soil organic matter. The
objective of this work was to study the changes in the quantity and quality of organic matter of soils
of the Hungarian National Long-Term Fertilization Experiment.
Materials and methods. The Hungarian National Long-Term Fertilization Experiment was
established in 1969 to study the effect of different fertilization and rotation systems on soil
properties at various locations (stations) throughout the country. On each station uniform
agrotechnics and fertilizer treatments have been carried out since 1969 (3). For 24 years the control
plots received no fertilization while the treated plots received 250 kg N, 200 kg P2O5 and 200 kg
K/)0 ha~l year'1. The long-term experiment sites include a wide range of soil types representing the
major agricultural soils in Hungary. Soils selected for this study, including Calciustolls, Hapludolls,
Argiustolls, Chromuderts and Haplustalfs, are from 8 experimental sites. Changes in carbon and
nitrogen content of soils were determined by the Walkley-Black and Tuirin methods respectively.
Changes in the composition and activity of the organic matter were characterized by functional
group analysis (infrared spectroscopy), total acidity (potenciometric titration), color ratio (E4/E6)
and stability coefficient (Hargitay method) of the alkali (0.2 NaOH) extract of the humic materials
(1, 7). Changes in molecular-size distribution were determined by gel filtration technique using
Sephadex gel G75 (6,10).
Results and Discussion. Slight changes (but statistically not significant) were observed in quantity
of soil organic matter. There were significant increases in the nitrogen content, hence decreases in
C/N ratio. However the applied nitrogen, considering the results of molecular size distribution, is
not expected to be retained in organic forms. There were substantial changes in the quality of humic
material. On the basis of gel chromatography results the proportion of smaller molecular weight
fractions increased while the portion of higher molecular weight fractions decreased. This
observation was supported by the results of color ratio and stability analysis. The results of infrared
spectroscopy and potenciometric titration indicate that the proportion of acidic functional groups and
total acidity of the humic fractions increased after 24 years of intensive fertilization.
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The increase of the smaller molecular size fractions and expected increase in nutrient-supplying
power and the chemical reactivity may account for some of the positive results in biomass
production. However a less positive factor is the potential decrease in the larger molecular size
fractions which provide stability of soil organic matter and a number of physical soil characteristics.
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Evolution of the Soil Organic Matter Content under
Intensive Agriculture in Belgium
G. Hofman*, J. Pannier, and M. Van Meirvenne. Department of Soil Management and Soil Care, Faculty of Agricultural and Applied Biological Sciences,
University of Gent, Coupure Links 653, B-9000 Gent, Belgium.
Introduction. Agriculture in the province of West-Flanders (Belgium) over the past 30
years was characterized by: (1) a decrease of the amount of arable land by 10%, (2) an
eightfold increase in the number of pigs, and (3) a conversion to intensively cultivated
field-grown vegetables and green fodder, instead of grain. This evolution increased the
input of fresh organic matter to the soil per unit of arable land. The aim of this study was
to examine the variation in time and space of the soil organic matter content in the plough
layer of these agricultural soils in relation to the changed inputs of organic matter.
Materials and Methods. The study area is the arable land of West-Flanders, of which until
now three agricultural regions were investigated: Flemish Sandy Region, Sandy Loam
Region and Loamy Region. The size of this area is approximately 1860 km2. For our
investigation we could rely on data from an earlier investigation, namely the Belgian Soil
Survey (1949-1962). From this database were selected those locations which were used for
agriculture (no grassland). During 1989-1992 those locations were revisited and if still
under agriculture, resampled. The support of the Belgian Soil Survey was a profile pit.
During our own survey, samples of the plough layer were taken with an auger. The depth
of the plough layer was determined by the change in color between the antropic plough
layer and the underlying horizons. We took 5 samples in a radius of 5 meter. The average
depth of the plough layer was noted down. The samples were bulked and mixed. The
organic C content was determined with the Walkley & Black procedure. This way we
obtained a dataset of 582 paired observations. To evaluate the evolution of the soil organic
matter content properly we had to take into account also the (changed) depth of the
plough layer. For that reason we calculated the absolute amount of soil organic matter in
the plough layer, till a certain reference depth. For this we choose the present depth of the
plough layer. The database of the Belgian Soil Survey held all the necessary data (depth
and soil organic matter content of underlying horizons) to recalculate the absolute amount
of soil organic matter.
For the structural analysis we used geostatistics. The experimental semivariance was
calculated using the formula (Webster and Oliver, 1990):

where 7(h) is the observed semivariance, z(x() and z(x; + h) are the soil organic matter contents at locations X| and x; + h respectively, h is the lag, and N(h) is the number of pairs of

data separated by h. A plot of 7(h) versus h is called a variogram. Estimation of the soil
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soil organic matter content over larger blocks of land was done by kriging from our sample
data and calculated variograms (Webster and Oliver, 1990).
Results and Discussion. Soil organic matter content values for the Belgian Soil Survey
ranged from 3.329 kg m"2 to 28.997 kg m"2 (average 9.249 kg m"2). Values for our survey
ranged from 4.100 kg m'2 to 32.422 kg m"2 (average 11.606 kg m'2). Both datasets were
lognormally distributed and further analyses were performed on the In-transformed data.
Observations were paired based on location and we performed a t-test. The result showed
that the average soil organic matter content of our survey was significantly higher than the
average value for the Belgian Soil Survey (significance level 99%). The mean soil organic
matter content increase was approximately 23 t ha"1, or 25% compared with the average
value of the Belgian Soil Survey.
The experimental variograms of the soil organic matter content and of its evolution were
calculated. No anisotropic behaviour was detected. The variance increased with increasing
separation, except for the values of the soil organic matter content difference which
showed a pure nugget effect. The points fell reasonably well on a smooth curve, and we
could fit an exponential (Belgian Soil Survey) and a spherical (Survey 1989-1992) model
to the data. The range for the Belgian Soil Survey data was approximately 3400 m, whereas
the range for our survey was approximately 4000 m. They both showed a fairly large nugget
effect which suggested that a large part of the variability was present at distances closer
than the smallest sampling distance. With these results maps were produced of the
distribution of the soil organic matter content and its evolution. The map of our survey
clearly showed a larger distribution of higher values of soil organic matter content
compared to the map of the Belgian Soil Survey. The highest increases of the soil organic
matter content were found near the centre of West-Flanders. Comparison of regions with
a high and a low increase (or decrease) of soil organic matter content gave no single
indication of the reason for this difference. Nevertheless it appears that those regions
which show an early development of pig breeding have a higher increase in the amount
of soil organic matter. Crop residues related to field-grown vegetables and green fodder
seem to carry less weight on the long-term evolution of the soil organic matter content.
Further research should explain in more detail the important factors which determine the
evolution of the soil organic matter content. At least, the present results are a clear
illustration that farming practice in the long-term can induce a significant change in the
organic matter content of the soil.
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The Effect of Organic Matter on Surface Chemistry
Properties in Oxisols derived from Parana Basaltic Bedrock
(Brazil).
R. T. dos G. Peixoto* and S. J. Traina. 1APAR*, Area de Solos, C.P.: 1331,
86001-970, Londrina - PR - Brasil; OSU, Dep. of Agronomy, 2021 Coffey Road Room 202, Columbus, OH 43210-1086, U.S.A.
Introduction. Long-term agricultural management of the oxic soils of the tropics and
subtropics typically results in significant decreases in soil organic matter (SOM) content. This is
particularly detrimental since most of the cation exchange capacity of these soils originates from
organic functional groups. These arydroxyl and carboxyl groups present on humic substances
and detritus of plant tissues (1; 2). The other principal source of surface charge in these soils
are the inorganic hydroxyls present on (hydr)oxides of Fe and Al, and kaolinite. Consequently,
the reactivity of these soils is governed by the interaction of their functional groups that promote
a pH dependent surface charge (3; 4). Several studies have been developed to characterize and
understand the interactions between these soil constituents, as well as the effect of their net
surface charge on ion sorption (5; 6; 7), but in general synthetic (hydr)oxides and purified
humic substances have been used. The objective of this proposal is to determine if SOM (e.g.,
humic substances) has a direct influence on the point of zero charge and on soil selectivity for
metal cations. The results may show that differences of SOM promote changes in metal cations
adsorption affinities. Surface complexation models that account for the contributions of SOM
will be used to predict the capacity of cation retention by oxisols. This information will add to
the importance of better management of SOM to maintain and/or improve soil fertility in
weathered soils.
Materials and Methods. The study was developed in six steps: (1) collection of soil samples
in soil horizons of natural forests in different regions of the state of Parana" (Brazil), and all sites
are in Oxisol derived from basaltic bedrock (period Cretaceous - 133 ± 1 million years ago); (2)
general soil characterization (chemical, physical, and mineralogical analysis); (3)
characterization of mineral and SOM content and functional group chemistry; (4) selection of
experimental samples with similar mineralogy and types of SOM but with changes in the
inorganic/organic surface functional groups ratio (FGR) with depth; (5) determination of
intrinsic equilibrium constants ( int K) for Ca, Mg, K, and H in each of the experimental samples
(application of surface complexation models); (6) relationship of differences in m t K for a given
cation to differences in FGR.
Results and Discussion. The major minerals present in all soil profiles studied as identified by
XRD were: kaolinite, gibbsite, hydroxy-Al interlayered vermiculite and quartz . The same
mineral assemblage, as determined by XRD, is present at all locations, except for the absence of
quartz in Cambard (Cm), Londrina (L) and Palotina (P). The specific quantity of each mineral
present (as determined by CBD and TGA) varies from location to location. Fe203 ranged from
10 to 23%; kaolinite from 40 to 70%; gibbsite from 3 to 35%; and Hydroxy-Al Interlayered
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Vermiculite from 6 to 10%. In contrast, for each location the quantity of a given mineral (e.g.,
kaolinite) was invariant with depth, as indicated by CBD and TGA. The mean total organic C
(average of all depths) ranged from 1.1 to 2.7% at all locations. The major differences among
locations were in the surface layers of the soil profiles but with a decrease in the amount of C as
depth increases. The greatest difference, from 6.5 to 0.3% C, was observed in the soil from
Vitória and the lowest range, from 2.9 to 0.4% C, for the Londrina soil. The role of organic
matter distributions in the surface charge properties of the soils will be discussed.
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ORGANIC FERTILIZERS BASED ON
N-FUNCTIONALIZED LIGNIN.
D.Rojas B.*, A. J. Martinez G., V. Gonzalez A., F. J. Ramirez C.
and V. Züniga P.
Departamento de Bioingenierta. Instituto de Madera Celulosa y Popel.
Universidad de Guadalajara. Apdo. Postal 52-93, Guadalajara, Jalisco 45020
Introduction.
The environmental problems caused by inorganic fertilizers has renewed the
interest for developing fertilizers based on organic materials. One of these developments in the
production of organic fertilizers by means of ammoxidations of lignin-based materials such as
bark and wastes from pulping processes (1). These reactions can be carried out in catalytic and
uncatalytic liquid and gaseous phases. The product in all cases is a -non toxic, non aggressive to
solid-fertilizer, insoluble in water and other commercial organic solvents, which provide organic
matter and micronutrients to soil (2). The structure of the fertilizer makes it also possible to retain
humidity for long periods of time. All of the properties may be used to modify the
physicochemical properties of soil and to provide the means to regenerate soil microbiota (3). In
order to monitor the ammoxidations efficiency, the amount of nitrogen fixed in the lignin matrix
is usually measured; however, this measurement does not give any information about the type nor
the location of the fixed nitrogen which may help to develop a "Taylor made" fertilizer to enhance
crop production. The purpose of the present work is to evaluate the yield and nature of the
ammoxidation products formed in both liquid and gaseous phases. This study will be based upon
the information that can be obtained from the FTIR spectra of particular groups such as carbonyl,
carboxyl, amine and amide.
IV.ateriaLs and Methods.
The solid fertilizer was produced by catalytic ammoxidations of
technical Kraft lignins with low ash content. This lignin was donated by Cia. Papelera
Atenquique, Atenquique, Mexico. The liquid phase process was performed isothermally in a batch
reactor. The ammoxidation involved two reaction steps: the first step is an oxidation with
hydrogen peroxide solution and the second uses ammonia as the ammoniation agent. The gas
phase ammoxidations were carried out in a lab scale fluidized bed reactor where lignin pellets
placed in contact with an air-ammonia stream. The preparation of these pellets was reported by
Martinez Gomez (4). All experiments were performed at atmospheric pressure. Liquid phases
reactions were performed over a temperature range of 40-60 C for 40 minutes while the gaseous
phase reaction covered the 200-400 C range for 120 minutes.The characterization of both raw
materials and products were performed by chemical, spectroscopical and instrumental methods
(2,5).
Results and discussions. The infrared spectroscopy characterization of the fertilizers obtained in
the liquid phase ammoxidations reveals that the aromatic ring of the lignin is opened during the
reaction. This rupture generates a chain of aliphatic groups as seen in figures 1 and 2. One can
see in these figures that the methoxyl and OH -Phenolic peaks ( wavelengths = 2928 and 3252
cm-1, respectively) decrease and the carbonyl peak increases particularly in the oxidative stage.
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We can also observe that the carbonyl groups peak decreases as the amino and nitro (-NO2) bands
increase significantly. Note that the amino band overlaps the methoxyl peaks. These changes can
be explained by the fact that the carbonyl and methoxyl groups are being substituted by amines
and amides which facilitates the availability of nitrogen for the degradation of lignin. Lignin
degradation is further accelerated by the presence of aliphatic groups which are considerably
incremented during the oxidation step (see the 626 cm "1 band). The rupture of the aromatic ring
of the protocatequic acid determines the degradation cycle and makes the microorganism
metabolism easier (3). This product eventually ends up as soil humus and supplies nitrogen to
plants even in the degradation cycle. Table 1 shows the elemental analyses of both ammoxidation
products and raw material.
In the gaseous phase ammoxidations, the Mo+6 and Fe +6 catalyst open the aromatic ring but
the product retains at least the 50% of its aromatic basis with respect to raw materials. FITR
spectra shows significant changes on the amide and amine bands but these are associated with their
aliphatic basis (C-N and R!CONR2R3' respectively).

Process
Feedstock
Liquid phase
Gas phase
Combined

Carbon

Hydrogen

(%)

(•/.)

62.3
59.0
51.0
50.0

5.40
11.0
3.80
4.50

Oxygen
and salts
(V.)
32.0
18.6
30.8
37.8

Nitrogen

(•/.)
0.30
11.4
14.47
7.70

Figure 2

Figure 1
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CHARACTERIZATION OF ORGANIC MATTER OF
THREE VENEZUELAN SOILS
CARMEN RIVERO T* AND JORGE PAOLINI"
* Universidad Central de Venezuela, Facultad de Agronomfa Apdo 4579, Maracay
(Venezuela). ** Institute Venezolano de Investigaciones, Centro de Ecologïa y
Ciencias Ambientales, Apdo 21827, Caracas 1020-A (Venezuela).
INTRODUCTION
Soil organic matter (SOM) have real influence on the différents soil properties, therefore the importance
of its characterization. The nature of these organic fractions contributes differently to the improvement of
some soil conditions. In Venezuela the studies on the SOM are scarse. The main objetive of this paper
is to obtain information about natural SOM in the conditions of the country.
MATERIALS AND METHODS
The humic substances of three soil: two Alfisols (Yaritagua and Valle de la Pascua) and one Inceptisol
(Turen) were extracted under N2 with NaOH 0.1 M (Schnitzer y Khan, 1978).
The dark-colored extracts were separated by centrifugation (10.000 g x 10 min); acidified with HC1
concentrate until pH 1 and then separated in fulvic acid (FA) and humic acid (HA), supernatant and
coagulated respectivelly. The FA were purified on XAD-8 resin and Ha on Spectrapor dialisys membrane.
Distribution of organic carbon (OC) in différents fractions of the SOM was determined. The E4/E6 ratio
of both FA and HA were obtained (Chen et al, 1977). The Kumada classification diagram for HA was
used (Kumada, 1977).
RESULTS AND DISCUSSION
The distribution of OC (Table 1) shows, that yaritagua and Valle de la Pascua soils possess high contents
of OC associated with non-extractable fraction. In all soil HA predominate over FA specially in the Turen
soil, it suggests that SOM in this case is more humified that in the other soils.
TABLE 1: DISTRIBUTION OF ORGANIC CARBON OF THE THREE SOILS STUDIED
SOIL

KIND OF ORGANIC CARBON
NON EXTRACTED
(HUMINS)

HUMIC
SUBSTANCES

AS HA

AS FA

AH/AF
RATIO

YARITAGUA

55.75 %

44.25%

29.54 %

14.71 %

2.01

VALLEDE
LA PASCUA

50.85 %

49.15 %

36.81 %

12.34 %

2.98

TUREN

32.48 %

67.52 %

57.69 %

9.83%

5.87

As shown in Table 2, the Ej/Eg ratio for HA of the three soils are different to the reported data by
Schnitzer (1977) for tropical soils but are similar to values reported by Paolini (1980). For the FA the
EJEt ratio values are similar of the reported by other researchers (Kononova, 1966; Schnitzer, 1977; Chen
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et al, 1977; Schnitzer and Schuppli, 1989).
TABLE 2: F7E, RATIO OF THE HUMIC AND FULVIC ACIDS
E ^
SOIL

HUMIC ACIDS

FULVIC ACIDS

YARITAGUA

3.86

6.50

VALLE DE LA PASCUA

5.53

6.00

TUREN

4.82

8.00

The values for the application of Kumada classification (Table 3) suggests that Yaritagua and Valle de
la Pascua soils possess Ha of B-type with moderated condensation state and more stable organic form,
while the HA of Turen soil is of Retype, characteristic of the initial stages of SOM humification
(Kumada, 1987).
TABLE 3: RF AND A LogK OF THE HUMIC ACIDS
SOIL

RF

ALogK

TYPE

YARITAGUA

50.8

0.82

B

VALLE DE LA PASCUA

74.0

0.60

B

TUREN

31.3

0.84

RP

CONCLUSION
The OM of the evaluated soils had a high content of OC associated with the humic fraction and high
aromatic condensation.
REFERENCES
1.- CHEN, M., M. SENESl and M. SCHNITZER. 1977. Information provided on humic substances $i
E4:E6 ratios. Soil Sci. Sec. Am. J. 41:353-357.
2.- KONONOVA, M. 1966. Soil organic matter. 2° Ed. Pergamon Press, Oxford. 404 p.
3.- KUMADA, K. 1987. Chemistry of Soil Organic Matter. Japan Scientific Societies Press.
Elsevier. Tokyo. 241 p.
4.- PAOLINI, J. 1980. Carecterizacion de las sustancias hümicas extrafdas de suelos tfpicos del bosque
hümedo tropical de San Carlos de Rio Negro T. F. Amazonas. Acta Cient. Venezolana.
31:415-420.
5.- SCHNITZER, 1977. Recent findings on the characterization of humic substances extracted from fe
from widely differing climatic zones. Soil Organic Matter Studies. Proceeding of Symp.
Braunschweig. IAEA. Viena. pp. 117 -131.
6.- SCHNITZER, M. and S. U. KHAN. 1978. Soil Organic Matter. Elsevier Scientific
Put*ttig
Co. New York. 319 p.
7.- SCHNITZER, M. and P. SCHUPPLI. 1989. The extraction of organic matter from selected soils da
particle size fractions with 0.5 M NaOH and 0,1 M N a ^ O , solutions. Can. J. Soil Sci.
69:253-262.
78

Analysis of Humic Substances
by C-13 and N-15 Methodology
M.H.B. Hayes*, C.E. Clapp, R.L. Malcolm, and M.F. Layese. Univ. of
Birmingham, UK; USDA-ARS and Univ. of Minnesota, St. Paul; MN, USA; and
USGS-WRD, Denver, CO, USA.
Introduction. In the classical definitions, soil humic acids (HA) are composed of the fractions of
soil organic matter (SOM) precipitated at pH 1 from the aqueous alkaline or neutral extracts from
soils. The fulvic acids (FA) remain in solution in the acidified aqueous media, and the humin
materials are not soluble in aqueous media at any pH value. However, such procedures do not take
account of the peptide and polysaccharide (PS) materials coprecipitated with the HAs, and retained
in solution with the FA fraction. Humic substances (HS) are also present in the soil solution.
Whereas the ratio of HA:FA in SOM is generally of the order of 10:1, that ratio is substantially
reversed in the cases of HSs in the soil solution. Humic substances can have their origins in plant
materials, in the refractive tissues of animals and microorganisms, and in chemical and biochemical
synthetic processes inside and outside of cells. Plants that follow the C-3 pathway (Calvin cycle)
do not incorporate the natural abundance of the '3C isotope as readily as do plants that use the C-4
metabolism (Hatch-Slack cycle) pathway (1). Thus, C-4 plants, such as maize (Zea mays), and
some grasses and tropical plants have 8 13C values of approximately -12%o; C-3 plants, such as
soybean {Glycine max), wheat (Triticum aestivum), cool season grasses and forest trees have 8 13C
values of about -27%o. From the analyses of the 8 13C values of the humic fractions is -lated from
their natural environments some indications can be obtained of the nature of the plant materials
contributing to the humic fractions.
Materials and Methods. Soil HAs were isolated in aqueous NaOH (0.5M) or in NaOH/Na4P207
solutions (2). Extracts were centrifuged, and the pH of the supernatants adjusted to 1.0. The
precipitated HAs were treated with HC1/HF, and dialyzed. The supernatants were passed through
XAD-8 (FA) and sometimes (in tandem) through XAD-4 resins; the sorbed mimics were desorbed
in NaOH (0.1M), passed through H+-exchanged resins, and freeze-dried. Drainage and stream
waters were filtered through 0.2 or 0.45 um membranes, the eluates were adjusted to pH 2.0, and
then passed through XAD-8 and XAD-4 (LMA) resins (2). Sorbates were displaced by back elution
with NaOH (0.1M). HAS were recovered from substances sorbed on XAD-8 (precipitation at pH
1.0). All fractions were desalted, concentrated, H+-exchanged, and freeze-dried. An elemental
analyzer/stable isotope, ratio mass spectrometer system was used for 8 13C and 8 15N analyses.
(0.1M)

Results and Discussion. Values are given in Table 1 for 8 13C for a variety of soils and drainage
waters from different locations. The 8 13C values for the humic fractions of the Harps, Waukegan,
and Elliot soils indicate that the HSs in these soils had origins in C-4 plants (maize). 15N-labelled
fertilizer had been added to the Waukegan soil, and its influence is evident in the 8 15N data.
The l3C and 15N enrichments in the humic acids from the Waukegan clay fraction were greater
than in the silt. That would suggest that the silt was composed of clay aggregates which were not
broken down during ultrasonication. Thus these aggregates contained greater amounts (than the
clay) of humic acids that had their origins in plants of the C-3 photosynthetic pathway. It can be
assumed that the HAs in the silt particles were older than those in the clays and were protected in
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the aggregates from degradation. Humic acids in the Summit Hill Mollisol had their origins in
plants with a C-3 photosynthesis pathway.
HSs from soils that were well humified, including the Sapric Histosols (Everglades and
Fenland), had numerically lower 5 l3C values than those from upland peats and from soil drainage
waters. The value for the PS from the Fenland soil was also numerically greater (-28.1%o) than that
of the HA. That PS was of microbial origin, and it is probable also that microbial activity was
involved in the transformation of the soil HSs to water soluble HAs, FAs, and LMAs.
The 8 13C values for the LMAs were, in all cases, numerically lower than those for the HA and
FA samples from the same sources. NMR, FTIR, and titration data showed that these LMAs were
more oxidized than the respective HAs and FAs.
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Table 1. Some 8 l3C and 6 15N values for HSs from a variety of soils and waters.
Soil/Water
and Source
Harps (MN)

8 I3 CHA

8'3C FA

8I3C LMA

8"NHA

(%.)

(%.)

(%o)

-19.0

-17.8

+ 8.0

—
—

+399

Waukegan Silt (MN)

-21.2

Waukegan Clay (MN)

-18.8

Seward (AK)

-26.4

-26.1

Sanhedron (CA)

-26.4

-25.5

Elliot (IL)

-22.6

-25.4

Summit Hill (NZ)

-26.3

—

Mevo Horon (ISR)

-25.2

-25.8

Armadale (CAN)

-27.4

-26.3

Hemic (MN)'

-27.5

-26.7

Sapric (MN)'

-26.9

-26.3

(%o)

815NFA
(%o)

+488
+ 6.0

Fibric (MN)*

-27.0

-27.0

Everglades (FL)'

-26.2

-26.2

Fenland (UK):

-26.2

—

Fenland Drainage

-28.3

-28.0

-27.1

Yorkshire Drainage'

-28.0

-28.0

-27.1

Nordic Drainage'

-27.8

-28.1

—

Devon Drainage

-31.0

-30.2

-28.9

+

1.6

+ 1.2

Oxford Drainage

-29.8

-29.4

-28.3

+

0.9

+ 1.2

Upland or high moor peats; ' Lowmoor peats or Sapric Histosol.
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The Fractal Morphology of Soil Humic Acids
N. Senesi*»*, F.R. Rizzi», P. Dellino», P. Acquafredda»,
G.
Maggipinto c , G.F. Lorusso c . "Institute of Agricultural
Chemistry,
^Department of Geomineralogy and cDepartment of Physics. University of Bari,
70126 Bari, Italy
Introduction. Fractal geometry is a powerful means able to describe strongly "disordered" or
random systems which display self-similarity, that is, the repetition of "disorder" at an appropriate
length scale (1). In fractal systems, "disorder" can be related to invariance properties within certain
defined length scales (dilation invariance), and be described in terms of non-integral or "fractal"
dimension, which reflects the actual space occupied by the system. In fractal analysis, we seek for a
power law by which a property of the system under study scales with a variable whose exponent
can be related to the fractal dimension of the system. In recent years, a number of finite, highly
inhomogeneous and porous materials, including several inorganic and organic, synthetic and natural
colloids and polymers, have been successfully described in terms of fractal objects (2). Humic
substances comprise a wide class of ubiquotous natural organic materials typically characterized by
an extreme physical and chemical heterogeneity and a lack of discrete structure and order in the
molecular organization, thus appearing highly susceptible of a fractal description (3). The objective
of this paper is to test the fractal nature of humic substances and measure the fractal dimension of
humic particles in aqueous suspension at different pH values and standing times , in order to
describe their morphological properties.
Theory. The turbidity T of a suspension of particles is a measure of the reduction in intensity of the
incident beam due to scattering and is defined by
t = d i n (Io/It)
(1)
where d is the optical pathlength, and I 0 and It are the intensities of the incident and transmitted
beams, respectively. It can be derived (4) that for large enough, monodisperse particles in dilute
suspension, x obeys a power law of the form:
x « (qa)-D
(2)
where q is the wavevector, a the monomer radius and D is the fractal dimension. The derivative of
the x expression rearranged provides a direct measure of D over the experimental wavelength range,
4 0 0 8 0 0 nm , according to:
D = 4.2 + dlogx/dlogX
(3)
Materials and Methods. Water suspensions (30 mgL~') of the Summit Hill soil humic acid
(HA) Reference (IHSS-1R106H) have been prepared at pH values 3, 4, 5, 6, and 7 and after
standing times of 2,4, 8, 14, and 24 h. For each HA suspension, the dependence of the turbidity x
on the wavelength X has been measured over the range 400-550 nm by a Perkin Elmer UV-Vis
spectrophotometer model Lambda 19. The average particle size <(» in each HA suspension has been
determined by granulometric analysis on a Coulter counter TA II. Scanning electron micrographs
(SEM) of each sample have been obtained on a SEM-Cambridge mod-360. In any case, four
replicates of each suspension have been prepared and analyzed.
Results and Discussion. The log-log plots of the wavelength dependence of the turbidity x of
the HA suspensions are linear (r ;> 0.993) over the entire X-range examined for all pH values and
after any standing time (examples of each set of measurements are shown in Figs.1 and 2). These
results conform in all cases to a power law. This implies that HA particles exhibit a fractal nature
and allows the calculation of their fractal dimension D from the slope of the experimental straight
lines obtained, according to Eq.3. Granulometric analysis results show that, in all cases, the average
size <(> of HA particles in suspension is large enough ( 19um s <J> s 23um), with respect to the
X-range used ( 0.40um <, <p s 0.55um), and that the particle-size distribution fits a Gaussian curve
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(monodisperse system). These results support the assumptions necessary for the application of Eq.3
to the turbidimetric analysis data. The fractal dimension D of soil HA in aqueous suspension
apparently decreases with increasing either the pH for any standing time, or the standing time at any
pH (Table 1). These trends reflect the morphological and dimensional (shape and size) evolution of
HA particles from a more compact structure to a less compact, more open and expanded geometry.
SEM observations confirm that, with increasing the pH from acidity to neutrality, HA particles
develop a more porous and irregular structure characterized by more corrugated and fragmented
surfaces, in agreement with the decreasing D-values measured by turbidimetry. In conclusion,
turbidimetric data, supported by granulometric analysis and SEM observations, reveal that soil HA
in water suspension can be described as fractal objects characterized by a fractal dimension D. The
dimension D thus represents a numerical parameter able to provide a quantitative evaluation of
morphological modifications and dimensional variations which HA experiences as a function of pH
and standing time of the system, that have been described only qualitatively up-to-date.
-1;

T=24h

logfr)
-1.2;

-1.5;

log(t)

5=^^

*^_pH6
pH3

s^_

-1.7;

PH7

pH4

-2:

pH5
-2.2-64

-636

6.29

-6.29
-6.25
log(K)

6.3)

Fig.1

4,2:
log(X)

Tab.1
\T(h)
2

4

3

2.77±0.15

2.77±0.03

4

2.68±0.18

5

8

14

24

2.64±0.15

1.89*0.12

2.08*0.37

2.46*0.18

2.37±0.15

1.87±0.41

1.93±0.12

2.68±0.14

2.2Q±0.13

2.31*0.18

1.99*0.32

1.70±0.32

6

2.04±0.22

2.11±0.01

1.54±0.21

1.44±0.42

1.9()±0.41

7

1.78±0.12

1.86±0.20

1.39±0.20

1.2I±0.29

1.45±0.40
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Some Principles for Classification, Nomenklature and
Diagnostics of Reclaimed Lands Without Humus Cover
M. Banov*, B. Christov, N. Poushkarov. Institute of Soil Science and
Agroecology, Sofia, Bulgaria

Introduction. The reclamation of disturbed lands sets a number of
questions to be solved, not only in the initial period of formation,
but also after being a subject of weathering and soil forming
changes for a certein period of time, which is in direct connection
with the method of reclamation. There are generally two methods of
reclamation - by spreading a humus layer of certain capacity on a
technically structures areas with non-toxic materials, and by direct
mastering of territories reclimed by substrata with suitable
physico-chemical characteristics. Both types of reclaimed lands are
subgect of long-years studies regarding their marphological and
analytical
characteristic,
as
well
as
their
classificative
determination. Despite the collected analytical and practical
material, the reclaimed lands are not included in any of the
national
soil
classifications.
Most
of
the
published
classificationrefer to the grouping of materials according to the
level of suitability for biological recultivation.
Materials and Methods. With regard to this, a classification has
been develope for the reclaimed lands without humus cover from the
"Maritza-Iztok" coal-field. The field spreads over a territory of
30000 ha, about 14000 ha have been disturbed by now. The lands which
have been reclaimed without the use of a humus cover are about 2000
ha. Their classification has been developed after a complete field,
morphological and analytical study of their genesis, structure and
characteristics.
The collected samples were analysed for the contents of total
carbon, media reaction, exchangeable cations, number of soil
microorganisms by physiological groups, total COa production,
microbial biomass carbon and etc.
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Results and Discussion. Havingas a starting point the fact that at
present there is large material on the origin, composition and
properties of the reclaimed terrains and keeping in mind that the
reclaimed soils have a specific structure of the profile and the
leading element of their development is the human activity, we
combine the reclaimed soils into a new soil group on the highest
taxonomie level - c l a s s
of "ANTHROPIC SOILS". All soils which
are results or derivations of the influence of the anthropic factors
fall innto this class.
In the defined class of "Anthropic Soils" we include order of
"RECLAIMED SOILS", in other words soils created in the process of
restoration of the lands disturbed by industry or building
activi ties.
On the level of type we divide the reclaimed soils according to the
structure of the profile: created by spreading humus horizon onto
non-toxic geological materials or only of suitable substrata
depending on their physico-chemical characteristics and according to
their level of influence of the soil-forming factors. The reclaimed
soils fall into two types:
1. Reclaimed soils without humus horizon
2. Biologically reclaimed soils
The first type combines all technically created terrains of
substrata of suitable physical and chemical characteristics. The
soil profile is of just one horizon. Basically speaking these are
mineral formations for future development of soils.
The second type includes soils based on materials suitable according
to their physical and chemical properties, however affected to a
certain degree by the weathering and soil-forming processes. The
profile of this type of reclaimed soils has two or three horizons.
On a lower taxonomie level the two types of reclaimed soils are
subdivided in accordance to the content of carbonate, media
reaction, level of salts, depth of the humus horizon and mechanical
composition.
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INTERACTION OF LUNAR MINERALS
WITH HUMIC ACIDS
K. H. Tan', and D. L. Henninger. Department of Crop and Soil Science,
University of Georgia, Athens, GA 30602, USA, and NASA, Johnson
Space Center, Houston, TX 77058, USA.
Introduction. The National Aeronautics and Space Administration (NASA) is considering
to develop in the future a self-sufficient lunar colony. It is projected that the lunar regolith
will be used similarly as a terrestrial soil for crop production (5). A lot of data have
accumulated on the mineralogy and chemical properties of lunar material and its possible
application in agriculture (1, 2, 6). However, most of the data are geologic in nature,
which makes inferences on soils behavior rather difficult. The lunar material should
preferably be analyzed using standard soil analysis, if comparison is to be made with
terrestrial soils. A fundamental concern in the manufacture of soils from lunar material is
the interaction of lunar minerals with organic matter. Organic matter, especially humic
acid, is an essential soil constituent, and affects the physical, chemical, and biological
condition of soils. Humic acid is also a natural agent in the dissolution of primary
minerals, affecting in this way soil fertility (7). The dissolution of lunar dust by salicylic
acid has been studied by Keller and Huang (3), but such acids are different than humic
acids and uncommon in soils. Therefore, this investigation was conducted to study the
etfect of humic acids on the decomposition of lunar materials.
Materials and Methods. Because of the limited amounts of lunar materials available, two
lunar simulants, Minnesota basalt and Corning glass, were provided by NASA. They have
been ground by NASA to a uniform particle size of 0.150-0.053 mm, conforming
approximately to the USDA size limit of very fine sand. The production and characteristics
of these lunar simulants have been reported by Ming ar J Lofgren (6). Humic acid (HA)
was extracted from a Cecil soil (Ultisol) for the preparation of a 50 mg HA/L solution at
pH 2.45 or 7.0 (4, 7). One hundred mg of MN basalt or Corning glass were shaken with
50 mL of the HA solution for 1,10, 20, 30 and 40 days, and the supernatants collected
for analysis of Si, Fe, and Al by atomic absorption spectroscopy. These experiments were
conducted in triplicate, and the results corrected for amounts of each elements in the
blank consisting of HA or water systems only. The mineral residue was examined by
scanning electron microscopy (SEM), and the elemental composition of single crystals
was determined by energy dispersive analysis by x-rays (EDAX). Mineralogy was studied
by x-ray diffraction analysis (XRD), and statistical analyses were conducted to test for
significance and the presence of interactions.
Results and Discussion. Large amounts of plagioclase and ferromagnesians were
detected by XRD in MN basalt, which is in agreement with earlier results (5, 6). The
presence of these minerals was confirmed by elemental analysis by EDAX. Ilmenite,
which was reported previously but was not apparent in current XRD, was also detected
by SEM and EDAX. The average composition of 60% plagioclase and 40%
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ferromagnesians conforms with the mineralogy of basaltic rocks. In contrast, Corning
glass was amorphous to XRD, although crystalline zeolites were detected before in
synthetic lunar basaltic glass (6). The dissolution of Si, Fe and Al from the lunar simulants
was curvi-linear in regression, which is in agreement with the release of these elements
from microcline, biotite and muscovite (7). The decrease "in rate of dissolution with time
was attributed to crust formation on the surface of the minerals, which acted as a
diffusion barrier. The concentration of Fe detected at pH 2.45 was 4 ng/L at 1 day
shaking time and reached a maximum of 15 mg/L at 40 days. The amounts of elements
released were substantially less at pH 7.0. These low amounts of metals released by HA
were in contrast with earlier reports showing considerably higher levels of metals found
in dissolution analyses of lunar simulants with inorganic acids (2, 3). Therefore, the
concern about possible metal toxicity in plant growth cannot be supported by present
results. In addition, most of the soluble Fe will be chelated in the presence of HA. Such
an interaction between metals and HA has been noted to control metal toxicity in plants.
It can be concluded that in general dissolution of the lunar simulants by HA conforms
to that of soil minerals. If these lunar simulants are considered representative of the
actual lunar regolith, it is expected that the lunar regolith will respond similarly as
terrestrial soils to application of organic matter.
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complexes. Acta Agron. Acad. Sci. Hung., 26: 259-271.
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Growth. ASA-CSSA-SSSA, Inc., Madison, Wl.
(6) Ming, D. W., and G. E. Lofgren. 1990. Crystal morphologies formed by hydrothermal
alterations of synthetic lunar basaltic glass, pp.463-460. IN L.A. Douglas (ed), Soil
Micromorphology: A Basic and Applied science. Elsevier, Amsterdam.
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N-15 NMR of Composts and Native Humic Material
H. Knicker, R. Fründ and H.-D. Lüdemann' . Institut of Biophysics,
ogy, Universitat Regensburg, 93053 Regensburg, FRG

Dept. Biol-

Introduction. Soil organic matter contains (SOM) a large fraction of the total carbon and
nitrogen of the earths crust. Soil organic matter is formed mainly from dead plant material
by composting processes. In these processes the N/C ratio increases compared to the
starting material. The chemical nature of the nitrogen in SOM is still a matter of controversy
(1,2). Structural models derived from partial chemical analysis claim a significant part of the
nitrogen to be present in the form of heteroaromatics, while solid state NMR spectroscopic
studies on N-15 enriched composts and recent humic extracts found approximately 85% of
the nitrogen signal intensity in the amide/peptide region of chemical shifts (3-5).
Results and Discussion. N-15 CPMAS spectra at 30.4 MHz for a series of complete
composts from Lolium perenne plant material will be given as function of composting time.
This plant material was grown using N-15 enriched KNO3 (90% N-15) as sole nitrogen
source. The enrichment obtained is around 90% N-15. From these spectra it becomes obvious, that the main N-15 intensity remains unchanged in the chemical shift range of the
amide/peptide structures (- 230 to -285 ppm). The small signals at the low field side of the
spectrum show the most pronounced changes. These can be assigned to NH-groups in
guanidine and aniline derivates (- 285 to -325 ppm) and free amino groups of aminoacids,
aminosugars or substituted amines (-325 to -375 ppm). (Chemical shifts are referenced to
external CH3NO3). Signals assignable to, Schiff-bases and phenazine derivatives are not
found.
For these spectra the relevant relaxation times (T-m. T I P H . T N H ) were determined. Examples of these relaxation times as function of composting time will be given. For all visible
signals the inequality T N H « T I P H is fulfilled. It appears thus possible to obtain quantitative
N-15 spectra, provided that the pulse repetition rate is larger than 5T-|H- T-IH w a s determined for a series of composts. It is in the range of 0.5 s to 2 s for starting material and decreases rapidly with the composting time to the range of 30 ms to 60 ms. For humic material T-IH were found to be between 10 and 15 ms (4).
All spectia presented were obtained with a contact time of 700 us and a pulse repetition
time of 5 s to 300 ms depending on composting time. This protocol avoids saturation and
ensures, that the signal areas of the different spectra can be directly compared. However, it
could still be argued, that most of the heteroaromatic nitrogens have no protons in their vicinity and thus may remain invisible in the CPMAS experiment. Therefore aqueous sodium
hydroxide extracts were prepared from the composts and studied in H2O solution by the
inverse gated decoupling pulse sequence (6). The N-15 solution spectra of these extracts
are compared to the N-15 CPMAS results. For some solution spectra the repetition time
was increased in steps up to 90 s. No new signals appeared in this series. The relative
intensities of the signals in one spectrum remained constant for pulse delays <, 10 s. The
Tl-N15 for all signals were determined for several spectra by the standard pulse sequence
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and found to TI_N-J5 £ 2 S. Since solution N-15-NMR-spectroscopy is independent of the
proton polarisation transfer, necessary for N-15 CPMAS signals to be obtained, this result
further corroborates the conclusion, that the composts do not contain a significant
concentration of hetroaromatic nitrogen. The intensities of the various signals obtained
from one substance by solid state and solution NMR are identical within the limits of
experimental error (±2 % of the total intensity). The spectra of a fulvic acids and a humic
acids prepared from long term composts by the standard procedures will be discussed. It is
typical for all fulvic acids, that the signal ascribed to the free amino groups is, compared to
the humic acids more intense. Schiff bases (-25 to -65 ppm ) and phenazine derivates (-50
to -90 ppm) are entirely missing. Signals of the ring nitrogens of pyrrols containing
compounds (-165 to -185 ppm) could be partly covered by the strong main signal at -257
ppm. However even in the most improbable case, that total intensity in the low field
shoulder of the main peak must be ascribed to pyrrol related structures, this would amount
to at most 10 % of the total signal area. The spectra discussed until now were obtained
from material enriched to approximately 90 % in N-15. For these spectra 20 000 to 60 000
free induction decays have to be accumulated. For material containing N-15 at natural
abudance (0.4 %), it should be possible to obtain spectra with a tolerable signal to noise
ratio after accumulation of approximately one million transients, provided, that the
relaxation times determined for the enriched composts are similar for the native material.
The first series of spectra obtained for three native soils from Germany, their humic
extracts, humic acids, and fulvic acids are given. They are surprising similar to the recent
composts. They also show the complete absence of any heteroaromatic signals. With the
spectral quality obtained at the moment, it can be concluded, that at most 10 % of the total
signal intensity can remain undetected, and heteroaromatic structures, cannot contribute
more than this 10 % to the total nitrogen present in soil organic matter. In a first series of
experiments two spectra of N-15 enriched composts of wheat were obtained at 50.67 MHz.
These spectra possess a much superior resolution and thus permit a more detailed
assignment of the signal analysis. They confirms most of conclusions from the 30.4 MHz
spectra.
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Chemistry of Soil Solution in a Nitrogen Influenced Forest
Ecosystem in Northwest Germany
C.-G. Schimming and H. Wetzel, Projektzentrum Okosystemforschung, Universitat
Kiel, Schauenburger Str. 112, D-24118 Kiel, Germany
Introduction. Forest Ecosystems in the Northwest of Germany are highly loaded by atmospheric nitrogen deposition
of about 30 kg/ha*a. This is mainly due to dry deposition of ammonium and ammonia in the canopy. These nitrogen
compounds are of origin in animal production. In the area of Schleswig-Holstein generally two thirds of the fluxes
with throughfall and stemflow are of ammonia (1,2). Nitrification supports soil acidification and leaching of other
nutrients. This is in fact important under stability aspects of forest ecosystems. Recent research on forest decline
focuses mainly on elementfluxesand balancing. But assessment of the interactions between fluxes within ecosystems
and soil processes are very few.
Material and Methods. The forest site under investigation belongs to the research area of the project "Ecosystem
Research in the Bornhoeved Lakes Region" about 60 km north-west of Hamburg. The Soil (Tab. 1) is a sandy
strongly acidified Cambic Arenosol (FAO, German classif.: Typ. Braunerde) formed from moraine material that
Tab. 1: Chemical properties of a Cambic Arenosol (German classif.: Typ. Braunerde) under beech forest in
Northwest Germany. Sampling depth of soil solution.
Hor."1

No.

lower
depth
cm

L
1
2
3
4
5
6
7
8
9

Of
Aeh
Ah
AhBv
Bv1
Bv2
rGBv
Bv3
BbsC
BvC

3
0
5
28
38
60
91
110
130
154
165

Sa

J$h n 9

Stones

Sand

50
150

Clay

c„,

%

cm
mini-lysim
5
12

Till

11.6
26.0
59.2
56.4
23.2
11.3
12.3
2.0
21.7

78.5
80.0
84.0
92.9
96.3
97.9
97.6
99.2
98.0

N,

PH

CEC

g/kg

16.0
16.9
13.5
5.0
2.3
1.5
1.6
0.5
1.2

5.5
3.1
2.5
2.1
1.4
0.6
0.8
0.3
0.8

3.4
0.9

2.0
1.0

0.4
0.4
0.1
0.1
0.1
0.1

0.4
0.2
0.1
0.1
0.1
0.1

Al1*

H*

basic
cations

mmole

3.2
3.9
4.4
4.6
4.4
4.5
4.5
4.7
5.7

66.2
24.1
8.7
6.1
6.4
9.0
6.6
3.6
11.1

15.9
3.2
0.4
0.1
0.5
0.3
0.6
0.5
0.2

29.4
18.7
6.6
4.9
4.3
2.4
3.1
1.2
1.4

20.9
2.2
1.7
1.1
1.6
6.3
3.0
1.9
9.5

"' According to German classification
covers sanders (3). Both were sedimented during the Weichselian glaciation 10,000 years ago. Beech forest was
established about 100 years ago on former agricultural land. Soil solution was obtained in three depths of the soil by
using ceramic cup samplers over periods of two weeks. Percolation waters of the humus layer were sampled by mini
lysimeters containing undisturbed monoliths. Concentration dynamics were described after analysis of element
concentration. The rates of transport were calculated from solute concentrations and modelling of water fluxes (4).
Additionally bulk deposition, throughfall, and stemflow were sampled and analysed for element composition (2).
Results and Discussion. The bulk deposition of nitrogen into the investigated Beech forest ecosystem is about 20
kg/ha*a. Higher fluxes with throughfall and stemflow are the result of dry deposition and leaching processes (Fig. 1).
Leaching from the canopy may be negligible (2). Therefore thefluxesof both can give total deposition of nitrogen to
the ecosystem and may be defined as input of the humus layer. Speciation shows regularly higher parts of ammonia
nitrogen than nitrate nitrogen. Thefluxesthrough the soil do not decrease very much (Fig. 1). An output of about
20 kgN/ha*a compared to the total deposition assumed to be 30 to 50 kgN/ha*a indicates imbalances in nutrient
cycling. The inorganic nitrogen output by seepage water is only in form of nitrate. Due to nitrification and plant
uptake ammoniafluxesdecreased to zero after passing (he humus layer and the Ah-horizon. Nitrogen transformations
lead to soil acidification in that degree nitrate is leached from the soil. Acid load (buffering) of soils can be calculated
from the equation: Buff. = (H^ - H^,)+(NHJ^, - Nhtloup)+Z f Arfap - An1^ J. As shown for the Ah-horizon in Fig. 2
nitrogen transformations are about half of the acid load to the soil. Buffering concerns concentrations in soil solution
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Fig. 1: Important nitrogen fluxes within an Beech
forest ecosystem on Dystric Cambic Arenosol in
Northwest Germany (Mean values of the years
1989 to 1991. Data of epiterrestric fluxes from (5).
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by mobilising cations that is in equivalent amounts. Firstly buffering intensity given by pMe of soil solution
calculated from the sum of single cation activities (mmolc) was related to pH. For equilibrium pKb = pMe- pH can
be defined whereas pKb -value gives a kind of base strength. Variation of pKb indicates different effectiveness of
H-Prod (mmol Im')
0,8
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net production of protons by
nitrogen transformations
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Fig. 2: Dynamic of total acid load to the Ah-Horizont of a Dystric Cambic Arenosol compared to net
proton production by nitrogen transformations and ratio of bases (Me) and protons in soil solution.
buffering with time. The observed acidification of the Cambic Arenosol is responsible for a couple of specific soil
processes that influences mobility of elements important for nutrient supply of the Beech forest ecosystem. The
dynamics in solute concentrations in the field can be related to thermodynamic data of defined compounds that are
soil constituents assumed to be existent or identified till now. For example the possible formation of Alunite may be a
mechanism for behavior of potassium (6,7). Additionally laboratory experiments were started to try the link between
thermodynamics and kinetics of soil processes. The given description of soil processes is an important tool for the
interdisciplinary development of elementflux models that is a demand to project's work.
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Fixed Ammonium in Greek Soils
H. B. Setatou and A. D. Simonis. Soil Science Institute, 541 10 Thessaloniki,
Greece.
Introduction. Fixed ammonium (native fixed NH4+-N) is involved in the N
dynamics of soil, and may be an important component of the N fertility status
of some agricultural soils (8).The available evidence indicates that in some
soils the amount of fixed NH4+-N exceeds the combined amount of all other
inorganic forms and it was found that it constituted 5 to 78 percent of total
soil N (9), while alluvial soils may contained up to 270 ppm fixed NH4+-N
(8).The high values of fixed NH4+-N obtained by some workers, may have been
due to N released from the decomposition of organic N compounds by the strong
acids employed to determine fixed NH4+-N in soil (3). The clay minerals •
montmorillonite, illite and vermiculite - are know to be mainly responsible
for NH4+-N fixation in soils (5).
There is still little information on the amount of fixed NH4+-N in Greek
soils. The present investigations were conducted to determine the quantity of
native fixed NH4+-N in a number of Greek soils.
Materials and Methods. Surface soil samples (0-30 cm), from 39 sites of
N.Greece, differing in culture history and soil characteristics, measured by
the standard procedures (1,6), were collected. Soil total N and exchangeable
NH4+-N were determined by the method of Bremner and Keeney (2). Native fixed
NH4+-N was determined following the method of Silva and Bremner (10). A HF/HC1
digest of 2.5 g of freeze dried soil was distilled into 5 ml of 0.08 M H2S04
solution. The mass of distillate was determined and an aliquot was analysed
for ammonium.
Results and Discussion. The fixed NH4+-N in the soils analysed ranged from 32
to 314 ppm (Table 1), which constituted the 2.8 -22.9 percent of the soil
total N, while exchangeable NH4+-N values varied from 1,4 to 16.8 - 0.1 to 2.0
percent of the total nitrogen. These fixed NH4+-N values obtained for the
soils studied, were in aggreement with the values reported in the litterature
(4). The procedure for determining fixed NH4+-N employed in this study is
reported to measure fixed NH4+-N only (3), although the possibility of
obtaining additional NH4+-N from the decomposition of nitrogenous compounts
present within lattices of clay minerals cannot be completely ruled out (7).
The very poor relationship (r=0.076) between fixed NH4+-N and organic^C on the
one hand and the correlation between organic N and organic C (r=0.304 ) on the
other, suggesrs that the contribution from organic sources was probably not
negligible. Fixed NH4+-N is usually considered to be associated with the clay
fraction of the soil. In the case of the soils tested, no correlation between
clay percent and fixed NH4+-N (r=0.138) was found. Soil pH did not correlate
with the quantity of fixed NH4+-N measured. The differences in the chemical
and physical properties of the soils are probably not sufficient to explain
the differential amounts of fixed ammonium.
In conclusion, the findings of this study suggest that NH4+-N fixation is a
property of many soils and a factor to be considered in practical agriculture.
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TABLE 1.

Soil
Ho

Taxtura

Total M, axchangaabla NHV*-N fixad HH^-H,
and son* basic characteristics of soils atudiad

PH
l;l

Clay
I

Total
M

7,0
7.0
7.4
7.2
7.4
7.4
7.4
7.3
7.3
6.8
7.2
7.4
7.3
7.3
7.1
7.3
7.3
7.2
7.4
7.4
6.7
6.6
6.7
7.1
6.2
5.2
5.0
6.2
4.9
5.D
6.7
7.0
6.2
1. i
7.3
6.0
7.2
7.4
7.3
7.4
7.3
6.8
7.2
6.8
6.8
5.7
6.0
5.6
7.0

20.2
2S.6
14.4
24.0
24.2
22.2
34.6
34.2
32.2
28.4
32.2
26.5
36.4
32.2
26.4
40.0
26.2
36.4
24.2
34.8
26.4
22.4
34.0
16.2
10.4
16.2
4.8
28.2
8.4
7.0
10.0
32.0
28.4
26.0
20.0
26. U
30.0
12.4
10.4
10.4
18.4
24.2
JO. 4
8.4
30.4
18.4
6.4
10.4
22.4

0.098
0.182
0.111
0.109
0.0B1
0.078
0.061
0.1B2
0.067
0.086
0.0B4
0.113
0.075
0.087
0.070
0.031
0.118
0.074
0.076
0.079
0.180
0.107
0.099
0.095
0.093
0.095
0.081
0.085
0.081
0.083
0.067
0.109
0.137
0.137
0.113
0.137
0.132
0.102
0.083
0.088
0.092
0.092
0.095
0.106
0.103
0.095
0.092
0.113
0.080

Organic
C
1

Exch.
NH t *-M

Fixad
NH t *-N
ppm

ppn
1
2
3
4
5
6
7

a
9
10
11
12
13
14
15
16
17
18
L9
20
21
22
23
24
25
26
27
28
29
10
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49

SCL
SCL
SL
SCL
SCL
SCL
SCL
CL
SCL
SCL
SCL
SCL
CL
CL
SCL
CL
SCL
CL
SCL
CL
L
L
SCL
SL
SL
SL
SiX
SCL
SL
SL
SL
SCL
CL
L
SCL
SCL
SCL
L
L
SiL
L
SCL
CL
SL
CL
L
SL
SL
L

0.65
0.97
1.15
1.04
0.82
0.88
0.55
3.76
1.49
0.94
0.87
1.19
0.90
1.07
0.99
0.98
1.33
0.93
0.8S
1.17
1.69
1.11
1.10
1.28
1.31
0.97
0.72
1.85
0.81
0.96
0.60
1. 19
1.66
1.33
1.19
1.31
1.29
0.75
0.87
0.89
3.62
3.04
3.71
4.06
3.89
0.34
0.26
1.33
0.19

9.8
7.0
8.4
12.6
9.7
8.4
4.2
12.6
8.0
1.4
5.6
1.4
9.8
2.8
8.4
14.0
11.2
9.8
1.4
11.0
12.6
14.0
2.8
7.0
7.0
4.2
9.8
16.8
8.4
9.8
4.2
1.4
7.0
9.8
4.2
2.8
1.4
3.0
1.4
7.0
5.6
1.4
5.6
14.0
11.2
2.8
2.8
7.0
5.6

85
73
56
90
73
123
100
111
104
98
105
75
55
68
100
69
128
137
59
78
246
91
108
63
105
113
42
123
60
95
<iO
85
241
314
141
241
307
94
96
102
79
86
132
48
95
38
45
32
121

Fixad
tfflvrM
total H

%

• 8.7
4.0
5.0
8.3
9.0
15.8
16.4
6.1
15.5
11.4
12.5
6.6
7.3
7.8
14.3
7.6
10.8
18.5
7.8
9.9
13.7
8.5
10.9
6.6
H.3
11.9
5.2
14.5
7.4
XI.4
13.4
7.8
17.6
22.9
12.5
17.6
23.3
9.2
11.6
11.6
8.6
9.3
13.9
4.5
9.2
4.0
4.9
2.8
15.1

Exch.
WH(-H
total N

%

1-0
0.4
0.8
1-2
1.2
1.1
0.7
0.7
1.2
0-2
0.7
0.1
1.3
1.0
1.2
0.2
1-0
1.3
0.2
1.4
0.7
1.3
0.3
0.7
0.8
0.4
1.2
2.0
1.0
1.2
0.6
0.1
0.5
0.7
0.4
0.2
0.1
0.3
0.2
0.8
0.6
0.2
0.6
1.3
1.1
0.3
0.3
0.6
0.7
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2. Bremner J and D Keeney (1966). Determination of exchangeable ammonium,
nitrate and nitrite by extraction distillation methods. Soil Sci Soc Am Proc
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3. Bremner J, D Nelson and J Silva (1967). Comparison and evaluation of
methods of determining fixed ammonium in soils. Soil Sci Soc Am Proc 31:462472.
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Phosphorus Transformations in Soils from Volcanic Origin in
Relation to Liming
J. Alvarado, and L. Cajuste. Centro de Edafologia, Colegio de Postgraduados,
56230 Montecillo, México.

Introduction. High phosphate retention in soils derived from volcanic ash is a
common problem due to presence of Al and Fe hydrous oxides and other amorphous
materials such as allophane (6). These soils are located on 4.3% of the Mexican
territory (5) and are cultivated with corn, wheat and barley, mainly. Yields
are low when these soils are not fertilized with phosphorus. In the other hand,
it has been found that liming can reduce the phosphorus retention in these soils.
The objective of this paper was to study the effect of liming and phosphorus
fertilization on phosphorus transformations in soils with medium and high phosphorus retention capacity.
Materials and Methods. This work was carried out with two soils derived from
volcanic ash (Soledad 1 and Soledad I) and a Feozem luvic (Cuendo) which have pH
values of 5.1, 4.7 and 4.3, and percentages of phosphorus retention of 33, 63
and 45, respectively. Soils were incubated with lime for 45 days to give pH
values of 5.5, and afterwards they were dried at room temperature. Two levels of
phosphorus (0 and 200 ppm) were added to each soil and these were incubated for
one week. Air-dried limed and unlimed soils were analysed for pH, using a 1:2
(w/v) sample: water ratio; extractable P by Bray-1 method; phosphate adsorption
isotherms (2); inorganic forms of phosphate (2) and phosphate potential (4).
With limed and phosphate fertilized soils a pot experiment with corn (Zea mays
L.) was established. The plants were harvested after 45 days; dried, weighed
and analysed for P. Yield of dry matter and absorbed P were evaluated. A variance analysis of each studied variable was done and linear correlation coefficients among these were estimated.
Results and Discussion. The pH of limed soils was raised to 5.4 on the average.
The extractable P (Bray 1) decreased with liming, possibly because it was inactived by the formation of Al and Fe hydrous oxides (1). Soluble P showed alight
increase in Soledad 1 and Cuendo soils with liming, whereas phosphorus addition
increased soluble P considerably. In Soledad I soil neither P nor liming affected soluble P. Liming did not affect P-Al (Al bound P ) , P-Fe (Fe bound P) and
P-Ca (Ca bound P ) . Phosphate addition increased P-Al and in a lesser degree
P-Fe; P-Ca did not change by addition of P. This suggests that in the soils st£
died the added phosphate is mainly retained by Al and Fe compounds. The maximum
phosphate adsorption capacity (b), derived from the Langmuir isotherm, was sliglh
tly reduced by liming in all the soils studied; however, added phosphate increased this parameter in Cuendo soil. Liming and addition of phosphorus caused a
decrease in the Langmuir adsorption constant, k, related to the energy of adsorp
tion of P. This result suggests that P is more loosely bound to the soil surface, and therefore, it is more available to plants (3). The phosphate potential,
which is a measure of the intensity factor of phosphorus, was not affected by
liming nor by addition of phosphorus in the soils of volcanic origin. In the
Cuendo soil, phosphate potential was reduced by phosphorus application. This
indicates that Dhosphorus availability was increased. This phenomenon may be
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explained by the low phosphorus retention capacity of this soil. In Soledad I
and Soledad 1 soils, liming lightly increased the dry matter yield (DMY) whereas
the increase was considerably higher in Cuendo soil. In all the soils studied,
phosphorus
increased
significantly the DMY.
The absorbed phosphorus showed a similar response to DMY with liming and phospho_
rus application; however, the effect of liming was not significant. According
to correlation coefficients, extractable P and soluble P correlated in a posit"
ive way with absorbed phosphorus and DMY, and in a negative way with P-Fe, P-Ca
and the b parameter. This would suggest that the more extractable P and soluble
P there is in the soil, the more P is absorbed by plant and the more the DMY.
P-Ca, P-Fe and P-Al forms correlated positively with the maximum adsorption
capacity. That is the higher the content of these forms, the higher maximum
adsorption capacity. Finally, P-Fe, P-Ca and P-Al correlated in a negative way
with the k constant, which suggests that when these forms are increased, the
added P is more loosely bound to the soil surface.
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Desorption of Phosphate Adsorbed on Hematites, as Measured
by Electroultrafiltration, Anion-Exchange Resin and Isotopic
Exchange
V. Barron', C. Colombo 2 and J. Torrent' ' Deparlamento de Cienciasy Recursos Agricolas
y Forestales, Universidad de Cordoba , Apdo. 3048 14080 Cordoba. Spain and 2 Dipartimento di
Scienze Chimico-Agrarie, Universita di Napoli " Federico 11", 80055 Portici , Italy.
Introduction. Adsorption of phosphate on Fe (hydr)oxides is not fully reversible. This has been
attributed to the existence of a slow component of the adsorption due to surface heterogeneity. Porosity
seems to contribute to this heterogeneity (1,2). In addition, the configuration of the phosphate surface
complexes that are formed on the various Fe (hydr)oxides (or on different faces of the same Fe
(hydr)oxide) can influence reversibility (3). The aim of the present work was to characterize the
desorption capacity and kinetics of phosphate desorption for synthetic hematites of different
morphologies. Three different techniques were used to assess desorbability: electroultrafiltration
(EUF), extraction with an anion-exchange resin, and isotopic exchange.
Materials and Methods. Thirty synthetic hematites ranging widely in specific surface area, crystal
morphology, and AI substitution were used. A full description of their properties is given by Colombo
(4). The samples were phosphated by suspending them in 0.1 M KC1 containing 10 mg P L', and letting
them equilibrate for 124 days. The ratio sample:solution was chosen to give a final equilibrium
concentration of about 4 mg P L '. Before the desorption experiments the suspensions were centrifuged
and the residue washed once with water. For the EUF experiments, an amount of hematite with 5 umol
of adsorbed phosphate was treated in a Vogel 724 instrument set at 400 V and 200 mA, and 12 fractions
were obtained (every 5 min at 298 K, or every 2 min at 353 K). The desorption with resin was carried
out with an amount of sample having 10 umol of adsorbed P; this sample was shaken for 24 h at 298
K in 5 mL of water containing 200 mg of Dowex 1 x4 anion exchange resin (20-50 mesh) in bicarbonate
form. Isotopic exchangeable P was obtained after labelling with a know amount of carrier-free 32P
(as Na2HP04) and equilibrating for 24 h; -2P was analyzed by Cerenkov counting, and all determinations
of P in solution by the molybdenum blue method (4).
Results and Discussion. The amount of phosphate desorbed by EUF (EUF-P) at 353 K ranged from
0.16 to 0.58 umol P m 2 , which was, on average, 19% of the P adsorbed. Resin-extractable P (ResinP) ranged between 0.15 and 0.60 umol P m 2 (average: 17% of the P adsorbed), and isotopically
exchangeable P (IEP) between 0.35 and 1.26 umol P m 2 (average: 38% of the P adsorbed). A
significant, positive correlation ( R= 0.79***) was found between Resin-P and IEP, suggesting that
both methods affect the same type of adsorbing sites. No relationships existed between EUF-P and
Resin-P or EUF-P and IEP. Significant correlations were found between EUF-P and crystal size,
microporosity, and surface irregularity; such correlations were not observed for Resin-P and IEP. It
is likely, therefore, that in the EUF method, phosphate diffusion through the layer of particles deposited
on the filtering membrane is affected by panicle size and morphology. In general terms, however,
diffusion does not seem to be the controlling factor that determines the amount of desorption or
exchange at fixed time. If this were so, samples having a slower P adsorption would have also showed
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less P desorption, a fact which was not observed in the population of hematites studied.
In the kinetic study of desorption by EUF, a second order equation of the form
1/(Q124-Qt) - l/(Qt24) • k t (where Q124= total Padsorbed, Q,= Pdesorbed at time t) could describe
the initial desorption phase (R2 = 0.940 - 0.993). From the constant of this equation at 298 and
353 K, the mean energy of activation (mean of 17 samples) calculated by the Arrhenius equation was
32 kJ mol', a value compatible with a diffusion controlled process (5).
A Elovich-type equation ((Q124-Q,) /Q124 = a - b lnt) was adequate to fit the EUF data (mean
R2= 0.989) for most of the desorption time-course, as exemplified by Fig. 1. The Elovichian plots were
S-shaped, i.e., a straight line at intermediate times was bounded by a convex and a concave pan. The
dominance of the linear pan and its low slope (mean = 0.015) seems to indicate a heterogeneous
distribution of the desorbing sites (6).
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Fig. 1. Proportion of adsorbed P which is not desorbed by EUF at 353 K against In t.
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Phosphate Forms and Sorption in Virgin and Cultivated
Soils of the Semiarid Argentinian Pampas
D.E. Buschiazzo; G.G. Hevia; E.N. Hepper and A. Urioste. Facultad de
Agronomia, Universidad Nacional de La Pampa and INTA Anguil, cc 300, 6300
Santa Rosa, Argentina.
Introduction:
Qualitative and quantitative variations of P-contents are
assumed to be an important issue in soils of the Semiarid
Argentinian Pampas as a consequence of intensive land use. The
objective of this study was to quantificate the effect that
soil management produces on several phosphate forms of these
soils.
Materials and Methods:
Ten A horizons of plain soils (entic Haplustols) of the
semiarid Argentinian Pampas were sampled for this study. Five
of these soils were virgin (Propospis caldenia-bush since more
than 100 years) and the other five were adjacent soils
cultivated since 10 years. The following determinations were
carried out on each sample: available (Pa), organic- (Po) and
inorganic (Pi) phosphates. Inorganic phosphate compounds were
identified by means of solubility diagramms (1). Phosphate
sorption was determined by means of sorption isothermes (2).
Results and Discussion:
Pa-, Pi- and Po- contents of the
next table:
2

3

4

Pa (Hg/Kg)
Virgin
76.2
Cultivated 40.3

51.9
9.1

25.1
40.4

10.5
9.5

Po («g/Kg)
124
Virgin
Cultivated 140

105
117

162
122

Pi («g/Kg)
201
Virgin
Cultivated 135

207
153

238
178

Soil Pair

1

5

soils are showed on the
6

7

8

9

10

54.2 90.1
37.2 83.9

200.6
77.8

65.5 70.1
33.1 50.0

115
70

153
116

206
240

407
182

118
96

178
83

124
191

160
155

197
184

344
310

433
268

357
379

272
242

276
259

83.9
74.2

Cultivated soils show lower Pi and Pa contents than their
virgin pairs. Contents of Pi correlated oignificatively with
silt+clay (r= 0.821, p<0.01). That probably means that Pi
losses in cultivated soils were produced by erosion rather
than by plant uptake, having into account that the amount of
these particle size fractions, which are highly susceptible to
wind and water erosion, are 15 to 30 % lower in cultivated
than in virgin soils.
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Relative Pa losses are larger than Pi ones in every
soils. That indicates that the most labile phosphate forms
have been more affected by degradation processes than reserve
forms did.
Some cultivated soils show higher Po contents than their
virgin pairs while others behave inversely. These erratic
tendencies of Po contents can be due to variable contents of
fresh organic residues in the soils produced by different
management types and sampling times.
Solubility diagramms (Fig. 1) show that hydroxi- and
fluorapatite are the dominant phosphate forms in the studied
soils. Cultivated soils show higher pH-values than virgin
according with their lower OM-contents. OM-contents correlates
negatively with pH values (r=-0.73, p<0.01).
Equilibrium
conditions for formation of Ca-phosphatee are therefore given
in cultivated soils.
The product of constants a
and b from
Freundlich
isothermes (a.b) represents the P-buffer capacity of the
soils. This value correlates positively with OM contents
(r=0.825, p<0.01) as a consequence of the negative effect of
OM on pH values. Therefore cultivated soils show higher
P-buffer capacity values than virgin ones.
Conelusions:
- In soils of the semiarid Pampas cultivation reduces labile
phosphate to a larger extent than reserve phosphate-forms.
Losses of reserve phosphate-forms of cultivated soils are
probably produced by erosion rather than by plan uptake.
- High pH values of cultivated soils produced by OM losses,
develop favourable conditions for formation of Ca-phosphates.
In virgin soils, with lower pH values, predominate hydroxiand fluorapatite.
- OM
contents regulates pH
values and
thus formation
conditions for phosphates and P-buffer capacity of the soils.
Literature cited:
(1) Lindsay, W.L. 1979. Wiley Interscience. New York.
(2) Buschiazzo, D.E.; G.G. Hevia; E.N. Hepper. 1990. Ciencia
del Suelo. 8: 110-126.
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Phosphorus Sorption in Volcanic Ash Soils from the
South of Chile. I. Applicability of Isotherms
M.A. Carrrasco, J.D. Opazo, J. Bustos, and X. Tapia. Department of Soils
and Engineering, Facultad de Ciencias Agrarias y Forestales, Universidad de
Chile, Casilla 1004, Santiago, Chile
Introduction. The main objectives -For studying equations which describe the P
sorption by soils are to understand the processes involved, and to summarize
many results in a few numbers that can be related to other soil properties (1>.
Different equations have been used to adjust the data of the P adsorption isotherms. Generally, the choice among equations is based on the goodness of fit
obtained in a given case along with a given equation's simplicity of form (2).
Many instances of successful representation of P sorption by.soils with Freundlich and Langmuir isotherm have been reported. The Langmuir equation is based
on the assumption that the energy of adsorption does not vary with the surface
coverage (3), situation that does not occur in soils with very reactive surfaces such as volcanic ash soils.
A Langmuir two-surface equation was proposed
assuming that adsorption occurs on two types of surface of contrasting bonding
energies (4).
The purpose of this work was to evaluate the applicability of the Freundlich
and Langmuir equations (one- and two-surface) in describing the sorption of
inorganic P by volcanic ash soils for equilibrium P concentrations up to 7,34
ml"1, and to investigate if the P sorption parameters are related to some soil
chemical properties.
Materials and Methods. The plow layer of 12 volcanic ash soils from the south
of Chile (37* 45' to 41* 20' S ) , classified as Andepts, in terrace and hillside
position, were used. Soil pH, organic matter, exchangeable cations and Al,
cation exchange capacity, titratable acidity, hydroxilated Al extracted at pH
4.8, and extractable Al, Fe and Si by acid oxalate were analyzed. Phosphorus
fixation capacity was measured by the Saunders method. For P sorption studies,
1-g samples were shaken for 24 hours at 25±1°C with 20 mL of 0.01 M KC1 containing varying amounts of P (0.646 to 12.94 mM) as KH2PO4, . The amount of P
adsorbed was calculated by difference between the P remaining in solutipn and
that originally present. The parameters for the Langmuir two-surface equation
were calculated by a graphical method (5).
Results and Discussion.
The shaking time to reach the equilibrium was fixed
at 24 hours because with these soils more the 90"/. of the P is adsorbed within
the first six hours. For all soils the Freundlich and Langmuir equation gave
an excellent fit with the isotherm (r > 0.982). Likewise data for all soils
gave very good fits to the Langmuir two-surface equation (r > 0.988).
The P retention capacity measured using a high P concentration (1,000 mg/L) and
recommended to characterize the soils according to- their P sorption capacity
(expressed as mg P/kg soil) was used to' identify the soil properties related to
P sorption. Table 1 shows the sorption parameters that were correlated' significantly to one or more of these properties.
The values for the constant k in the Freundlich equation ranged from 97 to 207,
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Table 1. Correlation coefficients between P sorption
some chemical soil properties.

parameters and

Langmuir
Freundlich
property
pH in KC1
Tit. acidity
Exch. Al
Al-oxalate
Fe-oxalate
P retention

k
.710**
.496
.537
.849**
.477
.878**

One-surface
b max
.771**
.691*
.630*
.866**
.659*
.951**

Two-surface
K

k2

.405
.446
.161
.704*
.252
.764*

.460
.603*
.579*
.589*
.506
.536

b2

P retention by
Saunders
(mgP/kg)

.752** .829**
.648*
.837**
.502
.701*
.891** .933**
.503
.579*
.937** 1.000

Parameter units: k in L/kg, b max and b2 in mmol P/kg, K and k2 in
L/mnol P. * = P<0,05; ** = P<0.01.
while the values for the constant b2 in the Langmuir two-surface equation
ranged from 131 to 254, for the same soils. This is an indication that k can
be associated to P adsorption capacity, therefore this equation should be
preferred for its simplicity when the purpose is to know the P sorption capacity of the soil. The classical Langmuir equation gave the lowest maximum
sorption capacities (b max) because of the lower range of P concent rat i ons
used. The Langmuir two-surface equation has the advantage that it works for a
wider range of P concentration and provide the parameters to calculate the
maximum buffer capacity.
Considering the chemical and physical complexity of soil colloid surfaces it is
difficult to visualize sites of only one or two discrete levels of sorption
energy, however, the good fit of the P sorption data to the isotherms analyzed
should be considered for practical purposes. The pH measured in 1 N KC1 and the
active Al (Al-oxalate) seem to be good predictors for the P sorption capacity
in volcanic ash soils.
Literature Cited.
(1) Barrow, N.J. 1978. The description of phosphate adsorption curves. J.
Sci. 22:447-462.

Soil

<2) Polyzoupolos, V.Z. et al.. 1985. Phosphate sorption by some Alfisols of
Greece as described by commonly used isotherms. Soil Sci. Sac. Am. J. 49:81-84.
(3) Bache, B.W. and E.G. Williams.
J. Soil Sci. 22:289-301.

1971. A ohosphate sorption index for soil.

(4) Holford, I., R. Wendderburn and 6. Mattingly. 1974. A Langmuir two-surface
equation as a model for phosphate adsorption by soils. J. Soil Sci. 25:242-255.
<5) Sposito, G. 1982. On the use of the Langmuir equation in the " interpretation of "adsorption" phenomena: II. The "two-surface" equation. Soil Sci. Soc.
Am. J. 46:1147-1152.
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Modelling phosphorus sorption by Langmuir and Freuntf hen
equations: I. Southern Portuguese soils.
J.C. CoutinhoW and M.L.V. FernandesO>). (a) UTAD, Ap. 202, 5001 Vila Real,
Portugal; (b)ISA, Tapada da Ajuda, 1399 Lisboa, Portugal.
Introduction Phosphorus (P) sorption can be characterised by selected index and described by
sorption isotherms which relate the amount of sorbed P (q) with P concentration in the equilibrium
solution (c). Langmuir or original and modified Freundlich equations are models that have been used
to describe P sorption and enable quantitative comparisons among soils (1). Nevertheless it still
remains in discussion the best model to describe P sorption on very dilute solutions, namely when the
soil have an important labile pool of P native, or natural or as result of previous fertilizations^),
Very limited information exists about P sorption models for the major soils of Portugal. A research
project was undertaken with the aim of evaluate the soil availability of the P fertilization.
Material and methods. Soils. The study was initiated with a population of soils collected in the
southern pai I uf ihc wuütry. Twenty three tep layers (0-20 cm) were selected from different
locations to represent the major agricultural soils. The range of some physical-chemical properties
are presented in Table 1.
Tabic 1 - Range of tome propertiet of the tolls under study.

max.
min,

clay
content
g.kg-'
73.5
4.4

0.01 M

org.
carbon
gkg"1

reactif
CaC03
gkg-1

total
CaC03
g.kg"1

exchang.
Ca
cmol(+).kg-1

exchang.
Al
cmol(+)kg"]

7.68
4.20

35.4
5.2

158.8
0.0

508.8
0,0

30.20
0.70

1.27
0.00

PH
CaCl2

P sorption evaluation. P sorption was calculated as the difference between P added at six levels and
the remaining P in the equilibrium solution, determined colorimetrically by automatic segmented flow
analysis.. To duplicates of 1.5 g air-dried samples was added 3 ml of P solution and 27 ml of 0.01 M
CaCl2 and the suspension was shaken for 24 h. The concentrations of the P solutions used were
chown according to each soil, so that the highest initialflrirlitinnwould give an equilibrium solution
with a P concentration of about 1.5 mg.L-1.
Modelling P sorption. Original Langmuir and Freundlich and modified Freundlich isotherms were
used to fit sorption results according respectively to the following equations q=a*c/(l+ic), q=oc^
and q=ac''-k. The values of constants a, b and k were estimated by non-linear regression analysis
according to an interactive process producing least squares estimates of the parameters. Residual
sum of squares (RSS) was used to assess the ability of the mathematical models to explain P sorption
data, Criterion for validation of the models was based on the linear regression (y^d+ex) between
observed and estimated "alues of P sorbed. Models were considered not adapted whenever d was
different than zero and/or e was different than one.
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Results and discussion, Comparison ofP sorption among soils, The extreme sorption isotherms for
the soils under study are presented in Figure 1, Haplic Podzol (PZh) sorbed the lowest amount c
q=8 9 mg.kg-1 (3.6 mg.kg-1 native-labile plus 5.3 mg.kg_1added) at c=1.0 mg.L-1. Calcic Vert;*
(V?<lc) presented the highest sorption capacity, q-282.0 mg.kg'1 (49.9 mg.kg-1 native-labile plu;
232.1 mg.kg-1 added) at c=l .0 mg.L-l.The curves for all the others twenty one soils fall within this
large range covered by these two soils.
P «orbed
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Fig. 1 • Sorption Isotherm» for the calcic Vertisol (V'Rk) and the haplic Podzol (PZh) under study.

Comparison among the mathematical models. For the regressions related with Langmuir and
original Freundlich equations, the results for the first level of added P (nill) were not considered, to
improve the quality of the fitness of the models. In these conditions data for P sorption on very dilute
equilibrium solutions showed in most soils close values for r2 among the three mathematical models.
Nevertheless the modified Freundlich equation was adapted for all the twenty three soils, with values
of r2 ranging between 0.990 and 0,999, and presented the highest values of r2 for the majority of
soils (twenty cases). Original Freundlich model was not adapted in three soils and showed the lowest
values of r2 for nineteen soils. Langmuir equation was not adapted in five soils and for one of them,
with a initial equilibrium P oonocntration (ci) of 0.307 mg.L-1, it was not possible to fii llic muUcl.
For the others eighteen cases, Langmuir equation showed the best fitness in three soils, all with
values of ci < 0,03 mg.L -1 .
Conclusions. Based on the results of this study it can be concluded that the inadaption of Langmuir
model in very dilute equilibrium solutions appears to be related with high levels of native labile P in
soils, even when the first level of added P (P=0) is not considered in the regression. In these
conditions the modified Freundlich equation showed a better fitness, with the advantage of
considering not only the newly sorbed P but also the labile P that mantains the equilibrium in the first
level.
Literature cited
(1) Olsen, S.R. and Khasawneh, F.E. 1980. The Role of Phosphorus in Agriculture, 361-410.
(2) Fitter, AH. and Sutton, CD. 1975. The use of the Freundlich isotherm for soil phosphate
sorption data. f. Soil Sci. 26: 241-246
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Ph^phorus sorption and its relationship with soil property
I. Southern Portuguese soils.
.V. Fernandes(a) and J.C. CoutinhoO>). (a) ISA, Tapada daAjuda,
J W Lisboa, Portugal; (b) UTAD, Ap. 202, 5001 Vila Real, Portugal.
Introduction. Phosphorus (P) sorption capacity is an important soil characteristic that affects the
rates and plant responses to P fertiliser application. Many soil constituents such as Al and Fe oxides
and hydrous oxides, calcium carbonate, clay, organic matter, exchangeable Al have been implicated
in sorption process (1). The relative importance of active components varies among soils, depending
upon their content, pH and the specific activity of the agents present. Very limited information exists
on sorption cnaracwrisncs of1 major soils oifronugwi. ThereuAoi a leseaiidi piojwi w«» imdci Lak.cn
with the aim of examining the factors influencing P sorption in these soils. In this work is studied the
contribution of the soil constituents to the definition of the values for the parameters of the modified
Freundlich isotherm, empirical model that seems to provided a better explanation for the relationsr'v
quantity/intensity of the P on agricultural soils (2). Parameters of Langmuir isotherm are also studied
in detail because their specific meaning is well referred in the literature (1).
Material and methods. The study was carried out with a population of soils collected in the
southern part of the country, a typical mediterranean dry land region. Twenty three top layers (0-20
cm) were selected from different locations to represent a wide variety of the major agricultural soils,
In complement of previous characterisation (2), the range of some physical-chemical properties are
presented on Table 1.
Table 1 - Range of some properties of the soils under study.
pH
H20
max.
min.

8.27
4,84

humic
subst.
g.kr1

Fe
diothinite

14.3
1.9

61.56
0.87

gkg-1

Mn
diothinite

g.kg-'

Al
oxalate
gkr 1

3.81
0.07

3.J7
0.24

J.07
0.01

Fe
oxalate

Al
diothinite

g.kg-1
8.40
0.14

gkg"1

At six levels of P, sorption was calculated as the difference between P added and the remaining P in
the equilibrium solution (2). Langmuir and modified Freundlich isotherms were used to fit sorption
data according respectively to the equations q=abc/(l+bc) and q=ac*-k. The values of constants a, b
and k were estimated by non-linear regression analysis according to an interactive process producing
least squares estimates of the parameters. To select soil constituents, quantify and understand their
contribution in providing explaination to the parameters of the P isotherms, simple linear correlation
coefficients (r), partial linear correlation coefficients (rp) and multiple linear correlation coefficients
(R) were established.
Results and discussion. Parameter a of the Langmuir equation is referred as the maximum sorption
of P on the solid phases, acting as a asymptote for the curve. The same parameter for Freudlich
equation have no specif meaning, although it govern mathematically the position of the curve As
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two parameters are significantly correlated (r=0.780***). The values of r for t'
constituents \vh«n correlated with tho parameters a of boll» uiudcls are rcpresem'

F» mil
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Fig. 2 • Simple linear correlation coefficients of some «oil constituents for the parameter a of the Langmuir
equation (A) and for the parameter a of the modified Freudlich equation (B).

In respect with Langmuir equation, oxalate-Al(Aloxa) presents the highest value (r=0.846), followed
by clay content (r=0.783) and oxalate-Fe (Fe oxa ) (r=0,710). Nevertheless the value of rp for clay
content falls substantially if Al oxa is considered as constant (r p =0.314 ns), but the opposite do not
occur. Also the contribution of the manganese surfaces on the P sorption decrease dramaticallty if
^oxa o r Ffioxa a r e constants. The interaction between Al oxa or Fe o x a is not so high and both present
a value for R of 0.891***. The contributions of exchangeable bases (Ca and Mg) and pH are very
interdependents and the partial coefficients present no significantly values. The same trends were
observed on the calcareous (n=14) and neutral and acid soils (n=9), On the formers Ca, Mg and
carbonates do not present significantly values for r. On acid and neutral soils, contribution of
exchangeable Al (Alj^appears to be poor (r=0.270 ns) but if Al oxa , Fe o x a are kept constants then
rp-0.866***., showing that its direct influence on the P sorption is masked by other components.
The major difference for the parameter a of the Freundlich equation seems to be (i) the fact that
crystalline constituents of Fe present an increased role on P sorption over the amorphus, refleted on
the inverse importance between the values of r for Fe o x a and Fe^ ot ; (ii) humic substances showed an
higher contribution for explaining the variance of o (r=0.474*) than organic carbon (r=0.298 ns).
Parameter b of the Langmuir equation represents the slope of the curve and therefore is a function of
the bonding energy on the sorption process. Nevertheless b is not significantly correlated with any of
those soil constituents, if all the soils together or the subgroup of the acid and neutral soils are
considered. In the subgroup of the calcareous soils b positivelly correlated with Fe^g, (r=0.6l2*)
and negativelly correlated with exchangeable Ca (r=-0,710**) and pH (r=-0.701**).
Parameter b of the modified Freundlich equation, governing mathematecally the slope of the curve is
no. con elated with any constituent in all (sub)groups of the soils.
Conclusions Correlation analysis indicate that the contribution of clay on the capacity of P somtion
ir
'l seems to be a consequence of its coincident presence with Al hydroxides. The domi
ro.
)rocess is attributed to the Al specimens (Al exch , Al oxa ), followed by Fe hydrous oxides
' ) Olsen, S.R. and Khasawneh, F.E. 1980. The Role of Phosphorus in Agriculture, 361-410.
k2) Coi!tinho, J.F. and Fernandes, M.L.V. 1994. Modelling phosphorus sorption by Langmuir and
Freundlich equations, (to be presented at this congress)
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Ionic Strength and pH Effects on Sorption of Phosphate by
Calcareous Soils from Spain
E. Gonzalez Pradas*, M. Socias-Viciana, M. Villafranca-Sanchez, and M.
Fernéndez-Pérez. Departamento de Quimica Inorganica. Universidad de
Almeria. 04071 Almeria, Spain.
Introduction. The sorption of dissolved inorganic phosphate by soils and soil components has
received considerable attention for many years It is difficult, however, to compare and asses
the meaning of much of the data because of the variability of the experimental conditions
used.
Two of the principal experimental variables which affect the results of phosphate sorption
studies are the ionic composition of the contacting solution (1) and the pH of the medium (2).
On the other hand, some soil characteristics such as oxides and hydroxides of aluminium and
iron, clay content and organic matter content may also play their part in the retention of added
phosphate (3).
In this paper we study the sorption process of phosphate on soil using sorption isotherms
obtained for six Mediterranean soils typical of Almeria (Eastern Andalucia, Spain). We claim
to analyse either, the influence of the ionic strength (by using 0.01 M KC1 or 1.00 M KC1 as
contacting solutions), or the influence of the acid-alkaline conditions (by studying the sorption
process atapH value-about-5:0, then comparing-the results obtairred-with those corresponding
to a pH value about 8.5).
Materials and Methods. The soil samples chosen for this study represent major soil types of
the Almeria region and they are: 1. Brown clay; 2. Rendzine; 3. Volcanic; 4. Desert; 5. Brown
lime; and 6. Alluvial. Air-dried 2-mm samples were analysed by standard methods described
in the literature (4), in order to determine relevant properties such as pH, organic matter
content, clay content, free iron oxides, assimilable phosphorous or cation exchange capacity.
The sorption experiments were carried out as follows: 0.01 M KC1 and 1.00 M KC1 aqueous
solutions containing initial KH2P04 concentratioes between 2mg P L ' and 18 mg P L"1 were
prepared. Two grams of soil and 50 mL of each phosphate solution were placed in several
stoppered conical flasks and shaken for 24 h in a thermostated shaker bath at 30°C. After
shaking, the solutions were centrifuged and the concentration of phosphate in the supernatant
liquid was determined by an ascorbic acid method (5). The difference between the amount of
phosphate in solution before and after equilibrium was taken to be the amount of phosphate
sorbed. The acid conditions (pH value about 5.0) were obtained by adding the appropriate
volume of a 1.00 M HC1 solution to the system soil-phosphate (0.01 M KC1 supporting
medium), and the alkaline conditions (pH value about 8.5) were those generated by the soils
in the 0.01 M KC1 aqueous solution medium.
Results and Discussion. The shape of the experimental sorption isotherms was characterized
in all cases by a sharp increase in the amount of P sorbed followed by a much more gradual
increase.
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The experimental sorption data for phosphate and six soils, in the different experimental
conditions studied, were compared by using the Langmuir's equation:
C/X = l/(bXm) + C/Xm
where X = amount of P sorbed per unit weight of soil, C = P concentration in the equilibrium
solution, Xm = maximum sorption capacity, and b = affinity constant.
The Xm values range between 51.4 mg P Kg' (volcanic soil) and 409.7 mg P Kg"1 (brown
lime soil), for sorption of phosphate in a 0.01 M KC1 support medium (also in the alkaline
conditions); between 74.8 mg P Kg"1 (vocanic soil) and 411.1 mg P Kg"1 (brown lime soil),
for sorption of phosphate in a 1.00 M KC1 support medium; and between 61.3 mg P Kg"1
(volcanic soil) and 432.8 mg P Kg"1 (brown lime soil), for sorption of phosphate in the acid
conditions.
The Xm values are always higher in the 1.00 M KC1 support medium than in the 0.01 M KC1
one. This fact might be explained, according to Ryden and Syers (6), taking into account that
an increase in ionic strength decreases the thickness of the diffuse layer, so increasing the P
concentration at the sorbing surface.
On the other hand, the Xm values are also higher in the acid medium (pH = 5.0) than in the
alkaline one (pH = 8.5). This fact might be explained, according to Barrow (2), considering
that an increase in the acidity of the supporting solution causes an increase of the positively
charged sites at the soil surface, so allowing a higher retention of the negatively charged
phosphate ions.
In order to know the factors that affect the sorption of phosphate by the soils here studied,
the Xm values of the six soils, in the different experimental conditions used, were correlated
with the properties of the soils. The correlation analysis shows that the sorption capacities
(Xm) are significantly correlated with the organic matter content and to a lesser extent with
cation exchange capacity, specific surface area, assimilable phosphorous and exchangeable
calcium.
literature Cited.
(1) Bolan, N.S.; Syers, J.K.; Tillman, R.W. 1986. Ionic strength effects on surface charge and
adsorption of phosphate and sulphate by soils. J. Soil Sci. 37: 379-388.
(2) Barrow, N.J. 1984. Modelling the effects of pH on phsophate sorption by soils. J. Soil Sci.
35: 283-297.
(3) Juo, A.S.R.; Fox, R.L. 1977. Phosphate sorption characteristics of some bench-mark soils
of West Africa. Soil Sci. 124: 370-376.
(4) Jackson, ML. 1982. Analisis quimico de suelos; Editorial Omega (Barcelona, Spain).
(5) Murphy, J.; Ryley, J.P. 1962. A modified single solution method for determination of
phosphate in natural waters. Anal. Chim. Acta 27: 31-36.
(6) Ryden, K.C.; Syers, J.K. 1975. Rationalization of ionic strength and cation effects on
phosphate sorption by soils. J. Soil Sci. 26: 395-406.
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The Effect of pH and Background Electrolyte on P Desorption
by Variable Charge Soils
M . E . Guadalix and M . T . Pardo. Centro de Ciencias
Serrano 115 dpdo. E-28006 Madrid (Spain).

Medioambientales

(CSIC),

Introduction. There are clear evidences which show that Allophanic soils and other variable charge
soils, adequately supplied with P, according to soil tests, can be deficient on this element. This can
be explained if it is taken into account that this type of soils have a great P sorption capacity (1,2),
which determines, that although sorbed P can be present in considerable amount, this amount, can
be low with regard to the total P sorption capacity. This low percentage saturation of soil with P,
results in low solubility and consequently in inadequate P uptake by the crops. On the other hand,
phosphate anions are retained onto the amphoteric surfaces of the soil colloids, forming quite stable
complexes, showing mainly covalent or ionic bonding character. So, P desorption process will be a
more difficult task than sorption under the same conditions. Although the forward, or sorption
reaction, has been studied widely, it is the backward, or desorption reaction that is important in plant
nutrition.
The aim of this study was to assess the effect of pH, ionic strength and identity of the cation, on
P desorption reaction by several Spanish soils of volcanic origin.
Material and Methods. Five surface samples (0-20cm) of volcanic-ash derived soils from Spain
were used. The soils are classified as Typic-Dystrandepts.
TABLE 1.- Some properties of the soils
Clay
Soil
1
2
3
4
5

Minerals*
H4;
A4;
A4;
A4;
H4;

A3;
H4;
H2;
H2;
G4;

G3; Q2
G2; Q2
Q2; 12
Q2; 12
04; A3

gkg"'
294
236
173
189
316

O.M.
(g kg')

Amorphous
Oxide
(g kg"1)

pH

PZC

93
114
113
112
101

246
228
272
250
207

5.2
5.7
5.6
5.5
4.9

4.5
4.4
4.6
4.3
4.9

*H = halloysite; A=allophane; G=gibbsite; Q=quartz; I=illite; 4, 3, 2, 1 =dominant, moderate, small and trace amount.

Sorption of inorganic P was evaluated by variations of the same basic method in which 2.5 g
samples of soil were shaken with 50 ml of a given support medium containing an appropriate amount
of P in an end-over-end shaker at 24±1°C. At the end of the shaking process, the solutions were
centrifugated and the solid residues were shaken for another 24h period under the same experimental
conditions described earlier and using the same electolytes lacking P.
Details of the solutions used,
Effect of pH: 0.01M NaCl adjusted to pH 3, 5 and 7. P was added as NaH2P04.
Effect of ionic strength: 0.1, 0.01 and 0.001M NaCl, adjusted to pH 5. P was added as NaH2PO„.
Effect of cation: NaCl, KC1 and CaCl2 at the same ionic strength (0.01) and constant pH (pH 5).
P was added as NaH2P04, KH2P04 and Ca(H2P04)2 respectively.
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Results and Discussion. Phosphate desorption curves obtained at different pH values, but using
the same indifferent electrolyte, showed that P desorption from the soils clearly decreased as did the
pH (Fig. la). When the pH was kept constant but the ionic strength of the electrolyte was changed,
(Fig. lb) the amount of P desorbed was also affected. Increasing the ionic strength caused a decrease
of the amount of P released to the solutions. As regards the effect of the presence of mono- or
divalent cations on the immediate reversibility of the sorption reaction, Fig. lc shows that the amount
of P remainig in the soils was higher when Ca2+ was used. Monovalent cations enhanced P
desorption, with the order being Na + >K + .
These results show that conditions of the support medium which have shown to increase P sorption
reactions in the Allophanic soils studied (3), contributed at the same time to slow down the
reversibility of the P sorption process. These effects must be considered in terms of the variations
of the soil's surface charge (4). The PZC of the soils studied lies within the range 4.3-4.9, i.e., they
have a negative surface charge under natural conditions. In general, a pH increase above the PZC
simultaneously induces a increase of the negative charge of the surface and a decrease of the electric
potential, that is, turns it more negative and the electrostatic repulsion towards the P anions increases
(5). Increasing ionic strength also increases the net negative surface charge of the soils and in
consequence increases P desortion.
The lower desorption of P observed in the presence of divalent cations can be explained with the
increase of the positive charge near the sorbent surfaces, which reduces electrostatic repulsion
between the P anions and the surface. For monovalent cations, differences found in the amounts of
P desorbed by soils, have to be seen in the light of differences in the hydration energy and
polarizability.
a

Soil 5

P sorbed (mmol kg')

b

Soil2

P sorbed (mmol kg')

,?

Soil!

P sorbed (mmol kg')

Fig. 1. Isotherms for P desorption from a) matrix solutions of 0.01M NaCl and varying pH, b) matrix solutions at
constant pH (pH S) and varying ionic sthength and c) different electrolytes of constant pH (pH 5) and ionic strength
(0.01).
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Response of Soil Phosphorus to Acid Loading
H. Hartikainen* and A. Simojoki. Department of Applied Chemistry and Microbiology, P.O.Box 27, SF-00014 University of Helsinki, Finland.

Introduction. Acidification of soil is known to result in changes in nutrient availability, accelerated leaching of cations and increased solubility of Al and other phytotoxic metals. However, in
solute budgets used to quantify soil acidification processes, little attention has been paid to the
losses of P. This study was undertaken to investigate the impact of progressing acidification on
the leaching of P and the changes in the relationship between solid and solution P.
Material and Methods. A set of 50-g samples of an acid Gleysol (CaCL-pH 4.9) and a slightly
acid Podzol (pH 6.7) was repeatedly eluted with 100 ml of water or 0.002 M H 2 S0 4 , and the
percolates were analyzed for P0 4 -P. The acid elution was stopped stepwise after percolation
rounds 3 x 100 ml, the soil pH was measured and the soil samples were analyzed for inorganic
Chang and Jackson's P fractions. The water-soluble P (Pw) was determined in the context of the
Q/I plots used to depict the effect of elution treatments on the relationship between solid and
solution P. A modified Langmuir equation, Q = QQ + BKI/0 + KI), was fitted to the data points.
Intersecting point Q 0 on the y axis stands for the instantly labile P according to Beckett and
White (1964) (1). At the equilibrium P concentration (EPC), no net sorption to or desorption
(Q = 0) from soil occurs. The slope of the curve at EPC gives the equilibrium buffer capacity
(EBC).
Results and Discussion. Acidification markedly reduced the leaching of P (Fig. 1). Consequently,
in the acid-treated soils the decrease in Pw was smaller than in the water-eluted ones (Table 1).
The proton load resulted, however, in a redistribution between inorganic P fractions. A gradual
depletion in the Ca-bound P (H,S04-P) was associated with a concurrent enrichment in the Albound (NH,F-P) and Fe-bound (NaOH-P) reserves (Fig. 2). This reaction pattern was conspicuous
in Podzol of high initial pH and rich in Ca-bound P.
NH4F

NaOH

G H2S04

15
Acid
Water

*

1500
/

10 -

Gleysol
1000

E
500 -

10

20

Control 9

Fig. 1. Leaching of P from eluted soils.

18

Control 9

18

30

Elution number

Elution number

Fig. 2. Inorganic P fractions in representative soil
samples. Soil pH is given in the bar.
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The percolation treatments altered the Q/I relations (Fig. 3 and Table 1). The elution with water
depleted soil P markedly and, consequently, diminished EPC. In the acid-treated soils, where the
leaching of P was small, the decreases in EPC could be attributed mainly to enhanced P retention
due to the changes in soil surface charge. Temporary increase in EPC with progressing acidification obviously resulted from the acid-evoked enrichment in oxide-bound P. The increasing P
saturation on oxide surfaces in the strongly acidified soils also raised the instantly labile P (QQ).
A very low pH or a marked P depletion was needed to increase significantly the equilibrium
buffering capacity (EBC).
Table 1. P , EPC, constant QQ and EBC derived
from the Q/I graphs for repnesentative experimental
soil samples.
Elution
with
Gleysol

Podzol

None
9 x acid
18 x acid
18 x water
None
3 x acid
9 x acid
18 x acid
30 x acid
30 x water

Pw
EPC
mg/kf mg/1
i

11.3
9.6
10.8
4.1
14.0
13.5
15.0
18.0
14.5
12.3

EBC
mg/kg kg/1

0.279 -89
0.227 -76
0.240 -139
0.094 -46
0.413 -67
0.436 -50
0.435 -50
0.506 -84
0.376 -91
0.342 -73

195
298
332
408
104
96
96
109
168
137

-*/^

/'/y*-

1800 ml

50 -

J?

i

i
S

a.
— Acid elution
... Water elution
— Control

-50 -

100 0

replace 1400,1350

3000 ml

1
0.5

1
1

I
1.5

P in equilibrium solution, mg/l

Fig. 3. Representative Q/I plots for
Podzol soil.
Conclusions. The acid-induced changes in the dynamic relationship between solid and solution P
are determined by the net effect of two coincident but opposite reactions on oxide surfaces:
increase in the P saturation and decrease in the negative (increase in the positive) charge.
The enrichment in the oxide-bound P increases the solid phase P that equilibrates with the solution
phase. The concomitant alterations in the P intensity are dependent, however, on soil pH.
Literature Cited.
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pool of labile inorganic phosphate. Plant Soil 21: 253-282.
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Phosphate Sorption in an Oxisol as Affected by
Equilibration Method and Dispersion
J.M. Lima*, L.R.G Guilherme*, and SJ. Anderson. (*CNPq/ESAL-Brazil) and
Department of Crop and Soil Science, Michigan State University, East Lansing, MI,
48824-1325, USA.
Introduction. Soil aggregates may affect phosphate adsorption kinetics. The first objective of this
study was to determine the effect of aggregation on P sorption kinetics and to test the hypothesis
that true or mechanistic P sorption kinetics can be measured in dispersed soil but that transportor diffusion-limited kinetics are measured in aggregated soil. The second objective was to
determine whether dialysis and batch methods give the same P sorption kinetics. An advantage
of the dialysis method is that centrifugation and resuspension are not required, so kinetics
measurements can be made rapidly, provided that the internal and external solutions reach
equilibrium sufficiently fast.
Material and Methods. Oxisol B horizon soil material with 16% total iron oxide, 70% clay,
0.8% organic carbon, and 1 mg kg"1 Mehlich I P was immersed in 0.01 M CaCl2. Natural
aggregates were preserved in half of the soil, and the other half was dispersed by sonifying
subsamples (0.25 g in 5 ml CaCl2) for 1 min at 100 Watts. Dispersed and aggregated soil
"suspensions" were placed in either centrifuge tubes or dialysis tubing; the dialysis tubing was
placed in erlenmeyer flasks. Sufficient KH2P04 and 0.01 M CaCl2 were added in triplicate to
each centrifuge tube or flask to give eight initial P concentrations ranging from 0 to 1 mmol L'.
For each method, blank samples (no soil) were prepared for each initial P concentration. The
final soil solutionrratio was 1:120 in both methods. For batch experiments, a separate set of
samples was prepared for each sampling time and initial P concentration so that rapid kinetics
measurements (<30 min.) could be made and centrifuged soils did not need to be resuspended.
For dialysis experiments, 2-g aliquots of external solution were removed from each flask at the
designated sampling times; the same flask was used for successive kinetics measurements.
Intermittent shaking (5 min once per day) was used to minimize dispersion of aggregated
samples. Phosphate sorption was measured at times ranging from 20 min to 15 d for batch
experiments and 20 min to 9.5 d for dialysis experiments. Phosphate concentration was measured
by colorimetry. For each time, P adsorption data were fit with the linear form of the Langmuir
equation, and l/b parameter (maximum P adsorption) was calculated.
Results and Discussion. Maximum phosphate adsorption (MPA) by aggregated and dispersed
soils as a function of time is shown in Fig. 1 for both the dialysis and batch methods. Dispersed
soils show a rapid adsorption at the beginning (fast initial rate), possibly because more active
surfaces sites are accessible. In contrast, P adsorption by aggregated material is initially slower
for than for dispersed soil. At later sampling times (9.5 d for dialysis and 15 d for batch), there
was little difference in MPA for aggregated and non-aggregated soils. At equilibrium, aggregated
and dispersed samples should give identical results. Thus, the similarity between aggregated and
dispersed samples at the late sampling dates, together with the fact that the P adsorption vs time
plots did not reach a plateau, suggest that at least 10 or 15 days may be required to reach steady
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state in these systems. This is much longer than the 24-h period typically used in batch P
adsorption experiments with continuous shaking. The longer equilibration time required here is
probably caused by the intermittent shaking technique. When the dialysis method was used,
experiments with soil-free blanks showed that 18 h were required for the solutions inside and
outside the dialysis tubing to reach equilibrium with one another. Thus, P adsorption could not
be measured during the first 18 h with the dialysis method. Furthermore, slow transport across
the dialysis membrane may have caused the P concentration in the external solution to be slightly
higher than inside the tubing, which would have caused artificially low P adsorption throughout
the experiment. The data in Fig. 1, however, show that MPA was generally higher when the
dialysis method was used. In conclusion, the difference between maximum P adsorption of
dispersed and non dispersed soils decreases with time for both batch and dialysis methods.
Although dialysis is less destructive and time-consuming than batch experiments, the dialysis
method used here does not allow measurements at short reaction times and may produce artifacts
due to slow transport across the membrane. Thinner tubing or larger pore sizes may overcome
these problems.
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Figure 1. Time-dependence of maximum phosphate adsorption (from Langmuir equation b
parameter at each time) for dispersed and aggregated soil material of an Oxisol B horizon
measured by batch and dialysis methods.
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Thermodynamical Indexes of the phosphate
Equilibration in Ameliorated Solonetz
T. M. Minkina. Rostov State University, Rostov-on-Don, Russia.
INTRODUCTION.In srite
of
the
progress in the most
effective methods of solonetzs melioration many important
scientific and practical problems are not duided up to date.
The first is related to the phosphate regime of solonetzic
soils.
MATERIALS AND METHODS. The goal of work is to research
regime of complex termodinamical characteristics in meliorated
solonetzs of Sal-Manych watershed. The phosphate potential in
the Schofild extract with the help of Kanunnikova's equation
has been calculated as an intensive index of mobility.
RESULTS AND DISCUSSIONS. It has been noted that the
Schofild extract being used for solonetzs has two essential
drawbacks:
1) as a result of ionic exchange processes both change of
aggregate composition and composition of soil solution take
place;
2) under the influence of newly formed salts NaCl and Na^
SOi,solubility of different kinds of calcium phosphates changes
as well. We have examined the influence of different solvents
on extractig mobile phospate from solonetzs. By using H^ 0,
NaCl, Na a S0 s and CaCl* as solvents in the different types and
outtypes solonetzic soils the considerable value of variation
coefficient of phosphate content in solution ( v= 22-36% )
was observed.
Thus, extract of 0,01 M solutions of NaCl+CaCla in 2:1
correlation may be recommended determining phosphate potential
in solonetzs.
Our investigations showed that all reclamation practice of
solonetzs resulted in some increasing of phosphate potential.
At the same time it is necessary to note that inspite of abrupt
decrease of phosphate comtent in the extract in the cases when
different treatments on solonetzs were uses only
slight
phosphate potential quantities were abserved. It is closely
connected with changes of phosphate potential components in
Kanunnikova's equation.
It has been established that usind Beckett and White
method determining of phosphate potential buffering capacity
sorbtion graphs for solonetzs and chestnut soils found in them
are
situated
above the abscissa axis and no phosphate
desorption was observed. It may be explain by very low
phosphate content in the extract. Therefore we added some
calcium monophosphate wich was of one order lower concentration
than that of Beckett and White method to the extract mentioned
«hove.
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It has been noted that PBC increases when solonetzs are
reclaimed. As you can see from the picture 1 the phosphate
mobility decreases when soils are gupsumed but in a less degree
than that in double-depth ploughing.
SUMMARY. The
Schofild exract for determing phosphate
potential concerning solonetzic soils has been modified. Some
amendments have been made to the Beckett and White method on
determening phosphates potential and PBC'have been established
when solonetzs are meliorated.
LITERATURE 1.Kanynnikova N.A. Thermodinamic indexes of the
chemical equilib- rium in soils-jisif Sci .-1986.-Nil.-P. 26-39.
2.Minkina T.M. Phosphate buffering capacity of meliorated
solonetzic soils. News of North Caucases scientific centre of
higher shool. Natural science.-1990.-N3.-P.20-28.
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Fig.1 The influence of varions methods of reclamation on
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Phosphorus Sorption in Volcanic Ash Soils from the
South of Chile. II. Relationships Between Sorption
Parameters and Phosphorus Response
J.D. Opazo, M.A. Carrasco, and G. Ruiz. Department of Soils and
Engineering, Facultad de Ciencias Agrarias y Forestales, Universidad de Chile.
Casilla 1004, Santiago, Chile
introouctionihe extraction solution methods are often used -for P available
determination on soils and are selected according to soil characteristics. The
best method is that in which the available P has the highest correlation with the
plant P absorption. Then the critical concentrations are established -for the
different crops. Below critical levels a high probability of response to P
fertilization it is expected, however, these critical concentrations cannot be
transferred to other soils with dissimilar chemical characteristic (1, 2).
The volcanic ash soils in South Chile ("trumaos") have a high P sorption capacity, which varies according to their weathering degree. These soils have a
high response to the P -fertilization producing high yields, but the rates required are higher than normal ones. Frequently, the maximum yield is not reached
with
rates as high as 262 kg P/ha. The soil P sorption characteristics would
allow to know the responsiveness to applied phosphate.
The objective of this work was to determine the relationships between the soil
sorption parameters and plant response expressed as dry matter yield and P absorption.
Materials and Methods. Composite samples from 12 soils were taken in the south of
Chile (37' 45' to 41° 20' S.), 0 -20 cm depth, from fields situated on different
soil series. They were partially air dried and passed through 2-mm sieve. The
physical and chemical properties and the sorption parameters are given in Carrasco et al <3).
A greenhouse experiment with ryegrass, Lolium perenne L. (var. Nui) was conducted. Each soil (1000 g) was placed in a plastic pot and mixed thoroughly with a
basal application of macro and micro elements without P. Tne phosphorus treatments were 0 and 1,000 mg/kg in the form of Cath^PO^^-^O p.a. In each pot one
gram of seeds was placed 0.5 cm below the soil surface. The pots were watered
daily with distilled water to maintain the soil moisture at 33 kPa. The ryegrass
was cut 32, 51, 87 and 114 days after sowing, and the tops were oven dried,
weighed and analyzed for P. Regression analysis were carried out between the
piant response parameters and the P sorption parameters using the Freundlich and
Langmuir (one- and two-surface) equations.
Results and Discussion. The relative yields were lower than 75'/. corroborating the •
high response of the volcanic ash soils to P fertilization. Therefore, the labil
P was insufficient in ail soils. Phospnorus fertilization increased"the P concentration and the P absorption in the plants, their average increments being 250
and 380"/., respectively.
From the P sorption parameters considered only the constant k in Freundlich
equation and the constant b2 in Langmuir two-surface equation were significantly
related to P absorption for the treatment with P (Table 1). The P sorption parameters did not correlate to dry matter increments and relative vields
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Table 1. Correlation coefficients between plant response and some
chemical soil properties or sorption parameters.
Plant
parameter

pH in
KCl

CEC

P uptake <+P>
Uptake increment

.526

.000

.815**

.669*

Al in
AlFeIN KCl oxalate oxalate

k

b2

.426

.680*

.560

.748**

.782**.

.660*

.794**

.831** .563

.669*

* = P < 0.05; ** = P < 0.01
The pH in KCl, the active Al and Fe (Al- and Fe-oxalate) are good predictors both
for soil P adsorption capacity as for P uptake by the plant.
Literature Cited
(1) Kamprath, E.J. and M.E. Watson. 1980. Conventional soil and tissue tests
for assessing the phosphorus status of soils, p 433-469. in: F.E. Khasawneh et al_
<ed.). The role of phosphorus in agriculture. ASA, CSSA, SSA, Madison, WI, USA.
(2) Kuo, S. 1990. Phosphate sorption implications on phosphate soil
uptake by corn. Soil Sci. Soc. Am. J. 54:131-135.
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(3). Carrasco, M.A., J. D Opazo, J. Bustos, and X. Tapia. 1993. Phosphorus
sorption in volcanic ash soils from the south of Chile. I. Applicability of
isotherms. 15th World Congress of Soil Science. Acapuico, Mexico.
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Catalytic behaviour of acid phosphatase immobilized on
clay minerals and organo-mineral complexes.
M.A. Rao, L. Gianfreda and A. Violante, Dipartimento di Scienze
Chimico-Agrarie, Universitd di Napoli "Federico II", Portici, Italy.
Introduction. In soil, the activity and functionality of biomolecules such as proteins,
carbohydrates, nucleic acids and so forth, may be greatly influenced by their associations with
inorganic and organic soil colloids. In particular, soil extracellular proteins may be adsorbed on
clays, entrapped in humus fractions or associated with clay-organic matter complexes. If proteins
have an enzymatic character, their behaviour as catalysts (activity, kinetics, stability) will be
affected by and dependent on supports and interactions involved in the immobilizing process.
A lot of information is available on the adsorption of proteins on "clean clays", whereas
only few studies have been performed on the mechanisms involved in protein adsorption on socalled "dirty clays", i.e. clays covered with polymeric species or noncrystalline oxides of aluminum
and iron (1-3). Furthermore, a lack of knolewdge is still present on the interactions of proteins and
enzymes with organo-mineral complexes which represent the most abundant soil colloids.
Phosphatases play a significant role in the phosphorous soil cycle because they mediate the
conversion of organic to inorganic phosphorous, available for plant growth.
The purpose of this work was to investigate the immobilization of acid phosphatase on both
clean and dirty clays and organo-mineral complexes. The effects of such associations on the
catalytic behaviour (activity, kinetics, stability) of the enzyme was also investigated.
Materials and Methods. Active enzymatic complexes were prepared by mixing at 10 °C for lhincubation suitable amounts of acid phosphatase (AP; EC 3.1.3.2 from potato) in acetate buffer at
pH 5.0 with a montmorillonite (M), an aluminum hydroxide (A) or Al(OH)x-montmorillonite
complexes (AM), containing 3, 9 or 18 meq Al g~l montmorillonite. Complexes by interaction of
acid phosphatase with tannic acid in the presence and absence of OH-A1 species and
montmorillonite were also prepared. The residual activit/ of the complexes, separated by
centrifugation and resuspended in the same buffer, was determined by p-nitrophenylphosphate
hydrolysis at 10 °C and pH=5.0. The kinetics, the activity/pH and activity/temperature profiles of
complexes were determined by activity assays performed at different substrate concentration and
pH- or temperature-incubation. The thermal and proteolytic stability of immobilized enzyme was
assessed by 2h-exposure to 60 °C and pronase hydrolysis, respectively.
Results. The clay minerals showed different capability in adsorbing enzyme molecules and
influenced differently their residual activity (see Table). The presence of Al(OH)x species on
montmorillonite enhanced the affinity as well as the activity of adsorbed enzyme. By increasing the
content of Al(OH)x from 0 to 18 meq g~l montmorillonite, the residual activity of enzyme increased
from 16 to 50 %.
Tannic acid and hydroxy-aluminum species showed inhibitory effects on the activity of acid
phosphatase. Furthermore, the formation of insoluble active enzymatic complexes was affected by
the ratio between tannic acid and enzyme. At a tannic acid/enzyme ratio (w:w) of 5 and 10, the
enzyme retained 20 and 33% of its initial activity, respectively. The presence of soluble hydroxyaluminum species during the complexation process negatively affected the formation of insoluble
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complexes which showed lower residual activites. A different behaviour was previously found with
invertase (4). However, when an Al(OH)x-tannate enzyme complex was anchored onto
montmorillonite surfaces, the activity of the immobilized enzyme increased.
Adsorption^ ) of acid phosphatase on clay minerals
Complexes
AP-M
AP-A
AP-AM3 (**)
AP-AM9
AP-AM18

Adsorbed enzyme
(%)(*) "

Residual activity
(%)

90
78
92
95
98

16
20
20
31
50

(*) 0.5 mg of phosphatase added g~l clay
' ) Al(OH)x-montmorillonite complexes containing 3,9, and 18 meq Al g~\ montmorillonite
The enzymatic complexes displayed different kinetic properties. The substrate affinity
remained practically unchanged (similar Km values) for the enzyme immobilized on clays, whereas
it markedly increased (lower Km values) when the enzyme was immobilized in the presence of
tannic acid. Activity/pH and activity/temperature profiles of clay- and organo-mineral-enzyme
complexes showed different shapes as compared to those of the free enzyme. Finally, immobilized
acid phosphatase resulted more sensitive to both thermal and proteolytic denaturation than the free
enzyme.
Literature cited
(1) Fusi P., Ristori G.G., Calamai L. and Stotzky G. 1989. Adsorption and binding of protein on
"clean" (homoionic) and "dirty" (coated with Fe oxyhydroxides) montmorillonite, illite and
kaolinite. Soil Biol. Biochem. 21:911-920.
(2) Gianfreda L., Rao M.A. and Violante A. 1991. Invertase (p*-fructosidase): effects of
montmorillonite, Al-hydroxide and Al(OH)x-montmorillonite complex on activity and kinetic
properties. Soil Biol. Biochem. 23:581-587.
(3) Gianfreda L., Rao M.A. and Violante A. 1992. Adsorption, activity and kinetic properties of
urease on montmorillonite, aluminium hydroxide and Al(OH)x-montmorillonite complexes. Soil
Biol. Biochem. 24:51-58.
(4) Gianfreda L., Rao M.A. and Violante A. 1993. Interactions of invertase with tannic acid,
hydroxy-aluminum (OH-A1) species or montmorillonite. Soil Biol. Biochem. 25:671-677.
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Incubation Experiments on Sorption of Na-Phytate in
Soils and Availability to Plants
\ . Amberger and G. Weigl. Institute of Plant Nutrition Technical University
Munich-WeihensteDhan. 85350 Freisine. Germany
Introduction
Inositolphosphates and derivates represent the greatest fraction
of organic P in soils; after dephosphorilation they will be
available to plants. An important factor is the sorption capacity
of P in soil (MARTIN 1973, MARTIN and CARTWRIGHT, 1971; BOWER
1949) .
Materials and methods
Na-phytate were added to both a
a) weak (pH 7.2) and b) strong (pH 5.5) P adsorbing soil
Experiments: incubation and pot experiment
Methods: P water extraction (v.d.PAAUW, 1969)
P sorption (LANGMUIR Isotherme)
Results:
1. In incubation experiments ( 4 - 8 weeks) with a weak P adsorbing
soil (pH 7.2) from the added Na-phytate considerable amounts
of water soluble orthophosphate were released. By ^---radiation
the enzymatic dephosphorylation was completely blocked.
2. In incubation experiments with a strong P adsorbing soil (pH 5.5)
the added Na phytate was quickly and much stronger adsorbed
than anorganic phosphate (KH-PO.). By addition of increasing
amounts of phytate, priority adsorbed orthophosphate was released.
On the other hand adsorbed phytate was desorbed by addition of
OH_ions (CaO, NaOH).
3. The availability of Na phytate from a strong P adsorbing soil
is different to crops (wheat/maize = red clover > rye grass).
After liming there are no significant differences in P uptake
and utilization of crops between Na phytate and dicalciumphosphate.
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- 2 Conclusions
P sorption (buffer capacity), pH of soil and crops are important
factors with respect to the plant availability of Na phytate. By
liming adsorbed phytate can be released.
References
MARTIN, J.K. 1973 . The influence of rhizosphere microflora on
32
the availability of
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Phosphorus Adsorption Capacity on Some Soils in the
South of Chile.
H. Rebolledo. Department of Soil Science. Universidad Autónoma Chapingo.
México.

Mex.

Introduction. In the South of Chile region, the aproximate surface of the volcanic ash soils
represents four millions hectares. One of these soils characterictics is their high phosphate fixation
(80-90%) added as fertilizer. Many factors affect the phosphorus fixation like: pH, Aluminum
compounds, iron oxides and in general amorphous compounds (Olsen et al., 1963).
The Langmuir equation based on the kinetic theory of gases is used extensively to describe gas
adsorption on solids. The same equation often applies to the adsorption of liquids and ions from
solutions by solids. The Langmuir adsorption constants were calculated as described by Olsen and
Watanabe (1957), which written in the linear form is c/(x/m) = 1/kb + cb, were c= equilibrium P
concentration (mg/ml), x/m= mg of P adsorbed per g of soil, b= P adsorption maximum and k=
constant related to the phosphate bonding strength of soils.
The objective of this research is to know the phosphorus adsorption capacity of some Chilean soils
and its relation with some soil characteristics.
Materials and Methods. Ten volcanic ash soils (Series: Crucero, Corte Alto, Osorno, Nueva
Braunau, Puerto Fonck, Puyehue, Puerto Octay, Fresia, La Union, Cudico), belonging to ten series
were collected from the south of Chile at two depth (depth A: 0-20 cm and depth B: 20-40 cm). The
soil samples was air-dried and ground to pass a 2 mm screen. Some physicochemical characteristic
of the soils were determined: pH in water (soil water relation 1:2.5); organic C by Walkey and
Black method; Al by KC1 IN, pH 5.3 extraction and by NH4 acetate, pH 4.8 extraction and
determined by aluminon method; Fe by DTPA, pH 7.3 extraction and by oxalate, pH 3.2 extraction;
allophane by NaF method.
Data for plotting P adsorption isotherms were obtained by equilibrating at 30 °C, 3 g soil with ml
of 0.01 M CaC12 containing varying amounts of KH2P04 ( 10 to 300 ppm of P). Two drops of
toluene were added to each sample an the suspensions were shaken twice daily for 30 minutes for
6 days. Equilibration times were decided based on a previous study. After equilibration, the
suspensions were centrifuged in a superspeed centrifuge and P was determined in the supernatant
solutions by molybdenum blue colorimetric method. P removed from solution during equilibration
was considered to have been adsorbed. The Langmiur equation was fitted to the phosphorus data
using the method of lest squares.
Results and Discussion. The pH varied between 4.5 and 5.8; the aluminum extracted with NH4
acetate fell in the ranges 286.8 and 1845.0 ppm; available iron ranged between 40 and 760 ppm;
the organic mater varied between 3.7 and 23 % and the alophane ranged from .0297 to 117.6
mmol/100 g of soil.
All the soils under research, had high values of phosphorus adsorption maximum capacity, were
its magnitude varied from 1.91 to 6.75 mg P/g soil (The minimum value was in the Cudico soil and
the largest value was in the Puerto Fonck soil), were the average was 3.19 mg P/g of soil.
The phosphorus adsorption maximum capacity was correlated mainly with the allophane (r=.88);
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with the aluminum (r=.86 in depth A and r=.75 in depth B) and also with the organic matter (r=.82
in depth A and r=.83 in depth B) possibly on account of the aluminum united with organic matter
(Cajuste, 1979). However, there is no doubt that organic matter does not enhance the retention of
phosphate on the soil and rather makes the retention slightly less, in consequence, this positive
correlation suggests that both the materials, organic matter and phosphate, are retained on the same
inorganic matter though by different mechanisms (Bezama et al.,1977)
Literature Cited.
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Speciation of phosphorus in soils
C. Rodier, M. Robert1 and A-M. Jaunet. INRA Versailles, Station de Science du
Sol. Route de Saint-Cyr, 78026 Versailles CEDEX. France.
Introduction. Phosphorus is still an element of major importance in agriculture, but it is also
necessary to consider its role as a pollutant of natural waters.
In spite of its everlasting importance, few data nowadays are available on a direct and accurate
localisation of phosphorus on minerals particles. It is mainly due to the relatively low phosphorus
concentrations in the natural environment and to the low sensitivity of present techniques.
The purpose of this work is to lead to provide new data on phosphorus speciation in the
environment.
Materials and methods. Samples from the surface horizon of fertilized soils or suspended matter in
river coming from agricultutral watershed were selected to represent various physico-chemical and
mineralogical conditions.
This study was conducted using the following methods :
1.
2.
3.
4.

mineralogical and physico-chemical characterisation of the samples;
particle-size fractionation without removal of organic matter and carbonates ;
total phosphorus analysis on the whole sample and on separated fractions ;
use of classical methods of sequential chemical extractions in order to have an initial
approach to phosphorus speciation (1,2)
5. examination of the clay fractions with a Philips EM420 scanning electron microscope,
equipped with a Link AN10000 energy-dispersive X-ray analyser (MET+EDS analysis).
Identification of particles using microdiffraction methods.

Results and discussion. Highest total phosphorus concentrations were found in the clay-sized
fractions as it was previously noted by different authors (i.e. 3,4.)
MET+EDS analysis show an importance in number of clay minerals in the fixation of phosphorus.
Importance offset by the low concentrations of phosphorus on these particles which are mainly 2:1.
When phosphorus concentrations in particles increase Fe, Al or Ca (depending on the sample)
become the principal elements involved in phosphorus fixation. Importance of Ca was only noted in
the case of a carbonated soil from Champagne. A tendance to an increase in phosphorus
concentration as particle size decreases has been observed. If global results are considered, a good
agreement is observed between sequential chemical analysis and MET+EDS analysis (figures 1&2).
MET+EDS analysis made it possible to observe a great number of phosphorus bearing particles.
Abundance of such particles is related to the total phosphorus concentration of the observed
samples. At least 300 P-bearing particles were analysed by sample, allowing a good representation of
the distribution of particles P concentrations in samples.
Particle composition is complex and an accurate characterisation of phosphorus bonds to mineral
constituants was only possible in the specific case of well individualised phosphates (such as Ca, Al
or Fe phosphates) through the use of electronic microdiffraction.
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The importance of 2:1 phyllosilicates in the phosphorus fixation is clearly shown in this study. This
result needs to be reinforced by determining the quantitative importance of these minerals in
phosphorus fixation and by the identification of the element responsible for phosphorus fixation in
these particles. In some cases, espescially in acid soils, Al coming from the desaturation of the clays
seems to play an important role in phosphorus retention.
Versailles 14

Herbisse
labile-P
Fe-P + Al-P
non extracted P

Ca-P

Figure 1. Examples from sequential extraction results using Hieltjes and Lijklema procedure on two samples. P-x
represents the fraction of phosphorus extracted using a specific extractant. This P is said bound to the x element.
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Figure 2. Examples from typical MET/EDS results. Phosphorus-concentration frequency distibution diagram of P
bearing particles in two samples. Element symbol denotes the element predominently associated with P in a particular
concentration range.
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Distribution of phosphorus in some soil profiles
developed on schists
M. G. Serrao*, M.L. Fernandes**, and M. M. Abreu**
* E.A.N., Quinta do Marques, 2780 Oeiras, Portugal
** I.S.A., Tapada da Ajuda, 1399 Lisboa, Portugal
Introduction. The distribution of the different forms of phosphorus (P) within soil
profiles has been considered useful in studies of soil development and may
contribute for a better understanting of soil capacity to sustain an adequate supply of
nutrient P to plants. The relative quantities of P compounds present in the soil vary in
accordance with pH, organic matter content, parent material, system of cultivation,
and fertilizer practices. Soils developed on schists of Carboniferous and some spots
of Devonian occupy a significant area in the lower half of Portugal, and generally
present low P levels. However, a wide range of available P has been also
recognized in these soils. The main objective of this study was to characterize soil P
status in soil profiles derived from schists located in that region by chemical
fractionation. Mineralogical studies were also undertaken in an attempt to relate P
fractions to soil evolution.
Materials and Methods. Soils -Samples from six representative soil profiles were
collected along an east-west transect throughout the country region of Alentejo.The
soils were derived from Carboniferous schists (two Haplic Luvisols and one Chromic
Luvisol) and from Devonian schists (two Chromic Luvisols and one Haplic Luvisol).
The range of some properties of B soil horizon is presented in Table 1.
Tablel- Range of some soil physico-chemical properties

Maximum
Minimum

PH
Water
5.7
5.0

OM
gkg" 1
12.9
2.5

Clay
%
47.8
23.7

CEC
ExcAl
cmol(+) kg -1
29.8
1.6
12.0
0.0

Methods -Inorganic P was fractionated by the Chang and Jackson procedure with
some modifications (1). Organic P was determined by an ignition method (2). P in the
extracts was determined colorimetrically by the ascorbic acid-reduced
molybdophosphoric acid method. Total P was extracted by perchloric acid digestion
and determined colorimetrically using an acid-free vanadate-molybdate reagent (3).
Residual P was obtained by the difference between total P and the sum of all the
other P fractions. Analysis of variance of each P fraction was made considering the
whole of all horizons. Major elements except Si were determined by acid digestion.
Mineralogical analysis were carried out both in clay fraction (<2nm) and bulk samples
by X-ray diffraction (XRD). To investigate the morphology and rate of weathering of
grains separated from the sandy fractions, a stereomicroscope and a scanning
electron microscope (SEM) equiped with an energy dispersive spectrometer (EDS)
was used. Sandy fractions were also separated.
Results and Discussion The amounts of total P and some P fractions for all
horizons of soil profiles are given in Table 2. All profiles presented very low amounts
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Table 2- Range of the amounts of P fractions (mg P kg -1 )

Maximum
Minimum

Total
P
485
151

Organic
P
153
2

Inorganic
P
347
111

Active
P
99
15

Occluded
P
249
7

Residual
P
226
2

of total P which decreased with depth. Significant differences in C horizons were
observed between P contents of Haplic Luvisols from Carboniferous and Devonian
schists. Concerning Chromic Luvisols of both schists, B and C horizons were different
(P<0.05). Organic P decreased with depth, and ranged from 2 to 153 mg P kg" 1 d .0
to 37.4 % of total P).
Total inorganic P was divided into active P ( NH4CI-P+ Al-P + Fe-P + Ca-P), occluded
P (reductant-soluble P + AI,Fe-occluded P), and residual P (Table 2). Occluded P plus
residual P accounted for 62.0 to 92.7 % of total inorganic P, predominating upon
active P (3.0 to 30.4%). The relative abundances of the various active P forms were in
the order Fe-P> Ca-P> Al-P> NH4CI-P. Fe-P was much higher than the other active P
fractions ranging from 14 to 90 mg P kg - 1 (0.1 to 25.8% of total inorganic P).
Reductant-soluble P ranged from 0.0 to 77.5% of total inorganic P and it
predominated in occluded P, except for all horizons of one Haplic Luvisol and deeper
horizons of the Chromic Luvisol from Carboniferous schists. The horizons in which
reductant-soluble was zero had relatively high amounts of residual P (98 to 226 mg P
kg - 1 ). Reductant-soluble P increased with depth and showed the highest values in
one Haplic Luvisol from Carboniferous schists. However, the other Haplic Luvisols,
one from Carboniferous schists and the other one from Devonian schists had no
significant differences between horizons (P<0.05). Surface and B horizons of the
Chromic Luvisol from Carboniferous schists were different while the same kind of
horizons of Chromic Luvisols from Devonian schists did not differ (P<0.05).
XRD patterns of the clay fraction of all samples indicated a similar composition, except
for one Haplic Luvisol (Carboniferous schist). It consisted mainly of if lite, kaolinite,
interst., mica-vermiculite and quartz. Clay mineralogy of the different profile was
composed by interst., chlorite-vermiculite, illite, quartz and probably some kaolinite.
Bulk samples (C horizon) are mainly composed by mica and quartz. Kaolinite, interst.
M-V, amphiboles and feldspars were also identified in some samples. Weathered
chlorite was also present in that Haplic Luvisol. Fe oxides were difficult to identify due
to quartz presence, but X-ray powder diffractograms showed some evidences of the
presence of goethite, hematite, and magnetite. Goethite and hematite might contain
some structural Al, as indicated by XRD and SEM-EDS. Associated with Fe oxides,
Cu and Zn were also detected by SEM-EDS. All profiles showed evidences of a high
degree of weathering. In fact, SEM studies showed dissolution cavities on mica
surfaces and some grains of highly weathered schist with cavernous features were
observed. Na-feldspar grains were rare but with a high degree of dissolution. Quartz
grains were frequently bruised by tectonics, sometimes with a flake structure. Most of
them appeared corroded and spongy with occasional exfoliation, and with Vdissolution features.
The relative abundance of inorganic P forms gives an indication of the degree of
weathering of soil profiles. Therefore, the higher proportion of occluded and residual
P, usually considered as less soluble forms, suggested that these soils present a high
degree'of evolution, which agrees with mineralogical and morphological results. In
addition, most P is in forms highly unavailable to plants.
References
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2- Saunders, W.M.H. and Williams, E.G. 1955. J. Soil Sci. 6:254-267.
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Phosphate Buffering Capacity determined by 32p dilution
as an indicator of P Saturation of Soils.
N. Schadeck* , J. E. Dufey, and R. Van Bladel. University of Louvain, Soil
Science Unit, Place Croix du Sud 2110, B-1348 Louvaih-la-Neuve, Belgium.
Introduction.The ability of soil to keep the P concentration in solution as constant as possible
depends on the rate at which soil solution can be replenished from or depleted by soil: this is the
phosphorus buffering capacity, PBC. In some overfertilized fields, cumulated enrichments in P have
satured the fixing capacity of soil, resulting in a decrease of their PBC and leading to the release of P
in solution. The purpose of this paper is to establish a relationship between PBC determined by 3 2 P
dilution and P saturation of soils.
Material and methods. Radioactive 3 2 P was added to soil suspensions previously equilibrated
with 2,5 mM Ca CI2. The radioactivity of solution was monitored as a fonction of time. The PBC
was defined according to J.C. Fardeau (1990) as follows:
V R(0)
PBC= — .
(1)
w
Rp)
where V/w (1/kg) is the solution/soil ratio, R<o) and R(i) are the radioactivities in solution at time 0 and
1 minute. The non radioactive 3 1 P concentration (C) was also measured in solution, so that the
amount of P explored by 3 2 P after 1 minute, i.e. the isotopically exchangeable P, Q m mg/kg was:
Q K 1)=PBC*C
(2)
The P saturation was calculated according to an empirical Dutch method developed by
S.E.A.T.M.van der Zee, W.H.van Riemsdijk & F.A.M.de Haan (1990). Knowing that phosphate
fixing capacity (PFC) principally arises from iron (Fe0x) and aluminium (Al0x) oxihydroxides
extracted with ammonium oxalate (pH 3) they assume:
PFC = 0,5 * (FeoX + Alox) in mmol/kg.
(3)
Measuring P (P0x) in the same solution, leads to the determination of the relative saturation of soil for
phosphorus, Z = Pox/PFC.
(4)
We can also deduce theoretical amount of P fixing sites remaining free of phosphorus :
F = PFC - Pox in mmol/kg.
(5)
This study was conducted on 55 samples: 8 wet meadow sites and 5 cultivated ones in which various
depths were sampled. Their PFC ranges from 10 to 174 mmol/kg and Z from 0,02 to 1,83.
Results and discussion. According to equation (2), and as illustrated for some samples in figure
1, the P status in soils can be represented using rectangular pictures: the surface area is proportional
to Qim, ie. the Quantity factor , the height is proportional to C, i.e. the Intensity factor, and the base
length is proportional to PBC. What is striking is that the rectangle's shape seems to reflect the
saturation degree of soils. This is understandable according to the general notion of buffering capacity
(figure 2). In a Q/I curve, PBC is the slope: as long as the relationship between Q and I remain linear,
PBC is constant. In this case, PBC is only a function of the PFC of soils. If the soil becomes
saturated, Q progressively reaches a plateau, so the slope decreases as does PBC. At this time, PBC
doesn't strictly depends on PFC but would have to take account of P already present on soil.
Indeed, for the 55 samples, figure 3a shows a bad correlation between PBC and PFC (r = 0,03). The
use of parameter Z, the saturation degree, takes account of Pox and improves the correlation
markedly as shown in figure 3b: log PBC = 1,26** - 0,995 log Z (r2 = 0,575).
Other physico-chemical parameters such as % clay, pH or % organic matter, were expected to have
an influence on P fixation: however they do not improve markedly the regression.
Correlating PBC with F, the absolute quantity of sites still free of P, was not conclusive (figure 3c)
and lead to the assumption that PBC can't predict long term behaviour of soil towards P (of that
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there's no maximum). Nevertheless, PBC is a handy tool to describe an instantaneous reaction of
soil facing a variation of its P concentration in solution.
Figure 1 : rectangular picture of the 3 factors
caracterizing exchangeable P for 8 soils and
their corresponding P status: PFC and Z.
Height of recatngles: C (mg/1)
Lenght of base: PBC (1/kg)
Surface area: Qi(l) (mg/kg)

Figure 3 : Relation between PBC determined by
isotopic dilution method and PFC as proposed
by the Duch method (2a), the saturation degree,
Z (2b) and variable F, amount of fixing sites
still free for P (2c).
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Effect of phosphorus fertilization on the different soil
phosphorus fractions of a forest soil.
B. Turrión, K. Schneider, J.F. Gallardo* & M.I. Gonzalez**.
*Aptado. 257 C.S.I.C., Salamanca 37071 (Spain). **Area de Edafologia. Facultad
de Farmacia, University of Salamanca 37080 (Spain).
Introduction. One of the most singular bioelement of forest ecosystems is P, owing to the multiple
forms in which it may be present in the soil, its sparing solubility and mobility, and because in many
areas of Europe (1) it is a nutrient that limits ecosystems.
Hedley et al. (2) developed a sequential P fractionation procedure that distinguishes the labile and
more stable forms of both organic and inorganic P. Tiessen et al. (3) established new proposal of
fractionation of P forms, which gives a wider and more dynamic picture of the whole transformations
undergone by those P forms in the soil; this scheme is based on the rate of transformation of the Pforms and on their availability; organic and inorganic P are both divided into slow-turnover and rapidturnover forms.
Materials and Methods. The study was conducted in a forest of Quercuspyrenaica located in the
"Sierra de Gata" mountains in the SW of the province of Salamanca (Spain). Schists are the
geological substrate for the formation of acid soils, as there are umbric Leptosols and humic
Cambisols. A fertilization with 50 and 100 kg/ha phosphorus (P) as triple superphosphate was
realized in the experimental area.
Different soil P forms were determined by a modified fractionation method of Hedley et al. (2),
determining the assimilable Pin accordance with Menon etal. (4). The fractionation distinguishes:
- Plant available P, which is extracted with iron oxide-impregnated filter paper (P-Strip).
- Labil P, adsorbed on surfaces of more crystalline sexquioxides, extracted with 0.5M N a H C 0 3
(Pi-BiC, Po-BiC).
- Inorganic (Pi) and organic (Po) phosphorus compounds held strongly by chemisorption to iron
and aluminium components of soil surfaces are removed by a 0.1M NaOH extraction (Pi-NaOH, PoNaOH).
- Ultrasonification of the soil residue in 0.1M NaOH enabled extraction of Pi and Po held at the
internal surfaces of soil aggregates. (Pi-US , Po-US).
- An acid extractant 1 M H G removed mainly the Ca bound P.
- Finally, the more chemically stable Po forms and relatively insoluble Pi forms (P-Red) were
dissolved by oxidation and acid digestion (with H-O, and H 2 S0 4 ).
A portion of bicarbonate, NaOH and sonic-NaOH extracts was acidified to precipitate extracted
organic matter, and Pi was determined in the supernatant. Total P of these extracts was determined
after digestion with persulfate (5). Po was calculated as the difference between total and inorganic P.
The P fractions were regrouped using the Tiessen (3) scheme:
Rapid turnover inorganic P (Pis) = P-Strip + Pi-BiC
Rapid turnover organic P (Por) = Po-BiC + Po-NaOH
Slow turnover inorganic P (Pis) = Pi-NaOH+ Pi-US + P-HC1
Slow turnover organic P (Pos) = Po-US
Results and Discussion. The P chemical analysis were run in replicate and the the results were
the average of, at least, three measures for each parameter, on the basis of dry soil (105 °C).
Unfertilized soils showed highest P concentrations in the NaOH extractable organic forms (PoNaOH) commonly related with P adsorbed in surfaces of iron and aluminium oxides and the so called
residual P, which is most resistent to chemical extraction (Table I).
P-Strip which is considered as plant available diminished considerably with soil depth (from about
8.5 to 1 3 mgP/kg soil). This trend was also found for organic bicarbonate (Po-BiC), organic sodium
hydroxide (Po-NaOH), and HCI (P-HC1) extractable P fractions, but not for inorganic bicarbonate
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(Pi-BiQ, inorganic sodium hydroxide (Pi-NaOH), and residual P (P-Red).
In the upper layer, fertilization increased P concentrations in almost all fractions; only the residual P
was not significantly influenced. P concentrations increased proportionally with the pool size of the
respective fraction. This means that the greatest part of the fertilizer P enters in the biggest pool which
DEPTH
0-IOcm
Control
SOkaP/ba
100kgP/l.«
10-20 cm
Control
SOItgP/k»
l(K)k|(lMi»
20-40 a n
Control
SOkgPAn
lOHItgP/»»

P-Strlp

PI-BtC

Po-MC

PI-BIC

PI-N.OII

Po-N» OH Pt-NnOH

PI-US

Po-US

PI-US

P-IICI

P-Rrd

8.5(0.12) 32.2(0.20) 42.0(029) 74,3(0,14) 74.2(0.21) 260(0.19) 297(0,17) 31,2(0,09) 21.4(0.1) 52,1.(0,10) .11.1(0,07) 256(0.05)
10,1(0.09) 45.5(0,07) 72,9(012) 118(0.07) 94,2(0,11) 281(0.08) 328(0,07) 38,0(0.19) 26.1(0,2) 64,1(002) 25.9(0.1») 261(0,05)
17.8(033) 61.7(0.27) 97,1(0,38) 159(0,20) U 7 ( a i l ) 410(033) 468(0,29) 380(0,14) 26.1(0.1) 64,1(0.07) 44,1(0.30) 272(0.05)
2,5(0.16) 47,1(0.34) 354(0,30) 82.5(0,14) (23(0,13)
2.7(0.43) 54.3(0.20) 27,9(0.31) 8Z2(0,07) 112(0.09)
9,2(0.50) 62,2(0,08) 48,4(0,24) 111(0,19) 204(0.16)

lrj(0.14) 286(0.10) 39.0(0,25) 33.0(0.10) 72.0(0.01») 15.9(0.19) 320(0,09)
1«)(0.14) 271(0.19) 36.4(0.18) 30.9(0.19) 67,4(0.03) 15,6(0.07) 330(0.04)
139(0,36) 342(0,13) 484(0,19) 41.1(0.11) 89,5(0,10) 20,0(0.22) 307(1X07)

1,3(0,10) 68.7(0,21) 8,1(030) 768(0.06) 119(0.09)
1,3(0.13) 57.6(0.30) 21,0(0.3) 786(0.13) 143(0.15)
5.2(0,39) 56,3(0,15) 35,7(0.4) 92.0(0,15) 180(0,27)

154(0,16) 275(0,18) 420(0.29) 28.9(0.12) 70.9(0.1!) 13.6(0.14) 325(0.09)
123(0,08) 266(0,11) 40.0(0.25) 27,4(0.19) 67.4(0,06) 14.2(0,22) 352(0.03)
159(0,17) 339(0,17) 48,0(0,24) 32.9(015) 80,9(0,11) 20,3(0.27) 321(0.07)

Table I: P fractions obtained as Hedley's method (1), in mgP/kg (means and C V; n>6).
is Po-NaOH. Consequently, inorganic fertilizer P has converted in an organic form and has been
adsorbed to sesquioxides. This is found principally with a fertilization level of 100 kgP/ha and in a
much lesser extend with 50 kgP/ha. With the latter treatment fertilizer P mainly remains in the more
labil P fractions. This may be interpreted as that a certain P threshold level must be reached until
fertilizer P enters the more stable P forms.
At 10-20 cm soil depth P concentrations diminished in all the P fractions compared to the upper layer
in unfertilized as in fertilized plots, except the residual P. 50 kgP/ha fertilization did not or only to a
very low extend increase P concentrations, whereas the 100 kgP/ha level had a considerable effect on
all the P forms, but especially on the Pi-NaOH fraction.
In the deepest layer (20-40 cm) there is only a small fertilization effect with both fertilization levels.
The results show that fertilization increased principally P concentrations of P fractions which are
considered to have a low instantanuous plant availability, although Po-NaOH is characterised by
Tiessen (3) as a rapid turnover fraction (Table II).
Rapid-PI
Rapid-Po
Slow-PI
Slow-Pa

0-10 cm
Control S0kgP/ka lOOkgP/ha
40,7
55,8
79,5
302
353
507
136
158
199
21,4
26,1
26,1

10-20 cm
Control S0kgP/ha IOOfcgP/ba
49,6
57,0
713
198
187
187
178
164
272
33,1
30,9
41,1

20^40 cm
Control S0fcgP/ha IOOkgP/aa
70,0
58,9
61.5
162
144
195
201
215
257
28,9
27,4
32,9

Table II: Distribution of P among the forms according Tiessen (3), in mgP/kg.
The high proportion of P extracted with NaOH in all layers demonstrates the importance of
sesquioxides for P metabolism in this type of soils. On one hand, this may reduce the effectivity of a
P fertilization for plant nutrition due to the strong adsorption of P to sesquioxides, but on the other,
this can be seen as a mechanism to prevent P losses from the forest ecosystem.
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(3) TIESSEN et a/.(1984) Pathways of phophorus transformation in soils of differing pedogenesis.
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(4) MENON, R.G. et al (1989): Modified techniques for preparing paper strips for the new Pi soil
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Fijación de Potasio en Vertisoles, Inceptisoles, Andisoles
y Ultisoles de Costa Rica
C. H e n r i q u e z , E. Bornemisza y F. Bertsch. Centro
de
Agronómicas. Universidad de Costa Rica, San José, Costa Rica.

Investigaciones

Abstract. The potassium fixation of 107 soil samples of the four major agricultural soil orders of
Costa Rica (Vertisols, Inceptisols, Andisols and Ultisols) were determined by the method proposed by
Diaz-Romeu and Hunter (1978). A linear model described the relation between K added and K
extracted by orders of soils up to 0.9 cmol(+)/L of K added; for larger amounts of K added, a
quadratic model was necessary. In average, % K fixed decreased from Vertisols (56%), to Inceptisols
(33%), to Andisols (29%), and to Ultisols (16%). Therefore, K fixation is an important factor to
consider while fertilizing all soil orders, including Andisols and Ultisols.
Introduction. El fenómeno de fijación de las formas de K disponible en el suelo cumple un papel
importante en la dinamica del K en los suelos (6). Parte del K que es adicionado al suelo en forma de
fertilizantes pasa, dependiendo del tipo de arcilla dominante, el equilibrio existente en las formas de K
y las condiciones de humedad presentes, a formas fijadas que no pueden ser aprovechadas
inmediatamente por los cultivos (8,10). Para que la fijación ocurra es necesario que el ión se
deshidrate y se introduzca en el espacio interlaminar; este fenómeno neutraliza las cargas, colapsa los
espacios y regenera la estructura original (1,11). La mayon'a de los autores serialan que la fijación de
K es nula en caolinitas, gibbsitas, cloritas y micas, débil en montmorillonitas, variable en ilitas y fuerte
en vermiculitas (2,8,11). También hay literatura que demuestra que los materiales no cristalinos como
los alofanicos podrian fijar K (7,12,13). Para evaluar la magnitud del fenómeno se han utilizado las
isotermas de intercambio (4,5) y los conceptos de Q/I (10). En Costa Rica el método que se ha usado
es el de curvas de sorción (3). Todas estas metodologfas tienen dificultades para extrapolar sus
resultados al campo, sin embargo pueden tener gran valor comparativo.
Debido a que en Costa Rica se tiene muy poca información sobre la fijación de K en los diferentes
tipos de suelo, el objetivo de este estudio fue cuantificar y comparer el comportamiento de esta variable
en los cuatro órdenes de suelo de mayor importancia agrfcola del pais.
Materiales y Métodos. Se utilizaron 107 muestras de suelo provenientes de los cuatro principales
órdenes de suelo de Costa Rica (Vertisoles, Inceptisoles, Andisoles y Ultisoles). El muestreo fue
realizado en los 20 cm superficiales. Para determinar el % de fijación de K se utilizó el método de
sorción de K en seco propuesto por Diaz-Romeu y Hunter (3). El método consiste en anadir al suelo
diferentes niveles del elemento en solution (0, 0.11,0.22, 0.45,0.90, 1.80 cmol K(+)/L) y dejar que
la muestra se seque; luego, el K es extrafdo con la solución Olsen Modificada y determinado en un
espectrofotómetro de absorción atómica. La fracción fijada se obtiene al restar el K extraido del K
afladido. Para explicar el comportamiento general de la fijación de K en cada orden de suelo se
utilizaron modelos de regresión cuadraticos y lineales. El % de fijación se estimó a partir del modelo
lineal, segün lo seiïalan otros autores (9), con la siguiente ecuación: % de fijación de K = (1-b)* 100.
Resultados y Discusión. El comportamiento de la fijación de K en todos los órdenes de suelos se
describió matemaücamente con un modelo de regresión lineal hasta concentraciones de 0.9 cmol (+)/L
de K y en forma cuadraüca para cantidades superiores, hasta 1.8 cmol(+)/L de K agregado. Esto
significa que el fenómeno de fijación ocurre mas intensamente a bajas concentraciones. No se
encontró correlation alguna entre el porcentaje defijaciónde K y la cantidad de K disponible extraida
con Olsen Modificado. El contenido de arcilla tampoco guardó relación con el % de fijación de K, lo
que serlala que son las caractensticas mineralógicas de las arcillas de cada orden, las principales
responsables del fenómeno de fijación de K, y no el contenido total en si mismo. Se encontró que el
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porcentaje de fijación promedio en los 4 órdenes de suelo decreció en la siguiente secuencia:
Vertisoles (56%) > Inceptisoles (33%) > Andisoles (29%) > Ultisoles (16%). Los valores mas altos
de fijación de K se encontraron en los suelos de caractensticas vérticas, debido principalmente al tipo
de mineralogia dominante (arcillas 2:1). Mas del 80% de los Vertisoles presentaron valores entre 40 y
80% de fijación. El 80% de los Inceptisoles fluctuaron en valores de fijación de K entre 20 y 60%,
sin embargo, no se encontraron valores mayores de 60%. Esta situación indica que el fenómeno es
comün en este orden de suelos pero no de tan alta magnitud como en los Vertisoles. En los Andisoles
el coeficiente de variación fue alto, lo que indica variabilidad en la naturaleza mineralógica de las
cenizas, en el clima, tiempo de desarrollo y manejo de estos suelos. La fijación de K en este orden fue
mas alta de lo esperable, pues un 65% de las muestras presentaron valores entre 20 y 40% y un 8%
tuvo valores mayores al 60%. En el caso de los Ultisoles se presentaron las menores fijaciones de K,
pues un 60% de las muestras presentó valores inferiores a 20%; sin embargo, se presentaron
fijaciones fuertes dadas las condiciones mineralógicas dominantes en estos suelos (arcillas 1:1).
En sfntesis, especial atención merecen los altos valores obtenidos en Andisoles y Ultisoles. La
intensidad del fenómeno puede atribuirse parcialmente a las debilidades de la metodologia usada,
especialmente relacionadas con el proceso de secado de la muestra que podrfa favorecer el incremento
de la fijación de K (14), sin embargo, estos altos valores muestran que la fijación de K es significativa
y deberia ser considerada con mayor atención en el manejo de este elemento en muchos suelos del
trópico.
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Variations in the Relationships between Na/K and the
Relationship between Root/Shoot in Tomato Plants.
M. C . Olmedo B \ L. J. Cajuste, and E. Osores C. Department of Soil Science, Colegio
de Postgraduates, 56230 Cahpingo, Mex. Mexico.

Introduction. Tolerance to salts is the ability of plants to develop in a salty environment. Plants that
tolerate large quantities of salts en the soil normally gather large concentrations of salts in their
leaves. Tolerant crops usually have low ionic concentrations in their aerial parts than the
sensitives. Mckimmie, found that tolerance seems related with the ability of strong plants to keep low
ionic concentrations, particularly in the leaves and a bigger growth that could be due to the effect
of dilution of ions. Though it has been reported that the relationship between Na/K cannot be used
as general parameter to figure out the tolerance of a plant to salinity, it has been found that it can
be used as an indicative to improve tolerant plants to salinity. The objective of this work was to study
the effect of the relationship between Na/K in the different parts five varieties of tomato and the
relationship root/shoot under similar conditions of salinity.
Materials and Methods. The experiment was carried out in a greenhouse.Five varieties of a hybrid
of tomato were used, these were sown directly in 5 k capacity pots. After germination five plants per
pot were left to grow. Four types of soil with different salts of a saturated extract were used.
Weekly a nutritious solution was applied. After 55 days of growth only two plants were left per pot.
The stem leaves and fruit (when present) of two of the removed plants were separated. The
vegetative material was washed and dried in an air pressured oven at 65°C during 72 h. The
vegetable extract of the different parts of the plant was obtained first predigesting the samples with
2ml of H 2 0 2 and then digested with a binary mixture of H2S04 and HC104 4:1. An spectrophotometer
flame was used to figure out Na and K. The data was statistically analyzed by SAS.
Results and Discussion. The largest yield in fruit and dry w ight of the aerial part coresponds to
the varieties Milagro and Viva Italia. On the other hand after the experiment it was observed that dry
weight increased in all varieties studied at a level of 10 dSm1 (Table 1). The root was the most
affected showing at the beginning of the development a decrease in dry weight in almost all varieties
except Heatwave. The stem showed an increase in weight since the level of salts in the soil of the
samplings raised except in Viva Italia that showed a slightly decrease in weight. Perez et al. found
that the most tolerant varieties to salinity showed less reduction in dry weight, also for the variety
Milagro. With respect to the relationship root/shoot (stem + leaf) this tends to decrease in all
varieties when the concentration of salts in the soil increase in the two samplings. It was also
observed that in the varieties Milagro and Viva Italia this relationship disminished in in the second
sampling, these varieties obtained the largest yield (17.57 and 12.43 respectively). The relationship
Na/K in leaf and stem was less in the varieties Viva Italia and Milagro (fig. 1). This agreed with the
results obtained by Saranga where the most tolerant varieties to salinity had a greater relationship
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K/Na. Though the parameter is not final to classify plants as tolerant or not to salinity it can be used
as a tool to select crops tolerant to salinity.
Table 1. Dry weight of root, stem and leaf of tomato plants and its relationship root/shoot.
Salinity

Variedad

Root

J_

Stem

Leave

Root/Shoot

Empi re

2
8
10

0.38
0.33
0.31

7
1.17
0.83
1.30

Viva

2
8
10

0.56
0.46
0.41

1.03
0.93
1.57

1.48
1.04
1.48

8.00
6.87
12.23

2.47
2.24
3.59

3.33
2.70
6.07

0.141
0.141
0.081

0.091
0.098
0.086

Celebrity

2
8
10

0.33
0.28
0.32

0.10
0.90
1.77

1.60
0.88
1.34

5.16
6.98
4.24

1.89
2.10
3.16

3.20
3.47
7.73

0.096
0.095
0.070

0.132
0.086
0.148

Heatwave

2
8
10

0.35
0.40
0.36

1.20
1.07
1.50

1.44
1.07
1.36

3.17
5.39
5.86

2.12
2.45
2.99

3.17
3.73
6.60

0.099
0.113
0.083

0.189
0.117
0.120

Milagro

2
8
in

0.42
0.38
n 7A

0.80
0.67
1 w

1.21
1.22
1 X?

5.15
5.91
9 1(1

2.22
2.53
7 ru

2.57
3.07

0.122
0.102

0.104
0.074
n nn7

Italia

1
1.28
1.05
1.24

?
4.28
5.23
5.79

1
2.32
2.41
3.16

?
3.67
3.73
5.50

1
0.106
0.096
0.070

7
0.137
0.093
0.115

0.35

-B-
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Figure 1. Relationship Na/K in root, stem and leave of tomato plants.
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Potassium Quantity-Intensity relationships in Calcareous
Soils from Mexican Valley of Cocula, Guerrero.
J. Cruz* D., R. Carrillo G., M. Solis M. and L. J. Cajuste. Department
of
Soil
Science,
Colegio de Postgraduados.
56230 Montecillo,
Mexico
INTRODUCTION. The calcareous soils of the Mexican Valley of Cocula, Guerrero are
considered rich in K, because these soils are exposed to a slow weathering, that is a limited
intensity of disgregation and lixiviation of this element.
However, there have been few studies dealing with the dynamic of soil K in this region. In
these soils corn, soybean and another species have been intensively cultivated without K
fertilization, suggesting that the native K is being under constant removal by these crops. Q/I
curves of K have showed slightly more success than exchange isotherms and they are still
today applied to asses K availability (5, 6, 10, 11, 12) Then, the objective of this study was
to evaluate the status of soil K in this region by using physico-chemical parameters such as
Quantity and Intensity factors (Q/I).
MATERIALS AND METHODS. Twelve calcareous inceptisols soils were collected in the
Mexican Valley of Cocula, Gro., for physical-chemical analyses. Particle size analyses was
determined by the hydrometer method (3). The soil pH was determined from a 1:1 soil-water
mixture. Organic matter was determined by the Walkley-Black procedure (3). Exchangeable
Ca, Mg, and K were extracted with IN NH4OAc (8). Total carbonates were determined by
the method of Sokolovith cited by Cajuste (4) and active carbonates by the method of
Duchaufour (7). The quantity and intensity values of soil K were measured according to the
procedure given by Beckett (1, 2), using as reference solution 0.002M CaCl2 containing
different concentrations of KC1 (0 to 1.4 mmol). The extracts were analyzed for K by flame
photometry and for Ca + Mg by EDTA titration.
RESULTS AND DISCUSSION. The exchangeable potassium in the soils varied from 0.29
to 1.80 meq/100 g soil with an average value of 0.91. The ARok values varied from 0.027 to
0.059 (M l"1)"2 giving an average value of 0.04 (M l"1)"2, which agrees with normal values
for soil K, according to Woodruff (9), Table 1.
Table 1. Quantity-intensity (Q/I) parameters of some soil samples from Cocula.
Sites

Zoquital
Villa Gro
Cahuilote
Arcos
Atlixtoc
Cocula

ARok
(mol I"')"2

0.053
0.032
0.036
0.035
0.039
0.039

Ko
KL
meq 100 g"'

0.81
0.48
0.97
0.55
0.25
0.73

1.30
1.20
1.46
1.20
0.92
1.30

Xx

PBC
meq 100 g'
(mol I1)"2

0.49
0.72
0.49
0.65
0.73
0.57

0.116
0.056
0.180
0.107
0.090
0.100

135

The Ko (pool K) was 0.58 meq 100 g"1 soil; this value suggests that there is a good reservoir
of the labile K as being available for crop growth, Fig. 1.
The values of KL were obtained by the extrapolation of Q/I curve; the mean was 1.04 meq
100 g"' soil that is 0.12 meq 1008'' soil higher than average of exchangeable K. The Kx mean
was 0.48 meq 100 g'1 soil in specific sites with a high K affinity.
Data for PBC ranged from 0.056 to 0.18 meq 100 g 1 (M l"1)"2. The correlations between the
parameters of the curves Q/I and some chemicals properties of the soils were examined.

0ê4

1.8ft

086

AFUmol

1.69

1.77

l")

Fig. 1. Potassium Quantity intensity Q/I relationships in Apango soil from Mexican Valley of Cocula, Guerrero.

The activity ratio ARok or K inmediately available and clay content has an negative
correlation, R2 = 0.689 (P<0.1%). When clay content was low the activity relationship ARok
increased, this suggests that the clay content has an negative effect on inmediatly available
K in those soils. The Ko and KL were positive and significantly correlated with exchangeable
K with R 2 = 0.667 (P<0.1%) and R 2 = 0.691 (P<0.01%) respectively. Negative correlations
were obtained between ionic relationship of K (Ca + Mg)"1 and the parameters Ko (pool K)
with R 2 = 0.531 (P<0.1%) and KL (labile-K) with R 2 = 0.635 (P=0.1%). These results suggest
that with low ionic relationship, there is more available K.
The soils studied have a medium buffer capacity for K, which suggests that is necessary a
minimal effort is necessary to restore the removed K from soil solution. The levels of KL
would indicate that these soils have a high capacity of labile K. The mean of labile K (pool)
was 406 ppm, which is sufficient for growing adequately corn without fertilization. However.
There may be a need in the future to apply K fertilizers to these calcareous soils, if the
traditional monoculture is continued.
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Potassium movement after the application of
vegetation water on soils
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I n t r o d u c t i o n . Vegetation water is a liquid residue of the olive oil extraction processes. Due
to the prominent presence of olive in the life of mediterranean countries, and to the progressive
concentration of oil factories in recent years, the pollution risk of this by-product has increased
greatly. Vegetation water was discharged into the rivers producing an appreciable damage in
aquatic life.
In an attempt to solve the problem water authorities recommended the storage of vegetation
water in ponds, from which the liquid could be evaporated or infiltrated into the soil, and
the dry residue could be accumulated safely. The results are not satisfactory, ponds act as
a water trap because both evaporation and infiltration processes are very slow. Nevertheless
vegetation water contains an important amount of nutrients that may be profited by the soil.
Land application was a common practice in former times. Therefore attention has returned to
this method, whose main difficulty may be the required dilution not to kill soil microbial life.
The purpose of this report is to present results of field and laboratory trials of land application
of vegetation water.
M a t e r i a l s a n d M e t h o d s . A long term application experiment has been established in 1982,
in an experimental farm located near Jaen, the core of the olive region of southern Spain.
The climate is typical mediterranean with an average annual rainfall of 450 mm widespread
between Fall and Spring, with hot and dry summers. The soil is clayey, about 50% of the
inorganic fraction, rich in calcium carbonate, classified as Vertic Xerochrtpt under Soil Taxonomy standards. Field application rates of vegetation water were, respectively 0, 100, 200, and
300 mm. T h e usual irrigation water was applied to complement the required volume by the
crops: sunflower, barley, wheat. After the first 8 years several pits were opened to examine the
changes in the soil profile. A leaching experiment in soil columns were setup in the laboratory
with a more permeable material to forecast the possible solute loading t o the water table.
The soil used in this experiment is a loam formed on the alluvium of the Guadalquivir river
near the town of Cordoba, a Typic Xerofluvent rich in calcium carbonate, pH around 8.0, and
organic carbon of 0.87%. The field rates were converted to the soil columns area. Vegetation
water and deionized water were applied keeping a small constant head of solution over the soil
surface. T h e effluent was sampled regularly, and immediately analyzed.
The composition of vegetation water is highly variable, since environmental and agronomic
conditions affect the quality of the olive fruit, and industrial methods modify the final product. In the first state is an acid solution, pH below 5, slightly more dense than water,
rich in solutes, with a EC between 6 and 10 d S m - 1 . The organic and inorganic residues
are about 10 and 1% respectively, and the biochemical oxygen demand oscillates among 40
and 100 g L - 1 . The potassium and phosphorus contents are around 2500 and 150 kgm~ 3 .
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R e s u l t s a n d D i s c u s s i o n . The figure 1 shows the profiles of the potassium content in the
saturation extract and the amount displaced bv ammonium acetate.
I.

ppm

Fig. 1. Average potassium content profiles in the saturation extract, A',, and displaced by
ammonium acetate, K, for the different treatments.
There is an increase on the contents with the dose of vegetation water applied, TO corresponds
to the blank, T l , T2,and T 3 , respectively to the 100, 200, and 300 m m of the residue added.
The profile for the T3 treatment behaves differently from the other treatments. The same
trend was observed i the leaching experiments in the laboratory, as Figure 2 shows.
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Fig. 2. Breakthrough curves for the different treatments. The curves were obtained fitting
the CDE equation, (l),to the average data.
The peak in the effluent occurs before in the columns with the highest application rate. T h e
dose of vegetation water of 300 mm may be considered dangerous since a high concentration
peak moves quickly through the profile. In the field soils the solute displacement takes place
at a lower rate, as may be appreciated in the profiles of Fig.1, but the presence of big pores
and cracks may accelerate the transfer processes. Similar trends have been observated with
other components of the vegetation water.
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CALCIUM/POTASSIUM EXCHANGE IN A CHILEAN
ALLOPHANIC SOIL
I. Salazar*, M. Escudey **and K.W.T. Goulding***
* Dpto. Ciencias Quimicas. Universidad de La Frontera. Casilla 54-D. Temuco. Chile
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Introduction: The soil derived from volcanic ash of southern Chile have an high organic matter
(OM) content, variable charge and capacity exchange cationic (CEC). The OM composition and
mineralogical components of the soil determine the magnitude of the soil-cation interaction,
very important phenomenon for the vegetable nutrition.The mineralogical composition of the
soil controls the various groups of exchange sites that occur (1). The exchange equilibria permit
the characterization of the groups of sites ( 2, 3). The objetives of this work were, to determine
the Ca/K exchange on volcanic ash soil of southern Chile (Vilcun), and characterize the
exchange sites by microcalorimetric measurements.
Materials and Methods: One sample of volcanic ash subsoil (15-30 cm), was collected from a
selected plot of Estación Experimental, Carillanca, Temuco, Chile. The clay fracction ( <2 urn)
was extracted by dispersing the soil with a vibronic ultrasonic and separating it by
sedimentation, afterwards it was separated in two parts: one half of the sample was with organic
matter (OM), VCa+M, and the other with no OM, VCa-M, (Which was treated with H202 30%
to remove OM). Physicochemical properties are shown in table 1. All the samples were made
homoionic with Ca". The Ca/K exchange experiments consisted in equilibrating the soil with
solutions with different proportions of CaCl2/KCl (ionic strength 0.050 mol/1) and a ratio
soil:solution 1:20 (4). Potassuim was determined by flame photometry and calcium was titrated
with EDTA.
Enthalpy of adsorption of the Ca/K exchange was studied by microcalorimetric measurements at
30°C using LKB 2107 microcalorimetric bath (5). The rate of change
of AHx with K
saturation was the differential enthalpy of exchange, d(AHx)/dx.
Results and Discussion. The soil VCa-M, had a greater pH, isoelectric point (PIE ) and CEC
than VCa+M soil (Table 1) due to the OM destruction.
Table l.-Some physicochemical properties of the soil used.
SOIL
VCa+M
VCa-M

Particule Size
u,m
<2
<2

pH
1:2
5.2
7.3

PIE
3.7

OM
%
16.22

24.1

9.2

21.9

CEC
craol+ kg"'
17

9.7

3.85

29.0

12.4

30.0

33
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In soil VCa-M the CEC is 48% higher than VCa+M soil. In the soil VCa-M the adsorbed K and
the Ca are 18% and 64% higher in soil VCa+M, respectively. In soil VCa-M the exchange Ca
contributed in 76% and K in 24% to CEC and in soil VCa+M K contributed in 37% and Ca in
53% to CEC. Most of the adsorbed Ca in opposition to adsorbed K in soil VCa+M could be due
to the high OM content. Due to charge the OM presents a high electrostatic interaction with the
divalent cation (6,7). The VCa-M soil presented higher superficial negative charge (a higher pH,
PIE and lower OM content, so CEC is higher.
The differential enthalpy of exchange, d(AHx)/dx, is a measure of bond strenght. A negative
enthalpy change going from Ca->2K implies stronger bonds in the K-soil complex than in the
Ca-soil complex, and viceversa (I). The VCa+M soil exhibited four types of homoenergetic
exchange sites and VCa-M soil only three types of exchange sites ( Table 2).
Table 2 - Differential enthalpy Ca->2K exchange, -d(AHx)/dx for soils.
VCa + M
- d(AHx) / dx
(kJ eq' )

46.0

26.5

10.5

4.9

3.9

VCa-M
1.2
0.6

In both soils at small K saturations there are groups of sites with large negative enthalpies
(VCa+M.-46.0 kJ/eq; VCa-M:-3.9 kJ/eq) showing strong bonding of K ions to with those sites
(3). The negative values of enthalpies decrease when fractional K saturation (Nk) increases,
showing a lower bond strength between K and the different mineralogical components of the
soil. Without a complete mineralogical analysis of the soils it is not possible to assign the sites to
soil components.
Acknowledgements: Dirección de Investigación de la Universidad de La Frontera. DIUFRO,
proyecto N° 9253 and FONDECYT.
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An improved miscible displacement procedure for studying
the kinetics of interlayer K/Ca exchange in soils
G. Springob*. Institute of Soil Science, University of Hannover, Germany
Introduction
Plants take up K from the soil solution in fairly high rates, a process resulting in reduced solution K concentrations in the rhizosphere, sometimes as low as 2.5 fiM near root surfaces. Under
these conditions, initially nonexchangeable interlayer K may be released into the soil solution
and this way becomes plant available. It is commonly accepted that the K diffusion through the
interlayer space of micas and illites is the rate limiting step which controls the kinetics of the
process. K release rates, therefore, must depend on the concentration gradient between K in the
soil solution ("outer concentration") and K in the mineral ("inner concentration"). The latter can
not easily be quantified but, for a given soil, the rates of K release as a function of the solution
K concentration (and other solution parameters) can be measured with the experimental procedure proposed in the present study. The background of those experiments is the necessity to create
a mathematical model of K release which can be incorporated into comprehensive simulation
models describing the K dynamics in the rhizosphere. Besides K release, the other main processes to be involved in rhizosphere models are root development, K uptake, rates of K diffusion
and mass flow towards the roots and the shift of the instantaneous K/Ca exchange equilibria (in
Ca dominated soil solutions). The result of these plant-induced processes will be a highly variable short-range mosaic of K depleted and more or less unaffected zones in the soil, a pattern effecting a number of different exchange and solution equilibria. Its quantification can hardly be
achieved by means of direct measurements and, for this reason, must be evaluated by dynamic
simulation models. The purpose of the current study is to establish an experimental procedure
for measuring K release rates in the K concentration range down to and below 1 pM in solution,
as the basis for establishing a kinetic sub-model of K release.
Soils and experimental procedure
Soils investigated are topsoils from arable land, derived from sandy loess, weichselian loess and
fluvial deposits. The sandy loess samples originate from the long-term fertilizer trial 'Eternal
Rye Cropping' established in 1878 in Halle/East Germany (1). The plots 'U' (no fertilizer since
114 years) and 'PK' (75 kg K + 24 kg P ha"1 a"1) were investigated. The soils were airdried
and then sieved to obtain small aggregates sized 0.5 to 1.0 mm. 500 mg of these were embedded
between quartz grains of the same size in 5 ml syringes and percolated with CaCk solutions. The
standard Ca concentration was 10 mMc but in some experiments it was varied from 3 to 25
mMc. The temperature was kept at 20°C and the pH at about 6.8. Soil aggregates were used rather than finely ground material to enable high percolation rates of 25 ml h in the early phase
of the experiments. These caused a rapid extraction of 115 to 150% of the conventional NH exchangeable K within 10 to 36 hours. By this procedure a number of equally K depleted sanlples
of each soil was prepared before measuring the release of interlayer K. After the preparative rapid exchange the different samples were treated with different percolation rates ranging from below 0.5 ml h"1 to about 250 ml d"1. This treatment was continued for ten days. It caused a wide
range of different steady-state K concentrations in the K/Ca exchange systems. K was measured
once a day in the collected percolate by flame emission with a precision better than ± 0 . 1 pM.
The K concentrations measured in the percolate (CP) are not equal to the effective concentrations
(CE) governing the K release at the exchanging surfaces. CE is always smaller than CP due to diffusion peculiarities in the aggregate package. CE can be calculated from CP with a procedure described in (2), based on the individual CaCk flow rates in each single experiment.
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Results and Discussion
If all experiments are considered together, then the average effective K concentrations obtained
in the second phase of the percolation procedure (percolation rates varied) ranged from 0.2 to 10
fiM. Some examples are given in figure 1 where the average K release rates are plotted against
the average K concentrations of a ten-days-interval. There was an exponential rise of the K release rates up to more than 250 jimol kg" d"1 in some soils when solution K decreased to values
as low as 1 /*M. If the K release rates of different soils are compared at a fixed level of solution
K, then the fertilized soils showed much higher values than the unfertilized ones, even if the total amount of interlayer K (measured as the total K of the fraction < 2 /xm) was not very different. This finding suggests that some priority should be given to the non-native fixed K from
fertilizer sources when looking for a fraction of 'potentially releasable K' which has to be defined in a kinetic model. The amount of native K bound in dioctaedral illit is by far larger than the
fraction of the fixed K but it seems to be of minor importance for K release. Native K is released, e.g., from the unfertilized plot 'U' of the 'Eternal Rye' (fig. 1). The curves show that
release rates are low and that release takes place at extremely low concentrations. Nevertheless,
even in the K concentration range below 1 /tM, K release still is determined by the K concentration of the solution indicating that there do not exist any "potential rates of K release" which
would have to be unaffected by the solution K concentration.

Figure 1:
Rates of K release from topsoil
material from the long-term
fertilizer trial 'Eternal Rye'
PK: 75 kg K h a 1 a 1 , 114 years
U : Unfertilized since 114 years

2
4
6
8
Solution K concentration l u M ]

The functions of K release rates vers. K concentrations were markedly different on different levels of the Ca concentration of the solution showing that the influence of the exchanging ion has
to be considered if the process of K release is to be modelled. The K release rates, therefore,
were plotted against the Gibbs' free energy of the K/Ca exchange as defined by dG=RT In AR.
AR marks the K/Ca activity ratio (aK/vaCa) (3). On this basis, congruent release functions
could be found for different Ca levels for the 'Eternal Rye' PK-plot. Experiments being performed currently are designed to test these results. If they are successful, then dG or AR may be
considered to provide a satisfying basis for describing both, the "immediate" (3) and the "slow"
K exchange in Ca dominated soils. However, conventional presentations based on average values
for any time interval arbitrarily selected, like the ten-days-examples in figure 1, are of limited
value, especially if more than one governing parameter varies. Figure 1, e.g., implicates that the
total amount of releasable K is constant, or, alternatively, declines with the same rate in every
single percolation experiment. This is not exactly true as those plots running at a low K concentration had lost a lot more of K than those running at a high concentration; a dynamic model is
needed to understand and to predict this whole exchange system.
Literature
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Iron control in solutions from hydromorphic soils under temperate
climate by equilibrium with a mixed Fe(II) - Feflll) mineral,
ferrosoferric hydroxide
G. Bourne* and V. Maitre. Laboratoire de Science du Sol, Institut National de la
Recherche Agronomique, 35042 Rennes Cedex, France
Introduction. Iron dynamics in soils is mainly due to oxido-reduction processes. However, the
extensive use of (Eh, pH) diagrams under the classical assumption that iron is controlled by the less
soluble mineral under the conditions considered proved to be misleading. Iron control by equilibrium
with solid soil phases must then be discussed on the basis of a detailed analysis of iron species in
solution, along with appropriate procedures for the collection and preservation of soil solutions. Such
procedures were designed and used in a study of iron dynamics in hydromorphic soils on granites in
Armorican Massif (1, 2, 3). These procedures allow to determine the pool of aqueous Fe(II) in
solution, which in conjunction with pH and Eh measurements in the field, permits to compute ionic
activity products of Fe bearing phases, and to discuss iron control by mineral/solution equilibria.
Materials and Methods. Soil solutions were extracted in situ by means of a device preserving the
solution from any contact with atmospheric oxygen, and in the dark, which prevents from any
oxidation or photoreduction process (2). Free waters were sampled and simultaneous measurements of
pH and Eh (pe) were performed in the field.
Iron speciation was determined in the laboratory immediately after sampling and filtration, by a
colorimetric procedure based upon the complexation of Fe(II) by bathophenanthroline with extraction in
an organic phase, chloroform, which allows the specific measurement of the pool of aqueous Fe(II)
species (2). From the complete analysis of the solutions, distribution of ionic species and activity
coefficients were computed. From the activity of aqueous Fe^4" and the activity of the electron, the
activity of Fe^ + can be derived, which allows in turn the computation of ionic activity products for any
type of Fe-bearing minerals, such as Fe(TT), Fe(ITI) or mixed Fe(II) - Fe(IÜ) oxides, hydroxides and
oxy-hydroxides. By this way, it is possible to check the control of aqueous Fe by mineral /solution
equilibria more confidently than from the analysis of total Fe, as it is well known that total Fe in
"solution", even after 0.2nm filtration or dialysis, includes very fine colloidal particles consisting of
ferric oxides (s.1.), organo-ferric complexes, and ill defined hydroxopolymeric species.
These procedures were applied to the study of soil solutions extracted from hydromorphic soils on
granites in Armorican Massif. The results were plotted either as classical (pe or Eh, pH) diagrams, that
do not use the information derived from the analysis of dissolved iron (fig. 1), or as equilibrium
diagrams (log ionic activity product vs. factors of equilibrium) (fig.2), that use all the information
available on the system.
Results and Discussion. The results show that there is a discrepancy between the classical (pe or Eh,
pH) diagrams (fig.1), that indicate that the solutions lie in the field of stability of the most stable
phases, namely Fe(III) oxides (s.1.), such as FeOOH or Fe(OH)3 and the equilibrium diagrams (fig.2),
that show aqueous Fe to be controlled by the equilibrium with a mixed Fe(II) - Fe(III) phase, the
ferroso-ferric hydroxide Fe3(OH)g. This discrepancy is due to the fact that the classical (pe or Eh, pH)
diagrams are built on the assumption that Fe is controlled by the less soluble mineral that can form
under the (pe or Eh, pH) conditions considered. This assumption does not hold for Fe under the
surface conditions, and thus these diagrams lead to erroneous conclusions and equilibrium diagrams
must be preferred. The control of aqueous Fe by ferroso-ferric hydroxide Fe3(OH)8 is here clearly
demonstrated by the constancy of ionic activity product when pH, pe and total Fe(II) vary; the same
control of Fe was earlier demonstrated in flooded tropical soils (4) and experimentally under neutral to
alkaline conditions in soils from Colorado (5). Here, the same mechanism accounts for Fe control in
acidic to neutral hydromorphic soils under oceanic temperate climate. However, this mixed Fe(ü) 143

Fe(III) hydroxide was not yet characterized as a well defined solid phase. The geochemical control
seems thus to be due to this mineral species, but it must be considered as a precursor of the ultimately
stable Fe(Ill) oxides (s.t.).
Literature Cited.
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Soil Science Society of America Journal 47:201-205.
Figure 1: (pc. pi 1) diagrams for Fe*"1 activities respectively 10 ^ M (left) and 10"" M (right)
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Influence of Metals on Mangrove (Kandelia candel) Forest
C-Y Chiu, Y-S Huang and C-H Chou. Institute of Botany, Academia Sinica,
Taipei, Taiwan 115, R. O. C.
Introduction. The mangrove ecosystem plays a key role in nutrient and metal cycling in tropical
estuary areas. There is great concern about the impact on estuary ecosystems by the metallic
balance in mangroves, but there has been little available information. This paper describes an
investigation of the behavior of Kandelia candel, a dominant species of mangrove in Taiwan, in an
environment with high levels of metallic elements.
Material and methods. Soil and plant samples from the field were used to determine the
distribution of metals. Pot experiments were conducted both with continuous flooding and with
infrequent watering to check the affect of flooding on the uptake of metals by K. candel.
Hydroponic treatment was conducted to identify the combinative affect of salinity and Cu or Zn
on the growth of K. candel. Extracted and digested samples were analysed by atomic absorption
spectrometry.
Results and discussion. The accumulation of Cu, Zn, Cd, and Ni in estuary soil was closely
correlated to the frequency and duration of the tidal flood; the availability of these heavy metals in
the submerged mangrove soil was reduced by chemical changes, which subsequently reduced their
uptake by plant tissues. Pot experiments showed that uptake of heavy metals by K. candel was
induced when the watering regimen changed from a continuous flooding to infrequent watering.
The uptake of Fe and Mn was negatively correlated to the frequency and duration of the tidal
flood. No obvious affect was found on the uptake of Na, K, Ca and Mg. Sequential extractions of
mangrove soil showed that the labile fraction contained a relatively small proportion of the total
amount of heavy metals in the estuary. There was a sequential decline in the concentration of
heavy metals in K. candel from roots to stems, leaves, and seedlings. A salinity of 0. 875% (onequarter that of sea water) produced the best growth of AT. candel. The toxicity of Cu and Zn to K.
candel was reduced when NaCl was present in the culture solution. Concentrations of Zn and Cu
in the root tissues increased remarkably with increasing concentrations of these metals in the
culture solution, especially in the absence of NaCl. No significant accumulation of Cu and Zn were
found in branches and leaves.
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Zinc Status of Rice Cultivated Soils in Cuba
O. Muniz*, A. Ojeda and R. Beltran. Department
Soils, Boyeros, C. Habana, Cuba.
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Introduction. About 130000 ha irrigated rice are cultivated by the state in Cuba every year in
coastal regions at the south of the island on both clayey (mainly Vertisols) and sandy soils (mainly
Alfisols), occupying the first group 70 % of the total area. Zn deficiency is, after N and P, the
most frequent nutritional disorder in rice, therefore Zn diagnosis based on soil test (among other
determinations) and corresponding correction recommendations are offered every 3 years by the
Agrochemical Service from Ministry of Agriculture of Cuba to the 6 State Rice Enterprises settled
along the country. Present report shows results obtained during 1992.
Materials and Methods. Soils composed samples of 15 subsamples taked in diagonal from the top
20 cm every 8 ha and conveniently prepared, were used. N NILAc at pH 4.8 (5 g of soil shaked
for 1 hour with 50 ml of extractant) and atomic absorption as analytical technique was employed,
methodology previously calibrated for rice in Cuba(l). Three categories were established: Low
( < 1.5 ppm Zn), Marginal (1.5-2.0 ppm Zn) and Adequate (> 2.0 ppm Zn).
Results are usually presented as map and the correspondying fertilizer recomendations are
elaborated.
Results and Discussion. The Table summarizes soil Zn Available content of studied areas. In
despite of former soil Zn applications, 37% of the total area has a low Zn available content, event
tightly binded to the increase of soil pH: 51 % of the studied area presents values greateer than 6.0
and frequently greateer than 7.0. Thus, 96% of Los Palacios Enterprise area, with poor (sandy)
soils, is adequate in soil Zn level, but 88% of the area has soil pH values below 6.0, whereas 48%
of Sur del Jibaro area is Zn dfeficient but most of soil pH values are 7.0 and greater. These high
soil pH values are due to the fertilizers sources applied, the continous rice over rice cultivation in
soil reduction conditions and increasing salinity processes. Between 1989 and 1992 an 11 % increase
of high soil ph values ocurred.
Zn deficiency is corrected by soil application of 10 kg Zn/ha as zinc sulfate (with a 4 consecutive
seasons residual effect) or cuban produced zincated urea (2% Zn) and foliar spray of 3% Zn
solution at tillering stage and 3 weeks later (2), according to studies previously developed in the
country.
Literature Cited.
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Table. Zn available content of rice cultivated soils in Cuba.
Rice
Enterprise

Studied
Area (ha)

Los Palacios
Semilla Habana
Sur de Matanzas
Sur del Jibaro
Ruta Invasora
Fernando Echenique
Total

ha per category (% of studied area)
Deficient Marginal
Adequate

34785
1839
5033
26209
18680
25914

347 (1)
92 (5)
3976 (79)
12580 (48)
10274 (55)
14771 (57)

1044 (3)
239 (13)
503 (13)
3407 (13)
1681 (9)
3887 (15)

33394
1508
554
10222
6725
7256

112460

42040 (37)

10761(10)

59659 (53)
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(96)
(82)
(11)
(39)
(36)
(28)

Zinc Diffusion in Several Soils of Bangladesh as
Measured by Graded Levels of Zn-65
Sultana Ahmed*, D.L. Deb, and S.M. Rahman. Bangladesh Institute of
Nuclear Agriculture, P.O. Box 4, Mymensingh, Bangladesh. Nuclear Research
Laboratory, Indian Agricultural Research Institute, New Delhi 110012
EXTENDED,SUMMARY
INTRODUCTION Mass flow and diffusion are the two principle mechanisms for
transport of nutrients to root (Barber» 1962). In recent years, zinc as an
essential micronutrient for wetland ride cultivation gained major importance
under intensive agriculture. But due to }.ow concentration of zinc in the ambient
solution, mass flow cannot supply it adequately to plant roots (Wilkinson et al.
1968). As such its movement predominantIjy occurs by diffusion (Elgawhary et al.
1970). Furthermore the magnitude of transport of Zn by diffusion is dependent on
the concentration gradient between the s|oil and root surface, whose appropriate
measure is given by its diffusion coefficient and the capacity of the soil to
replenish zinc taken up by plants (capacity factor). Since soils vary widely in
their physical and chemical characteristics, their diffusion coefficient also
would be influenced accordingly which, jjn turn, will affect the uptake of Zn by
roots. In the present investigation efforts were made to study the influence of
graded levels of fertilizer Zn application on the diffusion rate of Zn-65 and
capacity factor in six soils from different agro-ecological zones of Bangladesh.
MATERIALS AND METHODS
Laboratory experiments were conducted to study the
inf luenceofQfiMkce twethe rate of «'Zn diffusion and capacity factor in six soils
ÖT ^angladesR~HaTn"eIy~Ci-)-'KtstiDreKanj-|'("ll) Mithapukur- i ill) - Jaypurhat -•< iv)
Dinajpur, (v) Natore and (vi) Panchagarh, which represented five major soil
groups of the country such as, (i) non-calcareous dark grey floodplain (Typic
Fluvaquent), (ii) grey floodplain, non-isaline (Fluvaquentic Haplaquept) (iii)
grey floodplain non-saline (Typic Haplaquept) (iv) grey terrace (Typic
Haplaquept) (v) calcareous dark grey floodplain (Aerie Fluvaquentic Haplaquept)
and (vi) black terai (Typic Haplumbrept),respectively. The half-cell technique
of Brown et al. (1964) was followed to determine the self diffusion coefficient
of zinc in soils. For the purpose, 0, 2 J 5 , 5 and 10 ug Zn/g soil was applied to
specific quantities of soils in corning glass beakers. The zinc treated soils
were subjected to alternate wetting and (drying cycle (dried at 60-70'C). To half
the calculated amount of each soil sample (16.70 g) which was chemically
equilibrated with non-radioacitve (career) zinc levels, required amount of
tracer was added to maintain an activity* ëf 0.1 uci "Zn/g soil and was subjected
to identical wetting and drying cycles. THe oven dried soils were finally ground
and packed in diffusion cellls to a bulk density of 1.45g cm» and at soil
moisture tension of 0.33 bar. Each diffusion cell comprised of two half-cells,
one containing "Zn (16.70g) labelled; "soil and the other non-radioactiye
soils.The half-cells were allowed to equilibrate for 72 hours covering them witn
polythene sheet. Afterwards, the diffusion cells were inverted and held together
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by rubber bands in order to have maximum contact between labelled and unlabelled
soils. The diffusion cells were kept in humidicator in a cold room at a constant
temperature of 10'C ± 5'C for 15 days. All the treatments were replicated thrice.
After the diffusion period was over (15 days), the two half-cells were
separated. The radioassay of zinc was done after grinding and thoroughly mixing
the oven dried soil cores separately for each of the half-cells and meausred in
a single channel ECIL spectrometer connected to a well type scintillation
counter. The apparent self-diffusion coefficient of zinc (Da Zn) has been
calculated following the equation of Phillips and Brown (1965) which is : DaZn
= *rfh'F'/t.
The capacity factor (B) of zinc was determined in all the equilibrated
soils which did not receive Zn-65. The investigation was done following the
procedure as outlined by Elgawhary et al. (1970). A known activity (4000 cpm/ml)
of "Zn in 10 ml of deionised water was added to 5 g of equilibrated soil sample
and shaken for 24 hours.
The suspension was centrifuged for 10 minutes at 5000
rpm. Radioassay of ,5Zn was done by taking 2ml of the aliquot from clear solution
in a scintillation counter. The capacity factor (B) was calculated from the
amount of isotope originally added to the soil and the activity of the isotope
remaining in the solution.
RESULTS AND DISCUSSION
The results indicated that diffusion coefficients of
zinc did not vary much with the three levels of zinc in most of the->soils under
study. The values of Da Zn in different soils ranged from 0.45 X 10 to 5 X 10-'
cm'/sec. It was observed from the data that on an average diffusion coefficient
(Da Zn) increased upto the carrier level of 5 ugZn/g soil and then decreased
at the higher carrier level of 10 ug Zn/soil in all cases. The capacity factor
determined for six soils under 3 carrier levels showed wide range of variability
among different soils. Such results indicated that these soils are not well
buffered with respect to zinc. In other words, the applied zinc remained mostly
in soil solution,and very little was adsorbed on the soil surface. In general,
higher -capacity- factor (B)- values were- also recorded-with earrier level of 5 ug
Zn/g soil which decreased with increasing rates of zinc.
The self diffusion coefficient of zinc values were found to be quite high
to maintain an optimum level of diffusive flux of zinc to plant roots in all the
soils. The significance of some low values of capacity factor (B) indicated no
fixation problem of applied zinc except Natore soil which is calcareous in nature
having higher B-value. In such soils, there is likely to be a problem of zinc
fixation which may be manupulated by proper soil management practices (Sharma and
Deb, 1988). As zinc diffusion coefficients have direct bearing on crop uptake,
increasing diffusion rates of zinc in soil by op', \mising soil conditions might
complement the need of zinc fertilization to certain extent.
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Sequential Extraction of Iron in Some Calcareous Vertisols of
Kamataka, India
R M. Yerriswamy, N. Vasuki, J. Vishwanath, and H. B. Raghupathi Division
of Soil Science, University of Agricultural Sciences,'Dharwad 580005 India

I n t r o d u c t i o n : The a v a i l a b l i l i t y of iron f o r plant growth
is
governed by the amount and the form in which i t i s p r e s e n t in
soils.
Therefore,
fractionation
of
soil
iron
is
useful
in
q u a n t i f y i n g the forms of iron that are p o t e n t i a l l y
available
for c r o p s .
The e x i s t e n c e of e q u i l i b r i u m among d i f f e r e n t forms
of
iron
in
soils
has been
reported
(1).
In t h i s
paper,
d i s t r i b u t i o n of d i f f e r e n t forms of iron and t h e i r r e l a t i o n s h i p
with s o i l p r o p e r t i e s in some c a l c a r e o u s v e r t i s o l s of Karnataka,
India i s d i s c u s s e d .
M a t e r i a l s and Methods: F i v e v e r t i s o l (Typic p e l l u s t e r t ) p r o f i l e s
r e p r e s e n t i n g s o i l s e r i e s Hanchinal, Hebsur, Hirekumbi, Kiresur
and Nalvadi were s e l e c t e d ., The pH of the s o i l s ranged from 8 . 1 t o
8 . 9 , OC 2,9 t o 6 . 3 g kg , CaCO' 50 t o 90 g Jcg , Clay
400 t o
700 g k g _ i , f r e e iron oxide 90 J t o 190 g kg
and t o t a l Fe 3 . 2
to 5.1%. The f r a c t i o n a t i o n
of s o i l iron was c a r r i e d out for
t h e s e s o i I's (-1) .
R e s u l t s and D i s c u s s i o n :
,
Water S o l u b l e F e - It v a r i e d from t r a c e s to 0.72 mg kg
and was
more in s u r f a c e s o i l s with a tendency t o d e c r e a s e w i t h depth
The
significant
correlation
with
OC(r=0 .703**)
and
clay
(r=-0.792**)
indicates
that,
this
form
of
iron
is
mainly
r e g u l a t e d by t h e s e f a c t o r s in s o i l s .
Exchangeable F e - T h i s f r a c t i o n ranged from 2.16 t o 5.36 mg kg
and i n c r e a s e d w i t h d e p t h . A s i g n i f i c a n t p o s i t i v e
correlation
with F e , 0 3 ( r = 0 . 5 6 9 * * ) and clayi ( r = 0 . 4 5 7 * ) was n o t i c e d . Higher
exch- Fe recorded at lower depths may be a t t r i b u t e d t o the
p r e s e n c e of i n c r e a s e d clay and FejiJ), c o n t e n t .
Pb-xLisplaceable F e - T h i s form i s considered as adsorbed iron and
c o v a l e n t l y bonded w i t h o x i d i c f u n c t i o n a l group ( 3 ) . R e l a t i v e l y
higher_ .amount of t h i s f r a c t i o n was n o t i c e d in Hirekumbi (25.30
mg kg ) s e r i e s f o l l o w e d by Hebsur s e r i e s and i n c r e a s e d w i t h
depth.
Positive
correlation
iwith
Fe,0,
(r=0.613**),
^elay
(r=0.450*),
soil
(r=0.468* 1 )
and
fcato,
(r=0.695**)
was
PH
o b s e r v e d . The high s o i l pH and CaCO_ i n c r e a s e d t h e
adsorptive
a f f i n i t y of c l a y and iron o x i d e s , "thereby reducing f r e e iron
in l a b i l e p o o l ( 2 ) .
Acid S o l u b l e F e - The sifce of t h i s f r a c t i o n in most of the s o i l s
was next on I t
t o water s o l u b l e Fe and was more in s u b s u r f a c e
soils.
The a c e t i c a c i d used t o r e x t r a c t i o n of t h i s f r a c t i o n
d i s s o l v e d the iron that was A s s o c i a t e d w i t h s o l i d phase of
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carbonates
and
hence,
a
positive
relationship
with
CaCO.
( r = 0 . 4 5 1 * ) was n o t i c e d .
Mn-Oxide Occluded F e - I t v a r i e d from 131.2 t o 198.4 mg kg
and
d e c r e a s e d w i t h d e p t h . I t c o n t r i b u t e d only 0.30 t o 0.50% of t h e
t o t a l F e.
O r g a n i c a l l y bound F e - T h i s
form of Fe r a n g e d from 300 t o 566 mg
kg-T and u s u a l l y d e c r e a s e d w i t h d e p t h . The m a g n i t u d e of d e c r e a s e
( >40%) w i t h d e p t h was more compared t o t h e o t h e r forms of i r o n .
Significant
positive
correlation
only
with
OC
(r=0.514*)
i n d i c a t e d t h a t t h e OC i s t h e dominant s o i l c o n s t i t u t e n t w i t h
which t h i s f r a c t i o n was a s s o c i a t e d .
Amorphous Fe-Qxide o c c l u d e d F e - T h i s form of i r o n was t h e m a j o r
f r a c t i o n n e x t only t o r e s i d u a l Fe c o m p r i s i n g about 4 t o 6% of
total Fe.
B a r r i n g t h e r e s i d u a l F e , t h e s i z e of t h i s f r a c t i o n
was n e a r l y 10 t o 2000 t i m e s h i g h e r compared t o o t h e r f r a c t i o n s ,
t h e r e b y i n d i c a t i n g t h e p o s s i b i l i t y of i n c o r p o r a t i o n of Fe w i t h i n
t h e c y r s t a l l a t t i c e or s o r p t i o n on t h e s u r f a c e and i n t e r l a y e r
of c l a y and Fe 9 0.. , a s h a s been r e p o r t e d e a r l i e r ( 2 ) .
R e s i d u a l F e - The b u l k of s o i l Fe was in t h e r e s i d u a l form,
c o n s t i t u t i n g a b o u t 90 t o 95% of t h e t o t a l Fe and was more in
s u b s u r f a c e than in s u r f a c e s o i l s .
A significant
correlation
with c l a y c o n t e n t ( r = 0 . 8 8 0 * * ) and F e 2 0
( r = 0 . 5 8 3 * * ) was o b s e r v e d
i n d i c a t i n g t h e o c c u r r e n c e of r e s i d u a l Fe in t h e c r y s t a l l a t t i c e s
of t h e s e tw^ n c | ^n|S n ^ituent s ( 4 ) .
C o n t r i b u t i o n of d i f f e r e n t f r a c t i o n s t o t o t a l F e - The p e r c e n t a g e
c o n t r i b u t i o n was in t h e f o l l o w i n g o r d e r . R e s i d u a l > amorphous
Fe-Oxide o c c l u d e d > o r g a n i c a l l y bound> Mn-oxide o c c l u d e d > P b d i s p l a c e a b l e > e x c h a n g e a b l e > a c i d s o l u b l e > w a t e r s o l u b l e F e . The
little
c o n t r i b u t i o n of w a t e r s o l u b l e 4n<* e x c h a n g e a b l e Fe was
or minimum w h i l e r e s i d u a l Fe a'ccounted f o r more than 90% of
t o t a l Fe and t h i s may be t h e r e a s o n f o r t h e fjr^quen-t
appearance
of i r o n c h l o r o s i s in c a l c a r e o u s v e r t i s o l s of K a r n a t a k a , I n d i a .
Literature Cited:
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Comparison of Heavy Metals in polluted and unpolluted
soils at the NE edge of the Garraf Massif (Catalonia,
Spain)
J. Bech*, F.J. Tobias* and D. Zimakowska-Gnoisnka**.
*Catedra de Pedologia. Facultad de Biologia. Univ. de Barcelona. (Spain).
**Ecology Institute. Polska Akademia Nauk, Warsawa (Poland).
Introduction. The increase in anthropogenic heavy metals in soils may become significant
in outskirts and/or industrial zones like the Metropolitan Area of Barcelona. This study deals
with the comparison of levels of heavy metals in polluted soils of some areas of the Llobregat
delta plane surrounding a municipal composting plant and a scrap metal dump, with a nearby
hilly forest area apparently non polluted.
Materials and Methods. 22 topsoil samples (0-5cm, without litter) were studied. 11 samples
belong to non polluted area (NPA) and 11 samples belong to polluted area (PA), and were
taken in 3 transects, two from the composting plant (A) and the third related with a dump
of obsolete cars (Q) (see fig.). The air-dried soil samples were passed through a 2 mm. steel
sieve. Particle-size distribution, C, N, pHw, CO = 3 and C.E. were determined by usual
methods. Aqua regia extractions were used for the determination of total heavy metals and
then analyzed by ICP.
Results and Discussion. Tables I and II confirm that PA is certainly polluted and heavy
metal amounts do increase as we approach A and 0. I.e. the Zn concentration content of
samples number 4 and 8 is higher than B of the Ducht A-B-C table and that of number 5 is
above the C value of the same table. Simple correlation shows that: the percentage of coarse
fragments (>2mm) correlates positively with Fe, Zn, Cr, Ni and Pb in both areas and also
correlates with Al in the NPA, and with Mn and Cd in the PA. Coarse sand does not
correlate with heavy metals although there is negative correlation with Al in PA. In PA no
size fraction correlate with heavy metals. In NPA fine sand correlates negatively with Fe,
Al, Zn, Cr, Ni, Cd and Pb; coarse silt does not correlate with heavy metals; fine silt and
clay correlate positively with Fe, Al, Zn, Cr, Ni, V and Cd; fine silt also correlates
positively with Zn and Pb. Negative correlation is found between pHw and Fe, Mn, Ni and
Cu in NPA and with V in the PA but there is no correlation with other heavy metals. CO = 3
does not correlate with heavy metals in the PA nor in the NPA. Salinity (CE) correlates
positively with heavy metals in the PA but not in the NPA. In PA, Al and V do not correlate
with other metals but there is positive correlation with salinity. O.M. does not correlate with
heavy metals in any area. There is positive correlation between O.M.-Zn and O.M.-Pb only
in the NPA. N correlates positively with Zn, Cu and Pb in both areas and also with Fe, Mn,
Al, Cr, Ni and Cd in the PA. No correlation was found between N and V. In the PA positive
correlation was found between Fe, Mn, Zn, Cr, Ni, Cu, Cd, Pb, coarse fraction, N and
salinity. Positive correlations among Fe, Mn, Cr, Ni, Cd, Cu and V were found in the NPA.
Fe correlates positively with Al and Pb and on the other hand Cr, Ni and Cd correlate
positively with Al and Pb. Zn also correlates with Pb, and Cu and Pb.
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Table I (samples 1 to 11 belongs to PA, samples 12 to 22 belongs to MPA)

k'

coarse
fragments

coarse
sand(X)

Fine
sand(X)

coarse
silt(X)

fine
silt(X)

clay (X)

pH HjO

XCaCOj

CE 1:5
CdS/m)

1
2
3
4
5
6
7
8
9
10
11

3.62
9.89
J.57
19.61
65.16
19.71
22.24
J3.57
37.36
6.33
19.82

54.71
22.02
35.60
42.86
35.88
44.88
30.82
46.42
34.70
18.41
17.98

22.53
20.02
10.02
11.71
15.67
12.26
16.20
12.28
14.54
10.75
8.81

4.40
15.66
34.43
9.82
7.07
7.13
12.63
7.89
12.87
8.17
7.56

7.50
22.48
O.OO
25.44
21.31
17.40
19.85
19.25
19.62
39.38
40.39

10.85
19.83
19.97
10.17
20.07
18.32
20.51
14.16
18.27
23.29
25.27

7.29
7.34
7.12
7.23
7.54
7.53
7.45
7.27
7.30
7.21

25.58
23.40
17.85
16.65
18.82
15.20
18.82
29.68
23.89
31.13
29.44

0.230
0.584
0.764
0.804
2.368
0.240
0.303
0.347
0.277
0.551
0.653

3.82
1.88
3.59
2.90
8.03
4.16
6.09
9.17
4.27
6.55
9.63

0.10
0.09
0.24
0.11
0.72
0.21
0.31
0.15
0.16
0.28
0.43

12
13
14
15
16
1?
18
19
20
21
22

32.16
52.09
65.55
11.13
46.58
15.70
13.66
13.62
19.61
40.28
50.55

17.55
15.00
22.52
40.34
16.07
14.12
7.81
7.42
15.02
26.09
14.94

6.56
6.32
6.39
41.50
4.63
8.72
69.64
38.65
45.40
16.26
5.44

12.93
14.13
11.03
4.44
5.31
10.79
9.18
16.49
7.90
10.11
7.49

38.77
42.11
39.59
6.27
37.69
31.73
5.78
18.81
13.59
24.50
31.43

24.19
22.44
20.47
7.45
36.30
34.64
7.59
18.62
18.09
23.04
40.71

7.26
7.36
7.20
7.06
6.47
7.18
6.92
7.37
7.48
7.07
7.30

7.85
2.50
3.45
2.61
4.04
47.74
1.55
11.43
11.54
5.59
6.88

0.517
0.103
0.213
0.104
0.135
0.157
0.089
0.204
0.231
0.319
0.183

3.70
3.13
14.53
6.09
7.58
4.96
3.13
6.55
6.21
12.82
8.15

0 19
0.17
0.60
0.23
0.49
0.18
0.09
0.24
0.18
0.38
0.22

7.26

organic
matter(X)

X H
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F t j : Sampling poind in polluted area (PA)

Table II (samples 1 to 11 belongs to PA, samples 12 to 22 belongs to NPA)

n'

Vt

XA1

Hn

Zn

Cr

•i

\l

Cu

Cd

Pb

References

mg/kg
1
2
3
4
5
6
7
8
9
10
11

1.56
2.06
2.B8
3.12
13.64
1.98
3.08
3.54
2.32
2.22
2.15

1.35
2.24
2.57
2.34
2.96
1.78
2.24
1.94
2.36
2.48
2.48

445.86
455.38
575.72
497.67
1395.837
4.38
549.01
610.20
501.02
512.89
488.32

197.01
122.13
355.80
898.43
3770.36
166.63
537.10
1573.71
391.99
199.06
247.52

20.66
27.19
50.09
44.56
705.91
24.08
39.93
55.34
32.20
27.76
27.89

16.12
20.69
38.01
28.79
130.17
21.02
35.21
63.73
24.13
22.89
22.86

97.58
100.28
128.49
114.91
128.12
98.90
102.25
83.16
117.38
104.37
111.16

71.93
33.04
131.18
196.33
1093.74
35.39
112.85
216.29
58.31
45.20
29.14

0.71
0.44
1.84
4.46
11.91
0.74
1.30
1.88
0.76
0.49
0.96

166.76
62.72
241.30
761.21
1940.65
65.06
205.73
458.66
149.17
63.29
48.72

12
13
14
15
16
17
18
19
20
21
22

4.11
4.60
3.47
0.71
10.77
1.80
0.87
1.79
1.68
3.64
4.31

3.10
3.68
2.79
0.72
4.33
2.77
0.98
2.20
1.85
1.74
4.16

813.08
705.94
978.56
103.43
13584.39
426.82
522.33
805.06
1153.57
786.78
256.91

77.64
84.19
214.32
47.45
111.45
92.71
23.20
52.03
42.65
128.37
78.33

32.84
42.05
43.06
11.60
56.72
27.93
19.43
23.25
21.59
21.50
41.04

37.75
44.21
38.25
8.77
111.15
19.30
8.88
19.95
15.14
36.38
42.74

93.10
106.03
100.40
65.98
169.70
117.84
79.07
87.40
98.03
90.33
116.72

25.20
27.27
33.09
4.72
129.82
11.48
3.98
15.55
10.02
58.60
25.17

0.37
0.30
0.58
0.30
1.29
0.47
0.12
0.30
0.30
0.69
1.08

39.08
41.97
85.50
28.04
74.45
40.94
20.26
27.00
26.86
77.71
50.99
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Long-term Changes in Soil Chemical Properties
M. F. Billett*, E. A. FitzPatrick, and M. S. Cresser. Department of Plant &
Soil Science, University of Aberdeen, Meston Building, Aberdeen, AB9 2UE,
Scotland.
Introduction. Resampling soils at selected sites over specified extended time periods enables
long-term changes in soil physico-chemical characteristics to be quantified. The approach is
based upon the accurate resampling of specific well-documented sites. Subsequently relating
measurable differences in soils to changes in land-use, acidic deposition or natural soil
processes is more difficult. The results of a number of studies do, however, show that the
chemistry of the soil can change rapidly over short to medium timescales (years to decades).
Research into changes in soils over time also provides valuable information on the sensitivity
of specific types of soils to change.
Most studies on long-term changes in soil chemistry are concerned with changes in soil
pH (1,2). Research reported here from forest soils in NE Scotland is concerned not only with
the above variable (3), but also with long-term changes in exchangeable base cations,
extractable Al and SO4. In addition, data is presented to show how concentrations and pools
of important nutrients and heavy metals have changed in the forest floor organic horizons.
Materials and Methods. The research was carried out in IS sites in the Alltcailleach Forest in
NE Scotland. The sites, which were sampled in 1949/50 and resampled in 1987, were never
infilled so relocation was accurate. In addition, the soils sampled in 1949/50 were stored, so
precise chemical measurements using modern techniques could be carried out on all soils.
Records of changes in forest management and ground vegetation were also available for the
sites.
The soils in the area consist predominantly of freely drained podzols and cambisols
developed on fluvial and fluvio-glacial material. The sites also include a number of poorly
drained gleysols and histosols. The climate of the area is cool and dry with a mean annual
precipitation of 880 mm and a mean daily temperature of 6°C. The elevation of the sites varies
from 200 to 350 m.
Both the old and new soils were analysed for pH, exchangeable base cations, CEC and
extractable Al and SO4. In addition, the forest soils organic horizons were analysed for total
C, N, P, Ca, Mg, Na and K and also the heavy metals Cu, Pb and Zn. Dry bulk density
measurements of the upper organic horizons were used to calculate element pools and
accumulation rates between 1949/50 and 1987.
Results and Discussion. Soils sampled between 1949/50 and 1987 show a median decrease in
pH of the upper organic horizon and the lowermost B/C horizon of 0.28 and 0.26 pH units,
respectively. Soil acidification was associated with a decrease in base saturation and an
increase in extractable Al and SO4. Greatest acidification was observed in the most freely
drained soils, although poorly drained soils showed either no change or an increase in soil pH
between 1949/50 and 1987.
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Long-term changes in C and N in the upper organic horizons were characterised by a
decrease in concentration, although there was a significant increase in storage due to an
increase in the thickness of the organic horizon between 1949/50 and 1987. Mean calculated
rates of C and N accumulation were 353.4 and 21.2 kg ha'1 yr"l respectively.
The increase in the thickness of the upper, organic horizon in the Alltcailleach Forest
represents a significant potential nutrient sink. Concentrations of Ca, Mg and P all decreased
with time, although there was an increase in concentration of Na and no change in K
concentration with time. However, storage of all 5 elements increased between 1949/50 and
1987.
Long-term changes in heavy metals were characterised by an increase in the
concentration of Cu and Pb and a decrease in the concentration of Zn. Highest concentrations
of Pb were found in the most acidic soils.
Long-term changes in the chemistry of forest soils from NE Scotland will be compared
with other studies of soil change from N America and Europe. The results from this study
suggest that chemical changes can be rapid and effect the whole profile rather than specific
horizons. In addition, the increase in organic horizon thickness will have a large effect on
nutrient cycling in the forest ecosystem. Such changes, which are likely to be directly or
indirectly associated with soil acidification, may represent a significant decrease in nutrient
supply to the forest in the future.
Literature Cited
(1) Hallbacken, L. and Tamm, C. O. 1986 Changes in soil acidity from 1927 to 1982-1984 in a
forested area of south-west Sweden. Scandinavian Journal of Forest Research 1:219-232.
(2) Kuylenstierna, J. C. I. and Chadwick, M. J. 1991. Increases in soil acidity in north-west
Wales between 1957 and 1990. Ambio 20:118-119.
(3) Billett, M. F., FitzPatrick, E. A. and Cresser, M. S. 1988. Long-term changes in the acidity
of forest soils in North-East Scotland. Soil Use and Management 4:102-107.
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Interaction Between Zn And Cd And Their Uptake
By Oats Grown In Calcareous Soils.
R. Carrillo Gonzalez, J. Cruz D . , and L. J. Cajuste. Department of Soil Science.
Colegio de Postgraduados, 56230 Montecillo, Mexico.
Introduction. In Mexico the untreated wastewater from more than 30 cities are used for
irrigation of agricultural land. This practice has caused problems of metals pollution such as Zn
and Cd to soil. The addition of essential metals (e.g. Zn and Fe) with wastewater irrigation is
important in calcareous soils such as those of the Mexican Valley of Mezquital, Hgo., where the
availability of micronutrients are usually low. However, the interactions between essential and
non-essential elements in soil as reflected through the changes in their availability for plants in
Mexican soils, are unclear. Several authors have found an antagonistic effect between Zn and
Cd in soil (1, 6). On the other hand the information on Cd and Zn uptake by plants is scarce (8).
The objective of this study was to evaluate the interactions of Cd and Zn in two soils from the
Mexican Valley of Mezquital, Hidalgo, and to determine Cd-Zn uptake relationships in oats.
Materials and Methods. Two soil samples (0-30 cm) were collected from Hidalgo, Méx. with
different contents of clay (Table 1) and were treated with 3CdS04 8H 2 0 and ZnS0 4 . The soil
were wetted to field capacity, mixed and incubated for three weeks. The rate of Cd and Zn
application resulted in the treatments 10, 20, 40 and 80 mg Cd kg"1 soil and 0, 15, 30 and 60
mg Zn kg"1 soil. The experimental design consisted of a completely randomized block in three
replications with an incomplete factorial arrangement of treatments. After incubation, soil
samples 1500 g were put in each pot and 20 seeds of oats (Avena sativa L.) were planted per
pot. Soil samples were analyzed for Cd and Zn after DTPA extraction (5) Cadmium and Zn
associated with the soil organic fraction were extracted through the solubilization of humic
substances with 0.10 M Na4P207 and 0.10 M NaOH, after the soil suspension was shaken for 16
h (4). Exchangeable metals were determined by the Thomas procedure (7). Plant samples were
dissolved in HN03-HC104 at 80 °C for approximately 3 h (3) and analyzed for Cd and Zn using
AA spectrophotometry.
Table 1. Chemical and Physical Properties of Clay Soils.
Soil
Talhuelilpan
Tlaxcoapan
1

pH'
8.2
e. )

1:1 soil-water.

3

%
OM

Cd

3.4
3.27

3.17
4.79

Zn
41.97
S9.S6

kg'
Cu
24 77
41. 57

Mn

Fe

535.4
513.0

8.42
7.19

V sand

t
silt

Clay

Zn

4.7
24.7

25.3
31.3

70
44

0.16
0.66

i

v

-i

Cu

Mn

Fe

3.52
4.68

2.3
5.0

5.5
5.8

Extracted with DTPA (4).

Results and Discussion. The addition of Zn to soil increased the amounts of Cd extracted with
DTPA by 10 to 50 % and 3 to 17 % in the Tlalhuelilpan and Tlaxcoapan, respectively;
competition between Cd and Zn for binding and exchangeable sites explained these increases (2)
(Fig. 1). The percentage of Zn non-extracted with DTPA tended to increase with the addition of
Zn. The application of Cd to the soils, decreased amounts of Zn non-extracted with DTPA. This
result could be explained also by competition between the metals. At low levels, the concentration
of organically bound Cd in both soils, tended to increase the concentrations of Zn up to 30 mg
kg'1, in Tlalhuelilpan soil; however, with greater concentrations of Zn, Cd was not detected. In
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contrast, the levels of organically bound Zn were increased in the same soil.
mgkg-'Cd

mghg-'Cd

Doses of Cd (mg kg

Doses of Cd (mg kg

Fig. 1. Cadmium extracted with DTPA in Tlaihuelilpan (A) and Tlaxcoapan (B) soils in relation
to amounts of Zn and Cd added as sulfate solution.
Table 2. Cadmium and Zinc associated with the soil organic fraction (OCd and OZn) and
exchangeable (ICd and IZn) in Tlaihuelilpan soil.
zn „!!.„.
Cd

0 0

10

20

40

eo

10

20

OCd
OZn
ICd
IZn

0
0
0
0

0.7
0.3
2.7
0.8

Lr
0.7
6 .6
0.5

lr
tr
0.6
0.1
8 .4 19.8
0.5
0.8

1.2
0.1
2 .4
0.8

1.4
0.1
S.8
0.9

05
06
05
60

40
kq '
tr
0.5
8.7
0.7

60

tr
0.7
40.15
0.7

10

20

2.8
4.0
0.1
0.4
1 . 6 2 . 1
0.9
0.7

40

80

tr
tr
0.90
0 . 8
71.65
8.7
0.8
0.91

10

20

40

80

2.1

0.2
1.25
3.3
1.8

tr
0.8
12.5
2.2

ti
2.2
51.0
2.4

2 . 9

0.9
0.6

tr-traces.

When small amounts of Zn were added to the Tlaihuelilpan soil, the exchangeable Zn
concentrations are not markeddly changed. Only when 60 mg kg"1 was added, exchangeable Zn
increased. Exchangeable Cd increased when Cd was added to the soils; although the extracted
amount in treatment of 30 and 60 mg Zn kg'soil, was lower than that extracted at 15 mg kg"1 or
without Zn. Tlaihuelilpan soil the Zn applications caused increases in exchangeable Cd, suggesting
that Cd availabil ity to plants may pose a danger to human health, since it may enter the food
chain throungh absorption by forraje or vegetable crops. The behavior of both metals in oats was
also studied.
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Sequential extraction of heavy metals from
composting organic wastes
J. Cegarra*, J. Sanchez-Rojas, A. Roig and M.P. Bernal. Department of
Organic Resources, Centro de Edafologfa y Biologfa Aplicada del Segura,
CSIC. P.O. Box 4195, 30080 Murcia, Spain.
Introduction. When important amounts of either composted or uncomposted sewage sludge
and city refuse are applied to soils the beneficial effects include increased soil organic
matter, enhanced supplies of nutrients and improved crop yields. However, the heavy metal
content of these materials is often high and the potential accumulation of such metals in soil
and the contamination of plants and ground water is a serious concern.
The use of extractants in studies of trace metals in soils, sewage sludges and sludge-treated
soils has been widely reviewed by Beckett (1). Organic solvents, salts, hydroxides, complexing
agents and strong acids have been extensively used as extractants in soils, but few data are
available concerning the use of these reagents in assessing the chemistry of heavy metals in
organic wastes and their subsequent transformation during the composting process. The use
of a sequence of extractants instead of isolated single extractants may be of greater value
in determining the chemical distribution of metals in wastes.
The aim of this paper is to establish the different chemical fractions of heavy metals in
composting wastes and any transformations they may undergo during composting.
Materials and Methods. Two different mixtures of organic wastes were prepared by mixing
fresh city refuse (70 %) with grape marc (30 %), and a sewage sludge highly polluted by
heavy metals (60 %) with the city refuse (40 %). Both mixtures were then composted by the
Rutgers method (A and B, respectively). Three samples were selected from each organic
mixture at different stages of the composting process: initial fresh material; after 42 days of
composting and at the end of the active phase of composting (77 days). The organic matter
content was much greater in the samples from A than in those from B, whereas the latter
generally showed the higher content of heavy metals. The pH values of A changed from 6.1
at the beginning to 7.2 at the end of composting and those of B remained 6.9.
The samples were dried and ground (0.02 mm), before being subjected to the sequential
chemical extraction procedure used by McGrath and Cegarra (2). The metals (Cd, Cu, Zn,
Ni, Pb and Cr) were analyzed by AAS after extraction by the following sequence of reagents:
0.1M CaCl2, which extracts primarily the water-soluble and exchangeable fractions; 0.5M
NaOH to release the most organically bound metals; 0.05 M Naj-EDTA to solubilize mainly
metals from carbonates and aqua regia, which dissolves the most insoluble fraction of metals
(residual fraction).
Results and Discussion. In A, the total Cr and Ni content was highest while Cr and Zn were
highest in B. In both set of samples, Cd was the least abundant heavy metal (Table 1).
Except for Cd and Cr, the concentration of water-soluble and exchangeable metals (CaCl2)
generally decreased through the composting. Similar results for water-soluble Pb and Zn
were reported by Leita and De Nobili (3). Therefore, the clear decreases observed in Ni and
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Zn in samples containing the polluted sewage sludge (B) should be considered as due to the
favourable effect of the composting process, as this metal fraction is particularly related with
availability to plants. The Ni extracted by NaOH increased with composting time in both
A and B materials and the same was true for Cu in A and for Zn in B. This suggests that
the more humified that the organic matter is,the greater is the proportion of the above
mentioned metals which are linked to the organic compounds.
Also, the EDTA-extracted Zn, Ni and Pb increased with the composting time of the B
samples while the contrary happened for the EDTA-extracted Cu and Cr.
Of all the metals, the proportion remaining as residual fraction was largest for Cr (> 93 %)
and smallest for Cd (< 60 %), this fraction generally increasing with composting, except in
the case of Cd and Zn. Often, this increase was not directly related to the progressive
insolubilization of the other fractions but rather the age of the organic materials, would
facilitate the extraction of metals by aqua regia, probably due to the mineralization of the
organic matter during composting.
Table 1. Sequential extraction of heavy metals (ppm) from the organic wastes during their
composting (1, 42 and 77 days).
Reagent
CaClj

NaOH
EDTA
AR
Total
CaClj

NaOH
EDTA
AR
Total

Samples

A
B
A
B
A
B
A
B
A
B
A
B
A
B
A
B
A
B
A
B

E
3

E
•o
«3

sOO-

o

1

42

77

3
4
4
4
tr.
3
7
12
14
23

2
3
5
3
2
3
4
14
13
23

2
4
4
4
3
4
5
12
14
24

2
2
8
21
6
19
43
306
59
348

tr.
1
14
19
4
7
62
376
80
403

tr.
tr.
18
17
7
5
118
506
143
528

o

IC

0)

1

42

77

1

42

77

6
53
9
88
6
28
121
264
142
433

4
30
16
103
6
52
558
327
584
512

5
19
15
111
5
49
431
305
456
484

1
8
tr.
tr.
1
45
125
686
127
739

1
8
tr.
tr.
1
10
552
790
554
808

1
11
tr.
tr.
tr.
15
475
721
476
747

14
8
14
13
13
19
240
172
281
212

8
8
9
10
14
41
206
251
237
310

4
6
14
12
8
45
334
681
360
744

23
55
34
210
10
767
303
2448
370
3480

2
47
18
349
9
1084
217
2366
246
3846

2
19
16
279
11
1190
251
2385
280
3873
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E
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o
C
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BIOAVAILABILITY OF ARSENIC ON FOUR
COTTON-PRODUCING SOILS
M.S. Cox and J.L. Kovar, Department of Agronomy,
Louisiana State University, Baton Rouge, LA. 70803 USA
Introduction. Arsenic (As) is a naturally occurring element and can be found in all soils. Total
As concentration in virgin soils averages about 5 mg kg"1 and only rarely exceeds 10 mg kg"1 (1).
However, As concentrations can be elevated in soils used for agricultural production. Arsenic
compounds have long been used as insecticides, herbicides, and desiccants in cotton production.
Little information is available on the effect of As addition on the soil solution and adsorbed As
fractions in the soil. Since the bioavailability of As to plants depends on the amount of As in the
soil solution and the amount of adsorbed As that maintains solution concentration, changes in these
fractions with As addition is of interest. The objectives of this experiment were to investigate the
relationships among added As, soil solution As, and adsorbed As in four cotton-producing soils and
to determine which soil properties influence these reactions.
Materials and Methods. Five rates of As (0, 50, 100, 150, and 200 mg kg 1 ) were applied to four
soils commonly used for cotton production. The soils were Commerce silt loam (fine-silty, mixed,
mesic, nonacid, thermic Aerie Fluvaquent), Gigger silt loam (fine-silty, mixed, mesic, thermic,
Typic Fragiudalf), Rilla silt loam (fine-silty, mixed, thermic, Typic Hapludalf), and Sterlington silt
loam (course-silty, mixed, thermic, Typic Hapludalf). The sodium salt form of As was used. The
soils were allowed to equilibrate for 30 days. During the equilibration period, water content for
each soil was maintained at -33 kPa ("field capacity").
A displacement column method was used to obtain soil solution. Adsorbed As was determined
with an anion-exchange resin technique. Arsenic was analyzed with inductively coupled plasma
spectroscopy (ICP). When concentrations were below ICP detection limits, atomic absorption with
hydride generation was used. Linear regression was used to determine the relationship between
added As and adsorbed As and nonlinear regression was used to determine the relationship between
added As and solution As for each soil. Langmuir and Freundlich adsorption isotherms were used
to determine the relationship between adsorbed As and solution As concentrations.
Results and Discussion. Soil solution concentrations increased curvilinearly with As addition for
the Commerce, Rilla, and Sterlington soils (Figure 1). Similar to phosphorus (2), the change in
solution As levels with As addition was described by the equation A s ^ a x ' + d , where As^ is the
As concentration in soil solution, x is the amount of As added, and a, c, and d are regression
coefficients. The value of "a" (which ranged from 2.26xl0"7 to 0.23) describes the linearity of the
increase in solution As, "c" (which ranged from 1.25xl0'7 to 3.18) describes the curvilinearity of
the relation, and "d" (which ranged from 0.09 to 0.13) is the initial As concentration in solution.
The curvilinearity of these relationships indicate that the number of adsorption sites in the soils
decreased as As addition increased. Soil solution As concentration for the Gigger soil increased
negligibly with the addition of As. It was thought that elevated levels of manganese in this soil
may have formed insoluble complexes with the As.
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The change in adsorbed As with As addition was linear for all soils and could be described by
the equation As od ,=mx+b, where As,ds is adsorbed As, m (which ranged from 0.10 to 0.13) is the
proportion of the added As remaining extractable with anion-exchange resin, x is the amount of As
added, and b (which ranged from 0.15 to 4.44) is the initial level of As,d, in the soil (Figure 2).
The data for these soils fit this relationship closely (r 2 =0.91 to .0.96 P> 0.001). The linear
relationships indicate that the proportion of added As remaining in resin-exchangeable form was
independent of the amount of As added.
The relation between adsorbed As and soil solution As was curvilinear for all soils. The
Freundlich equation fit the data better than the Langmuir, and therefore was used to describe the
relation. The equation As,d,=gAs,olh was used, where g and h are regression constants. The values
of "g" and "h" for the soils were: Commerce g=19.28, h=0.39; Gigger g=21.02, h=0.21; Rilla
g=15.84, h=0.32; and Sterlington g=15.99, h=0.28.
Since the soils differed in the degree to which added As remained in solution or was adsorbed,
regression analysis was used to determine if differences were related to soil properties.
Coefficients describing the relation of AsadJ and Assol to added As were compared with organic
matter content, clay content, pH, exchangeable cations, extractable phosphorus, and DTPAextractable micronutrients. Unfortunately, no significant relation between the coefficients and the
soil properties was found.
The information on the effect of As addition on Assol and As,,,, is useful in determining the soil
supply of As to the plant root, since As supply is influenced by both As,ol and As,d,. Hence, it is
important to investigate the effect of As addition on both Asso, and As,d,.
Literature Cited.
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by seven rates of phosphorus addition. Soil. Sci. Soc. Amer. J. 52:160-165.
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Sequential extraction of metals in contaminated agricultural
soils of Papalotla, Mexico.
A.Cruz-Montalvo, V.Tamariz, I.Sanchez, and M.A.Valera. Department of
Research in Agricultural Sciences.Institute of Sciences of the Autonomous
University ofPuebla. Aptdo. Postal 1292 Puebla, Pue., Mexico.
Introduction. Heavy metals toxicity and persistence is of great concern for the aquatic and
terrestrial systems well-being. Bioavailability of these chemical is strongly affected by the chemical
form of metals in soils, sediments, and water. It is well known that total metal content isn't a very
useful indicator of the metal's potential interactions with the biotic and abiotic components of the
environment (1). Therefore, is better to determine the kind of metal association with any particular
environmental phases. With sequential extraction methods defined fractions can be separated,
although these fractions are just operationally defined and not strictly chemically. Other problems
of the technique include selectivity of the reagents, readsorption, and precipitation of the metal
studied (2). Despite the limitations of the extraction procedures the information obtained allow us
to make a better characterization of the state of metals in soils.
The objectives of this study were to know the Fe,Cu,Mn,Zn,Cr, and Pb levels in agricultural soils
of Papalotla, Mexico, and to establish a comparation of their distribution in contaminated and noncontaminated soils of the studied area.
Materials and methods. Papalotla is located at south of Tlaxcala mexican state. Six soil units
have been identified in the region: dystric Fluvisol, dystric Cambisol, humic Cambisol, dystric
Regosol, umbric Gleysol, and haplic Phaeozem. Dystric Fluvisol, dystric Cambisol, and umbric
Gleysol soil units are found in the contaminated zone. Eight soil samples were taken in sites that
are not affected for industrial sewage waters and 3 soil samples were taken in sites affected for this
kind of sewage water. Each soil sample (10 individual soil subsamples for soil sample) was taken
at a 20 cm soil depth with a stainless steel sampler. Soil samples were air-dried, ground in a
porcelain mortar and passed through 2 mm stainless steel sieve. Selected sequential extraction
procedure was the proposed by Tessier et al. (3). Defined fractions by this procedure were marked
to as: a) exchangeable (Fl), b) bound to carbonates (F2), c) bound to Fe and Mn oxides , d)bound
to organic matter (F4), and e) residual (F5). Metal analysis was made by Atomic Absorption
Spectrophotometry.
Results and discussion. Results of soils total metal analysis are shown in Table 1. Samples 1 to 8
belong to non contaminated sites and samples 9 to 11 belong to contaminated sites. Contaminated
zone is accidentally irrigated with non-treated sewage water from different kind of industries,
specially one that produces automotive batteries. Sewage water run through in the open air
channels that lay across agricultural soils. Abundant rain causes that water overflow the channels
irrigating nearest agricultural fields. The lead levels are notably higher in the contaminated zone
than in the non-contaminated. Cu and Cr also have increased its values in the contaminated zone.
These values allow us to establish region's soils monitoring actions and reclamation's actions for
the contaminated soils.
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Table 1.Total metal values for the sampled sites and mean* values for the zones.
SAMPLE
1
2
3
4
5
6
7
8
9
10
11

%
Fe
1.5
1.2
1.5
1.4
1.7
1.7
2.0
1.5
1.6
1.9
1.7

Cu
10
10
14
16
15
15
19
17
51
83
16

Mn
158
222
320
213
182
388
318
216
75
95
151

oom
Zn
.18
39
51
30
47
60
59
44
60
73
38

Pb
18
14
22
9
20
24
25
15
39550
34150
3220

Cr
18
44
53
28
49
40
54
45
95
120
46

NCZONE
CZONE

1.6
1.7

15
50

252
107

46
57

18
25640

41
87

* Mean values for the non contaminated (NC) zone and for the contaminated
(C) zone.
With regard to sequential extraction, the % ranges of metal distribution in contaminated soils are
shown in Table 2. Metal greatest proportion is in the residual fraction, and in the case of lead it
was not detected in Fl and F2 fractions. However, there is a metal redistribution in the
contaminated region's soils toward more bioavailable chemical forms (Table 3). Lead values in Fl
and F2 fractions are of concern for its availability to region's crops, although F2 values are not in
agreement with the pH values of the soils studied (acid soils). More researching is being actually
conducted about this problem.
Table 2. % Ranges of metal distribution
in non-contaminated soils.
Fract.
Fl
F2
F3
F4
F5

Table 3. % Ranges of metal distribution
in contaminated soils.

Mn
Zn
Fe
Cu
Pb
Cr
<0.1
1-7
1-2
1-4
nd* 0.6-2
< 0.1 0.5-14 1-3 0.1-3
nd
0.7-2
12-21 nd 80-94
1-4 2-13
7-26
1-8
0.1-1 13-30 0.1-2 8-13
0.5-9
78-88 62-84 1-18 81-90 86-95 62-90

Cr
ract.
Fe
Zn
Pb
Cu
Mn
Fl <0.1-2 0.2-2.5 10-25 5-10 20-40 1-2
F2 <0.1-0.3 2-7 4-11 2-7 25-27 2-3
F3
9-22 3-6 4-35 17-34 19-24 9-40
F4
0.5-2 9-41
3-7 11-15 6-7 20-48
F5 75-89 53-76 47-58 21-35 10-27 13-66

*nd= not detected
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Sequential Extraction of Zinc and Copper From Wisea
Alluvial Soils (Fluvisols)
H.Dabkowska-Haskret. Department
of Soil
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Introduction. The availability of microelements to plants is ietermined by their chemical forms and their location within the
soil. Much of the micronutrients associated with the solid, soil
phase
is not accesible for plant roots. The objectives of this
study was to characterize forms of Zn and Cu in arable alluvial
soils
(Fluvisols) that
suffer deficiency of these elements in
plant
available forms ( 1 ). Soils were subjected to sequential
extraction procedure to establish the partitioning, mobility and
availability of zinc and copper.
Haterials and Methods. Profile soil samples from 8 sites located
on the Lower Wis la Valley were analysed for total Zn and Cu and
were
fractionated by a seven step sequential extraction ( 3 ) .
The following metal fractions were analysed:
1. water soluble and exchangeable ( C a ( N 0 3 ) e extractable )
2. acid soluble ( CH 3 COOH extractable )
3. associated with Hn oxide fraction ( NHgOH HC1+HN0 3 extractable)
4. bound to soil organic matter ( K^PgO^ extractable )
5. associated with noncrystalline Fe-oxides
6. associated with crystaline Fe-oxides ( extractable with oxalate reagent in darkness or with UV light )
7. nonextractable ( residual )
The physico-chemical properties of soils were determined (pH,
organic matter contents, Fe oxides contents in amorphous and
crystaline forms)
Contents of Zn and Cu were determined using AA
spectrometer PU 9lOOX (Philips).
Results and Discussion. The contents of total Zn and Cu in the
soils
studied were comparable to the common ranges for arable
soils and ranged from : Zn, £0-98 ng-kg"' and Cu, 14-32 mg-kg" 1 .
Sequential extraction pointed out that both elements occur mainly in less soluble (plant unavailable) forms.
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Zn and Cu were primarily found in the residual fraction : more
than 70X of each metal was in residue. The percentage of Zn in
more plant-available
forms such as water soluble, exchangeable
and organic
are low compared with forms associated with Fe and
Hn oxides.
Like Zn, Cu was found largely in unavailable forms, with
exchangeable plus water soluble fraction being very low (below
0.1
mg • k g - 1 ) Significant
amounts of Cu were associated with
soil
organic matter; this is in agreement with the other
authors'reports ( 2 ) .
Studies showed that Fe oxides fraction are important component in Cu adsorption-the content of this micronutrient in fraction 5 and 6 is comparable with the amounts of Cu bounded to organic matter (fraction 4 ) .
It was concluded
that
free iron oxides (particullary in
amorphous
form) play significant role in fixing lithogenic Zn
and Cu in studied Fluvisols.
Literature Cited.
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microelements
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sequence in extraction of trace metals from soils. Soil
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Chromate Generation by Subsurface Soil Materials
J. B . C h u n g , R. J . Zasoski and R. G. Burau, Department of Land, Air and Water
Resources, Soils and Biogeochemistry Section, University of California, Davis, CA,
USA. 95616.

Introduction. Both hexavalent and trivalent chromium are naturally occurring soil components as
well as anthropic contaminants. Chromate, the hexavalent form, is more mobile and toxic than
the trivalent forms. Because the mobility and toxicity of the two chromium forms is so divergent,
factors which control the interconversion between these chemical species is a very important
environmental consideration. Equally important is establishing whether the reaction can occur in
soil and soil materials. In sea water chromate is reported to be the stable species, however in soils
the reduced species Cr(IÜ) is very prevalent
Thus, whether chromate in soils is naturally
occurring of anthropic origins is an important question. Our research has been examining the
production of Cr(VI) in near-surface alluvial materials derived from the coastal mountains of central
California, USA.
Methods and Materials. Core samples taken from drilling of monitoring wells were air-dried and
ground to pass 2 mm screen. General soil properties including Cr and Mn content were analyzed
using standard methods. Chromium oxidation capabilities of the samples were tested using a
slightly modified method of Bartlett and James (1). Five g of air dried sample was placed in a
SO mL centrifuge tube. After adding 25 mL of 0.001 M CrCl3, the tube was shaken for 30 min
and centrifuged at 6,600 g for 10 min. The supernatant was filtered using Whatman No. 42 filter
paper. Chromium(VI) in the supernatant was analyzed using the s-diphenyl carbazide procedure
(1). Inherent Capacity of samples to generate CrCVI) was also measured. Eighty g samples was
weighed into leaching tubes, and leached with 50 mL increments of 5 mAf CaS0 4 plus 5 mAf
MgSQ, until Cr(VI) was not detected in the leachate. To monitor Cr(VI) removal, the leachate
was analyzed for Cr(VI) after each 50 mL addition. After Cr(VI) was completely removed, the
sample remaining in the tube was freeze-dried. The freeze-dried sample was transferred into a
polyethylene film bag and sufficient distilled-deionized water was incorporated into the sample to
bring it to the 1/3 bar moisture retention percentage. This moist sample was incubated at 25 °C
for a week. After incubation, the sample was centrifuged using a nylon centrifuge tube fitted with
0.45 um membrane filter at 10,240 g for 1 hr. The filtrate was analyzed for Cr(VI) using the sdiphenyl carbazide method (1).
Results and Discussion. The samples were fine textured and mostly silty clay to clayey silt
Saturate paste pH was around 8.0. Organic matter content was very low except for those samples
taken from near the surface. Total Cr (130-290 mg/Kg) and Mn (400-1,400 mg/Kg) contents
were in the average ranges found in soils - 5 to 1,500 mg/kg (2). Chromium content was quite
uniform through the depth in all samples; however Mn content was more variable and generally
lower in deeper samples. The subsurface samples we used in this study had many black specks
at depth of 15 to 55 feet These black specks are believed to be Mn-oxides, and were most
abundant near the 20 to 30 feet depth. Also white carbonates were found from top to the bottom
in most of the profile.
166

Using the Bartlett procedure (1), Cr(III) oxidation capacity of sample can be examined in
a relatively short period,. All samples produced detectable amounts of Cr(VI) from the added
Cr(III) in 30 min shaking and that there was considerable difference in the Cr(VI) generating
capacity of the samples. The values ranged from 1.2 umol/25 mL to 0.075 umol/25 mL, slightly
more than an order of magnitude difference. On a mass basis, calculated Cr(VI) generation
capacities ranged from 0.1 to 0.3 umol/g. Although Bartlett and James (1) reported that dried or
stored soils lose the capacity for oxidation because oxidized Mn is converted to a reduced form,
the dried samples we studied had almost the same oxidation capacity as the fresh moist field soil
studied by Bartlett and James (1) - 0.2 to 0.4umol/g soil. The high oxidizing capacity of our
samples is believed to due to the high Mn-oxide content and lack of organic matter. Samples which
had lower Cr(VI) generation capacity in the quick test also contained less Mn-oxide
The initial Cr(VI) was leached from the samples using 5 mM CaS0 4 plus 5 mM MgS0 4
solution in order to test Cr(VI) generation from the native Cr(HI) in the samples. The rational for
this process assumes, that since the sample is calcareous, the extracting pH will be higher than 7.5
and Cr(VI) adsorption would be very low. Leaching with 5 mM CaS0 4 plus 5 mM MgS0 4
provides sulfate to further encourage desorption of Cr(VI) and to provide Ca2* and Mg2* at
concentrations likely to exist in soil moisture film in the field.
Leaching with six 50 mL
increments of leaching solution removed most of the initial Cr(VI). After leaching CrfVI) the
samples were freeze dried to avoid any reactions during drying. Freeze-drying did not produce
any CrCVT).
In an incubation study following freeze-drying, we found that most of the Cr(VI) depleted
samples could generate Cr(VI) by transforming native Cr(III) into Cr(VI) under aerobic conditions.
The Cr(VI) concentration at the 1/3 bar moisture content ranged from 20 to 100 pg/L. The higher
concentrations were quite close to the Cr(VI) concentration found in observation well water samples
in the area. Chromium content in fresh water is in the range of 0.1 to 6.0 pg/L (2). Bartlett and
James (1) reported that oxidation of Cr(Iil) occurs readily under conditions prevalent in many neia
soils. Oxidation of Cr(III) is known to be proportional to the amount of oxidized Mn reduced by
hydroquinone and oxidation is not observed in acid samples in which the predominant Mn species
apparently is the reduced form. Our data confirm these observations. Chromium(VI) generation
increased with total Or and Mn contents in samples. Chromium(VI) generation was low in a nearsurface sample which has higher organic matter levels.
We can conclude from the above findings that Cr(VI) in ground water can be generated by
a natural geogenic process - oxidation of Cr(ni) to Cr(VI) by Mn-oxides. However, this does not
eliminate the possibility of anthropogenic sources.
Literature Cited.
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Morphology, Physiology and Nutrition of Wheat As Affected
by Cd, Ni and Pb Additions.
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Introduction. The application of contaminated wastewater to plots have cause the accumulation
of heavy metals in the soil. Some authors have reported the uptake of these elements by plants.
Trace elements such as Cd can promote some morphological changes and important interference
in the physiological processes (1). Although it is recognized that the soil in some areas of
Mexico are contaminated the effect of contaminants on plants when they are accumulate in plant
tissues and grain, have not been studied. The objective of this study was to evaluate the
relationships between the concentration of Ni, Cd and Pb in nutrient solution and the
morphology, physiology and nutrition of wheat plants.
Materials and Methods. The experiment was conducted in a greenhouse. Seeds of wheat
(Triticum
aestivum
Var. Temporalera M87) were germinated in moist agrolite. The
seedlings were transfered to plastic pots (three kg capacity, six plants per pot) containing a
nutrient solution. The composition of the nutrient solution was as follows: 5 NCy, 2 NH 4 + , 3.5
SCv2, 1 H 2 P<V, 4 Ca+2, 1 Mg+2 and 3.5 K+ (meq l 1 ). The micronutrients B, Cu, Mn, Mo and
Zn were added according to the formula suggested by (4), and Fe was applied as Fe-EDTA.
Two weeks after transplanting, we applied Nickel (Ni(N03)2 6H 2 0), lead (CH3COO)2Pb 3H20)
bound to EDTA, and Cadmium (CH3COO)2Cd 2H 2 0. The rates of Ni, Pb and Cd application
resulted in the treatments 10, 20, 50 and 100 mg Ni or Pb I1 and 0.5, 1, 5 and 10 mg Cd 1"'
nutrient solution. The experimental design consisted of a completely randomized block in five
replications.
The pH of the nutrient solution was adjusted to 5.0, by adding either diluted HC1 or NaOH. The
photosynthesis was measured with a infrared gas analizer open system IRGA when the plants
had five weeks after planting. The contents of chlorophyl was determined with a manual
counter (Chlorophyll meter SPAD-502, Minolta) and some growth indicators were determined.
The plant samples were digested by the Jones and Case procedure (3), and concentrations of Cd,
Ni and Pb were determined using AAS.
Results and Discussion. The fresh weight and height of the plants decreased significantly in
proportion to the increase in the concentration of Ni and Cd in the nutrient solution; the fresh
weight of the plants treated with 10 mg Cd or Ni 1' was 27 and 41 % less than the control
plants, respectively. Poschenrieder et al. (5) reported that the addition of Cd inhibited the leaf
expansion growth becaus this element reduces cell wall extensibility.
The addition of Ni to the nutrient solution caused significant changes on the content of
chlorophyl which was from 31 to 52% less than the control plants. The first symptom of
toxicity that developed with the addition of Ni was interveinal chlorosis in young leaves, which
gradually progressed until the leaf showed severe cholorosis.
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At first, the symptoms were very similar to those caused by iron deficiency.
The plants treated with Ni and with high doses of Cd showed a less water requirement. This
phenomenon could be one of the causes of scarce stomatal opening observed in this plants (5).
The net photosynthesis was severely affected by the addition of Ni and high concentrations of
Cd (Fig. 1). When the concentration of Cd or Ni in the nutrient solution was 10 mg 1', the net
photosynthesis in the plants was 54 and 64 % less than the control, respectively, Carbon dioxide
assimilation was reduced mainly in plants treated with Ni; this effect was associated with the
reduction of chlorophyl in the plants (6).

Fig. 1. Effect of Ni,Cd and Pb on
net photosynthesis of wheat.

Fig.2. Concentration of heavy metals
in plant tissues.

In plants treated with Pb injuries were not observed. A possible explanation for this may be that
the source of nitrogen used was a mixture of NU,* /N03" (2:5), and this possibly produced an
alkaline reaction in the the rhizosphere. According to (2) the form of nutrition may affect the
rhizosphere pH, and it may have an important influence on the bio-availability of metal (Fig.2).
Florijn et ai. (2) reported that the plants grown in a nutrient solution with N H / , had a higher
concentration of Cd than those grown in nutrient solution with N0 3 . The plants absorbed higher
amounts of Ni than Cd and Pb.
Conclusions. The addition of Ni and Cd to the nutrient solution decreased the growth of the
wheat because these elements apparently reduce: the cell wall extensibility, the content of
chlorophyl, the rate of photosinthesis, C0 2 assimilation and stomatal opening. The uptake of Pb
by plants was apparently afected by the relationship of NH^/NCv in nutrient solution.
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Influence of Low-Molecular-Weight Organic Ligands on
Selenite Sorption by Short-Range Ordered Al Hydroxides
J.J. Dynes and P.M. Huang, Department of Soil Science, University of
Saskatchewan, Saskatoon, Saskatchewan, Canada
Introduction. Selenium is both an essential and toxic element for human and animal health,
hence is of environmental concern. In aerated soil systems under normal pH conditions Se occurs
as an anion (e.g., selenite). Low-molecular-weight (LMW) organic ligands play a key role in
enhancing anion availability to plants by participating in ligand exchange reactions on mineral
surfaces and through metal solubilization-chelation reactions. Natural LMW organic ligands
originate from root exudates, canopy drip, decay products of plant and animal residues and in
microbial metabolites. A strong sorption of anions in soils is usually associated with noncrystalline
hydrous oxides.
The effect of LMW organic acids on selenite sorption by Al soil constituents is rather limited(l).
The objective of this study was to investigate the effect of LMW organic acids on selenite sorption
by noncrystalline [short-range ordered (SRO)] Al hydroxides, and relate the results to the different
functional groups and number of functional groups of the organic acids and the stability constants
(KAI-L) of their solution complexes with Al.
Materials and Methods. The SRO Al hydroxide precipitate was prepared by titration of an
AICI3 solution with NaOH, filtered, dialyzed and freeze-dried. Solutions containing both selenite
and an organic acid were added to an Al hydroxide suspension. The system's pH was maintained
at pH 5 throughout the reaction period. At various times throughout the reaction period an aliquot
was withdrawn from the system, filtered and the filtrate analyzed by HPLC for selenite and
aliphatic organic acids. The amino and aromatic organic acids were determined by colorimetry.
Results. Sorption of selenite by the SRO Al hydroxide decreased with increasing organic acid
concentration (Fig. 1), which was attributed to increased competition by the organic ligands with
selenite for the Al surface sorption sites.
The extent of selenite sorption also differed with the type of organic acid present. For the most
part, the logKAi-L values explained why the sorption of selenite by the surface Al depended on the
type of organic ligand. However, the logKAi-L values reflect the binding interactions between the
organic ligand and Al in solution, which may not correspond to the reaction occurring on the
surface Al due to steric and electrostatic differences. It has been suggested, for some ligands,
steric and electrostatic effects may inhibit the formation of surface complexes.
In solution, hydroxyl substituent groups on aliphatic chains increase deprotonation of the
carboxylic groups through an inductive effect, and hence increase the attraction (binding) between
Al and ligands. The release of Al from soils was observed to be lower with the addition of
substituent hydroxyl groups on the aliphatic chain, which was attributed to decreased surface
complexation between the organic acid and surface Al due to steric effect(2). Succinate compared
to L-malate and tartarate was expected to inhibit selenite sorption much less than observed based on
it's lower logKAi-L value. The results show that the steric effect caused by the hydroxyl groups on
tartarate and L-malate were substantial. L-aspartate with a slightly larger logKAi-L value than
succinate was much less effective in competing with selenite for the sorption sites, which was
attributed to steric and electrostatic effects of the a-ammonium group.
Citrate's logKAi-L is larger than that of oxalate, however, citrate was less effective than oxalate in
competing with selenite for the sorption sites. Increasing distance between adjacent carboxylic
groups was observed to decrease Al release from soils, indicating less surface complexation
between organic acids and Al soil constituents(2). Also chelation between organic ligands and Al in
solution is known to be strongest when the ligand has the potential to form 5- or 6-membered rings
with Al. Both reasons partially account for the observed results. Also, hydroxyl substitution on
citrate may impact steric effect. Furthermore, the amount of citrate sorbed was - 7 times less than
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that of oxalate. In a previous study(l)
selenite was sorbed on pore surfaces which
were inaccessible to citrate due to the small
pore size. Oxalate due to its smaller size
would be expected to compete more
formic
successfully with selenite for these small
acetic
p-hydroxypore surfaces.
benzoic
Dicarboxyl functional groups in aliphatic
salicylic
chains form more stable ring structures
compared to ring structures formed between hydroxyl, carboxylic groups and Al.
aapartlc
However, glycolate was more successful
than L-aspartate in competing with selenite
for the sorption sites. No logKAi-L value is
glycollc
known for glycolate. The results indicated
that the steric and electrostatic effects of the
succinic
a-ammonium group on L-aspartate affected
tartaric
the carboxylic acid considerably.
citric
malic
For aromatic ligands, phenolic groups
have a higher affinity for Al than carboxylic
groups; and adjacent groups (i.e., with osubstitution) form a better coordination
center for Al than those occurring apart(3).
oxalic
Salicylate has the largest logKAi-L value of
the organic ligands examined but was
nearly as ineffective in preventing selenite
sorption as p-hydroxybenzoate, indicating
that o-substitution of salicylate was not
involved in the surface complexation
reaction. Similar results have been found
0.000
0.005
0.010
by other researchers(4). It has been
estimated that the effective logKAi-L value
Initial Organic Ligand Concentration, M
of salicylate was 4.74 using a noval Figure 1. Influence of organic ligand concentration
approach(4), which partially explains the
on selenite sorption by SRO Al hydroxide
observed results in the present study.
The second order rate constants of selenite sorption as influenced by organic acids generally
showed a similar trend as that observed for the logKAi-L values for solution complexes.
Generally, the ability of the organic ligands to affect selenite sorption by SRO Al hydroxides was
related to their solution stability constants with Al; the larger the stability constant between the
organic ligand and Al the less selenite was sorbed. Exceptions were due to differences in the steric
and electrostatic effects encountered between solid phase Al and organic ligand versus that
observed in solution. The results indicate that the stability of surface complexes merits close
attention.
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Speciation and dynamics of Copper in long term cultivated
vineyard soils. Definition and risks for the environment.
L. Ma. Flores-Vélez, M. Robert1, J. Ducaroir, F. Elsass. INRA Versailles, Station
Science du Sol. Route de Saint Cyr, 78026 Versailles CEDEX France.
Introduction. There are one million hectares of vineyards in France, most of them have been
cultivated for fifty, one hundred or more years. From the outset, copper sulphate (Bordeaux mixture)
has been used as a fungicide against mildew; this treatment has resulted in significant copper
accumulation in soils (maximum 1000 ppm) (1). These soils can be very diverse from the pedological
point of view.
The purpose of our study is to characterise the chemical forms of copper in the soil and to assess the
possible risk for the environment (plant and water pollution). For this we consider copper dynamics
in the profiles and its speciation in the solid and liquid phase
Materials and Methods. Representative soils were chosen in the great wine growing regions,
namely Champagne, Bordeaux, Cognac, Beaujolais and Languedoc-Roussillon. They represent a
wide range of soils (in the French classification) from rendzin, brown soils, acid brown soil to
fersiallitic soils.
The study of copper dynamics is based on different methods :
* total copper analysis of the total sample and of the fine fraction <2um (clay fraction) at different
depths of the profiles.
* speciation of copper using sequential chemical extractions in non fractionated soil samples (2) as
well as the separate clay fraction.
* local distribution of copper by means of Analytical Electronic Microscopy (TEM + EDS) in the
clay fraction before and after the sequential chemical extraction.
* measurement of the fixed copper in suspended matter released by erosion.
* measurement of copper in water.
Results. 1. There is a large quantity of copper accumulated in soils (from 80 to 370 ppm) which
could represent a potential risk to the environment.
2. In most soil profiles, copper is accumulated in the surface, but lateral and vertical migration can
occur depending on soil properties and geomorphology (figure 1). The two profiles of figure 1
illustrate the two most common patterns of behaviour of this element.
3. Copper is mostly fixed in the clay fraction; it is not largely fixed in the organic matter as reported
in other works (3). In fact this element speciation is quite diverse and depends on the type of soil.
For example in calcareous soils this element prefers the reducible phase (oxides) and the residual
phase. The three pie charts of figure 1 illustrate the affinity of copper to oxidable and residual phases
in the case of Moussy (Champagne).
4. Analytical microscopy in separated fractions rich in copper, is a good tool to understand the
spatial location of copper in the mineralogical fractions of the soil.
5. The results of chemical speciation and analytical microscopy show that copper is adsorbed across
the whole spectrum of soil phases (in decreasing concentration order : residual, reducible, acid
soluble, oxidable and exchangeable). This property allows the soil to store copper in great quantities.

172

Discussion. Copper builds up in the soil surface reaching, in most cases, levels that can be
considered as soil polluting (that is, over the limits of the European regulation: 50-140 ppm
:(86/278/CEE)). Copper fixation occurs preferably in fine suspended particles (iron oxides and clay
particles). This implies that when copper is in that form it will not be easily released to the solution
and therefore is not harmful to plants; nevertheless risks do exist because of water and wind erosion.
Vineyard soils with steep slopes and no vegetation are an erosion risk to the water quality (river and
littoral water). In several cases there is a migration of copper inside the profile and eventually the
watershed, the interpretation is under study. It can be related either to the abundance of organic
matter even when the definitive speciation is mineral, with the leaching of the clay within the profile
(fersiallitic soil), or to certain hydromorphic conditions leading to iron reduction and liberation of
bonded copper. In all these cases, copper can represent a risk to crops.
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Lead (Pb) Status of Mollisols as Affected by
Physicochemical Properties, Drainage Conditions and
Parent Material of Soil
S.K. Gupta, Venkatesh Bharadwaj, and A.K. Sharma. Department of Soil

Science, G.B. Pant University of Agriculture & Technology, Pantnagar, 263
145, India
Introduction. There is growing concern that potentially toxic heavy
metals added to the soil are absorbed by plants in sufficient
amounts. This can reduce the crop yields and adversely affect the
health of humans and animals. The Pb is one of them which comes in
soil through fertilizers, pesticides, industries and automobiles.
The present study is related with the status of lead in the
Mollisols of Tarai region of India.
Materials and Methods. The triplicate soil samples of various
horizons were collected according the their depths indicated by
(1). The physicochemical properties of soil samples were determined
by normal procedures.
The total lead of soil was determined by the method of (2). The
method of (3) was adopted for the sequential estimation of lead.
Results and Discussion. The content of total lead, exchangeable
lead, organic matter bound lead, carbonate bound lead, Fe-Mn oxide
bound lead and residual lead in the six series of Pantnagar soils
ranged from 0.0 to 24.0, 0.0 to 1.44, 0.0 to 13.68, 0.0 to 0.039,
0.0 to 7.92 and 0.0 to 1.2 ppm, respectively. The content of total
lead and its fractions are well within the ranges given for the
normal soils by (4). A decreasing trend in the lead status was
observed with t,he increase in depth of soil except carbonate bound
lead.
The effect of pH on total lead content and its fractions was in
general negative, which was well supported by the finding of (5).
The pH also have the negative effect on the solubility of lead. The
Pb(OH>2 regulates the activity of Pb when the pH is less than about
6.6
and
the
formation
of
lead
orthophosphate,
lead
hydroxypyromorphite and tetraplumbite phosphate is related with
increase in pH. This indicates the possibility for the presence of
lead hydroxide compound in the profile to Patharchatta sandy loam
and upper horisons of Beni silty clay loam, Haldi loam and Khamia
sany loam, whereas the other above stated compounds of lead may be
at lower horizons.
The positive effect of CEC on total lead status and fraction was
observed. In Phoolbagh clay loam the correlation coefficients (r)
of CEC with the total lead, organic matter bound lead Fe-Mn oxide
bound, exchangeable and residual lead were 0.979xx, 0.975xx,
0.965xx, 0.991xx, 0.883xx, respectively. The similar trend was
observed for other series. The effect of organic carbon on total
lead as well as fractions was similar to that of CEC in all series.
The net effect of organic carbon on lead content of soil was
positive and was in the lines of work reported by (6).
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The positive effect of organic carbon on lead status is obvious as
the organic complexes are formed due to the reaction of humic acid
with the inorganic substance of the soil (7).
The results indicated that except carbonate bound lead all the
other fraction including total lead were higher in the poorly
drained soils as compared to imperfectly drained soils. In the
poorly drained condition, higher amount of water is present . For
such type of condition (8) reported that dissolved forms of lead
may form the chelates with water and organic matters. The status of
lead and its fractions in poorly drained and imperfectly drained
soils were 111.0 and 64.0, 7.709 and 4.896, 36.18 and 21.26, 60.12
and 33.83,0.109 and 0.127 and 6.882 and 3.887 ppm for total,
exchangeable , Fe-Mn oxide, organic matter, carbonate and residual
lead, respectively.
Mollisols of Tarai are developed on sandy and silty soil materials.
The lead status of soil having sandy materials were higher to the
silty material soils. The whole profile of sandy material soils
contained 146.00, 10.514, 77.15, 49.27, 0.209 and 8.857 ppm total,
exchangeable , organic matter, Fe-Mn oxide carbonate bound and
residual lead, respectively . The results on this aspect obtained
here are in the agreement with those of (9).
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Hydroxy-Aluminium Species in the Liquid Phase
of Acidic Soils at Different Moisture Contents
Filep,G., and Csillag J . * Agricultural University, Debrecen, 4001, Pf. 58. Hungary
* Res. Inst. Soil ScL&Agric. Chem., Hung. Acad. Sci., 1022.Budapest, Herman O. u 15.,Hungary

Introduction. Soil acidification (caused by acidic depositions or by the application of high dose
mineral fertilizers) results in the mobilization of several Al compounds and parallelly the
accumulation of toxic Al species in the soil solution. There are data in the literature (1,2) that
free Al
and monomer hydroxy-Al species are responsible above all for the fitotoxic effect of
Al. The aim of our experiments and calculations was to study the change in the chemical
composition (mainly Al concentration, the activities and ratios of different Al-species) of the
soil solution, as a function of the pH and moisture content of the soil.
Materials and methods. The samples of the upper horizon of two acidic brown forest soils
different in pH but similar in other properties (Tab.1), and the artifically acidified samples of
soil N°l. (to pH • 3.6) were used in the experiments. After the usual pretreatment of the
original and the acidified soils (air-drying, grinding, passing through a 2 mm sieve), the samples
were moistened with distilled water to 250, 20 and 0.1 kPa moisture potentials. After one week
equilibration the liquid phases were separated by centrifugation with a rotor speed
corresponding to 1500 kPa suction, a value representing the wilting point of plants. With this
method soil solution fractions available to the plant can be obtained.
Saturation extracts and aqueous soil extracts having different soihwater ratios (1:1,
1:2,1:2.5,1:5,1:10) were also prepared with standard methods. The solutions were analysed tp
pH and to Ca, Mg, Na, K, Al, Mn concentrations with ICP method, and HCO3", CI", SOf
with titrimetric and gravimetric measurements.
The activities and ratios of different Al species (free hydrated Al , monomelic
and binuclear hydroxy-Al complexes and A1S04 + ), as well as of ion-pairs of other cations with
SO42" and HCÓ3' were calculated by a computer program icluding Al-hydrolysis and ion-pair
formation equations (31.
Results and Discussion. It was found that the amounts of Al , Mn , Caz,"r and Mg^"1"
suddenly increased in the solution after the acidic treatment. This can be attributed mainly to
the_decomposition of certain soil minerals and Al compounds. The desorption of exchangeable
C a z + and Mg2"*" may also play a role. The concentrations of the elements in the liquid phase
of soil N°l. (between pH 3.6 - 4.6) increased according to an approximately exponential
relationship with a decrease in the pH of the solutions. In the moisture range from 250 kPa
moisture potential to 1:10 soihwater ratio the concentrations were found to increase according
to a hyperbolic relationship with a decrease in soil moisture content (Tab.2).
In the case of soil N ° l . the increase of the quantity of dissolved Al (expressed in
mg/100 " coil) with increasing moisture content could be observed only above pH 4. Otherwise
the eff
of the increase of soil acidity on the dissolution of Al compounds was more
signifies
han that of the change in moisture content.
Studying the effect of sbil acidification on the distribution of monomer hydroxy-Al
complexes in the liquid phase of soils N°l. and 2. it wasjfpund thai similarly to solutions in
equilibrium with gibbsite (4), at pH 3.6 - 4.6 (soil N ° U A 1 J + , A10H Z + and Al(OH)o + , while
at pH 5.0 - 6.0 (soil N°2.) Al(OH)2 + and AirOH)3° were dominant in the soil solution. It
means that with decreasing p H i h e forms which are mainly responsible for the toxic effect of
Al in the soil (free Al , A l O H ^ a n d Al(OH)2 complexes) become dominant in the hquid
phase. The amount of Al2(OH)2
was negligible in the liquid phase of both soils.
On Fig.1. the amounts of species in the liquid phase of soil N°l. are shown at
different moisture contents. 'Total" and "free" ion concentrations increased more with
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decreasing soil moisture content in the acidified sample of soil N°l., than in the original soil
(Fig.1). The effect of the decrease in soil moisture content on the formation of hydroxy-Al
complexes was found to be small in the acidic soils, and the concentration of ion-pairs also only
slightly increased.
The experiments proved that a consequence of sou acidification may be the
accumulation of total Al and of toxic Al species (Al 3 , AlOH2"1", Al(OH)2 + ) in the soil
solution in the case of soils with low amounts of basic cations. These data can serve as a
chemical basis for measures and systems of the prevention of the harmful effects of soil
acidification.
Literature cited.
(1) Moore,D.P. 1973. Physiological effects of pH on roots. (In: The plant root and its environment. Ed.:
Carson,E.W., University Press of Virginia, Charlottesville.) 135-151.
(2) Ritchie.G.S.P. 1989. The chemical behaviour of aluminium, hydrogen and manganese in acid soils. (In: Soil
acidity and plant growth. Ed.:Robson, AD., Academic Press, Sydney) 1-60.
(3) CsillagJ., Filep.G. and Pintér.1.1991. Calculation of the activities of free A l 3 + and Al hydroxocomplexes in
the soil solution (In Hung.) Agrokémia és Talajtan. 40:203-217.
(4) Lindsay,W.L. 1979. Chemical equilibria in soils. J. Wiley and Sons. New York.
Fte.1. Distribution of species in the liquid phase of soil
h r l . depending on soil moisture content (pH values
denote pH of the solutions; c.: measured, total" ion
concentration; c* and af "free ion concentration and
activity, resp.; SP: saturation percentage; FC: field
capacity (20 kPa; 27 %); the numerical values to the right
of the columns denote the amounts in percentages; if
concentrations increase 1-, 10-times, the areas of the
columns increase 1-, 2- times)

Soil moisture content
Species

SP (pH=4,34)

"vu:
Al

3+

Tab. I. Main physical and chemical properties of the soils studied
Org-C SP <0.02nm CEC
J*
Soil
%
%
w» HgJ KC1
3.0
4.6 3.4
60
5.5 4 . 2 3.1
58
Org-C: organic carbon content; SP: saturation percentage; CEC: cation exchange
capacity (me/100 g soil)

j2+l
AlOH'
A1(0H)*AISO4 —

°Al|*

_

B

FC (pH=4,46)

23,6

r7<°

19,0
7,9
8,7
35,5

62,7

58,2

5^~3 6,2
4,2

M

mnol/L: 0,11

-Z+.

^ U o , 7

Tab. 2. Parameters of 1. the c=a.e"bPH
exponential and 2. c=a'+b'{l/(öw-flw>)}
hyperbolic relationships obtained from the
data of centrifuged soil solutions (at
potentials of 250, 20 and 0.1 kPa), as well as
of saturation extracts and of aqueous soil
extracts (having soilwater ratios of 1:1, 1:2,
1:2.5, 1:5 and 1:10). (c: ion concentration
(mg/L); 0W: soil moisture content expressed
in weight percentage; 0-^: soil moisture
content at 1500 kPa potential)

C„.2

Cat*

wf+
Mg'

mmol/b o,9o

Elements
Stat,
Mg
index
Mn
Ca
Al
1. (number of data pairs, n = 27)
a 3.8.107 1.9.1010 4.0.107 2.0.107
-3.27
-3.31
-4.93
-3.88
b
0.87
0.69
0.67
6.61
r2
2. (n = 20)
a'
46.1
79.5
4.1
90.5
b' 1400
3800
6200
6300
r2
0.90
0.89
0.87
0.97

l,o5

a
•».?-

Mgso"
°Mg^ +

61,9

«Na;-

177

14,0
1,14

^ j
91,2

89,9

_-0,4

NaSO,
°Na£

57,3

5^1ll,8
mnol/L: 0,92

rrf"Na:

12,6

BBOI/L:

o,34

1,16

Characterization of Soil Aluminum Extracted by DithioniteCitrate-Bicarbonate Method
J. Z. He, X. Y. Li, F. L. Xu. Department of Soil and Agrochemistry, Huazhong
Agricultural University, Wuhan 430070, P. R. China.
I n t r o d u c t i o n - With the development of modern industrialization and agricultural
intensification, the toxicity of soil active Al to crops, forests and waters, its
impacts on acidification of soils and environments, and its effects on pedogenesis,
soil structure and properties, have become increasingly recognized. For the
differentiation of various forms of Al, noncrystalline Al is generally extracted with
oxalate solution (pH3.2, in darkness),organically-bound Al with pyrophosphate solution
(pH8.5), and "free" Al with dithionite-citrate-bicarbonate solutions (DCB, pH7.3) (1).
However, the form of "free" Al has been obscure. Numerous literatures cited it as free
Al. Particularly, the Al extracted with DCB was sometimes regarded as the total of
noncrystalline and crystalline free Al, and the difference between the amount of Al
extracted with DCB and that extracted with oxalate as the amount of crystalline free
Al. This paper was designed to investigate the form of soil Al extracted with DCB.
Materials and Methods.
10 samples of soils derived from granite were
collected from 5 sites at various altitudes of the Mang Mountains,which are located
in 24° 54'-25° 03' north latitude and 112° 43'-113° 20' east longitute. The samples
were passed through a 0.25-mm sieve and <27im clay fraction was separated by the
sedimentation method. pH value of the soils was in the range of 4.1 to 4.8. The soil
samples were extracted twice by each of oxalate, DCB, and citrate (2), separately, and
the extracted Al was marked as Alo, Aid and Ale, respectively. At the same time, the
samples were also extracted continuously. The continuous extraction was performed as
follows^ /\ soil sample, pre-extracted with pyrophosphate, was extracted twice with
oxalate, then twice with DCB, and twice with citrate sequentially. The contents of Al
extracted were determined by ICP-OES. The soil clay before and after the each
treatments was investigated by XRD.IR and DTA techniques.
Results and Discussion.
As shown in the Table, the amount of Alo and Aid
extracted from the soils with oxalate and DCB separately was 3.8-10.9 g/kg and 6.417.7 g/kg, respectively. Alo accounted for 40-80 percent of Aid. On the other hand,
the amount of Aid was less than the sum of Al extracted with oxalate and then with DCB
successively, i.e. Aid < (Alo + cAld). These indicated that DCB could not extract all
oxalate extractable Al from the soils. Furthermore, after extractions of oxalate and
DCB. citrate continuous extraction could still dissolve 3.6-21.2 g/kg Al from the
soils (cAlc), which would mainly be interlayered hydroxy-Al as shown by the X-ray
patterns. Moreover, DCB treatment showed no detectable influence on the interlayered
hydroxy-Al. Therefore, the Al extracted with DCB may be existed mainly as discrete
form and coatings on the external surface of clay minerals, instead of within the
interlayers of expansible 2=1 clay minerals.
* Project supported by the National Natural Scientific Foundation of China.
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Table 1. Description of the soil samples and their Al amounts (gAg) extracted with
oxalate, DCB and citrate separately and continuously
Sample Altitude Soil type
No.
(m)

Depth
(cm)

Clay
(g/kg)

separately
AÏÖ- Aid
Ale

continuously*
cATö cATcl cATc

1-1
1-2

270

Red soil

0-17
17-46

362
394

4.42
3.82

6.97
6.47

8.46
8.88

4.77
3.91

2.99
3.84

3.65
3.90

2-1
2-2

550

Yellowred soil

0-20
20-65

282
288

6.21
3.90

9.00
9.52

13.45
12.39

6.69
4.31

3.87
5.88

5.32
6.36

3-1
3-2

870

Yellow soil 0-20
20-50

250
407

6.50
5.79

11.89 18.87
12.97 23.33

7.38
6.95

8.66
8.70

9.78
14.10

4-1
4-2

1280

Dark yellow- 0-15
brown soil 15-60

301
554

9.94
9.56

12.12 16.38
17.62 31.09

9.99 2.42 7.55
11.15 10.92 17.27

5-1
5-2

1600

Dark yellow- 0-15
brown soil 15-65

311
360

10.57 13.93 25.73
10.82 15.26 29.03

11.04 3.94
12.10 6.16

13.70
21.20

* cAlo was the sum of Al extracted by pyrophosphate and oxalate continuously. cAld and
cAlc were Al amounts extracted by DCB and citrate continuously, respectively.
There is no difference detected in the XRD, DTA and IR patterns of the soil clay
between treated with DCB and treated with oxalate. In addition, the two treatments
showed no detectable effect on gibbsite, hydroxy-Al interlayers and phyllosilicates.
These revealed that the form of Al extracted with DCB and oxalate was noncrystalline.
Therefore, the form of Al extracted with DCB after oxalate extraction, or of the
difference between Aid and Alo, was precisely noncrystalline rather than crystalline.
Even if the forms of Al extracted with DCB and oxalate were all noncrystalline, the
amount and characteristics between them were not the same. The Al extracted with
oxalate was more active than those extracted with DCB after oxalate extraction, as
shown by some surface properties of the soils treated by the extractants (3).
The characterization of Al extracted with DCB after oxalate extraction may be
summarised as follows: 1) it was a part of noncrystalline Al that could not be
extracted with oxalate; 2) it bound to clay minerals and iron oxides tightly,and could
not be dissolved unless with reduction dissolution of Fe-oxides, -i.e. with DCB
solution; 3) it was not as active as the noncrystalline Al extracted with oxalate.
Literature Cited
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Buffer Capacity of Soil to Pollutants
Hua Luo, Zhang Fengrong. Institute for Application of Atomic Energe,
Chinese Academy of Agricultural Sciences, P.O. Box 5109, Beijing 100094, P.R.
China

Soil buffering in broad sense means the resistance of soil to the changes of activity or
concentration of soil components and added materials due to the changes of environmental factors
such as water condition, temperature and time. The ability of soil buffering to nutrient
importance in practice.
A series of systematic experiments were carried out to study the factors affecting buffer capacity
of soils sampled in various bioclimatic zones(podsolic and glei-peat soils in Russia; lateritic
and yellow-brown soils in Hubei Province, light-soloured meadow soil in Beijine and carbonate
cinnamon soil in Shanxi Province in China) to metalic elements Cu, Pb, Cd and F' '. It was found
that soils possessing strong buffer capacity to heavy metals but weak to florine are neutral
soils, rich in organic metter, high in exchange capacity and content of carbonate, and also heavy
in texture, such as cinnamon soil. On the contrary, acidic soils that are rich in ferric and
aluminum oxides, e.g. lateritic soil and yellow- brown soil, possesses stronger buffer capacity to
flourine but weaker to heavy metals. A series of experiments were also carried out to determine
the relative effect of each affecting factor (e.g. soil acidity, contents of organic matter and
carbonate, type and amount of clay minerals, chemical and mechanocal compositions, history of
fertilizer application, maturity of soils, etc.) on each pollutant element and soil combination.
To quantify the relationship between soil buffer capacity and above affecting factors, the buffer
capacities of soil polluted at different levels of cadmium were determined under conditions of
different pH values' ', clay contend *, calcium carbonate contend ', organic matter and humic
acod contents' '. The uptake capacity of soil to acdmium as well as the composition and properties
of complex cadmium formed were also analysed to evaluated how each factor that affects soil buffer
capacity. By performing a comprehensive experiment on buffer capacity of soil to cadmium and path
analysis, direct or indirect effects of each factor on buffer capacity of soils to cadmium and
their effectiveness were obtained'6^. These offered a scientific base for correctly evaluating,
preventing, controlling, harnessing procedures and forecasting soil pollution. In mechanism
study, an adsorption dynamic experiment of soil to Cd was carried out to analyse the relationship
between average buffering capacity and time' '. Due to balance adsorption of soil to Cu, Pb, Cb,
Fe, the nutrients proportion and effeciency could be studied' '. Russian made chemiblotting was
used to measure the element status in field soil-plant system' '. Differential thermal analysis
was used to study the effects of Cu, Pb, Cd, Fe to soil physical and chemical properties' J.
Infrared spectrum method was used to study the mechanism of Cd and meliorators affecting on soil
and plant. At lastf \ the reclamation method PX.soil pollution was studied and precipitation and
leaching experiments were also carried out' '. This paper summarized the results of the
experiments mentioned above. It provided a scientific criteria for protection, adjustment and
prediction of soil pollution.
KEY WORDS: Soil buffer capacity, soil pollution, path analysis, infrared spectrum, differential
thermal analysis, kinetica adsorption.
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The effect of pH on Sorption, Leaching and Volatilization
of added Selenium in Forest Soil.
L. Johnsson. Department of Soil Sicences, Box 7014, S-750 07 Uppsala,
Sweden.
Intoduction. The effect of acidification on Se is less known then for other elements, e.g. Hg
and Cd. Although Se is an important essential element and seems to be able to reduce the
toxic effects of other elements that shows increased solubility when the soils get more acid.
Se seems to reduce Hg bioavailability in lakes by forming HgSe (1), which is insoluble in
water. Consequently, this may lead to reduced Hg concentration in fish. If the acidification
causes a decreased availability for selenium the effect may be a reduced capacity of the soil
to supply selenium to aquatic and teresstric ecosystems. This may lead to increased toxic
effects from other elements and also to increased danger for selenium deficiency in food
chains based on acidifyed soils.
Materials and Methods. Soil material from different horizons were collected from a Haplic
Podsol situated at Strasan in the middle of Sweden (65°55'N, 19°05'S).
The investigation consisted of one column and one batch experiment. The column experiment
consisted of two identical sets of columns with 6 different types of columns in each set. The
first column type contained the Oi- and A-horizon. To each of the 5 following columntypes
one more horizon was added. The 6:th and longest column type contained the Oi-+A-horizon
(depth 0-8 cm), the E-horizon (depth 8-16 cm), the Bsl-horizon (depth 16-17 cm), the Bs2horizon (depth 17-24 cm), the Bs3-horizon (depth 24-30 cm) and the C2-horizon (depth 3050cm). Each set of columns was preformed in duplicate. The soil columns were leached 9
times per weak (ca 6* 103 dm each time) with a solution prepared using ion concentration data
from an air and precipitation monitoring station 50 km southeast of the soil site. One of the
column sets was leached with leaching solution adjusted to pH 3.5 and the other was leached
with a solution adjusted to pH 4.5. The pH-levels were adjusted by adding a diluted mixture
of the acids H 2 S0 4 and HN0 3 in the ratio 2:1.
For the first 35 days of the experiment the soil columns were leached with the above
described solutions. After this period selenium in the form of Se032" was added to the
solutions (100 ug dm"3). The soil columns were then leached for 112 day at the temperature
of 10 °C and in the dark.
The batch experiment was designed to study the effect on different acidifying substances on
Se sorption to the podosol profile. Equivalent amounts of H+-ions in the form of diffrent acids,
were added to the Oi-, Bsl-, Bs2- and C2-horizon. The acids used were a mixture of H 2 S0 4
and HNO, (ratio 2:1), H2S04, HN03, HC1 and ClCH2COOH. The Se-concentration in each
sample was 1 mg dm"3. After equilibrium and centrifugation the Se-concentration in the
supernatant was determined by AAS analys using the hydride method (2).
Result and Discussion. In the column experiment most of the added Se was fixed in the
upper part of the Oi-horizon (0-2 cm) and the fixation was greater at the low pH-level (1620%
increase) than at the high (428% increase). In the mineral soil small or no changes had
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occurred.
The Se-concentration in the leachates from all types of columns were low. In the leachates
from the columns that contained Oi+A- and Oi+A+E-horizons the Se content was somewhat
higher(0.63-1.99 ug dm"3) than from deeper horizons (0.06-0.22 ug dm"3). For these column
types leachates from the low pH-level had higher concentrations (1.70-1.99 ug dm"3) than the
ones from the high pH-level (0.63 ug dm"3). In addition, the Se-concentrations increased during
the experiment period in leachates from the low pH-level but showed a slight decrease in
leachates from the high pH-level.
No inorganic Se could bee found in the leachates from any of the soil columns. All Se that
was leached from the soil columns must have been transported in some other form, probably
fixed to or built into organic substances. This is in agreement with an earlier experiment (3).
The total organic carbon content (TOC) in the leachates followed the same trends as the Se
concentration did. For the Oi+A- and Oi+A+E-horizon there were a significant relationship
between Se and TOC concentration in the leachates (Revalues were 0.62 and 0.44 for the low
and the high pH-levels respectively; p<0.001).
A Se-budget for the soil columns containing the Oi+A-horizons showed a big difference in
the amounts of Se not accounted for between the pH levels. For the low pH-level the loss was
19% of added Se and for the high pH-level the loss was 76%. The losses are in the same
order of magnitude as an earlier column experiment (3). The results from the budget shows
that volatilization of Se from the organic horizon could be an important part of the Se-cycle
in forest soils and that the process is pH dependent. Earlier studies on Se-volatilization are
generally carried out on agricultural soils. The volatilization is normaly small except when Se
is added as organic compounds (4). It is possible that the organic matter in the mor layer is
more available to microorganisms than the one in agricultural soils.
In the batch experiment acidification of mineral soils using H2S04 or H 2 S0 4 :HN0 3 (2:1)
caused a decreaced adsorption of selenite when pH decreased. The other acid used, HNÓ3,HC1
or ClCH2COOH caused a small or no increase in adsorption. Comparing mean values for
adsorbed amount of Se for the different acids showed that H2S04 resulted in significant lower
adsorption than did the other acids. These results showed that there is a competative
relationship between selenit and sulphate in mineral soil. It also indicate that acidification of
mineral soil by H 2 S0 4 could leed to an increased solubility for selenite.
In the Oi-horizon, no competative relationship between selenite and sulphate could bee seen.
However, the amount of sorbed selenit decreased (c:a 70%) when ClCH2COOH was used
compeared to the one caused by the other acids. The effect of monocloracetic acid is probably
due to its toxisity which may have caused total or partial reduction of the microbial activity
in the soil. The result indicates that microbial immobilization plays an important role for Se
sorption in material from the organic horizon, Oi.
Literature Cited.
(1) Björnberg, A., Hakansson, L., and Lundbergh, K. 1987. A theory on the mechanisms
regulating the bioavailability of mercury in natural waters. Environ. Pollut. 49, 53-61.
(2) Johnsson, L. 1989. Se-levels in the mor layer of Swedish forest soils. Swedish J. Agric.
Res. 19:21-28
(3) Gustafsson, J.P. and Johnsson, L. 1992. Selenium retention in organic matter of Swedish
forest soils. J. Soil Science 43:461-472.
(4) Doran, J.W. and Alexander, M. 1977. Microbal formation of volatile Se compounds in
soil. Soil Sci. Soc. Am. J. 40:687-690.
183

Role of Fe- and Al-organic complexes in the availability of soil Cd
G. S. R. Krishnamurti, P. M. Huang, K. C. J. Van Rees, L. M. Kozak and H. P. W. Rostad
Department of Soil Science, University of Saskatchewan, Saskatoon, Sask., Canada S7N 0W0.
Introduction. Delineating various forms of elements and their speciation in soils has become
increasingly essential for assessing the plant availability of the elements. Multi-step extraction
methods, although time consuming, were found to furnish useful information about the origin and
dynamics of heavy metal contaminants in soils (1). The most commonly used extraction scheme
for the speciation of particulate-bound metals is that of Tessier et al. (2) with minor variations.
However, no attempt has so far been made to identify the specific species of particulate-bound
metals which play an important role in their availability to plants. The speciation of the particulatebound Cd was studied in selected soils from Saskatchewan and the different Cd species were
correlated with the plant-available Cd index.
Materials and Methods. Sixteen surface horizons of soils representative of major soil types in
Saskatchewan, and differing widely in their physical and physicochemical properties, were used in
the present study. The particulate-bound Cd species were determined, using the multiple-sequential
extraction scheme of Tessier et al. (2), with some modifications: exchangeable [M Mg(NÜ3)2 at
pH 7], carbonate-bound (M NaOAc, pH 5), Fe- and Al-organic complex-bound (0.1 M sodium
pyrophosphate, pH 10), easily reducible metal oxide-bound (0.1 M NH2OH.HCI in 0.01 M
HNO3), residual organic-bound (30% H2O2 in 0.01 M HNO3), amorphous oxide-bound (0.2 M
NH4-oxalate/Oxalic acid at pH 3 in the dark), crystalline Fe oxide-bound (0.2 M NH4oxalate/Oxalic acid at pH 3 in 0.1 M ascorbic acid), and residual detritus-bound. The plantavailable Cd content of the soils was estimated using the ammonium bicarbonate diethylene
triamine pentaacetic acid (DTPA) method of Soltanpour (3) and the ammonium acetate-ethylene
diamine tatraacetic acid (AAAc) method of Lakanen and Ervio (4). The total cadmium content of
the soils was determined after microwave digestion (5) of the soils; the cadmium in the extracts
was determined using a Perkin-Elmer Graphite Furnace Atomic Absorption Spectrometer at 228.8
nm.
Results and Discussion. The total Cd content of the soils correlated well with the < 2 \im size
separates (r = 0.625, p = 9 x 10"3 ) and organic C (r = 0.537, p = 3 x 10"2 ), and had a poor or
negative correlation with the 2-50 |im (r = 0.189, p = 5 x 10"1) and the > 50 p.m (r = - 0.658, p = 6
x 10"3) size separates. The multiple correlation coefficient of the total Cd content with the < 2 u^m
size separates and organic C was highly significant (r = 0.807, p = 4 x 10"3), indicating that Cd was
associated with the clay sized separates and the organic matter of the soils.
The amount of exchangeable Cd present was practically negligible and was lower than
0.001 mg/kg. The different forms of Cd present in these soils were in the order: Fe- and Al-
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organic complex-bound (0.030 to 0.202 mg/kg; average 0.107 mg/kg) > carbonate-bound (0.000
to 0.116 mg/kg; average 0.052 mg/kg) > residual detritus-bound (0.008 to 0.082 mg/kg; average
0.042 mg/kg) > residual organic-bound (0.000 to 0.091 mg/kg; average 0.035 mg/kg) > crystalline
Fe oxide-bound (0.000 to 0.030 mg/kg; average 0.016 mg/kg) > easily reducible metal oxidebound (0.000 to 0.031 mg/kg; average 0.010 mg/kg) > amorphous oxide-bound (0.000 to 0.009
mg/kg; average 0.002 mg/kg)- The Cd in these soils was predominantly in the form "Fe- and Alorganic complex-bound", accounting for 31-55%, with an average of 40%, of the total Cd present
in the soils.
The available Cd estimated by extraction with DTPA and A A Ac varied from 8.1 to 71.0%,
average 40.7%, of the total Cd. An attempt was made to identify the particulate-bound Cd species
most responsible for the plant-available Cd, as reflected by the Cd-availability index, using
regression analysis of the data (Table 1).
Table 1. Correlation Data of the Plant-available Cd Indices with Different Cd Species.
Fe- and Al- Residual
Indices organic
organics
complexes
DTPA

0.9171
(6 x lO"7)
AAAc 0.884t
(1 x 10-6)

Carbonate

0.652
0.548
(6 x 10-3) (3 x io-2)
0.748
0.429
(9x lO"4) (9x lO"2)

Amorphous
oxides

Crystalline
Fe oxides

0.545
(3 x lO"2)
0.605
(1 x lO"2)

0.388
(1 x 10-1)
0.371
(1 x 10"1)

Easily
Residual
reducible
detritus
metal oxides
0.055
(8 x 10"1)
0.090
(7 x lO"1)

-0.519
(4 x lO"2)
- 0.420
(1 x 10"1)

t correlation coefficient; the p values are given in parentheses
The amounts of the Cd bound to Fe- and Al-organic complexes correlated most
significantly (p < 10"6) with those of the plant-available Cd indices, determined by DTPA-, and
AAAc-extraction, as compared to the other species of Cd (Table 1). The importance of the Cd
bound to Fe- and Al-organic complexes in the availability of soil Cd to the plant has not so far
been identified and needs close attention in explaining the bio-availability, toxicity and food chain
contamination of Cd.
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1994. Microwave digestion technique for the determination of total cadmium in soils.
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Solidification/Stabilization
of Metal-Bearing Contaminated Soils
I. Klich and P.V. Dean. PRC Environmental Management, Inc.,
1505 PRC Drive, McLean, Virginia, USA 22102.
Introduction. Solidification/Stabilization technologies have been demonstrated to be
acceptable methods of immobilizing heavy metals, such as lead, chromium, zinc, and arsenic,
in contaminated soils. These waste remediation processes result in the nondestructive
conversion of liquid, semisolid, or solid wastes into less hazardous materials.
Solidification/Stabilization technologies are designed to: 1) limit the solubility of hazardous
constituents of the waste by such means as pH adjustment or sorption phenomena, 2)
decrease the surface area of the waste mass across which transfer or loss of contaminants
can occur, and 3) improve the handling and physical characteristics of the hazardous waste.
At the basic level of waste management, the conversion of a hazardous material from a
liquid, semisolid, or solid into a solidified mass imparts to the material certain physical and
chemical characteristics that are beneficial in handling and that reduce the mobility of
contaminants. The removal and placement of a large volume of waste that has been
solidified can facilitate a remedial project by permitting the use of conventional excavation
and transportation'equipment capable of moving large volumes of material. Solidification/
Stabilization technologies have met with increased acceptance, in large part because of their
cost-effectiveness.
Materials and Methods. Evaluation of solidification/stabilization technologies typically is
based on several criteria, such as resistance to leaching, physical strength, long-term
durability, and cost. Methods of qualifying wastes as nonhazardous usually involve leach
tests. Threshold limits for hazardous constituents under federal regulations are based on
the U.S. Environmental Protection Agency's (EPA) Toxicity Characteristic Leaching
Procedure (1). Leach tests are conducted on the untreated or raw waste, as well as on the
treated or cured waste. Threshold limits vary, depending on the specific contaminant of
concern (2). Curing of the solidified and stabilized wastes typically takes from 7 to 28 days,
depending on the climatic conditions. Physical strength is measured by unconfined
compressive strength (UCS) tests (3). EPA requires a minimum 50 pounds per square inch
(psi) UCS for treated wastes that are to be disposed of in a hazardous waste landfill (4).
Micromorphological studies of the properties of solidified and stabilized soils provide insight
into their macroscopic characteristics, both with respect to their gross engineering properties
and with respect to their ability to immobilize contaminants. Optical microscopy, scanning
electron microscopy combined with energy dispersive X-ray analysis, and X-ray powder
diffraction techniques are employed to determine the extent of physical and chemical
weathering or degradation that has occurred over time.
Results and Discussion. Solidification/Stabilization remediation technologies have been
used commercially for more than 20 years to immobilize metals in contaminated wastes and
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soils. According to EPA Superfund guidelines, solidification/stabilization technologies are
classified under the broader category of immobilization technologies that are designed to
permanently reduce the toxicity, mobility, or volume of wastes. The solidification aspect of
the treatment process typically produces solid waste material of high structural integrity.
The contaminants do not necessarily interact chemically with the solidification additives,
typically cement, lime, or silicates, but are contained primarily within the solidified matrix.
Stabilization refers to the chemical conversion of the contaminants to a less soluble, less
mobile, or more chemically stable form, with or without change or improvement in the
physical characteristics of the waste. Stabilization usually involves the addition of specific
materials, such as fly ash or blast furnace slag, to ensure that the hazardous constituents are
maintained in their less mobile or less toxic forms. In combination, solidification/
stabilization of contaminated soils is accomplished by mixing at low temperatures of
materials that limits the solubility or mobility of contaminants and produces a monolith.
Despite the increase in use of solidification/stabilization treatment processes on hazardous
wastes before they are disposed of in landfills, there has been very little study of the
chemical and physical weathering and degradation of the solidified and stabilized wastes,
once the treated material has been landfilled. Methods of qualifying wastes as
nonhazardous, which usually involve leach tests, have not been extended to provide longterm predictions of system performance. At present, no systematic monitoring programs
have been established to monitor the treated wastes, once they have been buried in a
landfill. Micromorphological observations of the treated materials provided information on
the homogeneity of mixing, distribution of the matrix, and characteristics of the
microstructure. Analysis of thin sections under a standard polarizing microscope was
conducted to determine the mineral phases present in the treated wastes and revealed the
microstructural relationships between the binder constituents and the waste material.
Scanning electron microscopy coupled with energy dispersive X-ray analysis allowed the
examination of the physical structure and chemical composition of individual grains.
Elemental mapping of specific metal contaminants and binder constituents shows the
distribution patterns of the treated waste constituents. Mineral phase stability and the
physical and chemical weathering products of solidified and stabilized wastes observed over
time elucidate the long-term permanence of the treated waste material.
Literature Cited.
(1) U.S. Environmental Protection Agency (EPA). 1980. Test Methods for the Evaluation
of Solid Waste, Physical/Chemical Methods, Office of Water and Waste Management, SW846. Washington, DC.
(2) EPA 1992. Code of Federal Regulations (CFR), 40 CFR part 251.24.
(3) American Society for Testing and Materials (ASTM). 1992. Standard Test Method for
Compressive Strength of Molded Soil-Cement Cylinders, D 1633-84. Annual Book of
Standards, Vol. 4.08. ASTM, Philadelphia, PA pp. 255-257.
(4) EPA 1986. Prohibition on the Placement of Bulk Liquid Hazardous Waste in Landfills,
Statutory Interpretive Guidance, EPA/530/SW-86/016.
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Indicators of Heavy Metals Abundance in Soil
R. Lacatu§u, and I. Ghelase. Research Institute for Soil Science and
Agrochemistry, Bd. MÜrtisti 61, 71331 Bucurepi, Romania
Introduction. The soil, an environmental major component, is characterized by the concept of
chemical elements abundance, as absolute abundance (concentration) or relative abundance (ratio).
Through its nature the abundance of heavy metals in soil is geogenic and anthropogenic, and by
proposed indicators (except one) is appreciated as relative abundance at global, regional or local
level.
Materials and Methods. The abundance indicators of heavy metals in soils were calculated with
data of (l)-(4).
Results and Discussion. The name and the calculus mode of these indicators are presented in Table
1, and their values for heavy metals in some Romanian soils in Tables 2 and 3.
Table 1. Geogenic and anthropogenic abundance indicators.
For geogenic abundance:
Global
geochemical
abundance
coefficient
Regional
geochemical
abundance
index

Local
Geochemical
abundance
index

X
GGAC =soils
Clarke

Local
X
pedogeochemical LPgAI= area soils
abundance index
X other
area
soils
In anomalous values areas:

regional
RGAI = soils
Clarke

Intensity

LGAI «perimeter
soil

Contrast

X
anomalous
domain
I
X backgroun
domain

X perimeter
rock
For anthropogenic abundance:

Regional
pedogeochemical
X regional
abundance
soils
index
RPgAI

Anthropogenic abundance
X
index
AAI - anthropogenic

X soils
X geogenic
* X - Average concentration of chemical element.
** AAI is also local or regional.
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Between the regional geochemical and pedogeochemical abundance indexes is the relation: RGAI/GGAC
= RPgAI, which measures the regional concentration grade of and element in soil.
Table 2. Values of the heavy metals geogenic abundance indexes.
Hematurigeno us
zone soils

Banate soils
Heavy
metal

Cd
Co
Cr
Cu
Ni
Pb
Zn

GGAC

RGAI RPgAI

2.31
0.28
0.36
0.42
0.34
0.94
0.64

9.23
1.20
1.27
0.45
0.73
1.78
0.71

4.00
4.24
3.51
1.07
2.12
1.90
1.18

LPgAI*

1.08
1.12
1.58
0.84
1.48
0.84
1.09

I**
ppm

C**

RGAI

1.7
32.9

1.4
1.5

11.51
1.39
0.59
0.70
0.88
2.06
1.16

-

44.9
64.8

-

128.6

-

2.1
1.5
2.2

LGAI ROgAI
Brosteni
zone
0.87
1.33
0.72
0.80
0.54
0.28
1.78

4.98
4.96
1.64
1.67
2.59
2.19
1.93

*) as against Transylvanian Tableland soils; **) anomalous domain.

Table 3. Values of the heavy metals anthropogenic abundance
index (AAI) in the influence zone of ROMFOSFOCHIM S. A. Valea
Calugareasca.
Distance from source
0-500 m
500-1000 m
1000-5000 m
6000 m

Cu

Pb

Zn

Cd

12.08
1.36
0.23
0.08

9.37
1.96
1.37
0.44

9.95
1.75
0.32
0.06

4.89
1.00
0.22
0.00

The abundance of heavy metals in soil is defined as a quantitatively comparative aspect of
elements in the soil-rock and soil-soil systems and in the natural soil polluted soil system. The
proposed geochemical and pedogeochemical indicators of abundance are: global geochemical abundance
coefficient, regional and local geochemical and pedogeochemical abundance indexes, intensity,
contrast and anthropogenic abundance index. These indicators complete the legend of the
pedogeochemical maps at different scales and serve for evaluating the anthropogenic
(pollution) and other processes.
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(3) Lacatusu, R., Mihailescu, A., Rauta, C , and lanos, Gh. 1992. Geochemical distribution of
heavy metals in Banat agricultural soils. ICPa Archives Report (unpublished, in Romanian).
(4) Mihailescu, A., Rauja\ C , Lacatusu, R., AndSr, P., Nea#, G., and Toti, M. 1988. Geochemical
distribution of heavy metals inagricultural soils in the Transylvanian Basin. Anale I.C.P.A.,
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Effect of inorganic ligands on adsorption of cadmium by
soils.
R. Naidu*, N. J. deLacy, R. S. Kookana, N. S. Bolanl and K. G. Tiller,
CSIRO Division of Soils and CRCfor Soil and Land Management, PMB 2, Glen
Osmond, SA 5064.
1. Department of Soil Science, Massey University, Palmerston North, New Zealand.
Introduction. Increasing amounts of cadmium (Cd), a toxic heavy metal is added to soils through
fertilizer and sludge applications. Consequently, the potential for contamination of agricultural soils
by Cd added through soil ameliorants has generated extensive research in the last 20 years. The
persistence and mobility of Cd in soils is determined largely by extent of adsorption by soil particles
(Selim et al., 1992) which is governed by both soil and solution properties. The extent of adsorption
is governed not only by the characteristics of soil and the solute concerned but also by the cosolutes
present in the soil. In this study we investigated the effect of inorganic ligands on sorption of Cd by
soils varying widely in chemistry and mineralogy.
Materials and Methods. We investigated the effect of inorganic ligands on the surface charge and
Cd sorption characteristics of soils varying widely in pH, mineralogy and soil type using batch
studies. Some physical and chemical characteristics of the soils used in the study are presented in
Table 1.
Table 1. Selected chemical and physical characteristics of the soils used in the study.
Soil
Taxonomy

Origin Oxalate Dith. Oxal Organic Clay PZC Kaol Smect Mite RIM Allop Vole.
Fe
Fe
Al
C(%) (%)
Glass
mmol/kg
Aust. 29
86
33
1.1
33
<0 +
++

Mollic
palexeralf
Humic
Aust. 82
2683 172 2.0
63
rhodic
hapludox
Typic
NZ.
65
n.d
6322 11.8
22
dysrandept
N.B. n.d = not determined; +++ dominant, ++ subordinate^

-4.0

+++

-5.8

tr

minor; tr

-

.

.

.

. . + + + + +
trace.

Adsorption of Cd was measured using either 0.03M NaN03,0.03M NaCl, or 0.03M Na2SC>4
solutions containing varying amounts od Cd (as Cd(N03)2) at a soiksolution ratio of 1:30. Following
24h equilibration, samples were centrifuged and Cd in the supernatant was determined using either
GFAAS or AAS depending on the level of Cd. The effect of added phosphate (P) on Cd sorption was
investigated by initially reacting the soils with P, washing the residue free of solution P and then
determining Cd sorption using 0.03M NaN03 as the background electrolyte. Results typical of a
xeralf and an oxisol are presented.
Results and Discussion. The amount of Cd sorbed by the soils varied considerably with the
composition of the background electrolyte. Changes in the nature of inorganic ligands at either
constant ionic strength or at equimolar concentrations had a marked effect on Cd sorption capacity of
soils. For all soils, there was a significant reduction in the amount of Cd sorbed in the presence of CI",
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NO3" relative to SO42- and PO43- (Figure 1). The effect of SO42- varied with soils. In the strongly
weathered soils from Australia and volcanic ash soils from New Zealand, presence of SOA^-' enhanced
retention of Cd. This contrasts with the Xeralfs and Xeret in which the effect of S C ^ - on Cd
sorption was similar to that of CI" and NO3" (Fig. 1). The varying effect of SO42- on Cd sorption
may be due to the greater affinity for the ligand by the highly positively charged Oxisol and Andept
(PZC, Table 1). Comparison of surface charge in the presence and absence of SO42- showed a
significant increase in the net surface negative in the variable charge soils only. In contrast to SOA^-',
presence of P C ^ " enhanced Cd sorption in all the soils under study.

fo

E
E
o

O

§
0.0005

0.001

0.0015

0.002

Solution Cd concentration (mmol/L)
Xeralf

—
•
+
— O —

0.001

0.002

0.003

phosphate
sulphate
chloride
nitrate

0.004

Solution Cd concentration (mmol/L)
Figure 1. Effect of inorganic ligands on sorption of Cd by soils.
Literature Cited
(1) Selim, H. M. (1992) Modelling the transport and retention of inorganics in soils. Advances in
Agronomy 47: 331-389.
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MONITORING HEAVY METAL CONCENTRATION IN SOILS
AND PLANTS OF URBAN PARKS, FLORENCE, ITALY.
MALECI BBMI L.

,GENTILIL.

,BINIC.

* Dept. of Vegetal Biology, University of Florence, Via G. La Pira 4 - 50121 Firenze (Italy).
** Dept. of Crop Production, University ofUdine, Via Fagagna 208 - 33100 Udine (Italy).
Introduction
Urban parks in Florence, as well as in many other Italian and foreign towns, are daily
crossed by hundreds of cars which are responsible for park degradation and vegetation damaging.
Since the present knowledge on this subject in Italy is very low, the aims of this work are:
- to know the background level of heavy metals (Cu, Pb, Zn, Ni, Cr, Fe, Mn, Cd) in urban
soils of Florence.
- to determine the amounts of heavy metals in plants of urban parks.
- to relate the recorded levels and to asses the atmospheric inputs by aerosol.
Materials and Methods
The topsoil (A horizon) and the leaves of the most representative trees in the major urban
parks in Florence were collected over a complete vegetative cycle.
Total and EDTA-extractable elements concentration in soils were determined by AA spectrometry.
Plant leaves were gently washed with distilled water, powdered and solubilized with
HNO3 cone; metal concentrations in leaves were determined by AA - spectrometry, as for the
soils.
Results and Discussion
Monitoring the heavy metal contents in soils and leaves of urban parks in Florence
allowed to evidentiate metal accumulation phenomena, especially at the end of the biological
cycle as regards Cd, Pb, Fe, Mn, and at the starting cycle as regards Cu, Cr, Zn, as a consequence
of their geochemical mobility.
The recorded levels of heavy metals, however, are below the toxicity threshold for
vegetation and human health. Moreover, appreciable interspecific and spatial variability in
element distribution were observed.
As regards elemental concentrations in the topsoil, values up to the attention threshold are
recorded at sites with heavy vehicular traffic.
The results obtained suggest the trace elements monitoring to be an important tool in
assessing the environmental degradation.
Literature
ANGELONE M. & BINI C , 1992 - Trace elements concentrations in soils and plants of Western
Europe. In Biogeochemistry of trace metals, D.ADRIANO, Ed., Lewis Publ., Boca Raton, pp.I960.
BROOKS R.R., 1983 - Biological methods of prospecting for minerals.J. Wiley & Sons, New
York, 127-161.
DAVIES B., 1983 - Distance - decline patterns in heavy metal contamination of soils and plants in
Birmingham, England. Urban Ecology, 8, 285-294.
KABATA- PENDIAS A. & PENDIAS H. 1984 - Trace elements in soils and plants. CRC Press, Boca
Raton.
TILLER K.G. 1992 - Urban soil contamination in Australia. Austr. Jour. Soil Res., 30, 937-957.
ZANINI E. & BONIFACIO E„ 1991 - Variabilita spaziale di microelementi assimilabili nei suoli
alluvionali della pianura a sud di Torino. Riv. Agron., 25, 3,416-421.
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Mobility and Retention of Cd, Zn, Cu and Pb in a
Brazilian Oxisol Profile
A.T. Matos, M.P.F. Fontes* and C.P. Jordao. Departamento de Solos e
Departamento de Quimica. Universidade Federal de Vicosa: 36570-000 Vicosa
M.G. Brazil.

Introduction. The importance of heavy metals as environmental pollutants is well known and
well documented in the literature. So it is their presence in solid, liquid and gaseous urban and
industrial wastes. Lately, composted urban wastes have been increasingly used in the Brazilian
agriculture as a means of waste disposal and improvement of soil conditions. Also, increasing
amounts of land are being required to be used as repository of solid and liquid wastes. In this
context, pollution of surface and ground water should be a big concern because it could
become a major threat of land, water and food-chain contamination. In order to minimize such
a threat, an accurate estimation of the movement and the retention of heavy metals by soils is
of major importance. Therefore, the objective of this paper was to study the mobility and the
adsorption behavior of four important heavy metals in a Brazilian Oxisol profile.
Materials and Methods. Samples from the A, B and C horizons of a Typic Oxisol from
Vicosa county were collected to prepare soil columns. The soil columns were prepared in
polyvinyl chloride (PVC) tubes of 15 cm of diameter and 20 cm of depth. The columns were
carefully prepared trying to restore, as close as possible, the natural bulk density of the soil
horizons. The soil utilized presented clayey texture for A and B horizons and sandy-loam
texture for the C horizon. The hydraulic conductivity was measured and classified as very fast
for A and B horizons and moderately slow for the C horizon. The soil columns were exposed
to the heavy metals contamination by using nitrate salts of Cu (200 mg-Kg"1) and Cd (20
mg-Kg"1) and chloride salts of Zn (700 mg-Kg"1) and Pb (300 mg-Kg"1) mixed with sand and
distributed evenly over the soil column. These are the average values found in Vicosa urban
wastes. A volume of 1 liter per day, 100 ml at once and 900 ml pouring slowly, was applied
at the top of the soil columns for a total of 11 liters of distilled water. The leachate was
collected, acidified and stored for metal content analyses. The PVC tubes were cut and soil
subsamples from the upper, the mid and the lower parts of the soil columns were taken to
study the retention of the heavy metals. A fractionation methodology (1) was used and the
metal contents were determined by atomic absorption.
Results and Discussion. The mobility of the heavy metals was quite different. The Cu was
the most immobile, not being detected in any leachate solution of any soil horizon. The Pb
was found in very small amounts in the leachate, meaning that it is also a metal of very low
mobility in these soil samples. These results show that these two metals have high affinity
with several components of this soil as organic matter, kaolinite and goethite. The elements
Zn and Cd were translocated through the soil columns and were determined in the leachates.
For both elements the retention was higher in the A horizon limed suggesting that their main
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form of attraction to the soil particles is electrostatic. The retention of the different metals as
determined by the sequential extraction was as follows: the Cd and Zn were preferentially
adsorbed as exchangeable cations, the Pb was more adsorbed to the oxide fraction and the Cu
had its higher retention to the organic fraction. Also Pb and Cu had a high residual fraction.
The liming decreased the amount of exchangeable Cd and Zn, also the amount of Cu in the
organic fraction but did not alter the behavior of Pb in this soil.
Conclusions. From the leaching experiment and the sequential extraction analysis it can be
concluded that Cd and Zn are mobile in the profile and what is retained by the soil column is
as exchangeable forms. This makes these two heavy metals potentially very dangerous
pollutants of soils and groundwaters.
Literature Cited.
(1) Tessier, A.; P.G.C. Campbell & M. Bisson. 1979. Sequential extraction procedure for
the speciation of particulate trace metals. Analytical Chemistry 51:844-850.
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Chloro-complexation of cadmium in soil solutions of
saline/sodic soils increases phyto-availability of cadmium
M.J. McLaughlin* and K.G. Tiller. CSIRO Division of Soils/Cooperative Research
Centre for Soil and Land Management, PMB 2, Glen Osmond, South Australia 5064.
Introduction. High cadmium (Cd) concentrations in agricultural produce are of concern from a
product quality viewpoint. Soil pH is often regarded as the major variable affecting plant uptake of
Cd from soil (1), with soil texture, soil organic matter content, total soil Cd content and soil Zn
status also affecting phytoavailability of soil Cd (2). High Cd concentrations in irrigated potato
tubers in southern Australia have recently been found to be related to CI concentrations in soil
controlled through irrigation water quality (3). This study presents information on the soil solution
characteristics associated with high Cd concentrations in irrigated crops.
Methods. Fifty commercial potato crops and associated soils (0-150 mm) in South Australia were
sampled when crops were mature. Soil orders sampled included Alfisols, Vertisols and Inceptisols
with a wide range of physical and chemical characteristics. Tubers were carefully rinsed and
digested in concentrated HNO3 acid. Cadmium in the digests was analysed by Inductively Coupled
Plasma (ICP) Mass Spectroscopy. Soils were air-dried and analysed for total Cd by digestion in
concentrated HCI/HNO3 acids. To extract soil solutions, air-dried soils were re-wetted to -5kPa
(pF 1.7) and incubated for 16 hours prior to centrifugation at 4,000 RCF for 30 min. Extracted
solutions were then centrifuged at 25,000 RCF for 60 min and filtered through a 0.2 um filter. pH
and EC of the solutions were determined immediately. Anions in solution were determined by ion
chromatography and cations by ICP optical spectroscopy. Cadmium concentrations in solution
were determined by flameless atomic absorption spectroscopy. These measurements were used as
input to GEOCHEM-PC to estimate Cd speciation in soil solution (4).
Results and Discussion. There was a large variation in tuber Cd concentrations across sites (5-232
ug kg"1 fresh weight (FW)). The dominant cation and anion in the soil solutions of these soils were
Na and CI respectively (Table 1).
Table 1. Soil solution (pF 1.7) characteristics of soils.
Element

Range (n=50)

Mean

Median

pH
Cd(nM)
Ca(mM)
Mg(mM)
K(mM)
Na(mM)
P(uM)
S0 4 (mM)
NO3 (mM)
Cl(mM)

4.5-8.2
2.7-222.4
1.3-38.6
0.7-28.3
0.6-9.4
1.6-175.4
11-3596
0.5-24.8
0.6-26.2
1.6-220.4

6.5
51.0
10.8
6.3
3.0
39.4
255
7.9
8.8
39.5

6.5
29.8
8.0
3.4
2.4
19.4
55
6.9
7.4
20.7
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Total Cd concentrations in soils varied from 0.01
to 0.22 mg kg"1.
Soil solution Cd concentrations varied from 2 to
222 nM and were closely correlated to soil
solution pH and soil solution CI concentrations
(Figure 1);

250

Solution CI

concentration

2

• 0-10mM
• 10-30mM
• 30-50mM
•>50mM

C 200
150
0 100

Q U = 7 . 1 9 - 0 . ^ 1 ^ + 0 . 0 1 0 ^ : R* = 0.73

S

Tuber Cd concentrations were not related to soil
solution pH, but were positively related to
electrical conductivity of the soil solution,
primarily to CI concentrations (Figure 2) rather
than S0 4 concentrations (Figure 3). These data
confirm earlier findings that water-extractable CI
concentrations in these soils were closely
correlated to plant Cd concentrations (3).
Estimation of the ionic concentrations of Cd
species in solution indicated that in the saline
soils, up to 75% of the total Cd in solution was
complexed with CI, depending on assumptions
used for Cd binding with organic ligands in
solution. Similarly, sulfato-complexes accounted
for a maximum of only 20% of the total Cd in
solution where S0 4 concentrations were high.
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Figure 1. Relationship between soil solution Cd concentration
and soil solution pH and CI concentration.
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Figure 2. Relationship between tuber Cd concentrations
and soil solution CI concentration.
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Figure 3. Relationship between tuber Cd concentrations
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AlkyI Benzene Sulphonate (ABS) from Detergents and Heavy
Metals Contents, in Irrigation Water from Atoyac River in
the transect Chiautla-Atlixco, State of Puebla, Mexico.
T. Méndez, L. Rodriguez and S. Palacios. Department of Edaphology. Institute
of Geology, UN AM.
Introduction. In Mexico, as in other contries, great amounts of fresh clear water for agricultural
purposes are utilized, but the facility of using wastewater for crop irrigation has been increasing
(6). According to (3), the largest areas where wastewater is being used correspond to the Rural
Development Distric 063. At present, more than 90,000 hectares are irrigated with wastewater;
this might be duplicated by the year 21" Century. In Atlixco, Pue., zone of great agricultural
importance the water of the Atoyac River has been used for growing flowers, vegetables, alfalfa
and beans. Recently the water quality has changed due to afluence of wastewater from sewage and
municipal outlets.
The purpose of this study was to evaluate:
1) the annual distribution of contaminants
2) find out chemical interactions that may modify heavy metals availability in soils.
Materials and Methods. Monitoring was carried out in the Atoyac River, in the transect
Chiautla-Atlixco, State of Puebla. Samples were obtained monthly during a year, and bottled and
stored as mentioned by (9). Later on, the samples were analyzed according to the following
methodologies: pH and electric conductivity in situ ; Ca2*, Mg2 *, Na*, K\ CO? , HC03-, CI-,
SO.2' and detergents (ABS) as indicated (2) ; greases by soxhlet extraction and soluble heavy
metals (Fe, Mn, Cr and Ni) by atomic absortion (8).
Results and Discussion. Atoyac River water tends to be alkaline. However, except site 5, pH
values are within permisible limits for irrigation water (4). This fact could help to preserve a low
level of heavy metals availability in soils. According to electric conductivity (E.C.) and sodium
adsorption ratio (S.A.R.) values, in most sites, water was classified as C2Si and C3S,(8)
The average concentrations of Ca2 *, Mg2*, Na* and K* are c-insistently high, especially in sites 5
and 9 where Na* may produce sodicity and salinity in soils (Fig. 1). On the other hand, HCO 3 and
SOV concentration, within permissible limits during several months in one year (5), could
diminish soil pH to the extent of increasing heavy metals availability in soils (1).
The largest concentrations of ABS, occured in sites 5, 8 and 9 during September, June, and
March (Table 1 and Fig. 2). Nevertheless, these concentration are lower than those reported by
other authors in Mexico (7) and (6).
Considering the annual distributions of contaminants and according to ecological regulations (5),
greases exceeded the permissible levels during the whole year (Table 1). Although, these levels
are lower than those detected by other scientists (7).
Figure 2 shows the maximum values of soluble heavy metals such as Fe, Cr, Ni and Mn that were
determined as 8.09, 0.037, 0.06 and 0.58 ppm, respectively. The first three exceeded the limits of
the norms (5) in site 9 ; while Mn surpassed the permissible levels in sites 5, 8 and 9 during several
months in one year. These values are lower than those found in other localities (7), (6). However,
there are remarkable high amounts of total heavy metals in soils of Atlixco that, for over 30 years,
have been irrigated with wastewater (9). In these soils, pH above 7 is very important to maintain a
low heavy metals availability.
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COPPER AND ZINC ADSORPTION IN A CALCAREOUS
SOIL. APPLICATION OF PYRITE
M.E. Mesquita, J.M. Vieira e Silva e M.A. Castelo Branco Departamento de
Pedologia, Estaqao Agronómica Nacional, 2780 Oeiras, Portugal
Introduction - Zinc and copper sorption by calcareous soils is affected by the presence of calcium
carbonate, not only due to complex formation, but also due to the larger Zn affinity for calcium
carbonate than for clays minerals and because at pH>7 retention mechanisms are predominantly
precipitation - dissolution. Copper and Zn adsorption can be described either by the Langmuir or
the Freundlich adsorption isotherms, depending on factors such as soil solution composition and
the nature of the mineral and organic soil constituents. Pyrite was added to this soil as an
amendment not only to decrease soil pH but also to prevent micronutrients deficiencies.
Materials and methods - Zinc and Cu adsorption were studied in soil samples of a Calcaric
Cambisol (FAO, 1989) with 550 g kg^CaCC^ and low organic matter content and pH=8.2. The
granulometric fractions presents: clay - 300 g kg"', silt - 550 g kg"1 and sand - 150 g kg"1 The
mineralogical composition determined by X-ray diffraction presents illite as the dominant mineral,
vermiculite and kaolinite. Pyrite was added to soil samples and incubated at field capacity at 25°C
for five months. The pyrite was a sub-product presenting high levels of Cu - 1.5 g kg" 1 and Zn - 3 g
kg"1. The quantities added to the samples were 0: 3; 6; 9 t ha"1. Exchangeable Cu and Zn were
extracted and the samples submitted to sequential extraction.
.For the adsorption studies duplicate soil samples were treated by solutions containing Cu,
Zn and Cu+Zn as sulphate salt up to 50 mg L"1 in a saturated CaSC»4 solution background. After
48 h, the solutions were analysed for Zn and Cu by flame atomic adsorption spectrophotometry.
The adsorbed Cu and Zn were calculated by difference between initial and final concentrations.
Exchangeable Cu and Zn were extracted by 0.5 M Mg(N03)2 and specifically adsorbed cations
evaluated as the difference between total and exchangeable metal.
Results and Discussion
Copper and Zn adsorption - Copper was always more adsorbed than Zn. The presence of
calcium prevents the adsorption of Cu and Zn in cations exchange sites and these metals were
mainly specifically adsorbed. Only small amounts of exchangeable Cu and Zn were extracted from
the samples and it has been suggested that these forms of metals are in equilibrium with specifically
adsorbed forms which constitutes the bulk of the available reserves (1). Exchangeable Cu
percentage decreases with the amounts of metal added to the soil, unlike exchangeable Zn
percentage that increases with the metal. However up to 20 mg L"1 of added metal the amounts of
exchangeable Cu were larger than exchangeable Zn, but to added metals concentration C > 20 mg
L"1 both cations present similar exchangeable values, which is probably due to the saturation of
exchange sites. The large amounts of adsorbed cations may possibly be ascertained to their
solubilities decrease at high pH. After metal adsorption the pH of the equilibrium solution ranged
from 7 to 6, the lower values corresponding to the larger metal adsorption. The pH of the soil
suspension has great influence, as Zn is much less adsorbed than Cu at the same pH value (2).
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Copper and Zn interaction - The simultaneous presence of Cu and Zn in solution influenced
their adsorption, due to ion competition to adsorption sites. Comparing Cu and Zn sorbed in the
absence (fig, 1 a;l c) or in the presence of one another (Fig. 1 b; Id) we can assume that,
quantitatively, Zn adsorption was more affected by Cu presence than Zn by Cu. The shape of Cu
isotherms though fitting the Freundlich model are very different (Fig la; lb). Cu and Zn adsorption
was consistent with the assumption that Cu and Zn, besides being adsorbed as Cu^ + and Zn2+>
were also adsorbed as Zn carbonate complexes and as Cu(0Ff)2 or Cu2(OH)2C03(3). The
Freundlich equation represented both Cu and Zn adsorption.
Soil incubated with pyrite - In the incubated samples Cu and Zn were mostly associated to
sulphur fractions. The Cu and Zn resulting from pyrite oxidation were distributed mostly among
the following soil fractions: Cu - organic, amorphous FeOx and carbonates; Zn - carbonate, MnOx,
exchangeable and organic fractions. In the samples corresponding to 9 t ha" 1 pyrite addition, Zn
presented values larger than the EC Directive limit, and so pollution risks.
Literature cited
1 - McLaren & Crawford, 1973 Studies on soil copper. II. The specific adsorption of copper by
soils J.of Soil Science, 24: 444-452.
2 - Barrow et al 1981. Describing the adsorption of Copper, Zinc and Lead on a variable charge
mineral surfaces' Aust. J. Soil Res., 19:309-321.
3 - Cavallaro & McBride, 1978. Copper and cadmium adsorption characteristics of selected acid
and calcareous soils. Soil Sci. Soc. Am. J., 42: 550-556.
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Comparison of three soil tests for predicting cadmium
concentration in wheat grain
D.P. Oliver and K.G. Tiller CSIRO Division of Soils, PMB 2, Glen Osmond,
South Australia, Australia.
Introduction. Cadmium (Cd) occurs naturally in soils but the concentrations can be elevated
from anthropogenic sources. These include atmospheric pollution from lead-zinc smelters or the
application of sewage sludge or phosphatic fertilisers that contain Cd as a contaminant. The latter
is the main source of Cd in Australian agricultural soils (6). The effectiveness of three soil tests
for predicting Cd concentration in grain was determined in a glasshouse experiment using four
soils with contrasting properties.
Materials and Methods. A glasshouse experiment was established in 1991 using 200 mm
wide x 200 mm deep pots that held approximately 4.0 L. The aims of the experiment were to
determine the effects of pH and added Cd on Cd concentrations in wheat grain using four soils,
five treatments to adjust pH and four levels of Cd added as CdCl2.2H20 arranged in four replicate
blocks. The physical and chemical characteristics of the four soils are given in Table 1.
Table 1

Selected chemical and physical properties of the soils used in the glasshouse
experiment.

Soil

Classification

Inman Valley
Kapinnie
Freeling

Sodic Haploxerert
Mollic Palexeralf
Typic Rhodoxeralf
(Sodic)
Natric Palexeralf

Bordertown

(5)

Particle Size Distribution
% sand
% silt
% clay

26.0
52.8
78.9

17.6
32.2
10.0

45.6
15.2
9.2

86.9

4.6

7.6

Soil
texture

pH
%C
(1:5
0.01 M CaCI 2 )

clay
sandy loam
loamy sand/
sandy loam
loamy sand

4.70
5.00
4.75

4.9
1.6
1.2

4.50

1.5

Sulphur or calcium carbonate was added to the soils to give a pHc a range of 4.0 to 6.0 and
allowed to equilibrate for seven weeks. The Cd treatments were 0, 0.1, 0.3 and 0.9 mg kg"1 in
the Bordertown and Kapinnie soils, and 0, 0.3, 0.9 and 2.7 mg kg -1 on the Freeling and Inman
Valley soils. They were added using a finely ground, acid-washed sand as the carrier medium and
allowed to equilibrate by wetting and drying the soil for several months. Two replicates of soil,
for each of the 5 pH treatments (n=10), which had not been treated with Cd were used for the
assessment of the soil tests because the natural Cd concentrations in these soils were more
indicative of those encountered in Australian agricultural soils.
At maturity (approximately 32 weeks) the grain heads were collected and manually threshed. The
grain was digested and analysed for Cd concentration using a back-extraction procedure (3). Soil
was collected from every pot, oven-dried at 40°C and sieved to pass a 2 mm mesh. Sub-samples
of soil were analysed for pH (1:5,0.01M CaCl2) and extractable Cd using ethylene diamine tetraacetic acid (EDTA)(1), 0.01M CaCl2 and 0.01M Ca(N03)2. The latter two extractions (1:5) were
shaken for four hours, centrifuged at 4000 rpm and the supernatant was analysed for Cd using a
graphite furnace atomic absorption spectrophotometer.
Results and Discussion. The relationship between Cd concentration in grain and EDTAextractable Cd was not significant for any of the four soils used (Fig. la). The relationship
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between Cd concentration in grain and Ca(N03)2-extractable Cd was highly significant (P<0.001)
for the Kapinnie and Bordertown soils and significant (P<0.05) for the Freeling soil (Fig. lb and
c). The relationship for CaCl2-extractable Cd was similarly significant for the Kapinnie, Freeling
and Bordertown soils (Fig. lc) for each soil test. There was no relationship for the heavier
textured soil from Inman Valley using either CaCl2 or Ca(NO)3>2 as the extractant (r2=0) (Fig.
lb). The poor relationship between Cd concentration in grain and extractable Cd for the Inman
Valley soil was due to lack of significant changes in Cd concentrations in grain with increasing pH
of the Inman Valley soil. Others (4 and 7) have similarly found CaCl2 extractions were good
indicators of Cd concentrations in maize and whole tops of sub clover, respectively, but in their
studies only light textured soils with a narrow pHca range have been used.
Although good correlations have been found between EDTA-extractable Cd and Cd concentrations
in plant material (2) in very similar neutral to alkaline soils EDTA was not found to be a good soil
test for predicting Cd concentration in grain grown in these soils of variable pH. Both CaCl2 and
Ca(NC«3)2 were good predictors of Cd concentrations in grain grown on light textured soils.
Neither extractant was a good predictor of Cd concentrations in grain when the plants were grown
on heavier textured soils.
Literature cited.
(1) Clayton, P.M. and Tiller, K.G. 1979. A chemical method for the determination of heavy metal
content of soils in environmental studies. CSIRO Australia, Division of Soil, Technical Paper No.
41. 17 pp.
(2) Merry, R.H. and Tiller, K.G. 1978. The contamination of pasture by a lead smelter in a semiarid environment. Aust. J. Exp. Agr. Ani. Husb. 18:89-96.
(3) Oliver, D.P., Gore, P.J., Moss, H.J. and Tiller, K.G. 1993. Cadmium in wheat-grain and
milling products from some Australian flour mills. Aust. J. Agric. Res. 44:1-11.
(4) Smilde, K.W., van Luit, B. and van Driel, W. 1992. The extraction by soil and absorption by
plants of applied zinc and cadmium. Plant and Soil 143:233-238.
(5) Soil Survey Staff, 1990. Keys to Soil Taxonomy. SMSS Technical Monograph No. 19. 4th
Ed. 422 pp.
(6) Williams, C.H. and David, D.J. 1976. The accumulation in soil of cadmium residues from
phosphate fertilisers and their effect on the cadmium concentration of plants. Soil Sci. 121:86-93.
(7) Whitten, M.G. and Rithchie, G.S.P. 1991. Calcium chloride extractable cadmium as an
estimate of cadmium uptake by subterranean cover. AusL J. Soil Res. 29:215-221.
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The Effect of Ionic Strength and CO2 Partial Pressure
on Cd, Cu and and Reactions with Calcite
P. Papadopoulos. Institute of Soil Science, 141 23, Lycovrisi,

Athens,

Greece.

Introduction. Reactions of Cd, Cu and Zn with naturally occuring solids help
to a better understanding of the chemistry of complex natural systems for
these elements-^.
A high affinity of Cd for the calcite surface was found and for low Cd
additions in a preequilibrated CaC03 - H2O system, open to the atmosphere
an almost ideal surface solid solution between CdC03 and CaC03 was formed.
In this case the solubility product constants obtained from the Thorstenson and
Plummer equation, could be a useful way to relate carbonate reacted Cd with
solution composition^.
Zinc behaved in a similar manner to Cd in forming a surface-solid of Zn x
C-al-x CO3 as a result of adsorption and the PIAP of the equilibrium solutions
were close to those expected from the Thorstenson and Plummer equation.
The data for Cu can also be explained in terms of a surface solid solution of
Cu x Caj_ x CO3 for low Cu additions but the Thorstenson and Plummer
equation can not be used^.
Increased ionic strength in a solution usally results in a lower affinity of an
ion for a surface and decreasing sorption because of lower activity, increased
competition and in some cases complexation.
We tried to elucidate the Cd, Cu and Zn reactions with Ca CO3 by
changing the CO2 partial pressure from 10~3-49 to 10"^ atm and the ionic
strength by using 5mM Ca (N03)2 '"stead of H2O. Both these cases result in
increased Ca concentrations and reduced pH values compared with the metal
CaC03 - H2O system at 10~3-49 atm (pure systems) and occur under soil
conditions.
Materials and Methods. CaCC>3 with a specific surface area of 0.15m2g-l
was used. 4g of CaC03 was placed in a 150 ml polypropylene bottle together
with 50 ml of either deioinized - distilled water or 50ml of 5mM Ca(N03)2After this preequilibrium stage which took about two days, metal solutions
were added as nitrate salts, gravimetrically.
The same air mixtures were passed through the suspensions for three more
days. The clear solutions after centrifugation and acidification were used.
The pH was measured by using a Radiometer Ion 85 Analyzer with
combined electrode and NBS buffers. Cd ,Cu, Zn and Ca were measured by
AAS using a Perkin Elmer 3030 combined with a graphite furnace HGA-500
and AS-40 autosampler.
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Results and Discussion. The results were displayed in sorption isotherms using
a log-log scale and in solubility diagrams^»'.
Reduced affinity of Cd for the CaCG"3 surface was observed in both cases
(lower Kd values) and this was more pronounced in the system with 5mM
Ca(NC>3)2 propably because of increased Ca competition.
In the 1% CO2 system deviation from ideal surface solid solution formation
between CdC03 and CaCC>3 was observed propably as a result of aqueous
phase interactions whereas in the 5mM Ca(NC>3)2 system an almost ideal
surface solid solution between CdCC>3 and CaCC>3 was formed and in this
later case the Thorstenson and Plummer equation for expressing pIAP values
of solid solutions was valid".
Chemisorption of Cd on CaC03 surface sites is the dominant mechanism for
low Cd additions whereas surface precipitation of CdC03 as a coating on
CaCC>3 is the dominant mechanism for higher Cd additions with pH and Ca
concentration changes. These experiments clearly indicate the specific affinity
of Cd for the CaC03 surface which is expected from theoretical
considerations.
Reduced affinity of Cu and Zn for calcite surface was observed in all cases
(lower Kd values) propably because of increased Ca competition.
Chemisorption of Cu and Zn on CaCC>3 sur f ace s jt e s is the dominant
mechanism for low metal additions whereas precipitation of metal salts with
insignificant effect on CaCC>3 surface is the dominant mechanism for higher
metal additions. These experiments clearly indicate reduced Cu or Zn affinity
for the CaCC>3 surface compared with Cd and also reduced affinity compared
with the 'pure' system mainly because of increased Ca competition.
The high affinity of Cd for the calcite surface which is a specific adsorption
is expected from the following :
a. the Paneth - Fajans rule
b. the similarity between Cd^ + and Ca^+ effective ionic radii.
c. CdC03 and CaC03 are isotypes.
d. the similar electron configuration of Cd and Ca ions.
e. theories about heterogeneous nucleation and precipitation.
The concept of a surface solid solution based on coprecipitation theories
and the Thorstenson and Plummer equation seems to be a useful apporoach in
studying Cd, Cu, and Zn mobility and reactivity in calcareous soils and
sediments where calcite is a predominant constituent.
Literature cited
Davies, J.A., Fuller, C.C and Cook, A.D.: Geochim. Cosmochim. Acta 51, 1477
(1987).
McBride, M.B.: Soil Sci. Soc. Am. J. 44, 26 (1980).
Papadopoulos P. and Rowell, D.L.: J. Soil Sci. 39, 23 (1988).
Papadopoulos, P and Rowell, D.L.: J. Soil Sci. 40 , 39 (1989).
Sposito, G.: The Surface Chemistry of Soils, Oxford University Press (1984)
Thorstenson, D.C. and Plummer, L.N.: Amer. J. Sci. 277, 1202
Travis, C.C. and Ethier, E.L: J. Environ. Qual. 19, 8(1981).
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Heavy Metals Contamination of Agricultural Crops and
Soils in Five Selected Regions of the Czech Republic
with Different Emission Pollution
V. Petrikova, and S. Ustyak. Resecrch Institute cfCrop Production, Prague, Department
of Plant Ecotoxicology,NoveSporice 4987,43001 Chomutov, Czechia.

Introduction. Heavy metals (HM) contamination of agricultural
1987-1992
in five
crops and soils was
investigated during
selected regions of Czech Republic: Chomutov, Sokolov, Liberec,
Zatec (industrial
immissions polluted regions,
the
Northern
Bohemia) and Zamberk (control region).
The main cause of air and
environmental
pollution and acid precipitation
in the Northern
Bohemia
is a power
engineering action,
which
includes an
extraction and combustion of low-quality brown coal with a high
content
of sulphur
(5-15 °4) and another pollutants, including
heavy metals (HM). A monitoring of HH environmental pollution in
immissions stressed regions was a main aim of this research work.
Materials and Methods. The monitoring network included
nearly
200 individual
points situated in five above mentioned regions.
Eight important elements from the HM (Cd, Pb, Hg, As, Co, Cr, Ni
and Zn) was tested. Agrolandscapes, soils and crops typical for
Czechia was
investigated.
Ordinary sampling
and
analysation
methods for determination of HM content in the agricultural soils
and crops was used.
Results
and
Discussion.
The
examination
method
of HM
contamination was based on the comparison of HM concentration in
crops and soils with pollutants
limiting values from State
Directives of the Czechia. On the whole, the HM contamination of
agricultural soils in five selected regions of the Czech Republic
in accordance with exceeding of limiting value was sufficiently
small. Only 87 soil samples
from total number 1187 analysed
samples (7.3 %) was contaminated
in accordance with
indicating
value. The main soil
pollutants were Cr (44 occurrences of
contamination), Cd (31), Pb (29), Ni (14) and Zn (10). The As
hasn't a
indicating value in the Czech State norms and because
one didn't value. The largest HM contamination was occurred in
Zatec, Sokolov and Chomutov
regions (8-12 % occurrences) and
smallest one - in Liberec and Zamberk (< 1 %).
In accordance with maximum
permissible concentration (MPC) of
HM in soils, which are more higher in comparison with indicating
1imiting'value,
the HM contamination of soils was insignificant
(30 occurrences from
1187 samples or 2.5 SO. Only As (29 occurrences of contamination) and Pb (2 occurrences) was participated
in exceeding of MPC. This contamination was occurred in three
regions only (Sokolov, Chomutov, Zatec). No HM soil contamination
above MPC was discovered in Liberec and Zatec regions.
Absolutely different situation was observed in accordance with
HM contamination of agricultural crops. 137 plant samples
from
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total number 2258 tested samples or 6.1 X was contaminated in
accordance with MPC value for fodder crops and 440 plant samples
from total number 620 analysed samples or 71 X was contaminated
in accordance with MPC values for food crops.
The main pollutants of fodder crops were Hg (74 occurrences of
contamination), Cd (31), Pb (24) and Co (9). The largest HM contamination was occurred in Sokolov region (16 J! occurrences) and
smallest one - in control Zamberk region (4 X).
The main pollutants of food crops were Cd (294 occurrences of
contamination) and Hg (142). After that there are Cr (85), Pb
(79), As (72), Ni (14) and Zn (1). The largest HM contamination
was occurred in Liberec, Sokolov and Chomutov regions (>80 X
occurrences of contamination), but even in control Zamberk region
the HM contamination of food crops was very large - 57 X. The
smallest food contamination (49 X) was occurred in Liberec
region, which has more cotaminated soils than Zamberk.
Summary of the obtained
results shown (tabl. 1), that
relationship between. HM contamination of the plants and soils
isn't simple but is very complicated by immission effects. In
most cases both total contamination degree and collection of
pollutant elements
of the plants were
very different in
comparison with soils. In spite of low degree of the soils
contamination in examined regions (< 10 X) the HM contamination
of agricultural crops is very large (from 3-16 X contaminated
samples from the total number in the case of fodder crops, to the
49-86 X contamination of food crops). Obviously, it is caused by
direct HM contamination of the crops from polluted air. Therefore
monitoring of the food chain pollution in the immissions stressed
regions should be directed on the testing of plant contamination
in the first turn.
Tab. 1.
all areas

Contamination
and for each

Valuable
criterions
for -all
regions

of plants
elements,

Total i imount
of ana of con
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Heavy Metals Pollution of Soils in Romania
C. Rauta, R. Lacatusu, and Carstea. Research Institute For Soil Science and
Agrochemistry, Bd. Marasti 61, 71331 Bucuresti, Romania..
Introduction. Romania (about 23 million people and 23.75 million ha
of wich 63.62% agricultural land and 27.68% forest land), in the last
three
decades, had
an
accelerated
rate of
industrialization
(industrial output increased 13 times and its installed capacity - 15
times: chemical industry output - 70 times and its installed capacity
- 15 times; consumption of domestic coal - 8 times). Annually, 138
million tons of pollutants are emitted into air. All these activities
caused various phenomena of soil pollution, one of the most important
being heavy metal pollution (2).
Main sources. The factories processing non-ferrous ores, those
producing sulphuric acid and coal-fired power stations are emitting
the most part of heavy metals more or less associated with SO;. NO,
and CO; that generate acid rains (Fig. 1). Accumulation of Pb was
detected in soils along the main roads and in cities.
Materials and Methodes. To identify the extention of soils affected
by this pollution, and its severity, case studies were carried out
around the most important sources, such as Baia Mare, Zlatna, Cops*
Mica, Valea Calugaresca, Turnu Magurele, Navodari, etc.
Results and Discussion.
The pollution of soils
t u i l »
with heavy metals was
POUUTOH sou"qs
identified on an area
of about 0.9 million
SvAp*irc <K«1 <oc*">
ha. For instance, a
Pt*n|V<C»U* H t . - t . • * » » .
very hot area of this
Cod • ' • » ) [ » > * % * ) ' " •
type stretches, around
n n p . po«i|»«J r » " ^ ' .
Copsa Mica city, on
about 180,000 ha of
VUlNtBAe'l'A'
wich about 150,000 ha
agricultural
land.
] . M . d . j n >••?•
Within this area, the
l ....oseverely
polluted
soils, where at least,
one
polluant
exceed
the allowable limit in
, , „ A - ™ HAJOT POLLUTION SO/RCES W,TKI HEAVY METAL, M , SOU
soil stretch on about
*
VUUICRAWUTY TO HEAVY METALS I» «3MAIIIA
22,000 ha of which
18,000 ha agricultural
land.
ined by both the long period of emissions
This large area is determ their far transportation by winds. Around
(more than 50 years) and sulphuric acid, the affected areas are
the factories producing
t i
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smaller, up to 3,000 ha, with severely polluted soils on area up to
1,000 ha. In some places, the average values of contents exceed the
maximum allowable limits up to 10.6 (Pb), 2.4 (Cd, Zn) and 4.2 (Cu)
times. The highest contents were detected at Baia Mare (Cd) , Copsa
Mica (Pb, Zn) and Valea Calugareasca (Cu).
The average values of heavy metal contents emphasize: (a) soils in
the Baia Mare and Copsa Mica areas are highly loaded with all the
four discussed heavy metals; (b) soils in the Zlatna area are highly
loaded with Pb and Cu, and slightly loaded with Cd and Zn; (c) soils
in the Valea Calugareasca area are highly loaded with Zn and Cu, and
moderately loaded with Pb and Cd; and (d) soils in the Turnu Magurele
area are highly loaded with Cu and Pb, and moderately loaded with Cd
and Zn. The migration into soil of heavy metals deposited by the
industrial emission is shallower (down to 15 cm) in forest soils and
deeper (down to 30-40 cm or more) in arable soils. The deeper
movement of elements is enhanced by soil tillage, while, the forest
litter has a role of a storehouse for heavy metals. The soils around
the coal-fired power stations have contents of heavy metals over the
values detected in normal soils, but less than the allowable limits.
The soils contiguous with routes of high traffic in Bucure§ti and
with older highways have various contents of Pb, especially in
Bucuresti where they exceeds the maximum allowable limits. About 80%
of polluted soils are characterized by native slight-moderate acid
reaction, low organic matter content, medium or coarse texture,
moderate sorption and storage capacity which associated with the
acidifying impact of precipitation carrying heavy metals enhance the
solubility of heavy metals in soil, sometimes up to the harmful
levels. In the investigated areas, decrease of bioraass, chloroses and
burns of plants were observed, and some cases of haematuria in
cattle, sheep cupric intoxication and horse saturnism, as well as
health deterioration of one part of population were recorded,
situations similar to soils naturally rich in heavy metals (1).
Taking into account the soil sorption, storage, and buffering capacity
a preliminary map of the Romania soil vulnerability to pollution with
heavy metals (2) was prepared (Fig. 1).
Although these investigations are far from covering the aspects of
this problem, they contributed to identify the main "hot problems".
But to reach the best results, a special research approach is
imperative aiming at a severe control of heavy metal emissions and
the ecological reconstruction of polluted soils with heavy metals in
a complete harmony with the ecological balance.
Literature Cited.
(1) Lacatusu, R., C. Rauta, C. Grigore, S. Carstea, and Ileana
Ghelase. 1993. Geochemical and Biogeochemical Features of Areas of
Haematuria in Cattle in the Eastern Carpathian Mountains of Romania.
Environmental Geochemistry and Health, Vol.15, No.1:3-13.
(2) Rauta, C , and S. Carstea. 1983. Soil Pollution Control. Editura
Ceres. Bucuresti (published in Romania).
(3) Rauta, C. 1991. Some aspects concerning the approach for mapping
of soil and terrain vulnerability to specified groups of chemical
compounds, in "Soil Vulnerability to Pollution in Europe" (Eds. N.H.
Batjes and E.M.Bridges), 105-110.
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Heavy Metals in the Soils of Bulgarian Mountain
Region
Rumen Penin. Department of Landscape and Environmental Proteccion, Faculty
of Geology and Geography, Sofia University, Sofia, Bulgaria.

On the basis of own field and laboratory investigations the results
about the content of heavy metals in the soils of the mountain
territories in Bulgaria ars presented. By atomic absopbtion special analysis the concentration of a whole geochemicai association
of chemical metals is detected: Pb, Zn, Cu, Cd, Ni, Co, Cr, Mn.
Their total content and some movable forms of heavy metals - sorbed
and organic mineral, extracted by a specific method is determined.
The obtained results allow us to reveal the specificity of the
territorial distribution, concentration and differentiation of
heavy metals in the investigated territories. Some regularities of
the radial and lateral migration of heavy metals in representative
katens of different mountain regions of the country ars found out.
An attempt is made to establish and reveal the peculiarities of the
soiI-geochemicai barriers in different types of soils.
The invejst igat ions of the soil cover ars conducted in background,
relatively intact territories, as well as in heavily affected by
the human activities regions. The influence of different industrial
productions and agricultural activities on the kind and degree of
pollution of soils with heavy metals in the mountain regions of
Bulgaria is investigated. Special attention is paid to the technogeochemical influence of soils and their importance for the changes
in migration and differentiation of heavy metals in them.
Investigations ars also conducted to reveal the soi1--geochemicai
structure, radial and lateral, in mountain background territories reserves and national parks.
On the basis of soi1-geochemical investigations of heavy metals
studies of their migration are also carried out and analysis is
done of the biochemical peculiarities of these territories. The
relation between soils and bed sediments in catchment basins of
the investigated mountain territories is in search. The possibility and realization of soil monitoring of mountain terrotories
in Bulgaria are studied.
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Electrokinetic Removal of Copper from a Polluted Soil

A. Ribeiro*K A. VillumsenW, B. JensenO>), A. RéfegaW, and J. Vieira e Silvato.
^Department ofSdences and Envimnmental Engineering, Faculty of Sciences and Technology, Ne
University ofLisbon, 2825 Monte da Caparica, Portugal; ^Department of Geology and Geotechni
Engineering/Department of Physical Chemistry, Technical University of Denmark, 2800 Ly
Denmark; ^Department ofPedology, NationalAgricultural Station, 2780 Oeiras, Portugal.
Introduction. The electrokinetic process is a promising remediation technique for removal of
contaminants from polluted sites. Due to the electric current, the pollutant species in a soil are
carried to the electrodes, from where they may be removed. The way the electric current acts upon
heavy metals retained in the soil by various binding mechanisms is not fully understood. Different
parameters, such as soil pH and ionic strength are known to influence the process. In order to
investigate which metal-soil bonds can be broken by the electric current and also which are broken
more easily, an electrokinetic soil cleaning experiment was carried out on a laboratory cell. By
means of a chemical sequential extraction procedure, previously and after the experiment, it was
possible to identify the "soil compartments" to which metals were preferentially bound, as well as
the relevant soil compartments where the electric current acted. Copper was the chosen metal for
this work.
Materials and Methods. The experiment was carried in a cell developed at the Technical
University of Denmark (1). The cell is divided in 3 compartments -two electrode compartments and
a central one (0int=8 & 15 cm length), in which the polluted soil was situated (Fig.1). The electrode
compartments and the soil were separated by ion exchange membranes. When a voltage was
applied to the electrodes, the ions in the 3 compartments moved in the electric field but, due to the
cationic exchange membrane (IC1-61CZL386, from IONICS) placed in front of the negative electrode,
the negative ions could not penetrate from this compartment into the soil. Also the positive ions, in
the positive electrode compartment, were prevented from passing into the soil, by means of the
anionic exchange membrane (IA1-204SXZL386, from IONICS) placed in front of this electrode.
HCl

HC1

Legend:
CAT - cationic exchange membrane
AN - anionic exchange membrane

-Cu 2*

ci

'+

'D

HAsOj-

Figure 1 - Schematic representation
of the electrokinetic soil
cleaning cell.

The soil submitted to the cleaning process was heavily polluted with copper, chromium and
arsenic (soil from a former wood preservation Danish company).
The experiment was run for 16 days, with a constant current of 20.2 mA. At the end, the soil from
the central compartment was cut into 10 slices of 1.5 cm each. Determinations of the pH were done,
and the total copper contents as well as the sequential extraction (2) were carried out in the slices
with different pH values, in order to determine the concentration profiles of Cu for several "soil
compartments" in relation to the distance from the anode. By comparison with the amounts of
copper in the "soil compartments" before and after the application of the current, the relevant soil
compartments where the electric current acted were identified.
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All the results are the mean of 3 replicates, copper values were obtained by atomic absorption
spectrophotometry and the BCR n 5 142 was used as a reference material.
Results and Discussion. The soil used in the experiment was collected from a layer of 5-10 cm
depth and has the following characteristics: pH(H2O)=6.0, pH(KCl)=5.3; texture = loamy sand
(coarse sand = 20.6 %, fine sand = 62.3 %, silt = 11.6 %, clay = 5.5 %); organic matter content
= 16.8 g/kg; cation exchange capacity =15.6 cmol (C)/kg; "total" copper content (extracted by HNO3HCIO4-HF) = 2500 mg/kg. A five phases sequential extraction procedure gave the following metal
concentrations: "soluble and exchangeable Cu" = 322 mg/kg, "Cu linked to organic matter" = 206
mg/kg, "Cu linked to oxides easily reducible" = 1189 mg/kg, "Cu linked to amorphous oxides and
hydroxides" = 54 mg/kg, "Cu linked to crystalline oxides and hydroxides" = 148 mg/kg.
After the "cleaning" experiment, the 10 soil slices had the pH values shown in Table 1, and the
chemical sequential extraction procedure gave the results presented in Fig. 2.

Table 1
PH(H20)

Distance from anode (cm)
0-1.5
3.8
0.05

1.5-3.0
4.2
0.49

3.0-4.5
4.1
0.19

4.5-6.0
4.3
1.70

7.5-9.0
4.4
0.28

6.0-7.5
4.4
0.29

9.0-10.5 10.5-12.0 12.0-13.5 13.5-15.0
5.0
5.2
5.0
5.5
0.56
1.01
0.37
2.13

Coppei linked,
to organic matter

Cu linked to
oxides easily reducible

Distance from anode (cm)

Distance from anode (cm)

Distance from anode (cm)

Cu linked to
amorphous oxides
mgCuftg

Cu linked to
crystalline oxides
mgCu/jcg

Soluble and
exchangeable Cu
mgCu/kg
800.0

mgCu/kg
400.0

0.04%

200.0 -~

200.0

Legend:
I

I

Alffigi
igures:
Line indicates inicial
Cu concentrations

100.0

0.0+^ m.
•H

Distance from anode (cm)
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Distance from anode (cm)

Figure 2 - Some results from
the chemical
sequencial
extraction

These preliminary results show that, during the experiment: (i) there was the development of an
acid front that progressed from the anode to the cathode, (ii) Mobilization of copper seems to have
occurred from other "soil compartments" to the "soluble and exchangeable Cu" compartment; e.g.,
the movement of copper specifically adsorbed on the easily reducible oxides and on organic
matter, to copper in solution and exchangeable one.
Literature Cited.
(1) Ottosen, L. and Hansen, H. K. 1992. Electrokinetic cleaning of heavy metal polluted soil.
Fysisk-Kemisk Inst, and Inst, for Geologi and Geoteknik, DTH, Denmark.
(2) Vieira e Silva, J.; Domingues, H. and Mesquita, M. E. 1993. Intern. J. Environ. Anal. Chem.
51:109-112.
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CEMENT DUST POLLUTION PROVOKED
CHANGES IN GREY FOREST SOILS
I. Kolchakov .Institute of Soil Science and Agroecology
Shosse Bankya 7, Sofia 1080, Bulgaria.

,

Introduction. Soil as a natural phenomenon and one of the main components of the
agroecosystem is subjected to various anthropogenic actions, bringing to substantial
changes in their mineral phase, humus system, chemical and physicochemical characteristics.
Cement industry is an important anthropogenic (technogenic) element, which affects
strongly the environment. The degree and characteristics of the changes provoked by
cement industry are depending on the soil group, quantity of the deposited cement dust,
and period of the pollution [1, 2, 3].
In this paper results from research on changes in grey forest soil due to cement dust
pollution are discussed.
Materials and Methods. Simultaneous investigation on two profiles of grey forest soilnon polluted and cement dust polluted was carried out. On samples taken from genetic
horizons the following analyses were performed: particle size distribution; quantity of
CaC0 3 ; pH (H 2 0); total organic carbon; soil organic matter composition; exchangeable
bases; CEC; base saturation; lead (Pb), cobalt (Co), and zinc (Zn) quantities.
The non polluted grey forest soil is characterized with well developed (to 30 cm from the
surface ) dark coloured humus horizon (from 10YR 4/3 to 7.5YR 4/4, and 10YR 4/6). This
is followed by well developed Bt horizon. Soil organic matter ( 1 to 2% organic carbon)
is accumulated in the surface horizon, and it's quantity sharply decreases in subsurface
horizon. Grey forest soil humus is "fulvic" type, with C^ a /C Fa <l. The texture coefficient
is 1.5 to 2.CEC is 29 to 32 meqv/100 g soil. Base saturation (V%) is 65 to 67% .pH (H 2 0)
is 5.1 to 5.2. Clays are highly active. CaC0 3 is leached out of the solumn. Grey forest are
soils with "luvic" attributes and referred to the Haplic Luvisols , according to FAO
Legend.
Result and Discussion. Cement dust is mainly composed of calcium silicates, and it
pollutes soil with CaC0 3 through the atmosphere. The analyses data show that in grey
forest soil A horizon 3.91 % CaC0 3 (to 30 cm from the surface ) and in Bt 1.07% CaC0 3
(to 48 cm from the surface ) is accumulated. Due to this pollution substantial changes in
grey forest soil properties were registered. Soil pH changed from 5.1-5.2 to 7.2-7.3. Soil
exchangeable acidity was neutralized by the cement dust in this conditions. The quantity
of (Ca + Mg) was increased from 18.0-21.0 meqv/100 g soil to 42.0-43.0 meqv/100 g soil
in A horizon. Cation exchangeable capacity was well increased from 29-32 to 43-45
meqv/100 g soil. Base saturation changed from 65.0-67% to 95.0-99.0 %. The destructive processes of soil mineral phase are discontinued due to alkalinization .In comparison
with the non polluted grey forest soil the polluted soil humus is very much changed. Soil
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humic acids quantity in polluted soil increased , and C H a /C F a = 1.71 to 1.95, when in non
polluted soil it is C H a /C F a <1. It can be concluded that in the alkaline conditions and
CaC0 3 presence , due to cement pollution , fulvic acids are more actively mineralized ,
keeping their activity, at the same time rate of the processes of synthesis and stabilization
of humic acids is increased. Lead (Pb) quantity in A horizon of non polluted grey forest
soil is 51.0 mg/1000 g soil. In cement dust polluted soil this quantity increases up to 84
mg/1000 g soil. This is explained with the fact that in polluting cement dust lead (Pb)
quantity is 800 mg/ 1000 g soil. Lead mobility , though, is decreased in the alkaline
conditions , provoked by the pollution.
The results show that cement dust pollution brought about substantial changes in the
diagnostic characteristic of the grey forest soil. Changes in the properties of soils
provoked by anthropogenic activity bring out questions connected with soil classification
and nomenclature. Because these changes are mainly resulting from man's activity it
follows that changed soils could be named "technogenic". In the discussed case the
changed soil can be named for the classification as technogenic, calcaric, saturated grey
forest soil.
Literature Cited. (l).Kolchakov, I. and Faitondjiev L. 1982. Cement dust induced
changes in some chemical and morphological properties of pseudopodzolic forest soils.
Ill National Soil Science Conference, Sofia, Bulgaria. Proceedings, 1:63-66.
(2).Kolchakov I. and Faitondjiev L. 1982. Aspects of soil properties changes due to dust
pollution National theoretical conference Monitoring and conservation of the environment .Proceedings, 1: 72-75. (3). Faitondjiev, L. and Kolchakov,. I. 1987. Changes in
the soils surrounding Pleven's cement factory., Soil Science and Agrochemistry (Bulgaria), 5: 35-40.
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Release of DTPA Fe and Yield of Upland Rice in Vertisols as
Influenced by Presowing Moisture and Iron Pyrite
K. R. Sonar, and S. K. Deore. Department of Agricultural Chemistry and Soil
Science, Mahatma Phule Agricultural University, Rahuri PIN 413 722, Marahastra,
India
I n t r o d u c t i o n . The s o i l s which come under i r r i g a t i o n command a r e a
of Maharashtra, India are c a l c a r e o u s , c l a y with high pH and
dominant in expanding type of 2:1 c l a y m i n e r a l s ( v e r t i s o l s and
a s s o c i a t e d s o i l s ) . On t h e s e s o i l s r i c e c u l t i v a t i o n under
i r r i g a t e d upland c o n d i t i o n s i s t h e only a l t e r n a t i v e method.
However, under upland c o n d i t i o n s , iron c h l o r o s i s , stunted growth
and low y i e l d s of r i c e are observed. Presowing s o i l moisture
t r e a t m e n t s (Sonar and Ghugare, 1982) and iron p y r i t e a p p l i c a t i o n
(Sharma and Yadav, 1987) have been found useful in i n c r e a s i n g
iron a v a i l a b i l i t y in s o i l and t h e y i e l d of upland r i c e .
Materials and Methods. A greenhouse experiment was conducted
with 10 kg s o i l (Udic Chromusterts) in p l a s t i c p o t s under
c o n t r o l l e d c o n d i t i o n s (28 °C temperature and 82 % h u m i d i t y ) . Iron
p y r i t e was applied @> 0 and 20 g k g - 1 s o i l on the surface and
deionised water t r e a t m e n t s given (dry, f i e l d c a p a c i t y , s a t u r a t i o n
and 3 cm submergence) for a period of 15 d a y s . After 15 days,
t h e s o i l s were brought t o f i e l d c a p a c i t y c o n d i t i o n , r i c e
(cv. PBN 1) seeds were sown m a i n t a i n i n g four s e e d l i n g s per p o t .
Deionised water was added d u r i n g t h e crop growth period
maintaining 75-100 % of f i e l d c a p a c i t y m o i s t u r e . S o i l samples
were analysed for pH, DTPA Fe and dry matter y i e l d recorded at
t i l l e r i n g , p a n i c l e i n i t i a t i o n , flowering and h a r v e s t t o study t h e
e f f e c t of presowing moisture t r e a t m e n t s and i r o n p y r i t e .
Results and Discussion. S o i l submergence for 15 days before
sowing decreased t h e s o i l pH from 8.6 t o 7.9 which might be due
t o i n c r e a s e in p a r t i a l p r e s s u r e of CO2 (Ponnamperuma, 1972) and
redox p o t e n t i a l from +501 t o +362 mv (Sonar and Ghugare, 1982).
The r e d u c t i o n in s o i l pH and- 1 redox p o t e n t i a l increased DTPA Fe in
s o i l from 3.5 t o 12.1 mg k g
Similar r e s u l t s were r e p o r t e d by
Mitra and Pande (1976) . A p p l i c a t i o n of iron p y r i t e f u r t h e r
increased DTPA Fe in s o i l during t h e e a r l y growth stage of r i c e
as a r e s u l t of r e l e a s e of iron from o x i d a t i o n of iron p y r i t e .
S o i l submergence for 15 days before sowing of r i c e and
a p p l i c a t i o n of iron p y r i t e | 20 g k g " 1 s o i l increased dry matter
y i e l d of r i c e a t a l l t h e growth s t a g e s of r i c e and s i g n i f i c a n t l y
increased r i c e g r a i n and straw y i e l d s (22.61 and 41.04 g p o t - 1 ,
r e s p e c t i v e l y ) over t h e o t h e r t r e a t m e n t s .
The p r e s e n t i n v e s t i g a t i o n i n d i c a t e d t h a t presowing s o i l
,
submergence for 15 days and a p p l i c a t i o n of iron p y r i t e @ 20 g kg"
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soil was b e n e f i c i a l in i n c r e a s i n g t h e upland r i c e y i e l d s as a
r e s u l t of decrease in s o i l pH and redox p o t e n t i a l and i n c r e a s e
in OTPA Fe in s o i l .
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Calibration of Selective Extraction Technique by CitrateBicarbonate on the Basis of Experimental Dissolution of
Synthetic Iron Oxides
A. Soulier, A. Régeard and F. Trolard*. Laboratoire de Science du Sol,
Institut National de la Recherche Agronomique, 35042 Rennes Cedex, france.
Introduction. Chemical selective dissolution techniques are widely used to characterize iron
components in soils. They allow to operationally define fractions such as "free iron" or "well
crystallized iron oxides" but often they are not well calibrated (1). Recently, the Citrate-Bicarbonate
reagent (CB) has been used, for the first time (2,3). Applied on natural samples, in the same
conditions of the experimental procedure, its reactivity has been compared with that of DithioniteCitrate-Bicarbonate (DCB). Results obtained on. one hand on samples from well oxidized
environments (2,4) show that the difference DCB minus CB is a better estimator of the aluminium
fraction in iron oxides than the classical DCB minus Oxalic acid/Oxalate, this later being biased by the
dissolution of aluminium oxides at the lower pH obtained (5). On the other hand, results obtained on
samples from hydromorphic environments (3) show that CB dissolves amounts of iron larger than
10% of total iron so that the difference DCB minus CB cannot be interpreted so straightfully. Thus it
appears necessary to establish a calibration of the selective extraction by CB. These are the aims of
this study, on the basis of experimental dissolution of synthetic iron oxides.
Materials and Methods. Synthetic pure iron oxides used in this study are hematite, goethite,
lepidocrocite and ferrihydrite. Hematite and goethite are synthetized following Atkinson et al.'s
method (6), lepidocrocite following Schwertmann and Taylor's method (7) and ferrihydrite following
Sadiq and Lindsay's method (8). X-ray diffractometry is used as a mineralogical control.
The CB reagent is a solution prepared by weighing 78.43 g of ^ 3 ^ 1 1 5 0 7 . 2H2O and 9.33 g of
NaHC03 per liter. Samples are gently ground in an agate mortar and aliquots are submitted, at room
temperature, to extractions by rotative stirring in centrifugal bottles with screwed closure (500 mg
sample/ 50 ml reagent). Reactions are allowed to proceed during 1,6,48,144 and 336 hours. At each
step, mixtures are centrifuged to 5000 rpm during 5 mn. and solutions are analysed for iron by ionic
chromatography. In these conditions, citrate acts as a complex agent and pH is buffered near 8-9 by
bicarbonate, and as the temperature is not high, the dissolutions are easy to record analytically.
Results and Discussion. The plot (fig.1) of iron released by CB-reagent versus time shows that
the extracted amounts are negligible for hematite and goethite, close to 4% of total iron for ferrihydrite
and close to 8% of total iron for lepidocrocite. The very small amounts extracted from hematite and
goethite correspond rather to a cleaning of the sample surfaces than to a real attack of the mineral
lattices. These results confirm that CB-reagent does not attack to the same extent the different iron
oxides. This can be ascribed to the fact that ferrihydrite and lepidocrocite contain structural OH while
goethite and hematite do not contain structural OH. Thus the CB-extraction is a convenient means to
separate the iron oxides into two groups: hematite and goethite not dissolved, against lepidocrocite
and ferrihydrite, dissolved. This allows to quantify iron oxides in soils both in oxidized and in
hydromorphic environments.
Literature Cited.
(1) Borggaard O.K. 1988 Phase identification by selective dissolution techniques in J.W. Stucki et al.
(eds.). Iron in soils and clay minerals. D. Reidel Publishing Compagny: 83-98.
(2) Jeanroy J., Rajot J.L., Pillon P. and Herbillon A.J. 1991. Differential dissolution of hematite and
goethite in dithionite and its application on soil yellowing. Geoderma 50:79-94.
(3) Trolard F., Soulier A. and Curmi P. 1993. Les formes du fer en milieu hydromorphe acide : une
approche compartimentale par dissolution selective. C.R. Acad. Sci., Paris 316II: 1463-1468.
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(8) Sadiq M. and Lindsay W.L. 1989. Electron titration as a technique to study iron and manganese
redox transformations in soils. Soil Science. 147:348-356.

Fig. 1: Plot of iron released by CB - reagent versus time from synthetic iron oxides
(Gt= goethite, Hm= hematite, Fr= ferrihydrite, Lp= lepdocrocite)
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Effect of a coal-derived fulvic acid on Cu and Ni toxicities of
maize and soya beans
H.v.H. van der Watt* and M.M. van der Walt. -Department of Plant
Production and Soil Science, University of Pretoria, 0002 Pretoria, South Africa.
Introduction. Soil pollution by heavy metals occurring in various, mainly organic, fertilizers
and/or wastes is a serious problem receiving wide attention at present. One of the related aspects
not yet completely clarified, is the role of organic substances - particularly metal complexing
agents - in the uptake of heavy metals by plants. Several workers have shown that the uptake of
heavy metals is decreased in the presence of certain organic acids, fulvic acid and humic acid
(1, 2). Barnard et al (3), however, found that e.g. Zn uptake from a lime-rich soil is increased
upon addition of a coal-derived fulvic acid. The purpose of this study was to elucidate the role
of a coal-derived fulvic acid in the uptake of certain heavy metals by plants.
Materials and Methods. Maize and soya beans were grown for three weeks in nutrient
solutions in a glasshouse. The nutrient solutions employed were lA and Vio strength Ruakura
solutions to which Ni and Cu were added in toxic concentrations, and a fulvic acid at
concentrations of 25 and 50 mg/L. The fulvic acid was derived from the wet oxidation of coal
at elevated pressure and temperature in a process developed by the CSIR. A completely
randomized factorial experimental design was used. After three weeks the fresh and dry masses
of topgrowth and roots of the maize and soya bean plants were determined. Thereafter the dry
matter was ground and digested with HN0 3 and HC104. The concentrations of Cu, Ni, Fe and
Mn in the topgrowth and roots were determined by atomic absorption spectrometry.
Results and Discussion. It was found that in the lower strength (Vio) nutrient solutions toxicities
of Cu and Ni occurred at lower concentrations than in the lh strength solutions. Both elements
are exceedingly toxic: 0,2 mg/L Cu and 0,6 mg/L Ni negatively affected normal growth of
especially the roots. The fulvic acid in concentrations up to 50 mg/L had no effect on plant yield
in the absence of Cu and Ni. At higher fulvic acid concentrations, yields were slightly depressed.
In the case of maize it was found that the uptake and transport of Ni to the leaves is promoted
by the presence of fulvic acid. This is opposite to the findings of Gerzabek & Ullah (1).
However, Ni concentrations in the roots generally decreased upon addition of fulvic acid. The
fulvic acid also increased Fe and Mn uptake, whether Ni was present or not. However, in the
case of Cu the opposite was found: for the higher fulvic acid concentrations the Cu content of
both topgrowth and roots were significantly lowered (Table 1). But simultaneously there was an
increase, above the control, of both Fe and Mn in both topgrowth and roots.
In the case of soya beans, on addition of 50 mg/L fulvic acid to the nutrient solution containing
0,6 mg/L Ni, a slight improvement in growth was observed. Generally, the presence of fulvic
acid resulted in a lower plant Ni concentration (opposite to effects observed with maize). A
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Table 1.

Cu and Ni concentrations in tupgrowth and roots of maize for the various
treatments
Cu

Treatments:
Cu and fulvic
acid
concentrations
in solution
Cu
*-

Fulvic
acid

Ni

Cu concentration
in plants

Topgrowth

Roots

-* *- mg/kg dry matter -»

mg/L

Treatments:
Ni and fulvic
acid
concentrations
in solution
Ni
«-

Fulvic
acid
mg/L

-»

Ni concentration
in plants

Topgrowth

Roots

*• mg/kg dry matter -»

0
0,2
0,4

0
0
0

5
29
39

5
276
289

0
0,6
1,2

0
0
0

14
50
112

2
1 658
880

0
0,2
0,4

25
25
25

4
27
54

1
173
280

0
0,6
1,2

25
25
25

1
55
164

1
1 196
807

0
0,2
0,4

50
50
50

5
15
33

2
141
187

0
0,6
1,2

50
50
50

12
99
211

22
1 391
921

concentration of 1,2 mg/L Ni in solution was highly toxic and conclusions as to the effect of
fulvic acid are dubious.
It would appear that the concentration of metals in solution influences the role of fulvic acid in
the uptake of a particular metal. This aspect, together with a consideration of the metal-complex
and solution free-ion equilibria, warrants further research.
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DISTRIBUTION AND FORMS OF COPPER AND ZINC IN
A PYRITE - AMENDED CALCAREOUS SOIL
J.M. Vieira e Silva, M.A. Castelo-Branco, M.R. Gusmao, and E.M. Sequeira.
Departamento de Pedologia, Estagao Agronómica National, 2780 Oeiras, Portugal.
Introduction. Pyrite use in soil-amendment has been studied (1 and 2) because it is cheap and
presents high nutrient levels. In the central region of Portugal there are large areas of calcareous
soils with some fertility problems. In southern part of the country Neves-Corvo underground mine
is located which produces high grade copper ore, where the pyrite has no use today and it is
disposed off in a tailing dam with potential pollution risks. Considering these occurrences a field
trial (1990-1993) was installed in a degraded calcareous soil amended with pyrite. In this study we
are interested to know the behaviour of Cu and Zn in soil fractions from pyrite application.
Materials and Methods. The soil used in this study is a degraded Calcaric Cambisol from "Sicó
hill - Pombal" and the pyrite is a mine subproduct with high levels of Cu (1,5 g kg"1) and Zn (3 g
kg"1). A trial was installed in randomized blocks with four pyrite treatments (0,3,6 and 91 ha"1)
and three P2O5 treatments (0,175 and 350 kg ha"1). Air dried samples (0-20 cm) passed through a
2 mm mesh and chemical and mineralogical compositions were studied according to the methods
used in our Soil Science Department (3). Clay, silt and sand fractions were subjected to
examination by X-ray diffraction. A sequential fractionation procedure with specific reagents was
used to partition Cu and Zn into exchangeable (Exch), carbonates (Carb), easily reducible oxides
(OxMn), organic (Org), moderately reducible oxides (OxFeA), crystalline Fe oxides (OxFeC) and
sulfides (SulO fractions (4). All procedures were carried out in duplicate, and Cu and Zn in all
extracts were determined by atomic absorption spectrophotometry.
Results and Discussion. Soil samples presented high carbonate levels (550 g kg"1) and low
organic matter content (15 g kg"1). Granulometric fractions, without carbonate, presented 300 g
k g 1 of clay, 550 g kg"l of silt and 150 g kg"l of sand. In the clay fraction illite is the dominant
mineral, and kaolinite and vermiculite are also present.
Soil Copper
Unamended soil - The sum of Cu in the different soil fractions is low (22-25 mg kg"l)
mainly distributed in the OxFeC, OxFeA and carbonates fractions.
Amended soil (first year) - The sum of Cu levels in the different soil fractions reaches 70
mg kg"l in the plots with 91 ha"l of pyrite applied, and Cu is mainly associated to sulfur fraction.
The Cu resulting from pyrite oxidation is distributed in different fractions with highest enrichment
ratios [R = (mg kg-1 amended - mg kg"1 unamended)/mg kg-1 unamended] in the organic (R = 2,6), OxFeA

and Carb fractions (Fig. 1)
Amended soil (third year) - The sum of Cu in the different soil fractions reaches 60-65 mg
kg"l in the plots with highest pyrite rates. Copper concentration in sulfur fraction is lower than in
the first year (about 25% reduction) resulting from pyrite oxidation. Copper distribution of in the
different fractions shows highest enrichment ratios in the Carb, OxMn and OxFeA (Fig. 1).
Soil Zinc
Unamended soil - The sum of Zn in the different soil fractions is low (35-37 mg kg"l)
mainly distributed in the OxFeC and carbonates fractions.
Amended soil (first year) - The sum of Zn levels in the different soil fractions reaches 320
mg kg'1 in the plots with 91 ha"l of pyrite mainly associated to sulfur fraction. The Zn resulting
from pyrite oxidation is distributed in the different fractions with high enrichment ratios in the
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ratios in the carbonate, OxMn, Exch and Org fractions (Fig. 2). In plots with 9 t ha~l of pyrite
application the Zn levels in the exchangeable fraction are very high and the sum of the different
fractions are higher than the proposed limit EC.
Amended soil (third year) - Zinc concentration in the sulfur fraction is lower than in the
first year (about 30% reduction ) resulting from pyrite oxidation. The distribution of Zn in the
different fractions shows higher enrichment ratios in OxFeA, OxMn, Carb and Org fractions
(Fig. 2). Exchangeable levels are, also, high.
Conclusions. The results of this study are according to the low pyrite oxidation rate, dominant
the sul fides-bound Cu and Zn. The metals resulting from pyrite oxidation are mainly specifically
adsorbed in soil fractions. Relating the first and third year results some losses of Cu and Zn
occurred during the trial, mainly resultants probably due to leaching and crops. The results of the
amendment of degraded calcareous soils with pyrite rates of 9 t ha"l seem to indicate some
environmental risks, mainly due to Zn, suggesting the application of lower pyrite rates.

Fig. 1 - Cu enrichment ratios

Fig. 2 - Zn enrichment ratios
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Selenium Contents of Some Soils of China and Their
Effect on Selenium Level of Crops
M.Z. Wang, Y. Chen, and J.M. Zhu. Division of Selenium
Zhejiang Agricultural University, Hangzhou, P.R. China 310029

Research,

Introduction. Selenium is a vital trae element to human and animals. Soil selenium will affect
mankind and animal health through food chain. The objectives of this study were to evaluate the Se
contents and forms of soil derived from different parent matter in China and their effects on Se
level of some crops.
Materials and Methods. 40 samples of parent matter anr rocks, 122 samples of soil and 250 samples
of corn, tea and radish were collected from some area of China. Sand (2-0.02mm), silt (0.020.002mm) and clay (<0.002 mm) were separated by sedimenatation. Available Selenium were extracted
by 0.1 nol-L K2SO4. For determination of total Se, soil, rock and plant samples were digested by
the tri-acid. Se was determinated by fluorometric method.
Results and Discussion. Se contents of 122 surface were from 0.0336 to 4.871 ug/g with a geometric
mean of 0.404 ug/g. Among them, Se contents in 62.00% of samples were less than 0.404 ug/g and
10.65% fo samples contained more than 2.000 Se ug/g. the soils derived from Quaternary Sediments,
sand shale and argillic shale were main low Se soil which were distributed populary in China.
Meanwhile, high Se soil were developed from siliceaus shales and carbonaceous siliceaus shales of
Permian, Ordovician and Cambrian period, Changxing limestone of Permian period and basaltic
volcanic ash. The ratios of total Se in clay, silt and sand were 2.10:1.05:1.00, which indicated
that Se was enriched in clay. Positive correlation was found in Se content (Y) in soils to that in
parent materials (X) : Y=0.109 + 0.422 X(r=0.9969**, n=15). Soil organic matter, free iron also
have some effect on total Se in soils.
Available Se of 52 surfaces soils, extracted by 0.1 mol-L" 1 K^SC^, were from 0.00742 to 0.0209
ug/g and changed with soil pH, organic matter, total Se and free iron.
Se content in corn, tea and radish under the study were radish under the study were 0.085 - 0.164,
0.021-0.770 and 0.084-12.154 ug/g respectively. Their Se contents were closely related with Se
content of soil. In China there are large area of low Se soil. People in low Se area, living on
low Se food, have low blood Se which would result in Ke-shan disease, kaschin-bech disease,
angiocadiopathy and some kinds of cancer etc, and injuried human health.
Literature Cited.
(1) Yang yongyuan et al. 1984. Ke-shan disease in relation to Se content in natural environment in
Shanxi province. Environmental Sciences in China (in Chinese) 4(2): 53-55.
(2) Underwood E.J., 1977. Trace Elements in Human and Animal Nutrition. Fourth edition. 303-308.
Academic press, New York.
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Transformation and Availability of Selenium in Soil
Ji Weinong and Mao Jing-Doing. Nanjing Agricultural University, Nanjing,
China
Introduction. Selenium is an essential element for animals and men. Deficiancy or excess in animal
diets will lead to ser ious dissease. In China, Keshan and Kaschin-beck disease and white muscle
disease in animal are all closely relative to low lavel of Se
in soil.' ' On other hand
execessive intake of Se by animals can lead to intoxication.' J In view of the role of soil in
soil-plant-animal ecosystem, in order to control the Se-related diseases, it is necessary to study
the content, fractions transformation and avaibility of Selenium in soil.
The purpose of this experiment was attempted to investigate the transformation of Se fraction with
time and Se uptake by plants through pot exeriment of ryegrass, rice and wheat.
Materials and Methods. A. Pot experiment. The soil samples representing different cultivated soils
in Jiangsu Province of China including Yellow-brown earth, Chao Solonchak and Grey Chao Soil.
Their basic physical and chemical properties were determined.
The plants used were annual flowery ryegrass, hybrid rice (Shan Yo No.63) and wheat (Yan nai
No.1). The concrete measures of pot experiments were shown in table 1.
B. Fractionation of Selenium in soil. By modifying the method proposed by Cary et al.' ' a
preliminary procedure of sequential extraction of Se was developed. The soil sample were dried and
sieved to pass a 20 mesh screen. 2g of sample was placed in 50 ml centrifuge tuble, extracted
succesively with 0.2 mol-L" 1 K 2 S0 4 , 0.1 mol-L" , K 2 HP0 4 , 0.05 mol-L" 1 HC1. The ratio of each
extractants added and soil being 8:1. The tuble was shanken at 25"C for 16,24, 16 and 16 hr
respectively. The sample tubes were then cent rif uged at 12000rpm and the supernatant was collected
and determined for selenium. Both Ultraviolet spetrophotometry and gas chromatography are used to
determinate the Se in soil and plants.
Results and Discussions. A. Pot experimet of ryegrass.
1. The transformation of selenium in three soils without addition of Se after planting is shown in
table
2. The transformation of Se in three soils added with Se after planting is shown in table 3
After planting ryegrass, indicated the gradual transformation of Se nonactive to active fractions,
contrary that in soils with addition of Se.
B. Pot experiment of rice. The transformation of Se in three soils without addition of Se was from
nonactive to active form.
C. Pot experiment of wheat. The transformation of 75o_ wasfrom active to nonactive fractions. The
result was similar to that of soils added with Se in ryegrass pot experiment.
D. Soil available selenium and uptake by plants. It is shown in table 4, table 5, that Fj is
significantly related with Se content of ryegrass or wheat. Thus the available Se of soil can
be described as the soluble fraction extracted with K 2 S0 4 .
Conclusions.
1. The modified method for Se fractionation can be used to study chemical behavior of Se in soil.
2. Pot experiments indicate that in soils without additional Se, selenium is transformed from
nonactive fractions to active fractions while in soil added with Se, it is transformed
conversely.
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3. Correlation analysis shows that the available Se in soil can be described as the K.2SO4 soluble
fraction.
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Am.J.Clin. Nutr. 37:872.
(3) Cary.E.E., et al (1969) The stability of different forms of selenium applied to low selenium
soils. Soil Sci.Soc. Amer. proc, 33,571-574.
(4) Slu,K. W. M. and Berman, S.S. (1983) Determination of Selenium in marine sediments by gas
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ROLE OF FE OXIDES AND LAYER SILICATE MINERALS IN CONTROLLING RETENTION OF HEAVY METAL ELEMENTS IN SOIL
G.X. Xing', LMCP, Institute of Soil Science, Academia Sinica, Nanjing 210008, China.
L.Y. Xu, Department of Chemistry Shanxi Normal University, Linfen 041004, China.
INTRODUCTION Retention of heavy metal elements by soil involves the availability of micro
nutrient elements to plants as well as the toxicity of heavy metal pollutant elements to plants.
Revelation of the contributions of various solid components of soil to soil retention of heavy metal
elements is conducive to understanding and controlling their behaviors in soil. There have been
some reports though regarding this aspect'"5, the conclusions of different authors are not so
conformable that further study of the problem is quite necessary.
MATERIALS AND METHODS
In this study, 2 types of soils with different mineral
composition and chemical properties were selected. One was black soil from Northeast China and
the other red soil from South China. Six soil fractions of each soil were separated and prepared
by a sequential extraction method with selective extractants, and a portion of untreated soil was
set aside as CK. So there were altogether 14 samples for test. The selective extractants used were.
I) pH 7.0, \M Mg(N0 3 ) 2 ; II) pH 5.0, 0.\M NH4AC-HAC buffer solution; III) pH2.0, 0AM
NH 2 OH-HCl; IV) 30% H 2 0 2 ; V) pH3.0, 0.2M (NH4)2C2O4-0.2A/ H 2 C 2 0 4 in the dark and VI)
pH3.0, 0.2M(NH 4 ) 2 C 2 O 4 -0.2A/H 2 C 2 O 4 -0.1M ascorbic acid. The selectivity of extractant V and VI
was verified by the Mössbauer method. The soil fractions extracted were then soaked in 0.25M
Ca(N0 3 ) 2 solution for Ca saturation. In this paper, letters of O, A, B, C, D, E and F are used to
express different combination of treatments by selective extractants. O stands for untreated soil
samples; A treatment by extractant I; B treatment by extractant I and II sequentially; C treatment
by extractant I, II and III sequentially; D treatment by extractant I,II, III and IV sequentially; E
treatment by extractant I,II,III, IV and V sequentially; and F treatment by extractant I, II, III, IV,
V and VI sequentially. To support the electrolyte and competitive ions, 0.5M KNO, was added
at the soil:solution ratio of 1:20, containing respectively 5 ug Zn, 2 ug Cu, 2 ug CO, 2 ug Ni, 5
u.g Cr, 5 ug Pb, and 5ug V per ml, with Cr and V in the anions form of Cr0 4 and V 0 3 ' . The
test had a multi-ion mixture system and a single-ion system, that is, in the former the 0.5M KNO,
solution added contained all the seven heavy metal elements at the above described rate, and in
the latter it had only one kind of heavy metal element at the above described rate each time. And
the test also had 3 different pH rates, 7.0, 6.0 and 5.0 repsectively. And the heavy metal element
concentrations were determined by DCP plasma spectrometry, and the specific surface of various
soil fractions by the BET method.
RESULTS AND DISCUSSION The result of the test with 2 types of soils of different solid
components prepared in mulit-ion mixture system and single-ion system at pH 7.0, 6.0 and 5.0
showed conformably that after treatment with different combination of selective extractants
(A,B,C,D, E and F) the retention of Cu, Zn, Co, Ni, Cr, Pb and V by various soil solid fractions
is related to the surface of variable charges, Fe oxides in particular, rather than the specific
surface. Adsorption test indicated: (i) the retention of Cu, Zn, Co, Ni and Cr was mainly
controlled by Fe oxides as are shown in Fig. 1, 2, 3 and 4. Fig. 1 and 3 shows respectively the
test results of the multi-ion mixture systems of all the soil fractions of black soil and red soil at
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Fig. 1. Quantities of heavy metal ions retained by black soil
after different trements at multi-ion systems of pH6.0
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Fig. 3. Quantities of heavy metal ions retained by red soil
- l e r different trements at multi-ion systems of pH6.0
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Fig. 4. Quantities of heavy metal ions retained by red soil
after different trements at single-ion system of pH6.0

Fig. 2. Quantities of heavy metal ions retained by black soil
after different trements at single-ion system of pH6.0

pH 6.0; Fig. 2 and 4 shows respectively the test results of the single-ion systems at pH 6.0. (ii)
After OM-rich black soil samples first underwent treatment A, B and C and then again D, i.e.
further depriving the soil of OM, the soil was observed decreasing in retention of Cu, Zn, Co, Ni
and Cr, which indicates that organic matter in OM-rich soil plays an active role in controlling soil
retention of heavy metal elements (Fig. 1 and 2). Shumm4 also reported observation of such
phenomena, (iii) all the tests conformably showed treatments A,B,C,D,E and F did not affect much
the soil's a retention of Pb and V, suggesting that by hydroxylated surface on the edges of layer
aluminosilicate in the residue fraction may govern the soil's retention of Pb and V.
The result presented in this paper completely agrees with that of our previous paper6
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Influence of Soil Properties on the Total and Available, Fe, Mn, Cu, Zn,
Cd, Pb, Hg and Co of some Ethiopian Vertisols & Inceptisols
B.P.K. YerimaandS. Sahlanedhin. National Soil Service Project, ETH/87/010, FAO, P.O.
Box 5536, Addis Ababa, Ethiopia,
Introduction. The Bale mountain area of Ethiopia is coming under increased pressure for the production of food
to meet the increasing population. Most of the cultivated area is put to barley and wheat and the grasslands to
sheep, goats and cattle grazing. Soil survey and other socio-economic studies have been carried out to enable the
conception ofjudicious management strategies necessary for proper management for sustainability. In the future
increased and sustained food production will need fertilizer amendments. Under heavy or continuous fertilization,
micronutrients and other heavy metals can also be introduced into the soils. Also, important changes in the forms
and amounts of these elements can occur in the soils and affect their uptake by plants. Given the important role of
micronutrients in plant growth and animal nutrition and the deleterious effects of heavy metal contamination in the
environment, the determination of background levels of these metals is an important guide to obviate physiological
disorders as well as serve as present threshold levels for studying micronutrient concentration and heavy metal
pollution in future.
The objectives of this study were to index the total and DTPA extractable levels ofFe, Mn, Cu, Zn, Co,
Cd, Hg and Pb and investigate the influence of physical and chemical properties on these elements for better
management for sustainability of these soils.
Materials and Methods. Samples were collected from 2 Vertic Xerochrepts, 3 Cryochrepts and 2 Pelloxererts
excavated to 1.5 to 2 m. These soils occur on undulating foot slopes and flat plains in the Bale area; they have
developed from basaltic and alluvial materials on 0-10% slopes. Mean annual rainfall and temperatures average
800-1200 mm and 8-14°C respectively. Vegetation on mountain slopes is Juniperus woodland savanna; it is
dominantly acasia on the plains. Pedons were described using standard terminology (FAO, 1990; Soil Taxonomy,
1975). Air-dried bulk samples were crushed to pass through a 2 mm sieve. Particle size distribution, CEC,
exchangeable bases, EC, pH and CaC03 percent were determined on thefine earth fraction by standard procedures
(Soil Conservation Service, 1984). Organic carbon was determined by the Walkley and Black method and total N
by the Kjeldahl method. Total Fe, Mn, Cu, Zn, Co, Cd, Hg and Pb were determined by wet digestion in aqua regia
and the available indices of these elements were determined by DTPA extraction. All elemental contents were
obtained on an atomic absorption spectrophotometer. Statistical analysis were done using Microstat programme
(Ecosoft, Inc. 1984).
Results and Discussion. Studies were done on 7 soil profiles, but only selected properties of representative profiles
are presented (Table 1). For all soils pH, EC, base saturation and CaCO, content generally increased with depth
while organic carbon and total N had an opposite trend.
Table 1 : Selected S i t e C h a r a c t e r i s t i c s and Micronutrient and Heavy Metal D i s t r i b u t i o n i n some Ethiopian S o i l s .
Hori- Depth OC Clay Ca- pH
EC
TOTAL
DTP* EXTRACTABLE
zon
CO, ( 2 : 5 ) nS/ Co Cd Pb Hg
Fe
Mn Cu Zn Co
Cd
Pb
Hg Fe
Mn
Cu
Zn
cm
X
H20
cm
mo/kgX
wn/kaALI - PELLOXERERT
Ap
0-30 0.02 42 0
5.94 0.18 37 1 2 34 6.14
999 20 93 0.56 0.00 0.00 0 . 0 7.70 37.17 0.91 0.21
AC1 30-95 0.70 72 0
6.36 0.32 55 1 0 32 4.52 1280 9 56 0.35 0.02 0.26 0 . 0 16.36 15.55 1.42 0.16
AC2 95-165 0.12 73 4 . 2 6.97 0.40 66 0 0 34 6.44 1133 25 105 0.26 0.00 0.93 0 . 0 10.36 19.37 1.32 0.19
AGARFA - CRYOCHREPT
Ap
0-25 2.23 45 0
5.97 0.23 51 0 0 37 6.04 1180 26 99 0.40 0.00 0.13 0 . 0 11.74 32.19 1.15 0.37
B1
25-50 1.16 70 0
6.14 0.29 47 0 0 32 4.80 1245 5 94 0.28 0.00 0.50 0 . 0 14.04 21.22 1.48 0.16
B2
50-86 0.78 83 3 . 8 9 . 9 8 0.42 43 0 5 23 6.12
889 25 98 0.43 0.00 0.55 0 . 0 13.83 2 4 . 3 1 1 . 1 8 0.21
B3
86-160 0.46 57 3 . 0 7.18 0.39 24 0 0
7
MP
1174 27 133 0.34 0.00 0.65 0 . 0 8.39 20.08 1.19 0.12
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Ranges of the properties determined for these soils which were also used for regression analysis are
presented on Table 2. These results indicate that both concentration of the total and DTPA extractable forms ofCd
and Hg are very low or zero. Concentrations of the other elements both in the Pelloxerert, Xerochrepts and
Cryochrepts are similar confirming their origin from a common parent material. The distribution of the DTPA
extractable elements shows a general decrease with depth in concentration of the micronutrients except for Fe and
Cu in the surface horizons (Table 1). Decreases with depth are associated with decrease in organic carbon content
and increasing pH that causes reduced solubility. No definite trends were observed for the' total elemental contents.
Table 2 : Ranges of the s o i l properties in the s o i l s studied
-DTPA EXTRACTABLE
O.C Clay Ca- BS pH EC
TOTALCo
Cd
CO,
H,0 mS/ Co Cd Pb Hg Zn Mn
Cu Fe
Pb
Hg
Fe
Zn
Cu
Range—
X
( 2 : 5 ) cm
mg/kg
X
-ro/kgFrom 0.12 25- 0 . 0 - 44- 5.59 0.15- 19- 0- 6- 0- 55- 774- 5- 4 . 8 - 0.07 0 . 0 - 0.04- 0 . 0 - 1 . 8 1 - 5 . 9 - 0.70- 0.07To

2.20

86

4 . 2 100

8.24 0.75 119

4

35 7 143

2947 65 11.9

0.83 0.02 1.31

4.6

17.4

41.5

1.73

0.37

ForDTPA extractable indices statistical correlations werefirstmade between soilproperties which influence
micronutrient availability in soils (FAO, 1982) such as pH, EC, CaCOs %, and organic carbon with the respective
micronutrients and heavy metals. For the total and D TPA extractable indices stepwise regression analysis were made
to determine the parameter giving the best correlation coefficients. The best predictive models are presented on
Table 3. This study indicates thatfor the total elemental concentrations the best predictive models could be obtained
from the mutual relationship among the heavy metals and the micronutrients; parameters such as percent sand, silt
and clay and organic carbon gave very low correlation coefficients and are not shown here. For the DTPA
extractable forms of micronutrients and heavy metals, in addition to EC, pH and organic carbon which have been
observed in the past to have a high correlation with available micronutrients, the mutual relationships that exist
among these different elements also gave significant correlations between the elements.
Table 3 : Simple and multi pie linear and quadratic equations between total Fe, Mn,Cu, Zn, Co,
Cd. Pb and Hg and selected independent soil properties of Ethiopian soi Is*
Dependent Var. Intercept Coefficient Variable
Std Error
n
rs
Linear (a)
Log T-Fe
-1.6185
Log T-Cd
0.2320
23
0.6768"
• 0.7668
Log T-Zn
-0.3342
Log (T-Cd) 2
= 1.8980
0.1166
23
0.2611"
2
0.1223
Log (T-Co)
0.2202
23
Log T-Cu
= 1.0709
0.1788"
Log T-Co
' 1.4674
0.4876
Log (T-Fe) 2
0.1559
23
0.5778"
Log T-Cd
-0.4181
Log T-Fe
0.1179
23
0.6768"
= 0.3555
0.2529
23
Log T-Hg
= 0.0085
0.5720
Log (T-Fe) 2
0.4171"
Log T-Pb
0.3666
Log T-Fe
0.2037
23
• 1.1071
0.3504"
Dependent Var. Intercept Coeff.(XI) Var.(XI) Coef
Var.(X2) Std Error n
R2
Multiple Linear Lbi
Log T-Mn
55.84
Log T-Co -0.3613
Log T-Fe
0.0521
* 2.3722
23 0.8339"
Quadratic (c)
2
Log T-Fe
-3.8522
Log T-Cd -4.2691
' 0.7896
Log(T-Cd)
0.2024
23 0.7650"
Log T-Cu
0.5134
Log T-Cd
0.1874
= 0.8206
Log(T-Co)2
0.2025
23 0.3238
2
Log T-Co
= 2.1352
-0.3943
0.2613
Log Sand
Log(Silt)
0.1973
23 0.3549
2
=-2.3167
0.6280
1.1923
Log T-Mn
Log(T-Fe)
0.0717
23 0.9179"
2
2
Log T-Hg
• 0.3214
-0.2294
Log (T-Pb) 0.7764
Log(T-Fe)
0.2308
23 0.5368"
Log T-Pb
« 1.1001
0.5067
Log T-Fe -0.4344
Log(T-Hg)2
0.1825
23 0.5021'
Dependent Var. Intercept Coeff.(XI) Var.(XI) Coeff.(X2) Var.(X2) Coeff.(X3) Var.(X3)
n
R2
LogT-Fe
0.7196
LogT-Co
-3.9916
Log(T-Cd)2 23 0.8850"
=-0.4859
Log T-Cd
5.4006
LogT-Hn
• 2.4944
-0.4355
Log(T-Cd)2 23 0.9068"
0.5258
LogT-Co
Log T-Fe
-0.4399
LogT-Hg
5.8503
LogT-Pb
-2.7053
Log(T-Pb)2
Log(T-Fe)2 23 0.6584"
-2.9648
0.8277
LogT-Fe = tog total Fe; renumber of observations ; * and ** • significant at the 0.05 and 0.01 leve Is.
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Table 4: Simpl e and multiple linear and quadratic: equations between DTPA extractable Fe, Mn, Cu, Zn,
Pd and Ha and selected independent soil properties of Ethiopian Soils.
n
r2
Dependent Var. Intercept
Coefficient
Variable
Std. Error
Linear (a)
Available Fe
* 32.2050
-46.3889
3.3834
23
0.4823'
logCpH-HjOr
= 1.0869
-0.5366
0.5441'
LogA-Fe
log(A-Co)2
0.1898
23
logA-(:o
LogA-Mn
= 1.5248
0.5950
0.1989
23
0.4246'
2
• 1.5699
0.4181'
Available Cu
-0.5583
log(A-Zn)
0.2491
23
2
= 0.0891
0.0684
tog(A-Mn)
0.0787
23
0.2100'
Available Zn
= -0.0576
-0.8096
0.5626'
Available Co
0.1260
23
I ogEC
LogA-Co
= -1.1851
-1.3055
logEC
23
0.6439'
0.1714
• 0.5104
logEC
0.1925
23
0.4163'
LogA-Hg
0.9209
0.2888
logT-Mn
0.3575
LogA-Pb
= 5.3715
-1.8245
23
Std El
R2
Dependent Var. Intercept i:oeff.(XI) Var.(XI) I:oeff.(X2) Var.(X2)
n
Multiple Linear (b)
= 43.7911
19.9416
19.0224
0.9393
Available Mn
logA-Co
logA-Zn
23 0.5280"
= 1.5400
0.5350
logA-Cd
0.1792
23 0.5540"
LogA-Mn
logA-Co
0.1331
Quadratic (c)
2
3.0711
23 0.5928"
• 44.9028 -11.8541
logCEO'
-65.3257
log(pH-KCl)
Available Fe
LogA-Mn
= -34.2169
87.8038
logpH-H,0
54.2258
log(pH-H20)2 0.2007
23 0.4407'
2
0.2271
23 0.5385"
Available Cu
•
1.5891
-0.4499
logA-Hg
-0.5536
log(A-Zn)
23 0.5062"
•
0.1880
logOC
Available Zn
0.2691
0.3248
log(OC)2
0.0637
2
Available Co
= -0.0023
-0.5457
logEC
0.2756
0.1285
23 0.5657"
log(EC)
23 0.6935"
=
0.3158
-0.9660
logEC
log(pH-KCl)2 0.1628
LogA-Co
-1.3508
= -0.7777
-0.8120
logA-Hg
0.1136
23 0.8512"
log(A-Mn)7
0.1880
0.1663
23 0.6799"
= -1.4726
-2.6802
logEC
-1.4351
log(EC)2
• -0.6492
0.1209
23 0.7802"
LogA-Hg
-0.9232
logA-Co
0.1364
log(A-Mn)2
=
0.9217
2.9347
logEC
2.1021
log(EC)2
0.1793
23 0.5164"
Dependent Var. Intercept Coeff.(XI) Var.(XI) Coeff.(X2) Var.(Xi
Var.(X3)
n
Coefl
LogA-Mn
•
3.8860
1.0204
4.3005
I og(pH-H20)2 23
logCaC03
0.2712
logOC
2.7581
log(pH-ICCl)2 23
LogA-Co
•
0.2046
-0.9981
logEC
0.8558
log(CaC03) ?
= -0.5339
0.8440
logOC
0.9294
0.8359
I og(EC) 2
LogA-Zn
log(OC)2
23

Co, Cd,

*

"

-

-

'LogA-Fe = log avail. Fe, LogA.. = log avail.., * and ** • significant at the 0.05 and 0.01 levels,
of observations, Std Error = standard error of estimate.

R2
0.5537"
0.8209"
0.6570"
number

Conclusions. The near uniform distribution of the micronutrients and heavy metals in the different soils indicate that
they are derived from a similar parent material. DTPA extractable micronutrients levels meet the optimum
requirements for plant growth. Total concentrations of micronutrients and heavy metals can best be predicted using
the mutual relationships that exists among them. Parameters such aspH, EC, and O. C and the mutual relationships
among these metals are importantfor development ofpredictive models for available indices of micronutrients and
heavy metals as demonstrated in this study. Because of the large number of soilfactors involved, these relationships
are complicated but in most cases the reasons for correlations can be explained with a high degree of certainty. The
total and available indices can be predicted with a greater degree of accuracy if the soils are stratified into similar
soil orders and if the data base is large.
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Atrazine transport through runoff in a sandy soil
of Sao Paulo, Brazil(1)
O.M. deCastro<3)L.C.Hermes(3),M.A.V.
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Introduction. In general, the u s e of herbicides, i n s e t i c i d e s and other
pesticides in associated with crop yield increase and with quality
improvement in agricultural products. However, the i n c r e a s e in p e s t i c i d e s
u s e in Brazil and in the world has been causing c o n c e r n s , mostly when the
water and soil contamination risk also i n c r e a s e s t h r o u g h leaching and
runoff.
Material and Methods. The experiment was conducted in 1992 at the
Pindorama Experimental Station, SP, Brazil, located at longitude48"55'Wand
latitude 21° 13' S, at 500 meters above mean sea level. The soil is an Ultic
Orthoxic Tropudalf, with 6% slope. Two pairs of plots of 3 m by 10 m limited
with flandes metal s h e e t s in the upper and side limits, and having a runoff
collecting system at the lower side were established. Atrazine was applied
to one plot of each pair, at 31/ha apllication rate, resulting in two plots with
the herbicide applied and two without. After 72 hours from the herbicide
application, a one hour long simulated rain at 60 mm/hour i n t e n s i t y was
applied with a rotating Swanson t y p e rainfall simulator, in each of the plots.
A second rain of the same i n t e n s i t y was applied 24 hours after. As soon as
runoff started, a one litter sample was taken e v e r y 5 minutes for the
atrazine concentration analysis by gas chromatograph (Zweig & Sherma,
1977).
Results and Discussion. The runnof collected from the control plots did not
have any trace of atrazine, which shows t h e r e was no contamination between
plots. The amount of atrazine in the runoff from the plots w h e r e it was
applied d e c r e a s e d from the first rain to the second, b e c a u s e the loss
t h r o u g h runoff d e c r e a s e s the atrazine amount in the plot, as it is shown in
table 1. Considering both rains together, the atrazine l o s s was v e r y high,
being 8.5 and 7.1% of the amount applied, r e s p e c t i v e l y in plots 1 and 2. It is
no question that the h i g h loss i s due to the low water infiltration rate in this
soil, where, approximately 80% of the applied water i s lost as runoff.
Therefore, the water lost t h r o u g h runoff in this soil r e p r e s e n t s a high
pollution potential for r i v e r s and dams, if the agricultural management
practices do not have efficient erosion control measures.
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T a b l e 1. Water a n d a t r a z i n e l o s s b y e r o s i o n i n two s e q u e n t i a l simulated r a i n s

F i r s t Rain

S e c o n d Rain

Time

Water

Atrazine

Water

Atrazine

min.

1

mg

1

mg

59.9
107.5
107.5
107.5
107.5
107.5
107.5
107.5
107.5
107.5
107.5
129.0

137.17
135.45
99.97
62.35
49.45
24.72
30.10
19.35
17.20
17.20
9.67
11.61

39.59
105.81
120.95
136.80
126.80
126.80
126.80
126.80
126.80
126.80
126.80
126.80

25.73
26.45
12.08
21.56
16.48
8.88
8.88
10.14
8.88
7.61
3.80
5.07

TOTAL

1156.4

611.96

1407.55

155.52

5
10
15
20
25
30
35
40
45
50
55

48.19
92.00
107.48
125.93
145.40
152.21
156.75
156.75
175.59
180.30
144.24

65.38
118.68
75.13
48.84
60.63
40.34
28.98
34.80
27.92
Lost
18.17

108.12
134.45
136.64
145.40
145.40
145.40
145.40
145.40
145.40
145.40
145.40

19.68
14.25
9.97
10.61
9.31
9.89
9.89
9.60
11.49
10.61
10.18

1485.44

513.89

1542.41

125.48

5
10
15
20
25
30
35
40
45
50
55
60

TOTAL
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Adsorption Kinetics of Herbicides. A Correction for
Parameters in a Simple Case
L. Cavazza, and A. Patruno. Institute of Agronomy, University of Bologna,
Via F. Re 6/8, 40126 Bologna, Italy.
Introduction. A common technique to determine adsorption kinetic curves for herbicides in soil is
to place in a number of containers a known amount of suspension of soil in a given solution of a.i. at
a given solid/liquid ratio (p), and then agitate. At selected time intervals a container is taken and the
concentration of a.i. in its liquid phase is determined and the content of adsorbed a.i. is indirectly
evaluated. This content is finally plotted v.s. time to give the adsorption kinetic curve.
With a few exceptions (1) the presentation of such kind of results does not evidence that (i) any
kinetic curve is only a particular curve, the one ending at a given equilibrium adsorbed content (fig.
1); (ii) changes in liquid concentration occur during the process, that are strongly dependent on the
solid/liquid ratio; (iii) the kinetic curve obtained by this procedure is affected by both the confounded
effects of time and change in solution concentration. In order to eliminate the solid/liquid ratio effect a
correction is wanted; this is shown here for a very simple case.
Theory. The total amount of an a.i. (supposed to be conservative) placed in a container is given at
any time by:
(1)
V/Ci, + msCadt - V/C/,„
where V/: volume of the liquid phase; ms: mass of solid adsorber»*; p = msIVi\ Ci,, Cu„:
concentrations in the liquid phase at time t or at initial conditions (mass/vol); Cadt- content of a.i. in
the adosrbent (mass/mass) at time t. Therefore:
(2)

Ci, = Clin • ( ™ ^ l ) Cadi = Clin - p Cadt

Let the isotherm be linear:
(3)
Cad = KCi
where Cad~- content of adsorbed a.i. at equilibrium with a solution concentration C/, and K is the linear
distribution coefficient In addition let the kinetic be of first order:
(4a) (d Cadtldt) = k(Cad- Cadi)
Since Cadt - 0 when t = 0, the solution for (4a) is:
(4b) Cadt -Cad\\-exp (-kt)]
where* is a proportionality constant.
In (3), however, Cad is intended as the equilibrium content to which the process tends
instantaneously, depending on the instantaneous concentration in the liquid (C/); therefore we use
now the symbol Cad and rewrite (3) and (4a):
(5)
Cad=KClt
(6)
(d Cadtldt) = k (Cad' - Cadt) = k(K Cb - Cadt)
After introducing the expression for Cu taken from (2) and rearranging, we obtain:
(7)
W Cadt/dt) = k [Kp + 1]{[K CuAKp + 1)] - Cad,)
which still remains a first order equation.
Solving the (7) and considering that Cadt - 0 when * = 0, gives:
(8)

Cad,=

-^l~il.e<K^^

For this very simple case the above equation shows that the adsorbed content of a.i. is a function of
time, initial concentration of a.i. in the solution, solid/liquid ratio (p), and distribution coefficient.
For sufficient long time the (8) becomes (fig. 1):
(9)
Urn Cadt = Cad' end = K CHnl{K (.m^V,) + V
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where Cad end is the equilibrium adsorbed content observed at the end of the trial when the
concentration in the liquid has decreased from the initial Cun value to CiendFor very large volume of solution the (8) becomes:
(10) Urn Cadt = Cadtc - K CHJ[\ - exp (- kt)] = Cad'in tt-exp(- kt)}
where Cadtc is Cadt corrected and Cad'in is Cad' at t = 0. In this case Cad'in = Cad'end = K QJ/I =
constant.
For both t->~ and v-*<» the (8) gives the (3).
Results and Conclusions. The meaning of a first order curve fitted to the data obtained from the
process described above is shown in equation (8). In order to suppress the effect of the ratio p =
ms/Vi, i.e. to bring equation (8) to the (4b) with C/ constant in time, a correction is required for the
observed parameters which we indicated as: Cadob - K CuJliK mJVi) + 1], and k00 = k[(K mJVi) t
1].
If we want to describe the kinetic at constant Cu„, i.e. to reach a final Cad in equilibrium with C//„
(indicated by Cadin in fig. 1) the corrections are:
(11) Cad = Cadob [(* ms/Vi) + 1] = CadotJW - (Cadob-ms/Cun-Vi)]
(12) k = kobl[(K ms/Vi) + 1] = kob [1 - {Cadob msICun Vl)]
If kinetic curves have to be referred to other Cad values on the isotherm, with a corresponding C/
taken constant in time, only Cad and C/ need to be corrected by the same factor, not k. As a particular
casefor Cad = Cqd'end' take Cad = Cadob and Cl = Clin/[(K rrts/V;) + 1], while k is still given by (12).
The interpretation of observed kinetic curves requires caution when the isotherm is fitted by
Freundlich, Langmuir or a composite curve.
Literature Cited.
(1) Boesten, J.J.T.I. and Van der Pas, L.J.T. 1988. Modeling adsorption/desorption kinetics oif
pesticides in a soil suspension. Soil Sci. 146:221-231.
Fig. 1. Content of herbicide adsorbed as a
function of time and solution concerttration. The continuous line Cun - Cadin
is a kinetic curve at constant Cj
(independent of p); the broken and
dotted line Cun * Clend is the observed
curve at changing C/ (for given p). The
Can - Clend curve (trait and two dotsa
shows Ci as a fun.tion of time.
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Prediction of Atrazine Migration on a Watershed Basis
R. De Jong*, W.D. Reynolds, S.R. Vieira and R.S. Clemente. CLBRR, Agric.
Canada, Ottawa, OnL, K1A 0C6, Canada.
Introduction. Pesticide residues, e.g. atrazine, have been detected in surface, ground and tile
drainage waters of agricultural watersheds, particularly where there is some combination of
intensive agriculture with high pesticide usage, high rainfall, irrigation, coarse and other highly
permeable soils, shallow water tables, and sloping topography. Consequently, there is a need
to determine how important and widespread this type of contamination might be, what the
controlling soil, land use and environmental factors are, and what agricultural practices are
required to contain this type of pollution at acceptable levels. Essential steps in obtaining the
above information include the identification of the primary mechanisms controlling pesticide
movement through the soil profile, and the development of the capability to characterize and
predict spatial and temporal variability in pesticide migration. To achieve these steps, a
sophisticated solute transport simulation model was employed in combination with pedotransfer
functions, geostatistical analyses and a geographic information system (GIS).
Methodology. The solute transport model LEACHM (Leaching Estimation and CHemistry
Model) (1) was modified as follows:
1) The van Genuchten (2) soil hydraulic properties (i.e. K-0-h relationships) were incorporated
to give more accurate representations of near-saturated water content and hydraulic
conductivity.
2) The transpiration model of Feddes et al. (3) was used to obtain more realistic patterns of root
water uptake.
3) Soil and crop management data (planting, emergence, pesticide application, maturity and
harvest dates) were modified to account for weather and soil texture.
4) To run LEACHM continuously for a specified number of consecutive years, alterations were
made to account for temperature, snow accumulation, spring runoff, and over-winter
redistribution of water when the soil surface was frozen.
Although the Grand River watershed in Southern Ontario, was the "target watershed" for
this study, a much larger "map window" encompassing the watershed was actually used in order
to eliminate border effects in the statistical and GIS calculations. Soil attributes required by the
model were obtained from the Canadian National Soil Data Base (CNSDB) files and tagged to
the geo-referenced centroids of 119 soil landscape polygons (from the 1:1 million scale Soil
Landscape Map of Canada) that fell within the map window. Soil textural components and
organic carbon content data were available from the CNSDB for all polygons, but the remaining
attributes (bulk density, soil desorption data and saturated conductivity) were often missing, and
had to estimated using pedotransfer functions obtained from the literature.
The LEACHM model was run at each polygon for 10 consecutive years, assuming an
initially atrazine-free soil, and using normal daily weather data obtained from the weather station
closest to the polygon centroid. Corn (Zea Mays L.) was assumed to have been grown each
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year over the entire map window area, with soil surface temperature, soil texture and
accumulated corn heat units determining the planting and harvesting dates. Atrazine was applied
every year at a rate of 150 mg m-2, 3 weeks after planting. The annual mass loading of atrazine
predicted at the 90 cm depth at the end of the 10 year simulation was used as an estimate for
groundwater contamination.
Geostatistical analyses were used to extend the soil attribute, weather and model
predictions of annual atrazine loading from a point basis at each polygon centroid to an areal
basis. Semivariograms were calculated to establish patterns of variability and then kriging was
used to interpolate from the 119 irregularly spaced polygon centroids to a regular 2 x 2 km grid.
These interpolated data were then input into a GIS to allow development of rasterized map
overlays of soil attributes, weather and annual atrazine loadings for the Grand River watershed.
Results and discussion. Semivariograms for the attributes examined in this study showed
reasonably good spatial autocorrelation, with correlation ranges extending between 50 and 100
km, which is plausible considering the glacial origin of most soils in the map window.
Annual atrazine loadings to the ground water were highly variable from polygon to polygon
(coefficient of variation = 164 %), but became constant with time in any particular polygon
after about 5-7 years. Within the watershed, annual loadings ranged from less than 0.1 mg m-2
to 2.5 mg m-2, which is less than 2 % of the annual application rate of 150 mg m-2. In
addition, the 60 ppb Canadian drinking water standard for atrazine was never exceeded at the
90 cm depth, although the 3 ppb US-EPA standard was exceeded within 10 years in about 5 %
of the watershed area.
Atrazine loadings to the groundwater were controlled primarily by the soil attributes
where the soils were fine textured and of low permeability. In areas with coarse textured and
highly permeable soils, atrazine loading was controlled primarily by precipitation and
temperature. Correlations between the annual atrazine loading and the soil and weather attributes
were often significant but not particularly high, suggesting that the loadings tended to be due to
a combination of several soil and weather attributes, rather than to a single dominant attribute.
Literature cited.
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Adsorption-Desorption of Picloram by Soils
S. Hang(l), E.A. Ferreiro(2) y S.G. De Bussetti(2). Depto.

Recursos

Naturales. Fac. Cs. Agropecuarias. UN Córdoba(l). Dpto. Agronomia. UNSur
Bahla Blanca(2), Argentina
Introduction . Persistence of herbicides
in the soil depend in
the main on reactions of
adsorption-deeorption with their
constituyentes.
Material»
y Methods.
Trials were carried out on 9 farming
soils from
Cordoba state. Starting with
the commercially
formulated herbicide solutions at various concentrations were
prepared and 10 mL from each were added to flasks containing 5.0
g of each soil saample. Every flask was lidded and intermitently
shaken at 28°C , 4°C y 36°C (±0.5°C) for 24 hours. An aliquot was
taken from the supernatant and herbicide concentration was
spectrophotometrically
assessed at 285
nm. The amount of
herbicide adsorbed was determined as the difference between
the
initial
concentration
and
the equilibrium
concentration.
Adsorption isotherms were attained by plotting
the amount of
adsorbed herbicide as against with equilibrium concentration.
Data obtained were adjusted to log form of Freundlich equation,
taking Kf
value as a comparative index between
soils and
treatment, hence indexes were
Kfa.28 y Kf«4 (28 y 4 refer to
temperature). Distribution coefficients (KD) which relate the
amount of herbicide adsorbed with of herbicide in solution,
indicated as KD»28 y KD»* were calculated. Reaction reversibility
was applied replacing half supernatant by equal
CaCl2 0.01M
volume shaken and stilled to equilibrium point under the same
experimental conditions as in the adsorption trial. Data were
analysed in the same way as adsorption studies and KF<*2e y KD<*2e
indexes were obtained.
Rtiulti and
Discussion. The average percentage of adsorbed
picloram ranged between 9% and 18%, among soils. Soils which
evidenced the highest adsorption were these the highest organic
matter. Correlations
between adsorption
indexes and soil
properties showed that Kf«2a
y KD*2s indexes moderately
and
highley correlated with organic matter and
CEC, respectively.
Did not correlate with pH, sand, loam and clay with indexes. In
general the effect of concentration of herbicide was shown by
the
lower percent
of adsorbed
herbicide at
the lowest
concentration while estabilizing at all remaing concentrations.
Soil comparison was performed by means of adsorption Isothermic
patterns. Two soil types were set with S-type curves and C-types
curves (Qiles et al., 1960). Picloram soil system with S-type
curves are those with lower organic matter content. At low
picloram concentrations there was little adsorption but it
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increased at high concentrations. This behaviour is ratified by
the change in isotherm slopes. At higher concentrations a
phenomenon! knowm as cooperative adsorption, was tested on clay
and oxides by Ferreiro and Bussetti (1992). Herbicide-soil
systems with C-type curves correspond to those soils of higher
organic matter content. The partition between adsorbed herbicide
and herbicide in solution remains constant at all concentration
levels. Lafleur (1979) considere that herbicide diffuse over
organic colloids from the surface into the soil generating new
available adsorption sites, a typical feature of systems with Ctype curves.
Temperature effect: The amount of picloram adsorbed at 28 0 C
out
did adsorption at 4°C. At 36°C the adsorbed amount was almost
negligible, with highy randomized experimental data. Since the
adsorption of anionic compounds is a physical process, increase
in temperature brings about increase in inner energy of molecules
which
the
interaction between molecules, herbicide and
adsorbing surface whereas at 4°C
energy barrier is not well
defined for a reaction to occur. In general the difference
between the amount adsorbed at 4°C and at 28"C was lower for
soils with high organic matter content.
Desorption. Studies showed that picloram adsorption involves a
irreversible
component evidenced by the lack of overlying
adsorption-desorption curves.
In all
soils irreversibility
process rises with herbicide concentration rates defining for the
curves form that fitted the S-type pattern in all the cases, even
for those soils with C-type adsorption
curves. The difference
between Kf<ias-Kf*2s=AK was to an irreversibility index or process
hysteresis and it was found that soils with high AK display the
highest organic matter content. Correlation analysis between
Kf<i2s and soil properties showed a high correlation between such
index with CEC and organic matter content.
As a result from these findings it is inferred that the organic
matter in the soil is a relevant issue in picloram adsorptiondesorption. Hysteresis is more remarkable at higher herbicide
concentrations and higher organic matter content in the soil;
thereby the importance of adjusting de dose to
soil and
controling the amount of herbicide as a factor of environmental
control.
Litaraturt Cittd.
Ferreiro, E.A. y S. G. de Bussetti. 1992. Adsorción-Desorción de
picloram por arcillas y óxidos. Suelo y Planta.2:447-457.
Giles, C.H.; T.H. MacEwan; S.N. Hakhwa and D.Smith.1960.Studies
in adsorption. Part IX System of classification of solution
adsorption
isotherms
and
its
use
in
diagnosis
of
adsorpt ion.!. 6hem. soc london 111: 397 3- 3993.
La Fleur,K.S.1979. Sorption
of pesticides by model soils and
agronomic soils: rates and equilibria. Soil Sci., 127:94-101.
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Enhancing effect of farmyard manure amendment on the
dissipation of chlorothalonil in soil
A. Katayama,* T. Mori and S. Kuwatsuka, School of Agricultural Science,
Nagoya University, Chikusa, Nagoya 464-01 Japan
Introduction. Chlorothalonil (2,4,5,6-tetrachloroisophthalonitrile) is a fungicide widely used in
Japan. It has been newly found that the dissipation of chlorothalonil in soil is suppressed by the
repeated application (1). The increase in chlorothalonil-degrading bacteria in soils applied with
chlorothalonil suggested that the chlorothalonil-degrading microorganisms were less active in the
applied soils than in virgin soils (2). The suppressed dissipation rate was recovered by the
amendment of soil with easily decomposable compounds (e.g. sucrose). The cellulose
decomposing activity of soil was inhibited by chlorothalonil application (3). The less impact of
chlorothalonil on microbial activities was observed in soil amended with farmyard manure (4).
Therefore, it has been suggested that organic matters play important roles in the dissipation of
chlorothalonil in soil.
The amendment of soil with organic material is considered one of the important practices in
sustainable agriculture. The effect of organic material amendment on the fertility of soil has been
studied extensively. However, the effect on the pesticide degradation in soil is not well
documented.
In this paper, we compared the dissipation rate of chlorothalonil among four soils with
different fertilizing practices to evaluate the effect of amendment of soil with farmyard manure.
Materials and Methods. Four soils were collected from an upland field (Typic Dystrochrept)
with different fertilizing practices in Nagoya University Farm, Nagoya, Japan: NF-soil (not
fertilized), CF-soil (applied with chemical fertilizers), CF/FYM-soil (applied with chemical
fertilizers and farmyard manure at 20t/ha) and FYM-soil (applied with farmyard manure at high
application rate of 200t/ha). The soils were spiked with chlorothalonil at 40mg/kg-soil and
incubated for 14days under upland condition. The remaining chlorothalonil was extracted from soil
with a mixture of acetonitrile and toluene and subjected to a clean-up using silicagel column. The
amount of chlorothalonil was determined by a gas chromatograph equipped with nitrogenphosphorous detector.
The chlorothalonil-degrading microorganisms in soil were enumerated by a most probable
number method using a mineral salt medium containing chlorothalonil as a sole source of carbon
and energy and natural media containing other carbon and energy sources.
Results and Discussion. The dissipation rates of chlorothalonil in CF/FYM-soil and FYM-soi
were almost identical and 1.7 times higher than those in NF-soil and CF-soil. This suggested that
the chlorothalonil dissipation in soil was enhanced by the amendment with farmyard manure. Little
chlorothalonil was dissipated in the autoclaved soil, suggesting that the dissipation was due to the
microbial action.
The population of degrading bacteria were higher than 10 MPN/g-soil in all soil samples.
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There was no significant difference in the population among soils. The population of degrading
fungi were also abundant in all soils, higher than 10 MPN/g-soil.The fungal population was lowe
in soils amended with farmyard manure. Therefore, the enhanced dissipation was not due to the
increase in the population of chlorothalonil-degrading microorganisms in soil.
The dissipation rate of chlorothalonil in autoclaved CF/FYM-soil inoculated with intact CFsoil was identical to that in intact CF/FYM-soil. The dissipation rate in autoclaved CF-soil
inoculated with intact CF/FYM-soil was identical to that in intact CF-soil. The degrading capacities
of microorganisms are not different between soils with and without application of farmyard
manure.
The degrading microorganisms could not be counted using a mineral salt medium
containing chlorothalonil as a sole source of carbon and energy, indicating that the degrading
microorganisms require other carbon and/or energy sources for chlorothalonil degradation. It is
possible that the farmyard manure and/or its metabolites serve as the carbon and energy sources for
the degrading microorganisms.
Thus, the enhancement of chlorothalonil dissipation in soils applied with farmyard manure
was not due to the increase in the population of degrading microorganisms but the increase in the
activity of degrading microorganisms in soil.
Literature Cited
(1) Katayama, A., Isemura, H. and Kuwatsuka, S. 1991. Suppression of chlorothalonil
dissipation in soil by repeated applications. J. Pesticide Sci., 16, 233-238
(2) Katayama, A., Isemura, H. and Kuwatsuka, S. 1991. Population change and characteristics of
chlorothalonil-degrading bacteria in soil. J. Pesticide Sci., 16, 239-245
(3) Katayama, A. and Kuwatsuka, S. 1991. Effect of pesticides on cellulose degradation in soil
under upland and flooded conditions, Soil Sci. Plant Nutr., 37, 1-6
(4) Sun, T., Hashimoto, T, Wada, H. and Takai, Y. 1985. Effects of organic amendments on soil
microbial ecosystem modified by long-term application of pesticides. Nippon Dojohiryogaku
Zasshi. 56, 31-36 (In Japanese)
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Herbicide Complexation with Soluble Humic Acids
by Equilibrium Dialysis
R. Liu*, C.E. Clapp, U. Mingelgrin, M.H.B. Hayes, and R.H. Dowdy.
Univ. of Minnesota and USDA-ARS, St. Paul, MN, USA;
Volcani, Bet Dagan, ISR; and Univ. of Birmingham, UK.
Introduction. Due to increasing application of herbicides in agriculture, there is a growing
concern for the fate of herbicides in the environment. Complexation of herbicides with humic
acids is a ubiquitous process in soils and waters. Such complexation in natural environments may
influence the efficiency and movement of herbicides. It has been recognized that organic matter
content is the major factor controlling herbicide sorption in soil/water systems (3), both on the
immobile solid phase and on colloids. Humic acids are the most active fraction of soil and water
organic materials. Complexation with soluble humic acids may have a marked effect on the
apparent solubility and mobility of slightly-soluble herbicides. Previous evidence has shown that
complexation varied greatly depending on the herbicides studied (4,6). Humic acids from
different sources displayed widely different complexation affinities, probably due to variations
in chemical structure of the acids (1,2,6). An equilibrium dialysis method (4) was considered
to be the most quantitative method for determining extent of interaction. We employed a similar
dialysis procedure with some modifications. Highly purified humic acids were used to give a
better description of the complexation.
Materials and Methods. Soil humic acids were isolated from a Waukegan silt loam soil, peat
humic acids from three Minnesota peats, and water humic acids from three sources in England
and Ireland. All isolations were based on IHSS procedures (1,2). The herbicides alachlor,
atrazine and napropamide were used for complexation studies. 14C-labelled and unlabelled
herbicides were dissolved in a solution of purified humic acids (pH 6.5), and dialyzed against
water. At equilibrium, concentrations inside and outside the dialysis bag (MWCO 12000-14000
Daltons) were measured. From the ratio of herbicide concentrations (measured as 14C-activity)
inside-Ci and outside-C0 the bag, the complexation ratio (R) can be derived : R = (C r C 0 )/C 0 .
A complexation constant (KJ is defined as K,. = R/Ch, where Ch is the total concentration of
humic acid.
Results and Discussion. The complexation constant K,. for napropamide increased with soil
humic acid concentration (Fig. 1). This dependence of K,. on humic acid concentration suggests
that complexation only occurred on a finite number of adsorption sites for napropamide.
Complexation was checked when sites on the humic acid molecules were saturated. Atrazine and
alachlor gave no increases in K,. with increasing humic acid concentrations, indicating a weak
complexation. Measurements of the complexation of napropamide on humic acids saturated with
cations of different valence showed that both di- and tri-valent cations reduced complexation.
This may have resulted from shrinkage of the humic acid macromolecules in the presence of
di- or polyvalent cations. The number of accessible complexation sites was therefore reduced.
The results, in general, support the hypothesis that tertiary structure (degree of coiling) of the
humic macromolecule was a major factor in the extent of complexation (3,5). The monomerpolymer complexation may result from a hydrophobic interaction (5), but specific interactions
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between the humic acid and some herbicides (e.g. napropamide) may also take place as indicated
by its high tendency to complex.
The complexation of napropamide with eight humic acids from three sources is shown
in Table 1. The influence of the nature of humic acids on complexation is obvious. Humic acids
isolated from soil, peat and water displayed a decreasing order of complexation. Alachlor
complexation on the soil and peat humic acids, was in a reversed order to that of napropamide
(data not shown). In summary, our data show that complexation of herbicides and other organic
monomers with soluble humic acids is strongly influenced by the chemistry of both herbicides
and humic acids. The equilibrium dialysis method can effectively assess such complexation. The
method can be further developed as a tool for herbicide sorption in soil and water systems.
Literature Cited
(1) Clapp, C.E., M.H.B. Hayes, and R.S. Swift. 1993. Isolation, fractionation, functionalities,
and concepts of structures of soil organic macromolecules. p. 31-69. In A.J. Beck et al.
(eds.) Organic Substances in Soils and Water. Royal Society of Chemistry, Cambridge.
(2) Hayes, M.H.B., R.L. Malcolm, and C.E. Clapp. 1990. Aspects of the composition,
structures, and reactivities of the organic colloids of soils and waters. In Advances in Soil
Science. (In Press).
(3) Hayes, M.H.B., and U. Mingelgrin. 1991. p. 323-407. Interactions between small organic
chemicals and soil colloidal constituents. /« G.H. Bolt et al. (eds.) Interactions at the Soil
Colloid-Soil Solution Interface. Kluwer, Boston.
(4) Lee, D.Y., and W.J. Farmer. 1989. Dissolved organic matter interaction with napropamide
and four other nonionic pesticides. J. Environ. Qual. 18:468-474.
(5) Mingelgrin U., and Z. Gerstl. 1993. A unified approach to the interaction of small
molecules with macrospecies, p. 102-127. In A.J. Beck et al. (eds.) Organic Substances in
Soils and Water. Royal Society of Chemistry, Cambridge.
(6) Ruggiero, P., et al. 1992. Adsorption of the herbicide acifluorfen on humic acids. Sci.
Total Environ. 123/24:93-100.
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Spectroscopic Study of Atrazine Sorption and
Degradation by Soil Humic Substances
Ladislau Martin Neto a *, Eni Maria VieiraD and Garrison
Spositoc. a- EMBRAPA/CNPDIA, C P. 741, 13560-970 Sao Carlos,
SP, Brazil, b- USP/IFQSC, C. P. 369, 13560-970 Sao Carlos, SP, Brazil,
c- Department of Environmental Science, Policy and Management,
University of California, Berkeley, CA 94720, USA.
Introduction. Atrazine [2-chloro-4-(ethylamino)-6-(isopropyl-amino)-s-triazine]
is one of the most widely applied herbicides. Its recalcitrance towards either
chemical or biological degradation and intensive use in agriculture give rise to
accumulation in the environment, with reported residual subsurface water levels
ranging from 0.02 to 30 ^gL" 1 (1). In spite of the apparent environmental
persistence of atrazine (AT), little is known at molecular level about the chemistry
of its interactions with soil. In this work we apply three spectroscopic methods,
UV-Visible light absorption, Fourier transform infrared (FTIR) and electron spin
resonance (ESR) to obtain information on the mechanism of interaction between
AT and two representative humic acids extracted from tropical soils.
Materials and Methods. Humic Acid (HA) was extracted from a Brazilian
Oxisol (0-50 cm depth) and from a Brazilian peat area (2.5-4.0 m depth), using
standard treatments with NaOH and HCI in N2 atmosphere. Atrazine obtained
from the Ciba-Geigy Corporation (98.7 % pure) was dissolved in water to give a
concentration of 0.14 mmol L"*. Experiments were performed at four pH values
ranging from 2 to 6.5. Fifteen mg of HA were dissolved in 25 ml of water
(reference sample) and another 15 mg were dissolved in 25 ml of atrazine
solution (HAAT samples). The samples were shaken 4 days while protected from
light to avoid any possible photoreactions of AT or HA. The reacted samples
were freeze-dried. Ultraviolet-visible (UV-Vis) experiments were performed on
the samples at the time of preparation (day 1) and after shaking for 4 days, using
a Shimadzu UV-Vis Spectrometer. The FTIR experiments were performed using
30 mg KBr pellets on Mattson Cygnus 100 FTIR spectrometer. The ESR
experiments were performed using freeze-dried samples and a Brucker ESR
spectrometer operating at X-band frequency with a detector at room temperature
or 123 K.
Results and Discussion. The UV-Vis spectra gave no evidence that a chargetransfer reaction occurred between AT and HA extracted from the Oxisol or peat.
At pH 2.3, a decrease of 25 % in the absorption band at 223 nm after 4 days of
reaction, together with the appearance of a new band around 240 nm indicate
the formation of hydroxy-atrazine (OH-AT). In FTIR experiments the spectra at
pH<4 show clearly the involvement of carboxyl groups in the AT sorption
mechanism. A proton transfer (or hydrogen bond) from the proton of a carboxyl

242

group of HA to AT can explain the consistent increase in the carboxylate peak
(1610 cm""1) in the HAAT spectra as compared with HA. Protonation of AT with
H + from solution at low pH, together with proton transfer or hydrogen bonding
from HA, provide catalysis for the rapid production of OH-AT at pH<2.3. The
superposition of AT bands on the HAAT FTIR spectrum at pH 4.5 (Oxisol HA) and
pH 5.0 or 6.0 (peat HA) could be from hydrophobic bonding of AT inside the HA
structure (i.e., in a hydrophobic region). The ESR spectra of HAAT at different
pH gave no evidence of changes in the content of semiquinone-type free radicals
compared with HA samples. The absence of changes in free radical content in
HAAT as compared with HA is a new result, considering that other s-triazines
show significant increases in free radical content on reaction with HA,
demonstrating a charge-transfer mechanism (2).
Conclusions. Our spectroscopic data indicate weak sorption of AT by hydrogen
bonding, proton transfer (at low pH), and probably hydrophobic bonding, but no
strong bonding mechanism, such as charge transfer as proposed by Piccolo et
al. (3). These rather weak interactions between AT and HA and the necessity of
low pH (<2) for the rapid degradation of AT in solution are consistent with recent
field studies suggesting a significant potential hazard of this herbicide for
groundwater supplies (1).
Literature Cited.
1- Wierinck, I.; Verstraete, W. Environ. Technol. 1990, 11, 843.
2- Senesi, N.; Testini, C ; Miano, T. M. Org. Geochem. 1987, 11 (1), 25.
3- Piccolo, A.; Celano, G.; De Simone, C. Sci. Total Environ. 1992, 117/118, 403.
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Use of ferric chelates for Fenton (Fe/H202) treatment of
pesticide contaminated soil
Joseph J. Pignatello', Katharina E . Baehr"
'Connecticut Agricultural Experiment Station, Department of Soil and Water, New
Haven, P.O. Box 1106, C.T. 06504, U.S.A., "UniversMt Hohenheim, Institut fiir
Bodenkunde und Standortslehre (310), 70593 Stuttgart,
F.R.G.

Introduction. Widespread soil pollution by anthropogenic organic chemicals has lead to soil
degradation that impedes its use for drinking water supply, farming, etc. and risks public health.
The chemical oxidation of pesticide contaminated soil with ferric chelates and H 2 0 2 is investigated
here as a potential soil remediation technique. Fenton type reactions generate hydroxyl radicals
(OH) (1) and are therefore potentially useful for organic contaminant degradation in soil. The use
of simple Fe salts is Ununited, however; ferrous ion must be added stoichometrically and can
compete with organics for OH; ferric ion is a catalyst, but insoluble above pH 3. This study
investigated certain pH 6-soluble L-Fe(III)chelates, where L is an organic ligand, as catalysts for
degradation of the herbicides 2,4-D and metolachlor in soil at its natural pH 6.3.
Materials and Methods. Reactions were carried out in 1:1 soil-water suspension of top-soil (2,5
g), a coarse loamy, mixed mesic Typic Dystrochrepts (94 meq kg"1 CEC,1.57% C„, , sL). It was
passed through a 2 mm sieve and stored at 4°C at field moisture. Herbicide concentrations were
representative of a spill (2-3 g kg 1 ). After 24 h incubation at room temperature 2,4-D was mostly
dissolved while metolachlor was mostly sorbed. The three ligands selected for this study - gallic
acid (GAL), hydroxyethyleniminodiaceticacid (HEIDA) and nitilotriaceticacid (NTA) - were among
the most active in water using 2,4-D as a model compound. The chelates themselves are unstable
but the activity of iron is maintained long enough to effect degradation of the pesticides (2). The
reaction mixture was kept in 40 ml screw cap vials on an orbital shaker at room temperature. For
trapping 14C02 from labelled herbicides, a center well containing 0.3 ml of aqueous 1 mol L"1
ethanolamine was suspended in the vial headspace (3). The following radioactivity fractions
resulting from 2,4-D degradation were determined by liquid scintillation counting:
(1) headspace 14 C0 2 , counting the filled center well
(2) total MeOH-soluble 14C (2,4-D and soluble degradation products)
(3) total MeOH-insoluble l4 C, counting 14C02 from combusted soil
Extraction of the soil was carried out by adding 25 ml methanol to the suspension, shaking for 2
h, and centrifuging to clarity. Quantitation of the herbicide in the supernantant was accomplished
by liquid chromatography on a C-18 reverse-phase column using UV-detection at 230 nm. Mobile
phase was MeOH:H20:TFA in 70:30:0.02 for 2,4-D, without trifluoraceticacid (TFA) for metolachlor. To determine "dissolved" iron, the soil suspension was first centrifuged at high speed to
remove particles below 0.2 |*m diameter. Iron concentration was measured in the supernantant by
inductively coupled plasma atomic emission spectroscopy.
Results and Discussion. Table 1 shows the effects of H 2 0 2 (0.1, 0.5, and 1.0 mole kg"1) on Fechelate catalysed degradation of 2,4-D carried out for 3 h at room temperature. No reaction
occurred at 0.5 mole kg"1 H ^ in the absence of chelate. Of the chelates, Fe-GAL was inferior to
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Fe-HEIDA and Fe-NTA at all three peroxide levels. Fe-HEIDA and Fe-NTA gave nearly complete
removal at both the 0.5 and 1.0 mole kg"1 levels of H 2 0 2 , but significantly less at the 0.1 mole kg"1
level.
Metolachlor was tested using Fe-NTA and 0.5 mole kg"1 H 2 0 2 . No degradation occurred in the
presence of the single components H 2 0 2 , Fe-NTA or free NTA. However, about 92% of the
pesticide was removed in the presence of Fe-NTA and H 2 0 2 . Evidently, even compounds that are
initially sorbed react with the hydroxyl radical, though it is unclear from these results whether
desorption proceeded reaction or whether sorbed molecules were attacked.
Table 1: Degradation of herbicides by Fe( 11 l)-chelates and H 2 0 2 after 3 h at room temperature
Compound
Chelate
[H 2 OJ

none
0,5
100

Herbicide
unaltered \%\

0,1

Fe-GAL
0,5

80

57

1,0

2,4-D
Fe-HEIDA
0,5
1,0
0,1

55

51

3

3

0,1

Fe-NTA
0,5

1,0

35

3

2

Metolachlor
none Fe-NTA NTA Fe-NTA
0,5
none
none
0,5
98

101

110

7

Mineralization was determined by measuring 14C02 from labelled 2,4-D. The distribu-tion of
carbon degradation products was verified using ring- and carèoccy-14C-labelled 2,4-D (Table 2).
The general trends regarding 14C product pattern are as follows:
(1) A small fraction of 2,4-D carbon (1-27%) was mineralized to COj, depending on ligand and
14
C position in the molecule.The degree of ring carbon mineralization increased in the order:
GAL < NTA < HEIDA. The extent of mineralization was higher in the carboxyl group and
the order was slightly different: GAL < HEIDA < NTA. Mineralization of both labelled
forms was maximum at 0.5 mole kg"1 H 2 0 2 .
(2) Extractable 14C decreased with H 2 0 2 concentration in the order: GAL > HEIDA > NTA.
(3) Finally, 14C in non-extractable forms ("bound residues") increased with H 2 0 2 concentration
and in the order: GAL < HEIDA < NTA.
Overall, NTA resulted in the greatest conversion of 2,4-D to C0 2 and "bound residues", and in the
lowest to extractable products.
Table 2: Distribution of MC label between C0 2 , methanol extractable products and bound residues

Carboxyl-14C 2,4-D

Compound

Ring-14C 2,4-D

Chelate
[H2OJ

Fe-GAL
Fe-Heida Fe-NTA
none 0.5 1.0 0.5 1.0 0.5 1.0

14

Fe-GAL
0.5 1.0

Fe-Heida
0.5 1.0

Fe-NTA
0.5 1.0

C02 [%]

0

2

4

22

16

18

15

12

8

27

22

32

22

C MeOH extr.[%]

93

71

51

46

40

36

36

72

47

38

27

20

16

8

26

46

32

45

46

50

16

45

45

51

48

62 J

14

14

C bnd. res.[%]
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Persistence of Pesticide Residues in Rice and Orchard Soils
M.J. Redondo, M.J. Ruiz, G. Font and R. Boluda . Laboratori de Toxicologic!
and Deparlamenlo de Biologia Vegetal. Facultat de Farmdcia. Universilat de
Valencia
Valencia. Avgda
Vicent Andrés Rstellés s,n. 46.100'. Burjassot.
(SPAIN).
Introduction.
The mobility of the pesticide in soil can influence its efficacy and its potential for groundwater
contamination, because of the measurement of the half lives of pesticides in soil, in order to
evaluate their persistence under field conditions, is of primary interest (1).
The behaviour and disappearance of widely-used carbamate and organophosphorus pesticides
and triazine herbicides was monitored in a rice field and in a typical vegetable plot, both situated
in Valencia (Spain)
Materials and Methods.
A rice field near Lake Albufera was treated with Thiobencarb at a rate of 3 6 Kg a.i./Ha. This
area constitutes an ecological unit of great environmental interest.
Besides, the movement and degradation of Diazinon and Prometryn were monitored in an
orchard soil. The orchard was situated in the Massanassa area, where Diazinon and Prometryn
were applied together in the same test plot at rate of 1.2 Kg a.i./Ha and 2 Kg a.i./Ha,
respectively
Soil samples were collected from the surface and the subsurface in order to ascertain wherther
there was some leaching of the pesticides. These samples were taken, from three différents
points in the plot, several times during the time of the study (about two months).
The samples were extracted by solid-phase extraction using 47 mm disks of octyl-bonded silica
sorbent and the adsorbed pesticides were eluted with ethyl acetate (2).
The analyses were carried out by gas chromatography with nitrogen/phosphorus detection.
Sample components were separated with a 30 m x 0.25 mm id. fused silica capillary column
coated with 50% phenilmethylsiloxane (DB-17).
R e s u l t s and D i s c u s i o n .
The methodology proposed may be useful in pesticide residue monitoring programs because it is
suitable for rapid analysis of the large number of samples required by field experiments. The
effectiveness of the sorbent disks as an extraction and clean up method for analyzing pesticides
in soil samples has been demostrated (3) (4)
The highest concentration of all pesticides were measured in samples from the upper 5 cm of
soil, where also can be observed the main decreased in pesticides concentration.
Comparing the dissipation curves obtained for the three pesticides in the top layer, the
disappearance of Thiobencarb and Diazinon are much more rapid than the disappearance of
Prometryn
The estimated Thiobencarb field half life was 12 days in the soil surface whilst the concentration
of Diazinon found in the soil samples on day 10 was already less than 50 % of the initial
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concentration This means that the half-life of Diazinon in the soil studied oscillated between 8
and 10 days from the time of application.
However, the disappearance of Prometryn occurs slowly. The concentration found in the sample
taken on day 10 was still 82 % of the initial concentration 50 % of the initial concentration was
found on day 59, which implies that the half-life in the studied soil was between 59 and 63 days
These data are not in agreement with others found in the literature(5). This can easily be
explained by the fact that this parameter is closely linked to soil characteristics, climate factors
and agricultural methods
The behaviour of these compounds in deeper layers is different from that obseved in the top
layer
The vertical movement of the pesticides applied in the orchard soil is considerably less because
the light rainfall conditions. However, it is noteworthy the comparatively higher levels of
Diazinon than of Prometryn in this zone, which demostrated that Diazinon was the most mobile
of the two in the orchard soil
Thiobencarb can move easily into deeper layers due to the special characteristics of the rice
agricultural practices which involves the inundation of the plot
Since soil heterogeneity can affect pesticide behaviour in terms of adsorption, transport and
persistence (6), soil silt and clay content were also carried out
Factors like temperature and soil moisture were also monitored during the experiment and it is
noteworthy that persistence and mobility of the pesticides are greatly influenced by
environmental conditions, so it is therefore necessary to monitor the behaviour and
disappearance of the pesticides under the conditions of the real environment where they will be
applied in order to avoid posibles accidents that can affect to the human beings.
Literature Cited.
(1). Aharonson, N 1987. Potencial contamination of ground water by pesticides. Pure and
Appl Chem. 59 (10) : 1419-1446.
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(4). Crepeau, K.L., Walker, G. and Winterlin, W. 1991. Extraction of pesticides from soil
leachate using sorbent disks. Bull. Environ. Contam. Toxicol. 4 6 : 512-518.
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USING 14 C LABELED CHLORTOLURON TO STUDY ITS FATE
AND INTERACTIONS AMONG COMPONENTS IN NO-TILLAGE
SOIL-WHEAT (RICE)
ECOSYSTEMS
WU, SHANMEI, CHANG YIJUN, CHEN ZHUYI, XU SHENGRONG.
DEPARTMENT OF SOIL SCIENCE, NANJING AGRICULTURAL UNIVERSITY,
NANJING, CHINA.
Introduction. Herbicide chlortoluron has been applied for weed control in a
no-tillage wheat-rice rotation system in some parts of China since 1980's(1).
The soil residue of chlortoluron and its impact on successive crop-rice result in
the reduction of soil productivity. To find measures that reduce the negative
impact of the herbicide, 14C tracer technique was used to study the fate of the
herbicide in soil-plant ecosystems and some complex interactions within the
ecosystem components and management.
Materials and Method. Soil samples( 0-20 cm) were collected from E-XIN
County, Jiangsu Province. It was originally a Agrudalf, also called as bleached
paddy rice soil. The soil pH is 7.18 and SOM is 1.58%. Soil texture is a silty
loam. Pot cultures were constructed as microecosystem units 19x20 cm in size
and triplicates for each treatment. Treatment 1 applied chemical fertilizers( urea,
p,k) only. Treatment 2 applied rabbit manure only. Each treatment had four
subtreatments. The rates of chlortoluron applied and earthworms' incubation
were: regular rate(sub-treatments 1-a, 2-a); excess rate(1-b,2-b);regular rate
+15 individuals of earthworm(1-c,2-c) and excess rate + 15 earthworms(1-d,2d). Wheat was sowed on November^ 989 and harvested on April, 1990.
Earthworms were also extracted from pot soil. No any additions were applied to
the pot soil for successive crop-rice. The seedlings were transplanted on
August, 1990. 14C labeled site was at C=0 group of the chlortoluron. The
radioactivity was 12)jci/mg. Liquid scintillation spectrometer was used to
measure the radioactivity for all samples.
Results and discussion.
1.sorption rate: The chlortoluron applied was strongly adsorbed by soil
inorganic and organic components. The rate of sorption was 97.37% of the total
amount of application. By radioautography, the Rf value was approximating
zero indicating the movement in soils can be neglected. Balance sheet of soilwheat ecosystems showed that 44.97% to 55.86% of chlortoluron was held by
soil. Comparing the treatment 1 to 2, higher residue rates were found in
treatment 2 in all subtreatments indicating the higher ability of sorption by
organic components(2).
2.Disappearance rate:Two major factors caused the loss of the herbicide from
soil-plant microecosystems: photo-degradation and bio-decomposition. Our
data showed that 25.43% of the herbicide applied to the surface water
disappeared after eight hours of exposure to sunlight. The bio-decomposition
rates measured were relatively high. The emission of 14Co2 from auto-claved
soil samples were 50 to 124 times higher than those from auto-claved samples.
Comparing the treatment 1 to treatment 2 the accumulative 14Co2 emission
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rate was higher in 1 than that in 2. The decomposition rates for 1 and 2 were
25.97% and 17.30%, respectively. The balance showed that deficits of
chlortoluron in soil-wheat microecosystems were from 42.48 to 53.48%. The
losses were most likely by the combined effect of photo- and biodecomposition.
3.Functions of earthworm: Introducing earthworms to the ecosystems had many
positive effects observed in the experiment. The ability to accumulate
chlortoluron in its body was relative high. Residue in the bodies were increased
from 0.54x10*to 2.15x10*dpm/g. (dry earthworm tissue) during ninety six days
inoculation. The bio-decomposition rate was enchenced by about 10% in the
treatment with earthworms than that without them. Soil herbicide residue was
reduced also. They were 8.44% and 8.10% lower in the treatment with
earthworms than those without them at regular rate of chlortoluron application.
They were 3.77% and 3.16% lower at excess rate of application. The residue
rate in wheat plants were also lower in treatment with earthworms.
4 Impact on successive rice plantsrThe accumulation of the residue of
chlortoluron in soil in wheat growing season led to toxic effect and death of
successive rice transplanted seedlings when temperature reaching to 32 to 35
C and lasted for three days in August, 1990. Our data showed that soil residue
rate of chlortoluron were 2.38% to 17.17% higher in treatment 2 than those in 1
indicating the higher sorption ability by soil organic matter was still existed in
soil submerged for rice plantation. However, concentration of chlortoluron in
stems and roots of rice plants were all lower in treatment 2 than those in 1. They
were 39.13 to 98.85% lower in stems and 0.79 to 32.58% lower in roots in
treatment 2 than those in treatment 1, respectively. Positive effects of
earthworm's activities on pot soil were still present because the concentration
of chlortoluron in stems and roots were all lower in treatments with previous
worm inoculation than those without it. Therefore, application of manure and
introduction earthworms can be used as measures to reduce the toxicity to the
crops in the case the accumulative residue level in soil is not high .
Literature Cited.
(1). Li Huixin, Wu Shanmei. 1990. Effects of three herbicides on some functions
in no-tillage ecosystems. J. of Nanjing Agricultural University 13(4):70-75.
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249

The Imidazolinone Herbicides:
An Overview of Bioavailability in Soil
G. Tuxhorn, J. Deane, and D. Shatter. Plant Directed Basic Research,
American Cyanamid Company, Princeton, New Jersey, USA.
Introduction. The imidazolinone herbicides are effective, broad-spectrum tools for weed
control in several crops, and in non-crop areas. These factors, combined with low
mammalian toxicity, and low environmental impact, give the imidazolinones the
characteristics necessary for 21 s t century herbicides. Five imidazolinone herbicides are
discussed in this paper, AC 263,222, imazapyr, imazethapyr, imazaquin, and
imazamethabenz-methyl. Trade names for these compounds are listed in table 1.
Table J. Trade names for the imidazolinone herbicides.
Common Name
Trade Name(s^)*
Imazapyr
ARSENAL™ Herbicide, CHOPPER™ Herbicide,
CHOPPER RTU™ Herbicide, CONTAIN™ Herbicide
Imazethapyr
PURSUIT™ Herbicide, PIVOT™ Herbicide, HAMMER™
Herbicide
AC 263,222
CADRE™ Herbicide**
rmazaqain
SCEPTER™ ïferb1dde\ IMAGE™ Herbicide,
Imazamethabenz-methyl
ASSERT™ Herbicide, DAGGER™ Herbicide
•various formulations. This list does not include co-formulations with other active
ingredients.
**in development
Imidazolinone herbicides kill weeds by inhibiting the enzyme acetohydroxyacid
synthase(AHAS)/acetolactate synthase(ALS). This enzyme is essential for the production
of the branched chain amino acids valine, leucine, and isoleucine. This enzyme does not
occur in animals, thus the imidazolinones show low mammalian toxicity. Weed death is
characterized by a cessation of growth, followed by yellowing of meristimatic regions, and
finally plant death.
The imidazolinone herbicides have both foliar and soil activity. Uptake of
imidazolinones by plant roots varies, based on 1) the imidazolinone used, the pH of the
solution, and 3) adsorption of the imidazolinone to soil.
The structures of the imidazolinone herbicides discussed are shown in figure 1.
Materials and Methods. Bioavailability experiments were generally conducted using
l^C-labeled herbicides. Plant uptake was quantified by oxidation and ^ C 0 2 trapping.
Soil adsorption experiments were conducted using either batch slurry methods (excess
water) or a laboratory press method using low water contents.
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Results and Discussion. Four of the imidazolinones discussed are weak acids, with pKa's
around 3.9. Thus, at neutral pH most of the imidazolinone molecules are dissociated, and
exist as anions, and exhibit low to moderate soil adsorption. At lower pH a greater
proportion of the molecules exist in the uncharged state, and exhibit greater soil
adsorption. Soil adsorption also increases as the soil water content decreases. Figure 2
shows adsorption of AC 263,222 to soil as affected by pH and water content. A more
limited effect of pH is seen on adsorption of the ester imidazolinone imazamethabenzmethyl. Uptake of imidazolinones by plants from soil is generally proportional to the
concentration of non-adsorbed imidazolinone. Thus, less uptake is seen in a low pH soil
compared to a higher pH soil, all other factors being equal.
AC 263,222 adsorption to soil under simulated field conditions approaches
equilibrium slowly, regardless of pH. Differences in bioavailable concentration of AC
263,222 decrease as time increases(figure 3).
In hydroponic solution root uptake of imidazolinone herbicides increases as the
lipophilicity of the imidazolinone increases. Root uptake of imidazolinones also increases
with decreasing pH in hydroponic solutions.
Figure 1. Structure of five imidazolinone herbicides.
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Figure 2. Adsorption ofAC 263,222 to soil versus pH and water content.
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Soil Air Composition and Nitrous Oxide Emission in Freezing
and Thawing Soils
A. Jaakkola. Department of Applied Chemistry and Microbiology, University of
Helsinki, Finland.
Introduction. Freezing and thawing of the soil affect soil air composition considerably by
regulating both the activity of soil organisms and the gas exchange between soil and atmosphere.
Material and Methods. There were two observation plots, A and B, in southern Finland (60°46'
N, 24°55' E, 100 m asl). The soil profile of A was finesand-mixed humified peat in the plough layer
(0-25 cm), underlain by a layer of Carex peat (25-50 cm) with finesand below it. The pH(CaCl2) in
the layers was 6.2, 5.4 and 4.8, respectively. The soil in plot B was clay-rich silt with pH(CaCl2) 5.7
to 5.8 in a 0 to 50 cm soil layer. The content of organic matter in the plough layer (0-20 cm) was
10 and 6% in plots A and B, respectively. During the observation period, 1988-1992, barley, rye,
rye, barley and barley were grown on plot A. On three subplots of plot B barley was grown in both
experimental years (1991, 1992), while three of them were left fallow in 1991 and cropped with
barley in 1992. The plots were fertilized yearly with 100 kg ha-1 of N.
'Air temperature (Fig. 1) and precipitation (692, 664, 541, 682 and 554 mm in successive years,
beginning May 1,1988) were recorded at a nearby weather station.

May 1,1989
May 1,1990
Fig 1. Mean temperature in 5-day periods, °C.

May 1,1991

May 1,1992

May 1,1993

In May 1988 and 1991, small porous plastic cups with a thin nylon hose leading from the soil were
inserted at various depths from 10 cm to 90 cm in plot A and from 10 to 45 cm in the six subplots
of plot B. In May 1991, gypsum blocks for soil moisture and PtlOO electrodes for soil temperature
were inserted at various depths in both plots. Steel cylinders for collecting emitting gases, 25 cm
high and 15 cm i.d., were inserted in both plots leaving 15 cm above the soil surface. Samples of
soil air were taken with 2 or 5 ml glass syringes at intervals of about one week from each cup and
from the steel cylinders covered for 10 to 30 min before sampling. There were periods when the
deepest sampling cups were filled with water, and an air sample could not be taken.
The air samples were analysed by gas chromatography. Packed columns filled with Molecular
Sieve 5A and Porapak Q were used for separating oxygen (including argon) and nitrogen, and
carbon dioxide and nitrous oxide, respectively. With He as carrier gas, a TC detector was used for
C0 2 , 0 2 and N 2 , while with Ar-CH4 as carrier gas, an EC detector was used for N 2 0.
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Results and Discussion. In plot A the most striking decrease in oxygen concentration took place in
February 1989 when it fell at 10 cm depth below 5 per cent for a couple of weeks (Fig. 2). A
similar drop was observed at the beginning of 1990 as well as end of 1992. In plot B there were
decreases in the beginnings of 1992 and 1993. All these winter-time changes were accompanied by
only a slight increase in carbon dioxide concentration. At the time of these changes only the
topmost surface of the soil was frozen.

May 1,1988

May 1, 1989

May 1, 1990

May 1, 1991

May 1,1992

May 1,1993

Fig 2. Concentration of oxygen (top) and carbon dioxide (bottom) at 10 cm depth in plot A (solid
line) and B (dashed line), %.
On occasion, the oxygen concentration decreased during the growing period. The decrease was
rather clear deeper in the soil but very slight near the surface as compared with the winter-time
drops. An almost equal increase in carbon dioxide concentration occurred simultaneously. The
events were usually preceded by heavy rain and a distinct increase in soil moisture.
0.3
0.2
0.1
0
May 1 1991

60
40
20
0
May 1, 1991

0.3
0.2
0.1
0

• VAyA.

May 1,1992

May 1,1993

May 1 1991

-J.

JL

May 1,1992

May 1,1993

May 1, 1992

May 1, 1993

60

x-A

May 1, 1992

40

20
0

May 1,1993

May 1,1991

Fig 3. Emission of nitrous oxide, N20-N kg ha 1 &1 (top) and concentration of nitrous oxide in soil
air, ppm (bottom) at 10 and 50 cm (bold line) depths in plot A (left) and B (right).
The nitrous oxide concentration in the soil air ranged from 0.3 to 70 ppm (Fig. 3), usually being
higher in the deeper soil layers. The highest concentrations were observed towards the end of 1992
in plot A and in early spring 1992 in plot B. At times, partly due to the large diurnal and spatial
variability (1), high emission was not connected with a high concentration in soil air. In summer
1991 in plot B, emissions were higher from fallow soil (not shown) than from barley-grown soil
(Fig. 3). The largest increase due to fallow occurred in August. However, even this emission was
only a fraction of the second year's emission peaks.
The results indicate that substantial changes in soil air composition may occur when the soil surface
is frozen. Nitrous oxide emissions in winter cannot be neglected either.
Literature Cited.
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Are Aluminium-Fluoride Complexes Phytotoxic?
D. P. Stevens*1, M. J. McLaughlin1'2 and A. M. Alston1'3. Cooperative
Research Centre for Soil and Land Management. 2CSlRO Division of Soils.
s
Department of Soil Science, Waite Agricultural Research Institute,
University of Adelaide. SA 5064, Australia.

Introduction. The rhizotoxic effects of aluminium (Al) in acid soils are well known and it
is generally thought that the toxic species are Al3+, A10H2* and A10H2+ (Alh). Fluoride (F)
can also be highly phytotoxic and its concentration in soil solution increases as soil
becomes more acidic. Under acid conditions F and Al can exist as a number of
complexes in solution.
While there is some disagreement on uptake (1,2) and
translocation of Al-F complexes in plants (1,2,3), it is commonly believed that formation
of Al-F complexes ameliorates the rhizotoxic affect of Alh (1,2,4). The aim of these
experiments was to determine which species of Al-F, if any, are phytotoxic to oat plants.
Materials and Methods. Oats (Avena saliva cv. Echidna.) were grown in a solution
culture with nutrient concentrations as per (5) with 25 u.M P. Treatments included: 0,
18.5, 37, 74, 185, 370, 741 uM Al; 0, 1684, 3368, 6736 uM F; and the following ratios of
A1:F, 185:1684, 370:1684, 556:1684 and 741:1684 uM. Activities of ions in solution were
All experiments involving Al or Al-F were carried
calculated with GEOCHEM-PC (6).
out at pH 4.2±0.1 and experiments involving F only were carried out at pH 6.7±0.2. The
pH was checked daily and adjusted with 1.0 M HC1 or NaOH when necessary. All
experiments were carried out in triplicate. Eight oat seeds germinated in deiomsed water
were planted into 8.7 L of solution culture when the radicle length was between 2.0 and
3.0 cm (day 1). All experiments were conducted in growth cabinets at 25±1°C with 12 h
day and night periods. Light irradiance was 230±35 nmol s"1 m~2. Treatments were
commenced on day 4, additional micronutrients added on day 8, and the solution changed
once, on day 12. At no time were any nutrients limiting. Plants were harvested on day
15.
Results and Discussion. Shoot and root dry weights of oats were unaffected by any F
treatment in the absence of Al (data not shown). Dry weights of oat plants were
significantly (p<0.001) decreased when Alh activities in the absence of F exceeded 37 u,M.
However, when Al and F were both present in solution, plant growth reduction could not
be explained by solution Alh activities alone (Figure 1). The presence of Al-F complexes
in solution caused plant growth reductions at activities of Alh(<0.1 uM) which were nonphytotoxic in the absence of F. Root growth decreased as the ratio of A1:F in solution
increased from 0.11 to 0.44 in Al-F treatments. Growth reduction was accompanied by
symptoms in shoots typical of F toxicity (leaf tip necrosis and yellowing). However,
symptoms were absent where either free F' or Alh only were present at concentrations
equivalent to those of the Al-F treatments. Al-F species in solution which increased as the
Al-F ratio increased were A1F2* and A1F2\ while A1F3° and A1F4' first increased before
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declining (Figure 2).
These data
suggest that the detoxifying effect of F
on
Al h
is
dependant
on
the
concentration and species of Al-F
complexes present and that some
species of Al-F are indeed phytotoxic.
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Content of Iodine, Bromine and Chlorine
on the Soil-Plant Systems in the World
K. Yuita.
National Institute of Agro-Environmental
Sciences, Tsukuba, Ibaraki. 305. JAPAN.
Introduction.
Iodine, bromine and chlorine have high chemical and physiological activities
and have a deep influence on the life and growth of plants and animals.
In this paper, the content level of these three halogens on the soil-plant system in the
world was discussed in connection with the environmental conditions and human activities.
Materials and Method.
The total numbers of the collection sites of soil and plant samples
were 268 (10 countries from the cold to hot climate zone).
A total of 1340 soil samples from
each layer including the Aoo and Ao horizons, as well as 371 leaves samples of the major plants
growing on these soils were collected. Three halogens in soils and plants were determined by
the thermal neutron activation analysis.
Result and Discussion.
Outline of the sampling sites and the contents of the three halogens
in soils and plant leaves were shown in Table 1. and Table 2.
1) Japanese soils showed the highest content of iodine and bromine(44 and 105 jug g~' dry wt.).
But, paddy soils including the Chinese and Indonesian ones showed only 1.9 and 4.1 jug g~' dry
wt. The reason of their low contents in paddy soils was thought to be the drastic increase in
the dissolution ratios of them in soils due flooding of the soil. "'
Canadian soils showed the lowest content of iodine and bromine (1.8 and 2.8 jug g"1 dry wt.)
2) Ferrasol in Malaysia, Indonesia and Brazil showed the secondly high content of iodine (max.
7.9 jug g"1 dry wt.), Histosol and Fluvisol (reclaimed land) in Germany and Netherlands showed
the secondly high content of bromine (max. 30 jug g~' dry wt.) and chlorine (max. 2580 jug g~'
dry wt.).
3) It was assumed that the contents of these three halogens in soils changed according to the
supplied amounts of them, mainly from the atmosphere, the absorb efficiency of them by soils
connected with the environmental conditions (temperature, soil moisture, pH etc.), and human
activities (soil management, applications of the pesticides and fertilizers).
4) Iodine cotent in plant leaves became lower as the decrease of the temperature at the
sampling sites except the paddy rice, and Canada's leaves (the lowest temperature area) showed
the lowest content (0.048 jug g M dry wt.).
Paddy rice leaves showed the highest content of iodine (1.1 jug g"1 dry wt.) and no
differences among the countries was observed.
5) Bromine and chlorine contents in leaves was also the lowest in Canada's leaves (3. 7 and 1816
Mi g M dry wt.) But, among the other regional groups, very little differences of these
contents observed except the special cases (shown in 6) and 7))
6) Bromine content of the cultivated plant leaves (mainly vegetables) affected by the soil
fumigation of the bromine containing pesticides such as methylbromide occasionally showed more
than 1,000 jug r ' dry wt..
Chlorine containing fertilizers such as potassium chloride showed oftenly the relatively
higher values than those of the wild plants.
7) Among the wild plants, halophytes showed the very high content of bromine and chlorine, and
QueHer Salicomia Herbacea grown on the reclaimed land of the sea shore in Germany showed 584
and 147,000 jug r ' dry w t .
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Tab 1 e
Group Temperature
No.
Latitude

1

3

O u t l i n e

of

the

s a m p l i n g

s i t e s .

Country(region)

Land use

Cold~~cool
N54' ~N49'

CanadaOiighland area,
Edaonton-Vancouver)

Forest land,
Podozol, Luvisol,
Upland field,
Chernozea, Phaeozea
Orchard, Grassland

Cool
N56* ~~N44"

Germany(Munchen-Kiel),
Netherlands, Russia and
Ukraina(Moskva-Ya1ta)

Teaperate
N38' —N30*

Japan(Honshu island)

N7* ~~S8°

TeaperateMiot
N7* ~ S 8 "

Soil
(aajor type)

Nos. of
sampling s i t e s

Podozol, Caabisol,
Histosol, Fluvisol
(reclaimed land),
Chernozea, Katanozea

16

45

Forest land,
Upland field,
Orchard

Andosol, Caabisol,
Fluvisol

123

Forest land,
Tree crops
garden,
Upland field

Ferrasol, Acrisol,
Fluvisol

34

Fluvisol, Gleysol

5 0

Halaysia(Pen. Malaysia
and Borneo isl.),
Indonesia(Jawa isl.)
and Brazil (Loner
basin of R. Aaazon)

Hot

3
&
4

1

Japan (Honshu island),
China(Shanghai-Nanking- Paddy field
Hangzhou) and Indonesia
(Jawa isl.)

Table 2 Content level of three halogens in soil and plant
Average content in so 1 [A(H) or Ap horizon]
Group
No.

(Nos. of
saaples)

Iodine

Broaine
Chlorine
g~' dry wet.

Average content in plant leaves
(Nos. of
saaples)

Broaine
Chlorine
Iodine
jug/8 g"' dry wet

1

(16)

1.8

2.8

45

(63)

0.048

2

(45)

6.6

8.8

58

(67)

0.21

15

2,795

3

(123)

44

105

118

(139)

0.52

20

4,007

4

(34)

17

11

50

(65)

0.80

16

3,876

3&4

(50)

47

(37)

1.1

20

4.183

1.9

4.1
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3.7

1.816

Radionuclide Soil-to-Plant Transfer, Experiences from the
Chernobyl Accident in Austria
M. H. Gerzabek. Austrian Research Centre Seibersdorf, A-2444 Seibersdorf,
Austria.
Introduction. The soil is the most important compartment of the ecosystem with respect to
immobilisation or radionuclides. However, in long term the soil is a source for the uptake of
radionuclides into plants und thus plays a major role in modeling the ingestion dose response to
large scale contaminations. The radioactive fallout in Austria after the Chernobyl accident in 1986
made studies on the behaviour of ^Cs and 90$r in the soil-plant system feasible.
Materials and Methods. In 1987 and 1988 soil and plant samples were taken at more than 100
sites in Lower Austria, Upper Austria, Burgenland and Styria. Transfer factors ([Bq/kg plant f.w.]/
[Bq/kg soil d.w.]) for ^Cs, ^ S r and stable Sr were obtained and correlated to soil parameters.
Results and Discussion. Distinct differences in ^Cs transfer values (TF) occurred between the
investigated crops. Zucchini and cauliflower showed TF of only 0.0004. Cereal straw exhibited the
highest values (Table 1). ^Cs-TF into cereal grains were 2.3, 3.4, 4.9 and 5.0 times lower
compared to straw for barley, rye, wheat and maize, respectively. Within single plant species TF
varied over one to three orders of magnitude. Soil parameters like pH, clay and humus content
showed only poor correlations with TF, which could not explain the large differences. On the other
hand, TF into straw of cereals were significantly correlated with ^^Cs-concentrations in the soil
(e.g. barley: [TF 137 Cs] = 0.325. [Bq137Cs/kg soil]-0-696; r = _0.86). This effect can only be
explained by an influence of soil adhesion. Due to differences between wet and dry deposition
areas, resuspension of ^"Cs-contaminated soil particles was higher in low contaminated regions as
Table 1: Transfer factors for l 3 7 Cs, 90$ r and stable Sr for selected crops on a plant fresh weight soil dry weight bases
median
137 Cs
90 S r
crop
stable Sr
maize
wheat
rye
barley
potato

straw
grain
straw
grain
straw
grain
straw
grain
shoot
tuber

0.0116
0.0023
0.0294
0.0060
0.0236
0.0069
0.0265
0.0116
0.0100
0.0024

0.494
0.010
0.455
0.049
0.369
0.097
0.897
0.095
0.625
0.029
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0.208
0.003
0.243
0.026
0.284
0.027
0.265
0.038
0.359
0.015

compared to high deposition areas (1). Thus, the contribution of the soil adhesion effect to plant
contamination was considerably higher in low contaminated regions. Above all, there seems to exist
an intercorrelation between contamination patterns and soil properties. Extractability of radiocaesium from the organic matter of the silt fraction was considerably higher for a Calcic Chernozem
(minor contaminated) as compared to an Eurric Cambisol in a higher deposition area (2). Further
uncertainties in calculating plant contamination by the transfer model can be attributed to a lack of
homogeneous
vertical distribution in the soil after the first and second plowing (3), which
may lead to under- or overpredictions using transfer factors based on a well defined contaminated
soil layer.
90Sr-TF for cereal grains were approximately 3 to 14 times higher than the respective values for
l ^ C s obtained for the same samples (Table 1). Maize straw exhibited a 50 times higher TF
compared to the grains, which is the ten fold discrimination compared to *37c s j h j s effect is due
to the clearly lower translocation rate of strontium. In all cases soil-to-plant transfer of stable
strontium was distinctly lower compared to the radioactive isotope. The TF for total stable
strontium amounted on average only up to 60% of the respective values for "0$r. The respective
linear regression was statistically significant (r = 0.908***). Thus, natural stable Sr was less plant
available than ™s r from the Chernobyl and atomic bomb fallout. Statistical analysis showed a
satisfactory correlation between exchangeable soil calcium and 90Sr-TF. Due to ion competition
Sr-uptake diminishes with increasing exchangeable Ca-contents of the soil. Soil adhesion obviously
had no significant impact on Sr-TF.
In conclusion, we have to be aware of uncertainties of the simple transfer model, which mask the
influence of soil parameters on root uptake and translocation. Special attention should be given to
radionuclide depth distribution in the soil during three years after fallout and the soil adhesion
phenomenon in the case of radionuclides with low plant availability.
Literature Cited.
(1) Garland, J.A., Pattenden, N.J. 1989. Resuspension - rural and urban, including experience
following Chernobyl. 2nd VAMP-Meeting, IAEA, Vienna, Dec. 5-8 1989.
(2) Gerzabek, M.H., Mohamad, S.A., Miick, K. 1992. Cs-137 in soil texture fractions and its
impact on Cs-137 soil-to-plant transfer. Commun.Soil Sci. Plant Anal. 23:321-330.
3) Meisel, S., Gerzabek, M.H., Muller, Hj.K. 1991. Influence of plowing on the depth distribution
of various radionuclides in the soil. Z. Pflanzenernahr. Bodenk. 154:211-215.
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ATP and pyrolysis-gas cromatography as markers in a
composting process of straw
A. Ganni, G. Masciandaro, B. Ceccanti* and C. Garcia.
Istituto per la Chimica del Terreno, CNR, Via Corridoni 78, 56125 Pisa, Italy
Introduction. The growing scarcity of organic matter in many agricultural soils, has suggested
the employment of organic residues as alternative source of humus, so to replace the losses in
organic matter due to intensive cultivation and thoughtless use of mineral fertilizer. On the other
hand, the large amount of residues of various origin, in consequence of industrial development in
civilized countries, has encouraged the employ of organic fraction of such materials in
impoverished soils.
Composting offers an opportunity to recover and reuse, as a soil conditioner, a portion of the
nutrient and organic fraction in straw wastes, which represent important bio-products of modern
agricultural industry.
The aim of this paper is to study the straw composting with and without a nitrogen source (urea).
ATP and Py-GC were used to follow the intensity of microbial activity and the evolution of straw
structure, respectively.
Materials and Methods. Straw was chopped into small size. Composting was carried out in
small containers (lKg) in aerobic conditions at 25 ± 2°C, with umidity to full retention capacity.
1% nitrogen was added in the form of urea. Samples corresponding to 1,3, 10, 15 and 20 weeks
of the composting process were selected. ATP (1) and Pyrolysis-Gas Chromatography (2) were
carried out on solid samples and pyrophosphate extracts, respectively.
Results and Discussion. ATP. Biological evolution of the process was followed through ATP
measuraments during the incubation, as ATP represents both number and methabolic activity of
microorganism (3).
Fig. 1: ATP (\i.g ATP/g dm) evolution during straw composting

Time of incubation

ATP, after an increase, shows a remarkable decrease with time in straw (Fig. 1), which denotes the
exhaustion of degradative process and consequently of the easily-available substrates. Straw added
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with urea shows a more intense degradative period having higher ATP values than untreated straw.
ATP sharply decreases after 10 weeks because of easily available-C was consumed faster in treated
than in untreated straw.
Py-GC. In order to facilitate the comparison and the study of the pyrograms, were selected some
pyrolitic ratios between the more significant fragments (Acetonitrile (Ej), Acetic (K), Benzene (B),
Pyrrole (O), Toluene (E3), Furfural (N), Phenol (Y)). Table 1 shows the variation undergone by
two pyrolysis ratios during the composting. Mineralization index (N/O) decreases during
composting and more appreciably in straw added with urea, meaning a greater degradation.
In fact carbohydrates deriving from cellulose are primarily utilized by micro-organism and
therefore rapidly disappear; on the other hand pyrrole, mainly deriving from microbial cells tissues
and proteic substrates, shows an increase during humification expecially in the early stage of
composting characterized by a rapid and intense microbial proliferation.
Humification index (B/E3), should increase during the compost maturation, because of the
enrichment in aromatic susbstances with short aliphatic chains identifying with humic acids
(producing benzene under pyrolysis). After 20 weeks, a marked decrease of B/E3, probably
denotes a further utilization of humic carbon being the easy available-C of cellulose decreased.
Tablel. Pyrolitic ratios of straw without urea (a) and with urea (b).
(a) Composting
1
N/O
1,2
B / E , 0,8

time (weeks)
3
10
2,0
0,2
1,4
1,3

IS
0,8
1,7

20
1,1
0,8

I

(b) Composting time (weeks)
1
3
10
N/O
1,5
1,3
1,1
B/Ei
0,8
1,0
1,2

15
1,0
2,4

20
0,5
0,6

A similitude index (Sij) was applied to compare two different pyrograms without discriminating the
peaks and it is expressed as:
Sij= £n flik / Iikl
n
where Ii^ < Ijk ; P* represents the relative abundance of each pyrolytic fragments of the i and j
pyrograms considered, n is the number of pyrolytic fragments considered and k is the homologous
peaks. Sij varies between 0 and 1: the higher the value, the higher is the similarity between two
samples.(2) Examininig Sij values in the composts at the beginning and at the end of incubation (20
weeks), we observe a low similarity (Sij < 0,65) in straw + urea reflecting a great transformation of
straw during composting; in untreated straw the change in structure seems to be lower, as the
similarity index is high (Sij > 0,75). In conclusion, the ATP determination and the Pyrolysis-Gas
Chromatography are resulted good and innovative tecniques which allow to follow the straw
composting process from both biochemical and chemical-structural point of view.
Literature cited.
(1) Ciardi, C. and Nannipieri, P. 1990. A comparison of methods for measuring ATP in soil. Soil
Biol. Biochem. 22:725-727.
(2) Ceccanti, B., Alcaniz, J.M., Gispert, M. and Gassiot, M. 1986 Characterization of organic
matter from two different soils by pyrolysis-gas chromatography and isoelectrofocusing. Soil Sci.
142:83-90.
(3) Ganni. A. 1993. Straw umification. Doctoral Thesis in Biological Science, University of Pisa.
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On the prediction of the distribution coefficient of 137 Cs in
soils from clay mineralogy
S. Staunton U.F.R. de Science du Sol, I.N.R.A.-E.N.S.A., 2 place P. Viala,
34060 Montpellier Cedex 01, France
Introduction. When soils are contaminated by radiocesium the major health risk to man is
usually due to the entry of this long-lived radionuclide into the food chain. One of the most
important factors which control its bioavailability is adsorption on soil constituents. It is well
known that clayey soils, particularly those containing illites, are effective at retaining cesium
(1). The distribution coefficient, Kd, is often used to describe adsorption as it is easy to
measure and conceptually simple. It is thus a suitable input parameter for models used to
predict the fate of radiocesium in soil and the effectiveness of possible countermeasures (2). It
would be a major advance if soil Kd values could be estimated from soil composition.
Our aim was to compare the distribution coefficients of radiocesium on soils and clays with
similar mineralogies and to identify the major factors responsable for any differences.
Materials and Methods.
Two clayey soils with contrasting mineralogical content,
montmorillonite and micaceous, and two mineral clays, Wyoming montmorillonite and Le Puy
illite, were studied. The soils were unwashed and the clays saturated in either Ca, Na or K.
Suspensions were prepared containing 137Cs and known concentrations of stable Cs + , K + , CI"
or fulvic acid. The suspensions were shaken at 20°C for 2 h, then centrifuged and the activity
remaining in the supernatant liquid measured.
The values of the distribution coefficient, Kd, defined as the ratio of concentrations of 137Cs
in the adsorbed phase (Bq kg 1 ) and in the liquid phase (Bq dm 3 ) were calculated. Great care
was taken to ensure complete phase separation (centrifugation at 19 000 g for 40 min) as the
presence of minute quantities of suspended material in a clear supernatant solution cause large
errors in apparent Kd.
Results and Discussion. The table of Kd values
Kd Montmorillonite
Illite
opposite shows that the adsorption on the
(dm3kg1)
montmorillonitic soil is much greater than would have
-,. „
244000
a
been predicted from its clay mineralogy, whereas
^
adsorption on the micaceous soil is lower (dominant
Na
3220
34200
cations Ca+Mg). The strong cation effect particularly
.
K
4300
for illite is a result of highly selective adsorption sites
whose affinity decreases C s > K > N a > C a (3,4).
Soil
49400
52000
There are many possible causes for the apparent discrepancy between the Kd values in soils
and the corresponding clays : variability of adsorption properties within a mineral group;
complex mineralogy of soils; presence of organic matter; composition of the exchanger phase
and the suspension solution; Cs loading. The data illustrated in the figures below help to
identify the most important factors.
The addition of fulvic acid to clay minerals causes a marked decrease in Kd (Fig. 1). The
organic matter present in the soil (ca 10 g kg 1 ) could result in a 40% reduction in Kd.
The selective adsorption sites which account for ca 1% of the CEC in illites (4) make the Kd
very sensitive to the presence of potassium, even at low levels. Potassium accounts for only
about 1% of the exchangeable cations in the soils, but this may suffice to induce a
considerable decrease in Kd, as illustrated by the trends in Fig. 2. A similar but more marked
effect is observed for cesium concentration (Figs 2 and 3). The Kd decreases as the selective
adsorption sites become saturated. This observation has important consequences (i) the cesium
adsorption isotherm is nonlinear even at trace levels (10~8M, lOOMBq kg 1 ), thus a single Kd
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value is insufficient to describe the adsorption properties of a system, and measurements made
using analytical concentrations of stable cesium are of limited relevance to environmental
studies (ii) the trends observed for both soils are so similar that the same mineral component
may dominate cesium exchange.
A further disagreement between soils and clay data could arise from the dependence of Kd on
salt concentration (Fig. 4), however in this case the effect is likely to be small as the ionic
strength of the soil suspensions is similar to the standard value for the clay suspsnsions.
Nevertheless extrapolation from clay to soil will be poor if ionic strength differs greatly.
Finally it should be noted that the preparation of soil suspensions involves loss or dilution of
soluble organic matter, and usually modification of the ionic strength and cation composition
of the soil solution and exchanger phase, the measured Kd value may thus differ considerably
from the true value in situ unless the suspension solution is very similar to initial soil solution.

005

0.10

0.15

0.20

Fulvic acid g/g clay
Figure 1 Effect of fulvic acid on the Kd in clays.

7

Figure 2 Effect of concentration in CsCl (AM) or KCI (A.Q) on the Kd in clays

Symbols

illite
soil or clay
•

6

5

log IMCII INI

i.6xio«

1.2x105
1 OxIO4
O.BxIO 5

montmorillonite
soil or clay

0.5xl0 4
0.4x10 5

L

7

6

-5

4

-3

-3

log ICsCII INI

0

2

log ICII INI
Figure 4 Effect of salt concentration on the Kd in clays

Figure 3 Effect of concentration in CsCl on the Kd in soils

In conclusion, soil mineral composition alone is not sufficient to predict the adsorption of
cesium : adsorption may be dominated by trace quantities of illitic material and profondly
modified by organic matter and the composition of the exchange complex.
Literature Cited.
(1) Livens, F.R. and P.J. Loveland. 1988. The influence of soil properties on the environmental
mobility of caesium in Cumbria. Soil Use Management 4:69-75.
(2) Kirk, G.J.D. and S. Staunton. 1989. On predicting the fate of radioactive caesium in soil beneath
grassland. J. Soil Sci. 40:71-84.
(3) Brouwer, E., B. Baeyens, A. Maes and A. Cremers. 1983. Cesium and Rubidium ion equilibria in
illite clay. J. Phys. Chem. 87:1213-1219.
(4) Cremers, A., A. Elsen, P. De Preter and A. Maes. 1988. Quantitative analysis of radiocaesium
retention in soils. Nature 6187:247-249.
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Comparison of Different Extractants for the Determination of
Heavy Metals in the Soil
KonczJ., Molnar,E M CsillagJ., Baczó,Gy. Res. Inst. SoilSci. &Agric. Client, of the Hung.
Acad. Sci., 1022. Budapest, Herman O. u. 15., Hungary

Introduction. In the last decades in Hungary soils have been polluted significantly, sometimes
to a hazardous degree by potentially toxic heavy metals because of the rapid urbanization and
industrial development, the intensification of agriculture and, in many cases, as a consequence
of the improper treatment of the by-products originated from these fields. Heavy metals are
present in the soil in different forms: being adsorbed on the surface of soil particles,
immobilized by CaCC>3 or as organic-metal complexes. The main point of soil chemical and
environmental researches should be to predict the amount of heavy metals to be mobilized at
different chemical circumstances having a chance to get into the food-chain thus posing
environmental hazards.
It is an object of discussion in the literature at present, which extractant is the most
proper for the characterization of these toxic elements in the soil. It is also a question that the
characteristics of which medium approximate mostly the pH and complex forming
circumstances dominating in the root zone. The aim of our experiments was to compare the
suitability of different extractants used in Hungary for the determination of heavy metals in the
soil.
Materials and methods. The experiments were carried out with the air-dried samples of the
upper horizon of an acidic brown forest soil and a calcareous chernozem soil (see in Csillag et
al. in these transactions), as well as with the samples of the same soils treated with Zn, Pb, Cr,
Cd nitrate solutions. The metals were applied at rates of 1 and 10 times the allowed upper
limits specified by the Hungarian Standard for deposition of sewage sludges to agricultural
lands. The moisture content of the soils was equal to field capacity (20 kPa moisture potential).
The polluted soils were dried, then different extractants: 1.5 mol/L HNO3, 0.01 mol/L
CaCl2, 0.5 mol/L NH^acetate + 0.5 mol/L acetic acid + 0.02 mol/L EDTA (Lakanen-Erviö)
solutions, as well as distilled water were applied in three parallels to study the dissolution of
heavy metals from the soils. (The time of equilibration by shaking was 2 hours.)
After filtering the 1:10 suspensions, the Al, As, Cd, Cr, Cu, Hg, Mn, Ni, Pb, Zn content of
the extracts was determined by ICP-AES method (applying Joben Yvon JY-24 apparatus) with
standard solutions corresponding to the extractants.
Results and discussion.
A. The recovery of heavy metals from the loaded soils is shown on Table 1. It depends mainly
on the extractant, the properties of the soil and the dosis of the heavy metals.
The following relationships were found:
1. The recovery does not depend considerably on soil properties in the case of the HNO3 and
the Lakanen-Erviö extractants, in particular at lx dosis.
2. Zn, Pb and Cd proved to be more mobile than Cr.
3. With the exception of Zn and Cd, CaCl2 and distilled water extract very small amounts of
heavy metals from the acidic forest soil. All of the elements can be recovered from the
neutral, calcareous chernozem soil in amounts near to the detection limits.
4. It was found that in the case of both soils the recovery is higher with extractants having
higher acidity and complex forming ability.
B. The extracting ability of solutions for 10 elements is shown in Table 2.
1. The amount of As and Hg were negligible in both soils.
2. With the exception of Zn, Pb, Mn and Cu in the case of Lakanen-Erviö extract, all
extractants dissolve more amount of heavy metals from the acidic brown forest soil than
from the calcareous chernozem one.
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3. From the calcareous soil the CaCl2 solution and distilled water extracted very small amounts
of microelements, which are near to the detection limit of ICP method.
Tab. 1. Recovery of heavy metals from the loaded soils (in the percentage of the dosis CD) of
heavy metals; -: below the detection limit)
Soil:
iextractant
ratio

Extractants

Zn

Pb

Cr

I Iftc

lx

I lOx

IX

Acidic brown forest soil
Ht» 3
Lakanen-Erviö
solution
CaCl 2
Distilled water

Cd

D
3x

I 10c

IX

| lOx

X

1:10

97,88

100

95,32

91,23

76,52

77,20

100

80,50

1:10

76,60

91,15

73,92

84,19

42,50

40,48

79,47

80,24

1:10
1:10
1 :7.S

48,40

65,20
16,27
71 .S7

3,09
1,10
(1.77

3,66

1,80

1,24

47,71

48,05

8£

8',62

Calcareous chernozem soil

lS',77

HN03
Lakanen-Erviö

1:10

100

82,81

100

68,10

100

72,96

100

65,35

1:10

60,54

73,95

70,13

75,30

36,32

41,84

76,69

68,13

CaCl 2
Distilled water

1:10
1:10
1:2,5

-

-

0,05
.0,-05
0,09

-

0,15
0,64
0,47

0,25
0,38
0,29

4,25

0,17

0,02

0,06
0,08

-

-

•

-

Tab. 2. Comparison of extracting ability of different solutions in the percentage of the recovery of 1J5
mol/L HNO3 (-: below the detection limit)
Extractants

Soil:
extractant
ratio

As

Hg

-

-

_
-

_
-

Cr

Zn

Cd

Pb

Ni

Mn

Cu

Al

Acidic brown forest soil
HNOLakanen-Erviö

1:10
1:10

CaCl 2
1:10
Distilled water 1:10
1:2,5

100

100

100

100

100

100

100

100

20,94

27,57

81,52

68,06

71,86

78,29

42,29

27,08

-

19,55
1,45
1,91

40,00
10,30
5,15

-

38,49
3,29
2,39

31,72
3,14
2,35

0,99

0,09
0,05

0,08

1,57
0,60
0,07

100

100

54,64

3,42

1,28
0,34

-

Calcareous chernozem soil
HN03
Lakanen-Erviö

1:10
1:10

CaCl,
1:10
Distilled water 1:10
1:2,5

100

100

100

100

100

0,33

35,02

32,80

87,30

65,79

100
100

-

0,06
0,13
0,17

0,07
0,07
0,04

-

-

-

0,18
0,02

0,15
0,78

1,17
0,49

0,06

0,31

-

-

0,07

0,05

-

Conclusions.
1.1.5 mol/L HNO3 is proved to be a proper extractant for the characterization of the so-called
"total" (potentially extractable) heavy metal content of the soil.
2. As it is expectable, with the increase of the pH of the extractants, the amount of dissolved
elements decreases. The correlation was strong between the extracted amount of the
heavy metals and the complex forming ability of the extractant.
3. The 0.01 mol/L CaCb solution, which is planned to include as extractant by ISO in the near
future, is not suitable in the case of calcareous soils (40 % of the soils of Hungary).
4. The behaviour (the small mobility, solubility) of Cr differed from the expected one.
5. Though it would be expensive, we suggest to consider that, depending on soil properties,
measurements by two or three extractants would be advantageous in the case of soils
above "critical loading".
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Determination of environmental elements in contaminated soils
by aqua regia extraction and X-RF
Silvia Haneklaus*, Walter Vogel** and Ewald Schnug*
'Institute for Plant Nutrition and Soil Science; Federal Research Station; Bundesallee 50;
D-38116 Braunschweig, Germany; **CRB Analytical Serv.; Bahnhofstr. 14; D-37181 Hardegsen, Germany
Introduction
Steadily increasing demands for environmental protection involve, among others, the
problem of waste disposal. However, the pressure to use agriculture as a way of disposing
urban and industrial waste may conflict with requirements to maintain the rural environment and guarantee food quality. Therefore it is essential that comprehensive environmental assessments are made to facilitate the safe disposal of wastes on soils.
One major problem of sewage sludges is the contamination with heavy metals like Cd,
Cr, Pb, Cu, Zn, Ni and Hg. For the regulary distribution of sewage sludges on farm land it
is obligatory to determine the concentration of these environmental elements in soils.
While the official way of analysis is via extraction by aqua regia, the X-RF technique
presents a non-destructive method with the advantages of high precision and speed.
Materials and Methods
Sampling and sample preparation was carried out according to Anonym (1992). Analytical
procedure of heavy metals has been determined according to Anonym (1985) with aqua
regia dissolution and final determination by ICP-MS. For comparison high resolution
wavelengthdispersive X-ray fluorescence spectroscopy has been used. For X-RF analysis
fine ground soil samples (lOOum) have been diluted with HOECHST 'Microfine' wax by
20%. For matrix corrections the software package "OXIQUANT" (Anonym, 1990; Reinan,
1987) has been used.
Results and Discussion
The accuracy and reproducibility of the X-RF method can be derived from control
measurements where total and measured concentrations of standard reference materials
are compared (Fig. 1). From Fig. 1 it is evident that in case of Hg determination the relation between both paramters is very close. For other elements like Cd, Pb, Cr, Ni, Cu and
Zn comparable results have been obtained.
The comparison of X-RF and aqua regia data from a ring test (data represent mean
values of 28 laboratories) reveal that aqua regia extraction - with the exception of Pb determines lower element concentrations (Table 1). While values compare well in the case
of Zn and Cd, aqua regia extraction values for Ni and Cu were 11% and 50% lower respectively compared with the total concentrations as determined by X-RF.
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Fig. 1: Comparison of total and measured concentrations of Hg in powdered parts
Table 1: Total element and aqua regia extracted element concentrations (mg/kg) in 1 soil
sample
Element
Cr
Ni
Cu
Zn
Cd
Pb

X-RF
50
19
11
89
0.27
46

aqua regia extraction
25
17
10
88
0.26
47

aqua regia content/
total content
0.50
0.89
0.89
0.99
0.96
1.02

The use of sewage sludges on agricultural farmland is bound to regular soil analyses of
heavy metals. The regulating law instructs laboratories to determine the heavy metal
concentrations by aqua regia digestion, but recently the use of X-RF is also permitted. The
problem of wet chemistry is that total element concentrations are not determined; the
technique relies on an extraction. Furthermore, large amounts of analytical wastes are
produced. In contrast samples for the X-RF analysis can be stored and used for repetition
of measurement. The X-RF offers the opportunity for total element determinations with a
high standard for accuracy, reproducibility and repeatability.
Literatur
Anonym (1985): Aufschlufi mit Königswasser zur nachfolgenden Bestimmung des saurelöslichen Anteils von
Metallen. DIN 38 414 Teil 7, Berth Verlag, Berlin
Anonym (1990): Precalibrated programm for geological application. Philips Analytical Note TA11
Anonym (1992): Klarschlammverordnung (AbfKlarV); Bundesgestzblatt, Teil I
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Adsorption Mechanism of Cadmium by FeOOH
L. Charlet , L. Spadini and A. Manceau. Environmental Geochemistry Group,
LGTT, University of Grenoble (UJF)
Introduction. Understanding the adsorption mechanism of heavy metals is
crucial with respects to the contamination of natural soils. Combining
thermodynamical and structural information on such mechanism
significantly enhances the reliability of predictive adsorption models. A
new spectroscopic method (EXAFS) allows the determinaton of the
structural environment of adsorbates and amorphous minerals. With this
method a structural description of Cd adsorbed on cc-FeOOH (Goethite)
and on hydrous ferric oxide (HFO, structurally amorphous FeOOH) was
obtained.

»GM1%

«Gt65%

Methods. EXAFS is a X-ray adsorption method providing structural
parameters related to a) the distance up to 4 A between the central atom
(ca=Cd, Cr) and the surrounding neighboring atoms (na=0, Fe, Cd, Cr),
b) the nature of the na's, c) the number of the corresponding na's, and d)
their structural and thermic order. Measurements of Cd-aFeOOH and CdHFO powders and wet pastes under atmospheric pressure conditions were
performed at the Synchrotron facilities of L.U.R.E., (Paris-Orsay) and the
SERC (Daresbury Laboratories U.K.). The sorbent-sorbate structures
were accurately determined comparing structural parameters with those
obtained with reference substances.
Potentiometric measurements methods were also used in order to
determine the thermodynamic equilibrium constants in the system Cd2+FeOOH-H+. Proton and Cd free concentrations were measured with
electrodes and AAS respectively.
Results and discussions. - EXAFS: In Fig. 1, the first peak on the left
0 1 2 3 4 S 6
corresponds to the Cd-0 neighbors of the octahedral shell. Analysis of the
R(A)
second and third peaks clearly shows (i) that they correspond to Cd-Fe
Fig.
l:Cd-aFeOOH
edge linkages (Cd-02-Fe) at 3.26 A and double corner linkage (Cd2-C»2(given as #Gt-surface
Fe) at 3.48 A respectively and (ii) that no Cd precipitation or nucleation
loading%)
and Cdprocesses occurs within the whole range of 0 to 100% surface loading.
HFO
RDF
spectra
For the Cd-ccFeOOH samples, a clear decrease in amplitude, and thus in
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relative amount, of edge linkage with increasing surface
loading is observed (Fig. 1). This behavior can be
understood comparing the present Cd-aFeOOH adsorption
process to the aFeOOH crystal growth mechanism. The
smallest crystal plane 001 has the highest affinity for Fe and
Cd adsorption and forms preferentially edge linkages (Fig.
2). On the other plans, occupied at higher surface
coverage, Cd is sorbed by sharing preferentially double
comers (Fig. 2). The analysis of the a-(Fe.995Cd.oo5)OOH
coprecipitation sample further showed that Cd substitutes
for Fe in the crystal lattice (#Gt-copre in Fig. 1).
In contrast with well crystallized ccFeOOH sorbent, CdHFO sample RDFs do not change with increasing surface
loading (Fig. 1). These spectra are close to the CdctFeOOH spectra at low loadings. This can be understood
due to the low cristallinity of the amorphous HFO sorbent,
c
and thus to the very high density of "high affinity sites"
(sites on 001 plan on aFeOOH).
c
- Potentiometric experiments and models. The
c
modeling of potentiometric adsorption experiments
within the range 2 < pH < 12 and 0.6 < Cd < 11.2 mM —o.ooo
indicates no proton release at low Cd surface loading.
The whole data could be explained by the following
model (solid lines in Fig. 3)

»

•

1

^*-cf^"

A - ro*-ii*"M

=SH2+Cd2+ <-» -SCdH22+
(logPs,)0(in,)=6.42±0.02)
2+
2+
aSH2+2Cd -2H+ <-> «SCd2
(logPsI2.2(j11,)=-5.13±0.03)
»SH2 + 2Cd2+-4H+ <-> -SCd2a2(logPs,2^illt)=-23.88±0.03)
including a single microscopic equilibrium constant for the acid-base
equilibria:
-sv*- + H+*-»-sHv*+
(log k = 8.29).
The Cd2 species does not represent a nucleation process but the
sorption of two vicinated Cd atoms on equivalent sites following Fig.
2. The definition of sites involving two Cd adsorbing functional
groups was necessary to take account of the displacement of protons
responsible for the adsorption of Cd ions without release of protons
in solution (Fig. 4). The stoichiometry of the thermodynamic model is
in agreement with the EXAFS analysis results. The presence of
different sites with different affinity did not have to be invoked since
the sites corresponding to those on the 001 plan on aFeOOH are
abundant on HFO.
Fig. 2 (top):
Adsorption sites on aFeOOH.
Fig. 3 (middle): Proton titration curves Hs = [H+] [H,oJ - K„/[H+].
Fig. 4 (down): Cd adsorption mechanism.

269

/ /

• M-1.HKM

•

10
ph

Study of Heavy Metal Overloading of Soils
in a Model Experiment
Csillag J., Lukacs,A., Molnar.E. Res. Inst. Soil Sci. & Agric. Chem. of the Hung. Acad. Sci.,1022.
Budapest, Herman O. u. 15., Hungary
Introduction. Heavy metals in waste waters and sewage sludges are among the hazardous
pollutants. They are considered especially dangerous for the environment when entering the
liquid phase of the soil. Experiments were carried out to model the release of four typical
heavy metal contaminants (Zn, Pb, Cr, Cd) from sewage sludges into the soil. The aim of this
study was to determine the amounts of these elements in the soil solution depending on
loading, adsorption time and soil moisture content.
Materials and methods. Air dried samples of the upper horizon of an acidic brown forest soil
and a calcareous chernozem soil (soil N°l. and N°2. in Tab.1., resp.) were mixed with aqueous
solutions of nitrate salts of Zn, Pb, Cr and Cd. The moisture contents of the soils resulting from
the application of the metal salt solutions were in the potential range between 250 and 0.1 kPa.
The concentrations of the solutions represented 1, 10 and 100 times (IL, 10L and 100L, resp.)
the permissible limits of waste disposal specified by the Hungarian Standard (1). The limits
corresponded to 25 mg Zn, 8.3 mg Pb and Cr, and 0.125 mg Cd per kg soil. After one week
equilibration the liquid phase was separated by centrifugation (2, 3) with a rotor speed
corresponding to 1500 kPa suction (i.e. the wilting point of plants). (The solutions are retained
in the soil with suctions less than 1500 kPa, so we consider them as soil solution fractions
available to plants.)
For studying the effect of adsorption time soil suspensions of 1:1, 1:2, 1:2.5, 1:5, 1:10
soihmetal salt solution ratios were also prepared, kept for 1 hour,l week and 1 month, and the
liquid phases were separated with standard methods. Samples of soil N°l., loaded 10 times the
allowed limit, were air dried then rewetted again with distilled water, and 0.001, 0.1 and 1.5
mol/L HNO3 solutions, to study the effect of drying-rewetting and of pH on the release of
heavy metals.
Zn, Pb, Cr, Cd concentrations of the initial model solutions and of the soil solutions and
extracts were determined by ICP spectrometry.
Results and discussion. Pb, Cr and Cd concentrations in the liquid phase of uncontaminated
soil samples were below the detection limit, Zn concentration was negligible. In both soils from
the permissible loading (1L) 97-100% of the heavy metals present in the applied solutions
were adsorbed. The metal ion concentrations in the soil solution of soil N°2. were lower than,
and in soil N ° l . were comparable to the limits allowed for underground and drinking waters
(cit. in 3).
The effect of increasing element loading was different in the two soils. Soil N°2.,
containing CaCC<3, adsorbed practically all toxic metals even at 100L treatment. However, in
the liquid phase of the forest soil, at 10L,Zn was found in a considerable amount (Tab.2). At
100L all the four elements were present in high concentration. The concentrations (c, mg/L)
were higher in the field moisture range, above 0.1 kPa potential and increased with decreasing
soil moisture content (0). The maximum concentrations in the soil solution were 11500, 650,
480 and 60 mg/L for Zn, Pb, Cr and Cd, resp., at about 250 kPa moisture potential of soil N°l.
at 100L.
The c-0 relationships in the moisture range from 250 kPa potential to 1:10 soihsolution
ratio were approximated by hyperbolic equations: c=a+b{ 1/(0-0')}, where 0 is expressed in
weight percentage and 0' means moisture content at 1500 kPa potential. Parameter "b" of the
linearized equations characterized the increase of heavy metal concentrations in the soil
solution at decreasing soil moisture content. Similar c-0 relationships were established for
different adsorption periods (1 hour, 1 week, 1 month). Parameter "b" was proved to decrease
with increasing adsorption time and decreasing loading.
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At 10L and 100L in the forest soil -in accordance with literature data (4)- the adsorption
of the more mobile Zn and Cd was smaller than that of Pb and Cr. The adsorption at 100L
after 1 week was 30-10% for Zn (Fig.1.) and 40-20% for Cd, while 90% and 90-80% for Cr and
Pb, resp., in the complete 8 range (5). The rate of adsorption increased in the case of all
elements with the decrease of loading, with increase of adsorption time and -except Cr- with
decreasing soil moisture content (Fig.1).
Studying the effect of drying-rewetting on heavy metal adsorption, it was found that at
field capacity (20 kPa) the element concentrations in the soil solution of the sample rewetted
after 1 month drying were 30-50% of the control sample (marked with a * in Tab.2). The
concentrations were lower at higher moisture contents but the release of the elements per unit
mass of the soil was constant in the whole moisture range. (At 10L in soil N ° l . it was about 45,
0.3, 0.5 and 0.1 mg/kg soil for Zn, Pb, Cr and Cd, resp.). With increasing acidity of the
extractant the release of the elements increased differently: Pb and Cr were desorbed in higher
amounts only by 1.5 mol/L HNO3, while the recovery of the mobile Zn and Cd exceeded 15%
and 10%, resp., even in the 0.0011110I/LHNO3 extract.
It was concluded that by applying the maximum allowed quantities (1L) of Zn, Pb, Cr
and Cd to the soil, only negligible transfer of these elements to the soil solution occurred.
Abrupt overloading or environmental changes (decrease of pH, wetting-rewetting) might
increase heavy metal concentrations in the soil solution depending on soil properties.
Acknowledgement This research is supported under Grant No. DHR-5600-G-00-1056-00, Program in Science and
Technology Cooperation, Office of the Science Advisor, U.S. Agency for International Development.
Literature cited.
(1) Land-and forest application of waste waters and sewage sludges. 1990. Hungarian Standard. MI-O8-1735-1990.
(2) Csillag, J., Silyeva, T.M., Rédly, M. 1991. Comparison of methods for obtaining soil solution from salt affected
soils. (In: Genesis and control of fertility of salt-affected soils. Proc. Int. Conf. Volgograd, Sept. 12-16. 1991., Ed.:
Dokuchaev Soil Inst. Moscow.) 181-185.
(3) Csillag, J., Luk4cs, A. 1992. The soil as a buffer for heavy metals; analysis of the soil solution for Zn, Pb, Cr, Cd
in a model experiment. (In: Physical chemistry and mass-exchange in soils. Proc. Int. Conf. Puschino, Oct. 12-16.
1992., Ed.: A. A. Ponizovsky.) 12-16.
(4) Kabata-Pendias, A., Pendias, H. 1992. Trace elements in soils and plants. 2nd ed. CRC Press, Florida.
(5) Németh, T., MolnSr, E., Csillag, J., Bujtis, K, Lukics, A., Pirtay, G. 1993. Fate and plant-uptake of some heavy
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Tab.1. Main physical and
properties of the soils studied.

chemical

CaC03 Org-C SP <0.02mm CBC

Soil
(t^O)
1.
2.

4.3
7.8

0

e.e

u

55
50

41
36

21
28

Fig.1. Adsorption of Zn in soil N°l. as function of soil
moisture content. (0: weight percentage; R: soihsolution
ratio; kPa: moisture potential; %=(Cm-cs).100/crn,
where Cj and c™ are concentrations (mg/L) in the soil
solution and initial model solution, resp.; Loading (L):
10 and 100 times the allowed upper limit).

Org-C: organic carbon content; SP:
saturation percentage- CEC: cation
exchange capacity (me/100g soil)

Tab.2. Concentrations (mg/L) in the liquid
phase of soil N"l. contaminated, air dried
and rewetted with distilled water to
maximum and field capacity (MC (0.1 kPa)
and FC (20 kPa)), and to ratios of aqueous
soil extracts.
S o i l : w a t e r Zn
ratio
*1:0.25(FC) 3 7 1 . 3
1:0.25(FC) 1 5 8 . 5
1:0.4(MC) 1 1 2 . 4
19.8
1:2.5
3.7
1:10

Pb

Cr

Cd

2.68
1.56
0.43
0.12
0.02

3.43
1.13
1.15
0.19
0.06

1.65
0.59
0.42
0.06
O.Ol

L-ioox

(Loading: 10 times the allowed upper limit;
•: without air drying)
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The adsorption Kinetics of Cu2+ on Goethite Within 30
Minutes
Hu Guosong. Institute of Soil Science, Academia
P. R. China 210008.

Sinica, Nanjing,

P. O. Box 821

Introduction
Cu2+ IS both nutritious and toxic to plants depending on the concentration. Both the
availability and toxic to plants are related not directly to the total amount but to the active part
of Cu2+ in soils. Adsorption on goethite is one of the most important processes controlling the
activity of Cu2+ in soils and waters. The kinetics study is very important because the
transforming processes of Cu2+ in soil and water are not thermo-dynamical equalibrium ones.
This paper will discuss the adsorption kinetics of Cu2+ on goethite within 30 minutes.
Materials and Methods
Goethite was synthesized with Atkinson's method (Atkinson et al, 1967). After electrodialyzed in distilled water till no nitrate could be detected, the sample was dried under infrared
lamp in less than 60°C, and passed through a 60 mesh sieve and stored for use.
The two-ion-selective-electrode technique developed by Hu (1993a) was employed in kinetics
study.
Results and Discussion
Fig.1, showing the results of Cu2+ adsorption on goethite at two different initial
concentrations, indicated that the adsorption amount of Cu2+ increased very sharply at the very
beginning of the reaction at the both concentrations, the quasi-equilibrium reached (99%
adsorption occurred) within about 10 minutes. Because 0.1 mol/L NaN0 3 was used as supporting
electrolyte in the suspension, the adsoprtion was considered as specific adsorption for the
concentration of Na+ was 1000 times and 250 times that of Cu2+ respectively, and the part of
Cu2+ adsorption by the negative charge of goethite could be ignored. Fig.2 indicated that the
"surface second-order equation", which supposing one Cu2+ occupied two surface adsorption
sites (Hu, 1993b) could fit the observed data very well. The equation was:
dX/dt=k(Xm-2X)2

(1)

The linear integration form was
X=Xm2kt/(l+2XJa)

(2)

Fig.3 showed the effect of-reaction temperature on the adsorption kinetics of Cu2+ on goethite
and the results suggested that the higher the reaction temperature, the more Cu2+ was adsorbed.
It was considered that more Cu2+ in the suspension was
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Fig.2 The fitting of time dependent data
\vith surface second-order equation

Fig.1 The time dependent adsorption
of Cu on goethite.
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Fig.4 The effect of ionic strength on Cu
adsorption on goethite

Fig.3 The effect of temperature on
Cu adsorption

activated at higher temperature to react with more active goethite surface.
Fig. 4 was the result of the effect of ionic strength on Cu2* adsorption. It could be seen
clearly from Fig.4 that, contrary to the results of Cu2+ adsorption on two variable charge sous
(materials to be published), the adsorption amount on goethite inreased with the increasing ionic
strength. The different results was considered because there is negative charges on two soUs but
positive charges on goeütite. The constriction of double layer of negative charges would reduce
the adsorption of Cu2+ but that of positive charges would increase the adsorption Cu2*.
The study also revealed that adsorption rate dX/dt decreased sharply with the increasing
reaction time.
MAIN REFFERENCES
Atkinson, R.J., Posner, A.M. and Quirk, LP. 1967. Adsorption of potential determining ions
on the ferric oxide-aqueous electrolyte interface. J. Phys. Chem. 71:550-558.
Hu, G.S. 1993a. Adsorption kinetics of Pb 2+ and Cu2+ on variable charge soils and minerals:
I.Technique. Pedosphere. 3:57-66.
Hu, G.S. 1993b. Adsorption kinetics of Pb 2+ and Cu2+ on variable charge sods and minerals:
n.Equations for describing experimental data. Pedosphere. 3:161-172.
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On the Estimation of Adsorption/Exchange Isotherms
from Column Displacement Experiments
S. K. Gupta, R.N. Yadav and V.S. Mehta. Central Soil Salinity Research
Institute, Karnal (india) Agra University, Agra {India)
Introduction: Accuracy of predictive models depend to a large
extent on the availability of sufficiently accurate and detailed
information on solute transport parameters and system properties.
Independent procedures such as batch experiments have been commonly
employed to determine adsorption/exchange isotherms. On the other
hand, column displacement experiments have also been used to
simultaneously estimate multiple parameters. Conflicting reports
have appeared in the literature on the application of independently
estimated parameters utilizing batch tests for describing transport
processes in disturbed/undisturbed soils. In this study, we compare
the adsorption/exchange isotherms obtained through direct methods
employing batch tests and the inverse techniques.
Materials and Methods: Bulk sample of soil classified as aquic
natrustalf of the order Alfisols was collected from the research
farm of the Central Soil Salinity Research Institute, Karnal
(India). Batch tests were conducted to prepare adsorption/exchange
isotherms for the phosphorus and calcium ions. Solute transport
studies were carried out in soil columns. The effluents were
collected to monitor chloride, phorsphorus and calcium ions. Ion
adsorption/exchange data obtained through batch tests were used to
prepare adsrption/exchange isotherms which were used as an input to
predict solute transport. Inverse techniques were used to evaluate
hydrodynamic dispersion coefficients, retardation coefficients, and
adsorption/exchange isotherms. For this purpose techniques proposed
by van Genuchten (1981) and of Gupta (1982) were utilized.
Results and Discussion: Adsorption isotherms for phosphorus and
calcium were first determined utilizing data of batch tests.
The
best fits were obtained with the dimensionless adsorption isotherm
of Lai and Jurinak (1972) which assumes that ion equilibrium exists
between the adsorbed and the solution phase. The separation factor
of the dimensionless adsorption isotherm was 1.0 and 1.8 in the
case of phosphorus for high (50-200 ppm) and for low concentrations
respectively (0-50 ppm). The values of the parameter in the case
of calcium varied from. 1.75 to 4.5. Taking an overall view, it was
observed that a non-linear isotherm best described the adsorption
behaviour of phosphorus and calcium.
The

adsorption isotherms thus evaluated were utilized to
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describe

phosphorus
transport
in soil columns.
For
this
purpose,
hydrodynamic dispersion coefficient evaluated from a breakthrough
curve of chloride ion and corrected for flow velocity was used.
There was a complete mismatch between the observed and predicted
breakthrough curves. The predicted breakthrough curves shifted
towards the right indicating that estimated adsorption is much
higher than the actual adsorption during solute transport. Even
when adjustments were made in the value of maximum adsorption
mismatch was not fully taken care of. However, when a linear
adsorption isotherm with a retardation coefficient of 14.20 was
used, the match was quite realistic.
The adsorption isotherm estimated using data from batch tests again
failed to describe the breakthrough curve for calcium ion. As in
the case of phosphorus, the predicted curves were shifted towards
righl" indicating that predicted adsorption of calcium is more than
the adsorbed calcium in actual transport. Inverse techniques were
used to evaluate both the hydrodynamic dispersion coefficient and
the retardation factor assuming that in this case also, adsorption
might
alsc be described by a linear
adsorption
isotherm.
Discrepancy was not resolved with this change. Anticipating that
adsorption in this case may be described by a two site adsorption
model, a two site adsorption model was then fitted utilizing a
numerical scheme proposed by van Genuchten (1981). There was a
close match between the observed and predicted breakthrough curves.
The results of this study revealed that batch tests do not provide
realistic insight into the solute transport. The adsorption of an
ion is qualitatively and quantitatively different during transport
in the soil profile compared to the batch test studies. Therefore,
direct application of adsorption/exchange isotherm estimated using
batch test data are unrealistic for studying solute transport.
Literature Cited:Gupta, S.K. 1982. Evaluating solute movement
parameters
in
one dimensional flow
through
soils.
Ph.D.
dissertation. Jawahar Lai Nehru Technological university, Hyderabad
(Unpublished).
Lai, S.H. and Jurinak, J.J. 1971. Numerical approximation of cation
exchange in miscible displacement experiments through soil columns.
Soil Sci. Soc. Am. Proc. 6: 894-899.
van Genuchten, M.Th. 1981. Determining transport parameters from
solute displacement experiments. Res. Report No. 118, U.S. Salinity
Laboratory, Riverside, Ca-USA.
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The Role of Hydrophility and Organophility in the
Movement of Toxic Elements in Soils
L. Hargitai. Department of Soil Science and Agrochemistry, Univ. of
Horticulture and Food Industry, Villanyi ut 35-43. H-1118, Budapest, Hungary.
INTRODUCTION Some years ago (1987) we started with a research project about toxic heavy metal contaminations and their distribution in soil profiles. The investigated areas were the North and Central Transdanubian and The North-Eastern
Industrial Districts of Hungary. The present investigations were based on our results about organophility of toxic heavy metals first of all Ni, Pb, Cd and Hg.
In longterm experiments on brown forest soils we applied various doses of sewage
sludge. We investigated after lo years the mobility of accumulated heavy metals.
By application of highest rate of sewage sludge compared to the lowest, the added
amounts of toxic elements were 24 times greater. The influence of organic matters
decreased the mobile amounts according to their organophility: by Ni with 83 %,
by Pb with 76 % and by Cd with 5o %. Since we could not confirm a strict organophility by Hg we investigated in the present work two questions influencing the
mobility of toxic heavy metals in the environment. First of all the differences
in character of organophility by Pb, Ni and Cd, as a second question the influence of hydrophility on the movement and distribution of Hg and As. The third
question was in connection with the risk of organophilic heavy metal contaminations depending from humus status of soils. To these investigations we compared
the toxic heavy metal contaminations in the soils with environment protectional
capacity values, outlined for evaluation of soil humus status'in environmental
protection (Hargitai, 1981).
MATERIALS AND METHODS

The environment protectional capacity value is calculated
2
as follows: EPCp = D .H .K ; D is the thickness of soil layer in cm, H is the

humus content in %, K is the humus stability coefficient (Hargitai, 1955):
^NaF
^NaF and ^NaOH a r e * n e ex " t; i nc " t i on values of soil extracts in 1
K E pu-H ' NaF a n d in o,5 % NaOH. Heavy metals were extracted with EDTA and
N
determined by using ICP method.
RESULTS AND CONCLUSION A/ Investigations about organophility of toxic heavy metals have shown considerable differences. Contaminations by Pb decreased suddenly with depth in the soil profiles and with the distance from the roads or highways. The organophility of Ni is quite different. Accumulation on the top of humus layer is never so characteristic by Ni than by Pb. Cd shows a much greater
mobility and is distributed in soil layers. In table 1 we selected some characteristic values of distribution of heavy metals in connection with different character of their organophility. Special indices were calculated to express the
ratio of contaminants in the toplayer of soils (o-2o cm compared to 2o-4o cm).
In table 1 is it well to see that Pb shows the greatest values of these indices,
by Ni are the values in the range about l,oo and by Cd are these indices the
lowest. The results express the various character of organophility of these heavy
metals.
B/ The results have shown that Hg accumulation is rarelly appearing in the surface layers of soils. Hg appears in high concentrations in the near of ground
water table, in contaminated soils and considerable accumulated in river sediments. Table 2 shows the decrease of the high concentration of Hg contamination
by the increase of distance from the contaminated riverbanks or river sediments.
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The character of movement and distribution of Hg and As are considerable similar.
The metal-organic compounds such as monomethyl and dimethyl forms of arsenic as
well as mercury are playing a very similar role. Biotransformational processes
are playing an outstanding role in methylation and de.-nethylation of As in the
water systems and sediments (Xu-Allard-Grimvall, 1991).
table 1
The characteristic distribution of organophilic heavy metals in soil profiles
(Indices express the ratio fo contaminants in layer o-2o cm compared to 2o-4o cm)
profiles
I. highway M-7 57 km
II. highway M-7 64 km
from Budapest

distance from
the road
5m
15 m
25 m

distribution indices of contaminants
Pb
Ni
Cd
I
II
I
II
I
II
3,29
1,89
1,78

3,87
1,97
l,4o

l,oo
1,33
l,o6

o,84
l,oo
l,oo

l,ol
o,92
o,78

1,35
o,79
1,35

table 2
Distribution of Hg in alluvial chernozems of Danube sediments depending from
distance from the Danube and Hg as contamination in river sediments of Sa.jó
profil, distance from Danube, m
Hg mg/kg in o-6o cm
sediments along Sajó in km
Hg mg/kg in o-6o cm

Almasfüzitó(3oo)
Nyergesujfalu(5oo)
Acs(8oo)
o,4oo
o,o76
0,006
Sajóléd
Sajópetri(l,5) Muhi(4) Nagycsécs(ó)
o,785
o,66o
o,6o
o,o22

We calculated from many profiles and layers in the investigated South Hungarian
Peatland the As contamination in 3 characteristic categories of layers. In table
3 are characteristic average values for the total area. The contamination with As
is in the raw peat layers the lowest and in the near from ground water table the
highest. Further investigations of this distribution are needed concerning also
the role of humic substances in this system.
table 3
Distribution of As contamination in relationships with ground water table in
lowmoor peat area concerned chemiacl parameters of peats (South Hungary)
peat layers

org.matter content h

humified toplayers
row peat layers
layers by ground water level

57795
54,12
76,31

CiJÜ7%

pH

Ï276Ï
13,28
3,5o

6773
6,84
6,57

As mg/kg
11759
9,65
21,42

C/ Since the most toxic elements are organophilic if we compare their amounts in
the soils with environment protectional capacity we can characterize the risk of
contamination in tree main levels.
1. The highest risk is by high amount of toxic heavy metals with low EPC~ values
2. The middle level of risk is by moderate contamination and middle EPCp values.
3. The lowest risk is by low level of contamination with high EPCV values.
LITERATURE CITED
1. Hargitai,L.(1955) Comparative investigations by optical methods on organic
matter in different soil types. Agr.l.Kiadv.Vol.2:lo Mg.Kiadó Budapest
2. Hargitai,L.(1982) The humus quality investigated from the point of view of
environmental protection. Trans.12 Int.Congr.Soil Sci Delhi, Abstr.6:31
3. Xu, H., B.Allard and A.Grimvall (1991) Effects of acidification and natural
organic materials on the mobility of arsenic in the environment. Water, Air
and Soil Pollution 57-58:269-278.
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Co-sorption and co-transport of hydrophobic organic
chemicals in soils
Ingrid Kögel-Knabner and Kai U. Totsche, Soil Science Group, University
of Bochum, NA 6/134, D-44780 Bochum, Germany.
Conceptual Approach. The association of hydrophobic organic chemicals (HOCs) with colloidal
DOM (dissolved organic matter) has been demonstrated to have an effect on the mobility of these
compounds in soils and sediments (Pfeffer and Enfield, 1992). High concentrations of DOM are
produced in surface soils from the forest floor (David and Vance, 1991) or from organic
amendments such as manure, compost, and sewage sludge (Deschauer et al., 1993). The present
study focusses on the assessment of DOM-influenced transport of polycyclic aromatic
hydrocarbons (PAHs) in the vadose zone of soils. The processes we consider (Fig. 1) are sorption
of the contaminant to the soil matrix and also to a mobile sorbent, such as DOM. Additionally, the
model also allows for the carrier DOM to undergo sorption to the bulk soil as well (Knabner et al.,
1993). In doing so, we can evaluate the significance of natural DOM for the transport of PAHs in
soils.

immobile bulk soil material

Experimental Approach. The investigation of carrier-influenced transport is accomplished by a
series of complementary batch and soil column experiments, an experimental set-up that is
suitable to describe the effect of DOM on PAH mobility (Pfeffer and Enfield, 1992). Data from
batch sorption experiments are necessary to describe the sorption to bulk soil organic matter and
to water-soluble organic colloids. The natural DOM was obtained by extraction with water from A
horizons of agricultural or forest soils. From these experiments data are obtained for the kinetics
and extent of sorption for several PAHs with varying hydrophobicity, ranging from anthracene to
benzo-(ghi)-perylene. Soil column experiments are used to confirm the effect of natural DOM on
the mobility of PAHs in soils. The column experiments are conducted with different soil materials
under unsaturated flow conditions in the presence and without additional DOM.
Results and discussion. Sorption of PAHs to natural DOM from surface soils depends on the
hydrophobicity of the sorbate and is most effective for strongly hydrophobic compounds, such as
PAHs with 5 and 6 rings. The sorption capacity of DOM is controled by the chemical nature of
DOM, i.e. the content of hydrophobic components. This suggests that hydrophobic interactions
are a major sorption mechanism for sorption of hydrophobic organic components to natural DOM.
The calculation of effective sorption isotherms (Fig. 2) shows that sorption of hydrophobic PAHs
to bulk soil is considerably reduced under the influence of DOM. The extent of sorption reduction
is mainly determined by the DOM concentration.
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FIGURE
2.
Effective
sorption isotherm for the
sorption of benzo(e)pyrene
to two soils with different
carbon content (from Maxin
and Kögel-Knabner, 1994).

0.001
0.002
in aqueous phase (jig L~')

0.003

In the calcuations of the effective isotherms it is assumed that the carrier DOM does not undergo
sorption to the bulk soil itself. This assumption is reasonable for most A horizons (David and
Vance 1991). However, we have to take into account that the DOM can be sorbed strongly in
subsoil horizons rich in iron oxides. This leads to a contrary effect for the breakthrough of PAHs
in soil column experiments, as shown in Fig. 2 for pyrene sorption to a Bs horizon These
contrasting results point out that the presence of DOM can have either an enhancing or a retarding
effect on mobility of hydrophobic organic chemicals, depending on the chemical composition and
sprptive characteristics of the bulk soil material for DOM.

FIGURE 3. Breakthrough
curve for pyrene in the
presence and absence of
additional DOM.

100 120 140 160 180 200 220 240 260
porevolume
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Interference of Ca^+, Mg^ + , and Cd^+ on Zinc
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Inroduction. The activity of zinc ions in the ambient soil solution is controlled by
the simultaneous equilibria of several reactions such as surface exchange, specific
bonding, lattice penetration, precipitation reactions, binding and stability of zinc
complexes. Zinc adsorption by various surface phenomena and the stability of
adsorbed zinc are known to be influenced by the competition of various bivalent
cations. However, not much work has been done on the effect of bivalent cations on
zinc adsoption except to that of Kuo and Mikkelson (1979) and Krishnasamy and
Krishnamoorthy (1991). So the present investigation was undertaken to study :he
effect of non-transition metal cations such as Ca 2 + and Cd 2 f including Mg 2 + on
nature and magnitude of zinc adsorption.
Materials and Methods. Seven surface soil sample (0-25 cm depth) from major soil
series of Vertisol and Inceptisol of Tamil Nadu (India) were collected to conduct an
experiment to study the cationic interference of zinc adsorption. Known quantity of
(0.5g) soil was treated with 20mL of 32 mg kg"1 zinc solution (5xl0" 4 M) as
ZnS04.7H 2 0. To this solution, lOxlO"4 M each of Ca 2+ , Mg 2 + and Cd 2 + were
added to obtain different combinations of cations.
The pH of the solutions ranged from 5 to 6.5. The soil suspension was shaken for
lh at room temperature (27± 1°C) and centrifuged at 4000 rpm and the supernatent
liquid was analysed for zinc by atomic absorption spectrophotometer.
Results and Discussion. The maximum zinc adsorption (625 mg kg"1) was recorded
in the zinc alone treatment. Magnesium or calcium or their combination did not
significantly affect the adsorption of zinc by recording 621, 619 and 610 mg kg - 1 of
zinc adsorption respectively. Zinc adsorption was reduced by the addition of Cd 2 +
either alone (543 mg kg"1) or in combination with Ca 2+ /Mg 2+ (540 and 535 mg kg"1
respectively).
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Thus the interference of the above cation on zinc adsorption was found to be in
the order of Cd2+>Ca2+= Mg 2 + which can be explained on the basis of their
periodic properties such as electronegativity, ionic radius and atomic weight. Based
on the electronegativity values one can expect the cationic interference on zinc
adsorption to be minimal with Csfi+, greatest with Cd^+ and intermediate with
Mg2+. Though C<fi+ is showing the expected maximum interference, Ca^ + and
Mg2+ did not show any marked effect. This is due to their group similarity and
kinetic lability.
Neither Ca^+ or Mg2+ show any marked effect on adsorption. This may be due
to their similar complex forming abilities, both being alkaline earth cations. It
appears that higher the atomic weight of the metal ion, the greater the interference.
Literature Cited
(1) Kuo, S and Mikkelson.D.S. 1979. Zinc adsorption by two alkaline soils. Soil Sci.
128: 274-279.
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Types of Fe Oxides and Phyllosilicates, Phosphate
Adsorption and Desorption in Several Soils with Variable
Charge
F. Liu, F. L. Xu, X. Y. Li and Y. J. Wang. Department of Soil Science,
Huazhong Agricultural University, Wuhan 430070, China.
Introduction. The deficiency and low efficiency of phosphorus resulting from its fixation in
variable charge soil of tropical and subtropical regions is the limiting factor for crop growth.
On Fe oxides for P fixation in soils, most research work has been done on their forms and
contents. The types, contents and morpholgies as well as their effects on phosphate adsorption and
desorption were scarcely touched upon.
Materials and Methods. The soil samples including latosol, red soils and yellow-brown soil
derivated from granite were collected from southern China. < 2 um clay fractions were separated by
the sedimenting method and treated with 5 mol/L boiling NaOH to concentrate Fe oxides, then
examined by using XRD. The clay fractions after treated with Tamm's and DCB solution were shaken
for 2h at 25+TC with 15.5-310 ug/ml KH 2 P0 4 -Kcl solution and were desorbed with 0.02 mol/L KC1
solution after adsorption.
Results and Discussion. The crystalline Fe oxides accounted for 95% of free Fe oxides in clay
fractions. For latosol (A-3) and red soil(B-7), the geothite(G)/(geothite(G)+hematite(H)) values
were 0.43, but MCDa/MCDcvalues of hematite were 2.0 and 1.0, respectively, namely, the former on
shape was thinner than the latter. For brown red soil (8-5), the G/G(G+H) value was 0.69. There
was only goethite in yellow-brown soil (C-2), and kaolinite in A-3, B-5 and B-7 were main clay
minerals (93.4%, 88.7% and 50.4%, respectively). Where as hydromica in C-2 was predominant
(89.6%).
The characteristics of phosphate adsorption and desorption on the crystalline re oxides and
phyllosillicates were obtained from the phosphate adsorption and desorption of the clay fractions
with the different treatments. The content order (g/kg) of crystalline Fe oxides was 108.3(A-3) >
101.2(C-2)> 86.1(B-5)> 75.3(B-7), but the P adsorption amounts (umP/g clay) of them was 1093(C2) > 737(B-5) > 432(A-3) > 382(B-7). It suggested that the varition of the crystalline Fe oxide
content in clay fractions did not weight up their phosphate adsorption. There was only goethite in
C-2, while there were mixtures of goethite and hematite in other soils, the amount of
adsorption(ug P) per gram crystalline Fe oxides was 10747 (C-2) > 8560 (B-5) > 3989(A-3), which
indicated that the amount of P adsorbed by goethite was much greater than that by the mixtures of
goethite and hematite when the content of crystalline Fe oxides was the same, and the higher the
goethite content, the more the P adsorbed would be (Torrent, et al. 1990).
The difference of P adsorption between A_3 and B-7 could not be interpreted by their G/(G+H)
values, but, the hematite were thin plate crystals in A-3 and thick plate crystals in B-7(Barron
et al. 1988), which was also the important reason resulting in less P adsorbed by the crystalline
Fe oxides in A-3 than that in B-7.
The desorbing ratio of P adsorbed by the crystalline Fe oxides in A-3, B-5, B-7 and C-2 were 6.7%,
4.2%, 7.6% and 3.7% respectively. This indicated that the P adsorbed by goethite was desorbed more
difficult than that by hematite, and the P adsorbed by them was mainly «specific adsorption. The
desorbing ratio of A-3 was similar to that of B-7, suggesting that the difference of their
hematite morphologies hardly influenced the desorbing ratio of P adsorbed by hematite.

282

For the amount of P adsorption per gram phyllosilicates, there was a decrease tendency from
samples A-3, B-5, B-7 to C-2. On the contrary, the desorbing ratio of phyllosilicates in C-2
(20.4%) was greater than that in other soils (7.8-12%). Because hydromica occured mainly in C-2,
and kaolinite appeared mainly in other soils, it was considered that kaolinite possessed higher P
adsorption and less desorbing ratio than hydromica did in examined soils.
The contribution of crystalline Fe oxides for the P adsortion in samples A-3, B-7, B-5 and C-2 was
37.2%, 41.9%, 60.5% and 72.6% separately, which increased with the increasing G/(G+H) values and
thickness of hematite plate. For the brown red soil and yellow-brown soil derived from granite,
the P adsorption of clay fractions was caused mainly by goethite in soils.
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THE DISSOLUTION KINETICS OF
AMORPHOUS SILICA at pH < 5.
E. J. M E K O N N E N and P. R. B L O O M * . Department of Soil Science
University of Minnesota, 439 Borlaug Hall, St. Paul, MN 55108-6028.
I n t r o d u c t i o n . The dissolution of silica materials has received much attention, however, very
limited data are available concerning the variation in rates of the dissolution with pH and ionic
strength in acidic solutions. Henderson etal. (1970) were among the first to observe an increase in
rate with increasing pH for the of dissolution of silica in acidic solutions. The data of Knauss and
Wolery (1988), for the dissolution of quartz at 70°C, indicates that the rate is at a minimum
between pH 2.0 and 3.0 and increases both as the pH decreased to pH 1.30 and increased to pH
6.0. However, these subtle rate differences were presumed insignificant when compared to
dissolution rates in the alkaline region.
Researchers working in alkali glasses and feldspars have reported that a residual layer
enriched in silica and depleted of other constituents forms with dissolution at low pH (Casey et aL,
1991). If amorphous silica is formed on the surface of aluminosilicates during acid leaching then
what is the rate of dissolution of this layer? How does the stability of Si-0 bonds influence the
stability of aluminosilicates and the formation of Si enriched surfaces?
In this article we will show results of our investigation on the initial dissolution rates of
amorphous silica in the pH range of 1.0 to 4.5 and the effect of salt concentration on the rate. The
reaction rate data will be used to develop mechanistic explanation for the stability of amorphous
silica at low pH during laboratory weathering of aluminosilicates.
Materials and Methods. Amorphous silica powder (chromatographic grade) with particle
diameters between 10 to 40 urn was obtained from Sigma Chemical Company. The surface area
was determined by 3-point BET-N2 adsorption/desorption using Quantasorb analyzer. Bulk
solutions with pH 1.15, 1.42, 1.93, 2.46, 2.96, 3.41, 4.00, and 4.50 were prepared with HN0 3
solution in a 0.5 M NaN0 3 background to maintain a constant ionic strength. The pH was
monitored with combination electrode calibrated with NBS buffers in the pH range studied. Four
hundred milligrams of the material were transferred to a polyethylene bottle containing 200 mL of
the appropriate solution. All kinetic runs were conducted in duplicate at 25 ± 0.1 °C. Silica in
solution was determined colorimetrically using the molybdenum blue method (Weaver et aL,
1968).

Results and Discussion. The plot of log rate vs pH has a minimum at pH 2.0 to 2.5 and
increases linearly with increasing pH (r2 > 0.99, slope = 0.76). The rate also increases slightly as
pH decreases to 1.0. Increasing the concentration of NaN0 3 from 0.02 to 0.50 M at pH 4.00
resulted in an increase in rate (slope of log rate vs log I = 0.24). Extrapolation of our rates
approaches the rates determined by Wirth and Gieskes (1979) for vitreous silica in 0.7 M NaCl at
pH 5.0 to 7.0, but our rate at pH 4.0 was one-order of magnitude faster than the rate for quartz at
pH 4.0 determined by Brady and Walther (1990). The plot of log rate vs pH for the pH 5 - 7 data
of Wirth and Gieskes (1979) for vitreous silica gives a slope of 0.62 which is similar to the value
we obtained for amorphous silica at pH 2.5 - 4.5.
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Knauss and Wolery (1988) observed a monotonie increase in the rate of dissolution of
quartz as pH of the solution increased from 2.10 to 11.8 at 70°C. The variation they observed at
acidic pH values was much less than they observed at alkaline pH values and they concluded, that
the rates are zero-order with respect to the activity of hydrogen (or hydroxy!) ions in acidic
solutions. Their data do, however, suggest a minimum rate in the range of pH 2 - 3. One of the
problems with interpreting their data is die lack of control of ionic strength. The ionic strength of
the solutions was fixed by the phthalic acid buffer and the added hydrochloric acid. The
dissolution at pH 1.3 was determined at about 50 times the ionic strength as the dissolution at pH
3.1. This difference in ionic strength would result in lower rates at higher pH than if the ionic
strength were controlled to the level in the most acidic solutions.
Parks (1967) suggested that a silica oxide surface maintains net zero surface charge density
at pH « 2.2 (pH of point of zero charge or pH ). The surface charge density increases as the
solution pH decreases and increases on both sides of the pH (Bolt, 1957; Parks, 1967). Bolt's
(1957) data suggests on the average a 0.30 order dependence of surface charge density on pH.
Direct substitution of Bolt's (1957) surface charge density-pH relationship to the rate-pH data of
this study results in a 2.5 order dependence of rate on surface charge density. This is only slightly
higher than the second-order dependence reported by Wirth and Gieskes (1979) for vitreous silica
in slightly acidic to neutral solutions.
Comparison of our rate data with the rate data for plagioclase minerals in the literature
clearly shows that the rate of dissolution of amorphous silica is one to two orders of magnitude
less than aluminosilicates in very acidic (pH 2 and 3) solutions (Casey et al., 1991). The
differences in rates between amorphous silica and aluminosilicates increased as the amount of
aluminum in the structure increased indicating that the release rate of Al in the structure is
controlling the destruction of the reacting structure. This results in an overall increase in the rate of
Si release from aluminosilicates with decreasing pH. The relatively slow hydrolysis of Si-O bonds
compared to the Al-O bonds at low pH contributes to the buildup of Si enriched surfaces.

Literature Cited.
Bolt, H. B. 1957. Determination of the charge density of silica sols. J. Phys. Chem. 61:1166-69.
Brady, P. V. and J. V. Walther. 1990. Kinetics of quartz dissolution at low temperatures.
Chemical Geology 82:253-264.
Casey, W. H., H. R. Westrich, and G. R. Holdren. 1991. Dissolution rates of plagioclase at pH
= 2 and 3. Am. Miner. 76:211-217.
Henderson, J. H., J. K. Syers, and M. L. Jackson. 1970. Quartz dissolution as influenced by
pH and the presence of a disturbed surface layer. Israel J. Chemistry. 8:357-372.
Knauss, K. G. and T. J. Wolery. 1988. The dissolution kinetics of quartz as a function of pH
and time at 70°C. Geochimica et Cosmochimica Acta 52:43-53.
Parks, G. A. 1967. Aqueous surface chemistry of oxides and complex oxide minerals, p. 121159. In R. F. Gould (ed.) Equilibrium Concepts in Natural Water Systems. Advances in
Chemistry series, no. 67. American Chemical Society, Washington, D. C.
Weaver, R. M., J. K. Syers, and M. L. Jackson. 1968. Determination of silica in citratebicarbonate-dithiomte extracts of soils. Soil Sci. Soc. Am. Proc. 32:497-501.
Wirth, G. S. and J. M. Gieskes. 1979. The initial kinetics of the dissolution of vitreous silica in
aqueous media. J. Colloid Interface Sci. 68:492-500.

285

Adsorption-desorption Kinetics of Potassium as Influenced
by Temperature and Background Anion
N.S. Pasricha* and L.S. Hundal, Department of Soils, Punjab Agricultural
University, Ludhiana, 141 004, India
Introduction. Potassium exchange on clay minerals and soils can be studied from either
a thermodynamic or a kinetic approach. Thermodynamic investigations of K have proved
valuable but do not help in understanding the mechanisms and rate of ionic reactions in clay
minerals and soil. So to fully understand the dynamics of elemental reactions in soil under
field conditions, a knowledge of kinetics is fundamental. However, in many of such studies
only the surface horizons have been investigated and unfortunately there is no report on
the kinetics of K in whole soil profile. A number of studies showed that the lower layers play
a significant role in the nutrition of crops and seasonal variations in atmospheric temperatures also have a profound effect on K reactions in soil. Therefore, in the present study we
investigated the kinetics of K as influenced by temprature and nature of background anions
on soil samples collected horizonwise from soil profile of Tulewal loamy sand, a typical
alluvial soil.
Materials and Methods. Soil samples collected from Tulewal loamy sand (Ustochrepts)
soil profile were air dried and ground to pass a 2-mm sieve in preparation for laboratory
analysis. Soil pH was determined using a 1:2 soil-to-water, soil-to-0.01 M CaCI2and soilto-0.01M KCI ratio, and organic matter was determined using a modified Walkley and
Black's procedure.X-ray diff ractograms of K-saturated samples after air drying and heating
to 400°C for one hour and Mg glycerol saturated samples were obtained. The samples were
scanned at 2° (2 o) per min using CuKaradiation for determining dominant clay minerals
present in the profile. Prior to the kinetic studies, the soil was made homoionic with Ca2+. The
kinetics of K adsorption and desorption were investigated at two temperatures and in two
different anionic backgrounds (CI"and CICy) using stirred flow chamber technique developed by Carski and Sparks (1985).
Results and Discussion.Cumulative amount of K adsorbed and desorbed was highest
(14.36 and 12.26 cmol kg 1 , respectively) in the lower most horizon (125-150 cm) and lowest
(5.64 and 4.39 cmol kg 1 , respectively) in the surface horizon (0-15 cm). Amount of Kadsorbed/desorbed at equilibrium increased with increased depth. This is attributable to
higher clay content in the lower horizons of the Tulewal soil profile. The clay content
increased with depth with minimum (3.8 %) being in 0-15 cm and highest (27.8%) in the 125150 cm depth.
Initially the K-adsorption was rapid and then it levelled off with time The apparent
equilibrium time for K-adsorption averaged 14.0,16.0,17.0,20.0 and 25.0 min in the 0-15,
15-40, 40-75, 75-125 and 125-150 cm depths, respectively. This showed that apparent
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equilibrium time for K adsorption increased with depth and is perhaps associated with
increase in clay content. The apparent equilibrium time for K-desorption averaged 48.0,
53.0, 53.0, 60.0 and 69.0 min in 0-15, 15-40, 40-75, 75-125 and 125-150 cm depths,
respectively which was higher by 34 to 44 min than the apparent equilibrium time for
adsorption. Comparatively higher values of apparent equilibrium time of K desorption
showed that desorption of K is slower than its adsorption and interestingly, ratio of apparent
equilibrium time of desorpton and adsorption decreased with depth,showing relatively
more decrease in K-desorption with increase in clay content with depth. Relative abundance of vermiculite was more pronounced in lower horizons which may also be a cause
of slower desorption in lower depths.
The first-order equation was best of the five kinetic models tested to describe the
rate of K-adsorption and desorption in all the five horizons of the soil profile as evidenced
by the overall highest values of coefficient of determination (Ft2) and lowest values of
standard error (SE) of the estimate.The parabolic diffusion law was nearly as good as the
first-order equation in describing K-adsorption and desorption kinetics. This observation
showed that intraparticle diffusion was the rate limiting step in K-exchange process in the
profile samples of Tulewal loamy sand.
The cumulative amount of K-adsorption and desorption decreased with increase in
temperature from 298 to 313K. Percent decrease with increase in temperature at
equilibrium ranged from 40 to 58 in cummulative K-adsorption and from 33 to 58 in
cummulative K-desorption. The apparent equilibrium reached faster at higher temperature
as is obvious from relatively higher values of rate coefficients and lower values of half times
of equilibrium, ti«. Relatively higher values of apparent adsorption rate coefficient, ka' and
apparent desorption rate coefficient, kd' at 313K as compared to these values at 298K
indicate that the rate of reaction increases with increase in temperature, which is in
accordance with the Vant' Hoff's equation. However, temperature did not affect the type
of kinetic equation describing the adsorption and desorption data of potassium on these
soil samples.
The cumulative amount of K adsorbed and desorbed at equilibrium decreased with
CICy as background anion in comparison to that of CI". Percent decrease in cumulative
amount of K-adsorption was 35 to 47 and percent decrease in cumulative amount of Kdesorption was 5 to 29 in perchlorate anionic medium. The decrease in K adsorption and
desorption as a result of change over from CI" to CICy as background anion was more
conspicuous in lower horizons. It is ascribed to the formation of weak complexes (CaCI+,
MgCh) with divalent metal cations (Sposito et al 1981).
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Structural Modifications of Soil Extracellular Enzymes on
Adsorption on Clay Mineral Surfaces
H OUIOUAMPOIX, UFR de Science du Sol, INRA-ENSA, 2 place Pierre Viala,
34060 MONTPELLIER Cedex, FRANCE
Introduction
Mineral surfaces can interfere with the degradative metabolism of soil
microorganisms by adsorption of the extracellular enzymes they secrete. These enzymes are
necessary for the degradation of soil organic matter making it soluble and thus transportable by
the membrane permeases of soil microorganisms. The main consequence of the adsorption on
clay mineral on the pH profile of the catalytic activity of these enzymes is a shift of the
optimal pH towards more alkaline values. This phenomenon has been differently interpreted:
either by an effect of local pH in the vicinity of the electronegative surface (1,2) or by a pHdependent modification of conformation of the adsorbed enzymes (3-5).
Materials and Methods. The modification of the conformation of a model protein, bovine
serum albumin (BSA), in the presence of a clay surface, montmorillonite, was deduced from
the ratio between the quantity of cations exchanged on adsorption of BSA and the quantity of
protein bound which permits the calculation the specific interfacial area of the adsorbed
protein A paramagnetic cation, Mn2 + , was added to the clay suspension and its release from
the clay surface was followed by measuring the line broadening effect of displaced Mn z + on
the 3 1 P NMR signal from orthophosphate in the solution (4).
The effect of the presence of various mineral and organo-mineral surfaces on the catalytic
activity of Aspergillus niger and sweet almond 0-D-glucosidases was measured and the results
expressed as R and F (3). R is the relative activity of the enzyme, i.e. the ratio of the activity
due to the fraction adsorbed and that of an equal quantity of enzyme in solution, and F is the
proportion of non-adsorbed enzyme.
Results and Discussion. Figure 1 shows a maximum adsorption of BSA near pH 4.7 which is
its isoelectric point (i.e.p.), but the quantity of Mn 2 + released shows a different pattern. If
the fraction of Mn 2 + released is assimilated to the fraction of the clay surface covered by the
protein two important conclusions for adsorption and conformational stability properties of
the protein can be reached. Above the i.e.p. both the quantity of protein adsorbed and the
quantity of Mn 2 + released decrease in the same proportion when pH increases, indicating a
lowering of the surface coverage of the clay surface. Electrostatic repulsion can be
incriminated since in this pH range the protein is negatively charged like the clay surface. But
below the i.e.p. the quantity of Mn 2 + released remains constant when the quantity of protein
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adsorbed decreases, indicating an unfolding which increases the specific interfacial area of the
protein as pH decreases. Here electrostatic attraction between the positively charged protein
and the negatively charged clay surface explains the phenomenon.
Figure 2 shows the consequences of the mechanism demonstrated above for enzyme activity vs
pH. The relative activity R of the /3-D-glucosidases decreases with decreasing pH as it could
be expected if electrostatic interactions lead to an unfolding of the enzymes. The fraction of
the enzyme which is not adsorbed, F, increases with increasing pH as it could be expected if
electrostatic repulsion acts as a barrier for diffusion of the enzyme towards the clay surface.
Figure 3 shows that interactions other than of electrostatic nature may also be involved. The
occurence of hydrophobic interactions can be deduced from the fact that the uncharged
hydrophobic talc surface has a larger destabilizing effect on the enzyme activity than the
hydrophilic citrate-goethite surface which also bears a very low electric charge. Compared to
the goethite and talc surfaces, the negatively charged surface of montmorillonite confirms the
strength of electrostatic interactions since the most important denaturation of the enzyme
structure is observed on this surface at low pH.
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Figure 4 shows that the organic matter coating mineral surfaces is another important factor.
The lysozyme-montmorillonite complex involves a protein with a high i.e.p. which is strongly
held on the clay surface and is not exchanged by the enzyme, protecting it from unfolding at
low pH. In contrast the enzyme appears to unfold on the complex of montmorillonite with
polyethylene glycol (PEG) at low pH since the adsorption of the positively charged enzyme on
the electronegative clay surface is energetically more favorable than that of PEG, which is thus
displaced. As the pH increases the enzyme loses its positive charge and hence its ability to
displace the PEG. A natural clay-humic fraction shows an intermediate destabilizing effect on
the enzyme. There is probably a lower energy of interaction for some of the natural humic
substances with the claj surfaces, which are thus more easily exchanged than PEG.
In conclusion the extent of pH-dependent conformational changes of enzymes adsorbed on soil
colloids surfaces fully explains the shift of their optimal pH.
Literature Cited.
(1) Mc Laren, A.D., and E.F. Estermann. 1957. Influence of pH on the activity of chymotrypsin at a
solid-liquid interface. Arch. Biochem. Biophys. 68: 157-160.
(2) Aliev, R.A., V.S. Gusev, and D.G. Zvyagintsev. 1976. Influence of adsorbents on the optimum pH
of catalase. Vestn. Mosk. Univ. Biol. Pochvoved. 31: 67-70.
(3) Quiquampoix, H., P. Chassin, and R.G. Ratcliffe. 1989. Enzyme activity and cation exchange as
tools for the study of the conformation of proteins adsorbed on mineral surfaces. Prog. Colloid Polym.
Sci. 79: 59-63.
(4) Quiquampoix, H., and R.G. Ratcliffe. 1992. A 3I P NMR study of the adsorption
of bovine serum
albumin on montmorillonite using phosphate and the paramagnetic cation Mr?+ : modification of
conformation with pH. J. Colloid Interface Sci. 148: 343-352.
(5) Quiquampoix, H. 1994. Enzymes and proteins, interactions with mineral surfaces. In press. In
C.W. Finkl (ed.). The Encyclopedia of Soil Science and Technology. 2nd Edition. Van Nostrand
Reinhold. New York, NY.
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Cadmium, Copper and Zinc Sorption by Volcanic-ash
Derived Soils
E. B. Schalscha*, I. Ahumada and I. Vergara. Facultdd de Ciencias Quimicas y
Farmacéuticas, Universidad de Chile, Casilla 233, Santiago 1, Chile.
Introduction. Volcanic-ash derived soils comprise a high percentage of
agriculturally important soils in Chile. Among the Andepts are the most
important and represent more than one third of the potentially arable land.
Some Ultisols (Humults) also derive from volcanic ashes and are important in
the same geographical location where the Andepts are predominant (1) . These
volcanic-ash derived soils are characterized by a high organic carbon content,
amorphous clay (allophane), high specific surface areas, and a pH dependent
charge.
The reactions between these soils and metals like cadmium, copper or
zinc, have to be studied in order to evaluate and ultimately select
appropriate sites for disposal of metal containing wastes. Since adverse
effect of heavy metals have been related to the capacity of a given soil to
retain them, the factors affecting this retention have to be studied to
understand its behaviour. Numerous studies have been published in relation
with the metal adsorption characteristics soils and of iron and aluminum
oxides, undoubtedly mayor and important components, but few papers have dealt
with the adsorption of heavy metals by these soils themselves (2,3,4).
Materials and Methods. The present study involves six different volcanic-ash
derived soils: two Ultisols (Humults) i.e. the Collipulli and the Cudico soil,
and four Inceptisols (Andepts) i.e. the Frutillar, Piedras Neqras, Puerto
Octay and Osorno soils. Some of their properties are described in Table 1.
TABLE 1. Some properties of soils studied.
SOIL

Collipulli
Cudico
Frutillar
Osorno
Piedras N.
Pto. Octay

1:1

pH
1:20

1:25

5.2
5.3
5.2
5.3
4.7
5.8

5.7
5.7
5.8
5.5
4.5
6.1

5.7
5.7
5.8
6.0
4.5
6.0

Orqanic
Carbon
%
3.17
6.72
20.42
7.70
13.73
12.10

CEC
Cd
•- cmol/kq
127.4
125.2
65.7
102.2
96.1
102.6

0.07
0.11
0.05
0.08
0.04
0.06

TOTAL
Cu

Zn

2.30
1.47
1.39
1.14
0.92
0.95

2.25
2.45
1.40
1.50
1.45
2.15

In order to study their metal sorption capacity, 1 g samples of each soil were
treated (in duplicate experiments) with 0.5 x 10
up to 10
M metal
perchlorate solutions, their pH adjusted to the one of a 1:1 soil water
suspension usinq HC10. or NaOH respectively, while maintaininq their ionic
strenqth usinq 0.01 M NaCIO , and shaking until equilibrium conditions were
reached. Time necessary to reach equlibrium was previously determined (Table
2). The sorption data obtained was plotted according to the Langmuir
adsorption isotherm equation and maximum adsorption calculated (Table 3)
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Results and Discussion. Results obtained show that equilibrium time for Cu
sorption was reached after two hours of shaking, while in the case of Zn it
took ten hours and for Cd up to 24 hours were necessary to attain equilibrium.
TABLE 2.

Time necessary to reach equilibrium conditions

SOIL

Cd

Collipulli
Cudico
Frutillar
Osorno
Piedras Negras
Puerto Octav

24
8
12
8
24
24

Cu
Hours
2
2
2
2
2
2

Zn
8
8
8
8
10
8

A high copper sorption capacity was observed in all the soils while zinc
sorption is much lower and cadmium sorption even lower. The much higher Cu
sorption by these soils may only partly be due to a precipitation because of
TABLE 3. Adsorption maxima of metals studied.
SOIL
Collipulli
Cudico
Frutillar
Osorno
Piedras Negras
Puerto Octav

Cd
14.6
14.7
13.9
16.3

7.0
17.2

Zn

Cu
•- mmol/kg
128.9
152.9
148.5
130.8
85.4
161.8

40.2
38.1
35.6
28.0
10.2
47.2

the pH of the system. This can be observed in the case of the Piedras Negras
soil where the suspension pH is below 5 and where the Cu sorption is still
very high, many times higher than that of Cd or Zn. On the other hand the
sorption of the three metals decreases as the soil supension pH decreases,
which was to be expected given the pH dependence charge of these soils. Using
the model proposed by Sposito (5) it was found that copper adsorption
conformed to a "two surface" type of adsorption thus indicating that two
different retention mechanisms, one of high the other of low adsorption
energy, are present.
Literature Cited.
(1) Besoain, E. 1985. Los Suelos. In: Suelos Volcanicos de Chile. J. Tessa
(ed). INIA, Santiago, Chile.
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Fixation by an Acid Soil Clay: Effect of Selective Desorption. Soil Sci. Soc.
Am. J. 48:1050-1054.
(3) Kuo, S., and A.S. Baker. 1980. Sorption of Copper, Zinc and Cadmium by
some acid soils. Soil Sci. Soc. Am. J. 44:969-974.
(3) Pardo, M.T., and M.E. Guadalix. 1990. Phosphate Sorption in Allophanic
Soils and Release of Sulphate, Silicate, and Hydroxyl. J. Soil Sci.
451:607-612.
(5) Sposito, G. 1982. On the Used of the Langmuir Equation in the
Interpretation of "Adsorption" Phenomena: The "Two Surface" Langmuir Equation.
Soil Sci. Soc. Am. J. 41:1147-1152.
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Multicomponent Volatile Organic Vapor Diffusion and
Sorption in Soils
D. E. Rolston', S. Amali, and L. W. Petersen. Department of Land, Air and
Water Resources, University of California, Davis, California, 95616,
USA.
Introduction. Liquid mixtures of volatile organic chemicals (VOCs) contaminating many soil
and ground water sites give rise to multicomponent mixtures of their vapors. Previous
investigations have shown that in an isobaric, isothermal, multicomponent vapor system,
Fick's law estimates of the diffusive flux for each species should not be used when the
effective binary diffusion coefficients are sufficiently different. Any modeling of VOC vapor
flow in soil must also account for the strong competition between VOCs and water and any
competition among VOC species.
Curtis and Hirschfelder (2) present an equation for diffusion of a multicomponent
mixture of gases. Solutions to this equation can be found for the fluxes of the individual
species by numerical simulation procedures. An objective of the present research was to
theoretically determine if vapor diffusion of the VOC mixture in equilibrium with a
representative "gasoline" liquid mixture might give rise to deviations from Fick's law. Fluxes
calculated from the theory were compared with laboratory measurements of diffusion of
three species in a sand column.
For multicomponent adsorption of water and VOC vapors on soil, Hill (3) proposed
a modified version of the single-species, multilayer BET adsorption model (1). Predictions
of VOC vapor adsorption in the presence of water vapor from this model were compared
with measured adsorption on a sand and a soil. This model was also tested for transient
diffusion of VOC mixtures in the laboratory.
Materials and Methods. Adsorption of trichloroethylene and toluene was measured on a
coarse riverbed sand and Yolo silt loam. To obtain adsorption data in the very low relative
vapor pressure range, the Equilibrium Partitioning in Closed Systems (EPICS) method (4)
was used. The method is a mass balance technique that involves measurement of the
headspace vapor concentration in sealed glass bottles by gas chromatography. All bottles
were rotated for 24-36 h at 25 C to reach equilibrium. One mL of headspace was removed
from each bottle with a gas-tight syringe and analysed by a gas chromatograph equipped
with a flame ionization detector. Relative humidity in similarly-prepared bottles of the
samples was also measured. A high vacuum technique was used to obtain data at a higher
relative vapor pressure range than was possible with the EPICS method. In this technique,
an electrobalance located inside a glass vacuum chamber measured the weight change of
about 0.5 g of a soil sample upon adsorption.
Multicomponent diffusion of VOC mixtures was studied using 0.75-m long columns
of air-dry sand. A constant concentration of the VOC mixture was maintained at one end
of the column by attaching a well-mixed chamber with the liquid VOC mixture in the bottom.
The other end of the column was maintained at zero VOC concentration by sweeping air
across the end. The vapor mixture consisted of air, benzene, and trichloroethylene. The
fluxes of the VOC species were determined by measuring the flow rate and concentration
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in the sweep air at the exit end of the column. The VOC concentration was also measured
from gas samples taken at three locations within the column.
Results and Discussion. For multicomponent diffusion, the theoretical investigation of a
semi-hypothetical "gasoline" mixture containing reasonably volatile aromatic constituents
plus carbon tetrachloride showed that the multicomponent effect can also be observed
when the binary diffusion coefficients are not substantially different but when the total mole
fraction of the diffusing species is sufficiently high. The importance of both diffusion
coefficients and total mole fraction when modeling diffusive fluxes requires that simulations
be performed for any given vapor mixture. For our "gasoline" mixture, an approximate total
mole fraction of 0.05 was found to lead to an underestimation of single species fluxes by
Fick's law of up to 5%. Simulations of steady-state fluxes further indicate that oxygen and
nitrogen do not need to be treated differently and can be combined to form one species,
"air". Likewise, various VOC species with almost identical diffusion coefficients can be
grouped to form one representative class.
For the laboratory investigation of multicomponent diffusion, steady-state fluxes of
benzene and trichloroethylene in air were compared with those calculated from the theory.
Theoretical fluxes compared well with measurements. For both VOC species, fluxes
determined from Fick's law would be an underestimate of the true flux by 6 to 7%.
To account for multicomponent, competitive adsorption, the multicomponent form of
the BET equation with finite number of adsorption layers was tested. For relative humidities
corresponding to less than one molecular layer of water coverage and at low to very low
toluene and trichloroethylene vapor pressures, the model underpredicted the adsorbed
amounts of both species from their binary mixtures with water on both soils. At relative
humidities corresponding to between one and two molecular layers of water coverage,
predictions compared well with data.
During transient diffusion of trichloroethylene, benzene, and air in 0.75-m long soil
columns, the multicomponent form of the BET equation was required to adequately
describe sorption processes during flow. The use of single-component, linear partitioning
to describe sorption would result in a significant underestimation of gas-phase
concentrations within the column and fluxes at the end of the column, especially for
trichloroethylene. Since benzene vapor is less strongly sorbed than trichloroethylene vapor
and sorption occurs more in the linear isotherm range, it is not as critical to use the nonlinear, multicomponent form of the BET equation for benzene.
Literature Cited.
(1) Brunauer, S., P. H. Emmett, and E. Teller. 1938. Adsorption of gases in multimolecular
layers. J. Am. Chem. Soc. 60:309-319.
(2) Curtiss, C. F. and J. O. Hirschfelder. 1949. Transport properties of multicomponent gas
mixtures. J. of Chem. Phys. 17(6):550-555.
(3) Hill, T. L. 1946. Theory of multimolecular adsorption from a mixture of gases. J. of
Chem. Phys. 14:268-275.
(4) Peterson, M. S., L. W. Lion, and C. A. Shoemaker. 1988. Influence of vapor-phase
sorption
and diffusion on the fate of trichloroethylene in an unsaturated aquifer system.
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Competitive adsorption of phosphate and oxalate on and
desorption of sulfate from an Al(OH)x-sulfate complex
A. Violante and L. Gianfreda, Dipartimento di Scienze
ChimicoAgrarie, Universita di Napoli "Federico II", 80055 Portici, Italy.
Introduction. Simple organic acids are among the most important molecules secreted by the roots
of growing plants (1). Furthermore, the rhizosphere is a favorable habitat for acid-producing
bacteria. Oxalic acid is one of the low-molecular weight organic acids more abundant in the
rhizosphere. It is produced by fungi and typifies the earliest decomposition product of leaf litter.
Phosphate and sulfate are important nutrients for plants and could compete with oxalate for
adsorption sites on soil components (2). Some studies have been carried out on phosphate sorption,
but the influence of root exudates, oxalate included, on the adsorption/desorption of phosphate and
sulfate has not received attention.
The aim of this work was to study the competitive adsorption of phosphate and oxalate on
and the concomitant desorption of sulfate from an aluminum-hydroxide-sulfate complex.
Materials and Methods. An aluminum-hydroxide-sulfate complex was prepared by adding 0.1 M
NaOH to a stock solution of 0.1 M AICI3 and 2 M Na2S04 to pH 8.0. The precipitate was collected
by ultrafiltration, washed and freeze-dried. The sample showed a content of sulfate of 800 mmol/kg.
Sorption experiments were carried out by adding suitable amounts of oxalate and/or
phosphate to samples of the precipitate (aged 4 months after drying) in 25 ml of 0.1 M KC1, shaken
for 24 hours at 20 °C in a thermostatically controlled room. The pH of the suspensions was
periodically adjusted with 0.1 M HC1 or NaOH in 0.1 M KG. The suspensions were centrifuged and
ultrafiltered. Phosphate, oxalate and sulfate in the final solutions were determined by ion
chromatography.
Results. The isotherms for phosphate or oxalate on the aluminum-hydroxide-sulfate complex at pH
5.0 showed typical Langmuir characteristics. The calculated maxima of phosphate and oxalate were
1940 mmol and 1221 mmol/kg, respectively, whereas the maximum sulfate desorbable was 580
mmol/kg in the presence of phosphate and 602 mmol/kg in the presence of oxalate.
More phosphate than oxalate was adsorbed in the range of pH 4.0-9.0, but more sulfate was
usually desorbed in the presence of oxalate than in the presence of phosphate (Figures 1 and 2). It is
possible that many sites, previously occupied by sulfate ions, were more specific for oxalate than for
phosphate. By increasing pH from 4.0 to 9.0, phosphate adsorption regularly decreased, oxalate
adsorption exhibited a maximum at pH ~ 5.0, whereas sulfate desorption increased both in the
absence or presence of phosphate or oxalate. This indicates that hydroxyl ions competed with the
other ligands for adsorption sites on the complex.
When phosphate and oxalate were added as a mixture (phosphate/oxalate molar ratio = 1),
more phosphate than oxalate was adsorbed at each pH.
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The oxalate adsorbed/phosphate adsorbed molar ratio was 0.45 at pH 4.0, 0.21 at pH 7.0,
and 0.10 at pH 9.0. The quantities of phosphate sorbed in the presence of oxalate decreased by 1020% in the range of pH 4.0-6.5, but they remained practically unchanged at pH > 6.5. On the
contrary, oxalate adsorption drastically decreased in the presence of phosphate by 32-80% from pH
4.5 to pH 9.0. However, the amounts of sulfate desorbed in the presence of both phosphate and
oxalate ligands were lower if compared to those ascertained in the presence of oxalate. These
findings indicate that the lower the quantities of oxalate adsorbed, the lower the amounts of sulfate
replaced from the complex.
Literature cited.
(1) Huang, P.M., and Schnitzer M. 1986. Interactions of Soil Minerals with Natural Organics and
Microbes. SSSA Special Publication n. 17, SSSA, Madison, WI.
(2) Violante, A. and Gianfreda, L. 1993 Competition in adsorption between phosphate and oxalate
on an aluminum hydroxide montmorillonite complex. Soil Sci. Soc. Am. J. (in press).
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A Mechanistic Model for Predicting the Transfer of Heavy
Metals in the Soil-Solution-Plant System
Q. T. Wu, J. L. Morel, and A Guckert. South China Agricultural
University, and ENSAIA, Phytotechnie-INRA, 54505 Nancy, France.
INTRODUCTION: The accumulation of heavy metals by plants growing
in contaminated soils depends on the soil supplying these elements
to plant roots and on the size and uptake characteristics of the
plant root
system. Nutrient uptake models have been developed,
modified and verified(Barber, 1984). However, to use these models,
at least
3
soil
parameters
and 8 plant parameters are
required. Furthermore, the computer program fails to run with the
soil-plant data for Cd due to arithmetic errors! Mullins et al,
1986). The objectives of this study were to build a relatively
simple model for predicting the transfer of heavy metals in the
soil- solution-plant system and to verify this model for Cd with
pot experiments.
THEORY AND MODEL: The process of heavy metal transfer in the
soil-solution- plant system is presented as following:
uptake
translocation
|Root Surface)
•" |Plant Root]
^JAerial Parts
mass-flow \
diffusion

~ —- _

interception

desorption"
—-- [Soil Solution) •*
jSoil Solidl
leaching
dissolution
Where the supply by root interception is negligible.
The
desorption-dissolution was
quantified
by
a
concentration in solution (C)-solution to soil ratio(H) relation
model (We,1992):
C=C, .H"
(1)
Where Q
is the concentration in solution where H=l; a is a
constant related to soil buffer power. The desorbable (available)
element quantity (Q) was integrated:
Q=

"c-dH = C, -(I-a)' (H,,,'" - H.1")

(2)

Jc,
Where C l U is the minimum concentration in solution where the net
influx reaches zero(Barber,1984); C, is the initial concentration
in solution; H,,, and H, are the solution to soil
ratios
corresponding to C^, and Q. The soil average buffer power was
then calculated by dividing Q by C, .
The element quantity transferred by mass-flow or leaching (Q,t)
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was estimated as following:
Q1(=C,-U
(3)
Where U is the water uptake by plant roots or water loss by
leaching,and
B is the constant used to simulate the influence of
soil
buffer power
on mass-flow supply: if b<3,B=0.90; 3<b<10,
B=0.95; b>10,B~0.98.
The semi-infinite
diffusion
equation
(Crank,1955) was
adopted to the soil-root system under the condition that the
element concentration at root surface was rapidly decreased and
negligible compared with the
initial concentration in the soil
solution, such as trace elements and phosphorus. Then the following
equation was obtained:
ö
A=(8/3)C ,-b-d.R ,«L, • (JIDT, ) + C ,-U
(A)
Where A is the predicted uptake, C „, b, U and B are as defined
previously; d is the soil bulk density; R 0 is the average root
radius; 1^ is the total root length at time T{; D is the diffusion
coefficient.
EXPERIMENT RESULTS AND DISCUSSION: Pot experiments were conducted
by growing ryegrass (Lolium perenne
L;var.
Maprima) with soils
treated with
different cadmium and
nitrogen sources(We
et
al.,1989). Soil samples
were constituted according to
each
treatment
of pot experiments and measured for Ci,b,d,D. The
ryegrass growth was
studied to obtain Ro,Ll and U (Mullins et
al.,1986).
The results showed that the predicted Cd uptake with (4) (Y,in
pg/pot) was related to the observed uptake (X,in pg/pot) for
the
untreated and sludge-treated soils by:
Y= 0.94X-0.58 ( r=0.982, n=24)
and for all soils including those treated with soluble Cd:
Y= 2.63X-27.05 ( r=0.970, r=32)
The results obtained in the second year were rather similar.
The overprediction for soils highly contaminated by soluble Cd
may have been resulted from ignoring the competition between
roots,the regulation of plant roots by "food-back" effect as K
(Siddiqi & Glass, 1982) and the root mucilage protection (Morel et
al.,1986), when soil supply of heavy metals to plant roots was
excessive.
LITERATURE CITED:
(1) Barber, S.A. 1984. Soil Nutrient Bioavailability, A Mechanistic
Approach. John Wiley and Sons, Inc., New York.
(2) Crank, G. 1955. The Mathematics of Diffusion. Clarendon Press,
Oxford.
(3) Morel,J.L. et al. 1986. Biol. Fertil. Soils, 2 : 2 9 - J 4 .
(4) Mullins, G.L. et al. 1986. J. Environ. Qual., 50:1245-1250.
(5) Siddiqi, M.Y. and A.D.M. Glass. 1982. Plant Physiol.,
69:283-285.
(6) Wu.Q.T. et al. 1989. C.R. Acad. Sci. 309:215-220.
(7) Wu.Q.T. 1992. J.South China Agri. Univ., 13:121-123.
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Effects of Sorbed Phosphate on the Kinetics of Cu2+
Secondary Adsorption in Soils
D.H. Zhou, Y.Y. Dong, X.Y. Li and F.L. Xu. Dept. of Soil Science
Huazhong Agricultural University, Wuhan, 430070, P.R. China
Introduction.
In south and central China, red soil (Ultisol) and yellow-brown
soil (Alfisol) are two major kinds of variable charge soils' being short of phosphorus,
and yet grey chao soil(Inceptisol) have strong tendency to fix labile phosphate.In order
to obtain high crop products, it needs to continuously supply P fertilizer for the
deficiency , but most of the added phosphate are always adsorbed and fixed by these
soils. The adsorption and retention of phosphate not only debase the availability of
added phosphate, but also result in the remarkable changes of surface chemical
characteristics of soils (2) , and it sequently influences the chemical behaviours of
heavy metals in soils (1,4) . The objective of our research is to investigate the
interaction of sorbed P with Cu 2 * and its effect on the kinetics of Cu 2 * adsorption in
soils.
M a t e r i a l a n d M e t h o d s . T h e soil samples are collected from surface horizon of a
yellow-brown soil (SI),a grey chao soil (S2),and a red soil(S3) respectively.
The process of preparation of phosphated soil is the same as described in the previous
paper (5) . The amount of adsorbed phosphate for S1.S2 and S3 were 43.43,46.05 and 43.48
mmol/Kg respectively.
Cu 2 * kinetic experiment using flow technique.The experiments were conducted at 283,298
and 313 K according to the reference (5).
Cu 2 * kinetic experiment using batch method.Batch studies were accomplished using Cu 2 *
ion-selective electrode. For phosphated soil samples, the experimental course included
two treatments: 1>. 1 g phosphate soil samples were placed into 50-ml beaker, after
saturated in 25ml deionized water for 24 hours, Cu 2 * was rapidly introduced into the
beaker by using micro-syringe while stirring soil solution at a speed 400rpm, and then
instantly monitored the changes of Cu 2 * concentration with time until equilibrium was
reached; 2>. 1 g corresponding samples were placed into the beaker containing 25ml
deionized water, immediately added Cu 2 * into the beaker and then the experiments were
accomplished similarity to the treatment 1>.
Results and Discussion.
1. Activation energies of Cu 2 * adsorption.
According to kinetic modeling and linearity analysis of apparent reaction steps, the
Cu 2 * adsorption reactions for all the three tested soils conformed with the first-order
equation in the whole reaction period.
The activation energy (Ea) of the Cu 2 * adsorption were determined using the Arrhenius
equation (3). The Ea values for SI, S2 and S3 were 6.31, 8.86, and 7.53 KJ.mol-1
respectively , these values measured the magnitude of the forces to be overcomed during
the reaction processes. The low activation energies implied that diffusion was the ratedetermining step in the adsorption of Cu 2 * by those soils, because pure surface
controlled chemical reactions were characterized by its high activation energies about
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125.7 KJ mol -1 . It meaned that as compared with diffusion, the rate of chemical reaction
was so rapid that its effect on the total adsorption courses could be neglected.
The sorbed phosphate had little, if any , effect on the activation energies of Cu 2 *
adsorption , which meaned for each relevant phosphated soil the rate-limiting step was
also diffusion process. So, the variations in the adsorption rate between un- and pretreated with phosphate, may be-in part explained based on the influences of sorbed
phosphate on Cu 2 * ion diffusion process in soil solution.
2.Results of flow method.
The kinetic curves indicated that, for SI and S3 pretreated with phosphate, Cu 2 *
adsorption was restrained during the initial reaction period, thereafter the reactions
were stimulated. Yet , to Phosphated S2, sorbed phosphate retarded the adsorption in the
whole reaction time. This was partly attributed to the decreases of pH value and the
density of surface negtive charge.
To elucidate the effect of phosphate, the authers assumed that: While Cu 2 * solution
flowed through the soil colunm , in order to keep the phosphate equilibrium on the
interface of soil-solution, loosely bound phosphate continuously desorbed from soil
surface ,and diffused into solution,at the same time.Cu2* needed to approach to the soil
surface through diffusing, then the phosphate leaving soil surface associated with Cu 2 *
that expected to diffuse into the surface to form "collision ions pair". So, it hindered
Cu 2 * enter into the soil surface and sequently retarded the adsorption at initial
course. After those loosely bound phosphate desorbed mostly, the tightly bound phosphate
were difficult to desorb, then the retardation did not functioned no more. Meanwhile,
sorbed phosphate caused the increases of negtive charges of SI and S2 , it was helpful
to Cu 2 * diffusion to soil surface,and then the reaction speeds were accelerated.
3.Results of batch method.
The results supported the previous assumption. Kinetic curves of batch method showed
that,for treatment 1>, phosphated soil saturated in solution for 24 hrs, it implied all
of the loosely bound phosphate almost desorbed, so the Cu 2 * adsorption of SI And S3 were
stimulated in the whole reaction time. For treatment 2> , because of the effect of
phosphate desorption ,the rate of Cu 2 * adsorption decreased.
A c k n o w l e d g e m e n t . T h e program was supported by the Laboratory of Material Cycling
in Pedosphere.Insti.of Soil Sci.,Academia Sinica and Natural Sci. Foundation of China.
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Geochemical behavior of aluminum in saline acid sulfate
soils of lower Casamance (Senegal): agricultural
consequences for the rehabilitation of rice culture
J.P. Montoroi. Département Eaux Continentales, ORSTOM, 72 Route d'Aulnay,
93143 Bondy, France.
Introduction. High concentrations of dissolved aluminum have been found in acid sulfate soil
waters, especially in watersheds equipped with an anti-salt dam (1,2). A toxic hazard is assumed to
be effective against fauna (3) and vegetation, especially rice culture. In acid aquatic environment, the
solubilities of gibbsite and kaolinite control the aluminum concentration (4). During the dry season,
the oxidation of pyrite has produced sulfuric acid in soils and the dominant anion is sulfate. The
aqueous geochemistry of aluminum is significantly modified in the presence of sulfate. Other
minerals than gibbsite and kaolinite are stable in acid sulfate waters (5).
Materials and Methods. The soils of the Djiguinoum valley are highly acid and saline with a wide
range of salinity. They are clayed and the dominant clay mineral is kaolinite. They are submerged
during the rainy season from June to October, and the surface water has evaporated during the dry
season from november to may. Saline efflorescences and ground waters are sampled in different parts
of the valley. The surface waters sampling is carried out at the anti-salt dam when the sluices are
opened during the rainy season. The activities of water components were calculated using the PCWateq model.
Results and Discussion. The salinity of ground waters increases from the limit of the lowlands
to the river axis and reaches high values of electrical conductivity close to 100 dS m 1 . The surface
waters are more diluted. Three types of chemical composition are determined for the ground waters.
The waters bordering on the valley are sulfated whereas chlore ion is dominant in other waters.
Efflorescences observed during the dry season form différents types of aluminum (alunogen) and
ferrous (rozenite) sulfates which are bordering on the valley. Both theses minerals are associated with
mixed aluminum sulfates such as halotrichite, pickeringite and apjohnite. In the central part of the
valley where soil water is more concentrated, another aluminum sulfate, the tamarugite or die sodium
alum, has been found and is associated with gypsum, halite and magnesium sulfates such as
starkeyite or hexahydrite. Jarosite can precipitate in mis area under favorable redox conditions.
The sulfate activity of surface waters and ground waters is fairly constant and is set at 10-2 mol L 1
The pH is also relatively constant and is ranged from 3 to 4. The waters are undersaturated with
respect to alunogen (figure 1). They are saturated with respect to the mineral proposed by Van
Breemen (6) and assumed to be the jurbanite (5) except the ground waters from the upper part of the
valley (figure 2). No mineralogical argument has enhanced the existence of a basic aluminum sulfate
with a stoichiometric formula A10HS04 and an amorphous form is considered (5) The recent criticism
about the conventional stability diagram controlling this hydroxy sulfate need a reappraisal to explain
the aluminum regulation with a precipitation-dissolution process (7).
The specific localization of aluminum sulfates on the border of the valley and the particular pattern of
the efflorescences in relation with the distribution of surface soil particles agree with the adsorption
properties of soil colloids. In extrem acid conditions, the sulfate adsorption is increased with
positively charged surfaces of clay particles and aluminum is under an exchangeable form. The
sorption phenomena is interpretable as a precipitation reaction which is catalyzed by surface reactions
(5). The formation of the aluminum sulfates is assumed to be carried out when the water is highly
rich in sulfates and when there are local acidic reactions such as the oxidation of ferrous iron which
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releases protons in the soil solution. The fixation of protons on the exchange complex mobilize
cations which can combine with sulfates and form minerals during the concentration phase.
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Conclusion. The important sources of aluminum in Casamance acid aquatic environment is now
showed. The dilution of acid waters during the rainy season improves the mobilization of aluminum
with the other ions and the decrease of their concentration in soils. The decrease of salinity and acidity
in the upper layer of soil is required and sufficient to rice culture. If the water management is welladapted to the growth of the plant, the rehabilitation of degraded lands can be induced in such
conditions (8,9). The improvement of soil fertility (lime, phosphates and/or organic matter) must be
associated with the water management so as to sustain the rice culture. The economic aspect must be
taken in account to diffuse theses recommendations to the local populations.
Literature cited.
(1) LE BRUSQ J.Y., LOYER J.Y.. MOUGENOT B.. CARN M., 1987. Nouvelles pangeneses a sulfates
d'aluminium, de fer et de magnesium, et de leur distribution dans les sols sulfates acides du Senegal. Science du Sol,
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Geochemical Functioning of Soil Salinity
in Northern Mexico
J.L. Gonzalez-Barrios*, J.Y. Loyer. Cenid Ini&p Mexico,
Orstom France. A.P. 225B, 35078 Gomez Palacio, Dgo. Mexico.
Introduction. The eruptive material of the Sierra Madre Occidental in the north of Mexico and
the sedimentary material of the Mexican Altiplano that replace it topographically, orients the
geochemical features of natural waters and soils.
Materials and Methods. After pedological prospection, three sites representing these
petrographic and hydrochemical
characteristics were
studied
(Fig. 1). They were chosen from
propitious situations to maintain
a rised water table. Under
climatic conditions of aridity and
long dry seasons in this area, the
water concentration propitiates
Fig.l. Localization of studied sites.
salinity in soil surface. Analysis
of waters and soil salinities were useful to interpretate the soil geochemical functioning.
Results and Discussion. Natural waters of the first site come from a source located in a
basaltic material (Chorro, Dgo.); they are sodium bicarbonated waters, as showed on Piper's
diagram (2,3) (Fig. 2). Natural waters of the sedimentary site are pumped out from cretacic
calcareous and lutite strata (San Jacinto, Dgo.); they are mixed sulphated waters. The third site
of this sequence is located in a graben filled up by quaternary alluvions; natural waters come
from a run off that goes to an endoreic lagoon (San Pedro, Coah.); they are sodium chloride
sulphated waters (1). Under conditions of a good surface draining, the three different waters run
off toward this lagoon where they will be accumulated and concentrated. Along with this
sequence, and locally, there are
little endoreic bassins with a poor
draining condition and a rised water
table. In these conditions, there are
* «ruptivf sit*
differentiation of soil salinity
A sOiittHtery site
profiles with higer concentration of
salts in the soil surface.
The following pedological and
mineralogical characteristics were
identified:
Eruptive site, sodium carbonated
10
CI + « 0 ,
Solontchak (pH 9 to 10) with white
Fig.2 Aqueous solutions on Piper's diagram.
superficial
efflorescences
of
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Thermonatrite;
when
temporarily
submerged, it could be distinguish a
discontinuous black salting caused by
dissolution of the soil organic matter.
Sedimentary site, sodium sulphated
Solontchak (pH 8 to 8.4) with white
powdered salinity of Thenardite.
Lagoon site, sodium chlorided Solontchak
(pH 7 to 8) with dusty signs of Halite and
locally hygroscopical
salting signs
(calcium chloride).
Besides the superficial evaporincal salts,
log (pC02)
the analysis of vertical salinity sections
Fig.3 Oücite/water equilibrium diagram
shows, according with each site, less
soluble mineral pangenesis precipited within tbe soil. In all the sites, the abundance of
limestone is in agreement with the state of saturation of soil solutions related to calcite (Fig 3).
This is also according to predictions of
*
trupliv» silt
the thermodynamical evaporative model
4
-,.
A sfrfiMontgry sit»
"SOPREX" (4). Moreover, the state of
•
l « | M > «111
- IS
saturation related to gypsum are diferent
for each site (Fig. 4). Neverthless,
-2 0
geochemical criteria of residual akalinity
after calcite precipitation (S) shows an
f -,.H
always positive value for waters and soil
-j s
solutions of the eruptive site, and an
always negative value for those of the
sedimentary and lagoon sites.
-< !
1.5
-1.0
-t.5
-1.0
-I.»
-1.0
Thus, we can separate two main ways of
log [ s o J - 2 10, [H20]
geochemical evolution in soils when
natural waters are concentred in contact
Fig.4 Gypnan/watcr equilibrium diagram.
with geopedological materials: the alcaline way for the sodium carbonated Solontchak, and the
neutral way for the sodium sulphated and sodium chlorided Solontchaks.
-4.0-
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Simulation of Ion Uptake by Plants from Saline Soil
M. Silberbush*, A. Yakirevich and S. Sorek. Ben-Gurion
J. Blaustein Institute for Desert Research, 84993 Israel

University of the Negev,

Introduction. Salinity affects nutrient uptake and plant growth by interaction among ions in the
soil, and on nutrient uptake by the roots. A mathematical model was developed to simulate ion
uptake by non-halophyte root systems grown in saline soils (1).
Materials and Methods. The model construction is based on the following assumptions:
• The ions of concern are K+, Na+, Ca2+ and Mg 2+ , accompanied by Cl", HCOy, CO32" and H+.
• The soil-root system is lumped into two concentric cylinders, where the inner cylinder is the root
(ro) and the outer is the soil (rj).
• Water and ions migrate in the soil radially towards the root, by advection and diffusion.
I,B=K+, Na+, Ca2+, Mg 2+ , CI"

(1)
fix
di
r dr
where r is the radial distance, D* is the diffusion coefficient, C is ion concentration and vo is water
velocity. The retardation factor, R$, is the product of cation exchange between the solid surfaces
and the soil solution according to a Gapon-type isotherm.
• Ion absorption mechanism is unique for each ion. Uptake rate (net-influx) J|o is a function of its
concentration in the soil solution at the root surface, but also affected by the concentrations of the
other cations:
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where Ka is the apparent Michaelis-Menten coefficient, Jmax. maximal K+ influx of the saturable
mechanism, and a the slope of the linear influx from relatively high concentrations; Ca2+, Mg 2+
and CI" are assumed to be absorbed passively, where Pm is root permeability, and Cfo is the
concentration of I inside the root tissue; a'is the slope of Na+ influx as a function of its
concentration, above a critical concentration Ccr.
• Cation-Anion absorption balance controls the pH at the soil-root interface, which interacts with
calcite, and controls Ca 2+ concentration.
• Root length growth Lj is being affected by soil salinity as a function of C c y ] £ c ' .
T

• Total uptake of each ion by the plant: U1 = 2 ntü J L(t) J1^ (t)dt.

(3)

•«

Parameters Evaluation:
Ion influx parameters were determined in two sorghum [Sorghum bicolor (L.) Moench] cultivars
which varied in their salinity tolerance: PI-34911 'Hegari', a salinity-tolerant genotype, and NB9040, a salinity-sensitive inbred line. Potassium influx parameters were measured by the iondepletion procedure in plants grown in different concentrations of NaCl and Ca 2+ , and Na+ and CI"
influx rates were determined by their accumulation in the plants. Influx parameters of Ca 2+ and
Mg 2+ were obtained by calibration of the model against plants grown in soil.
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Model Calibration and Verification:
Plants of the two sorghum genotypes were grown in pots with mixed Stuttgart soil (Fine,
Montmorillonitic, Thermic, Typic Natrudalfs) from Stuttgart, Arkansas, U.S.A. The soil was mixed
and incubated for 30 days with 2% (w/w) lime and 0, 12.3, 24.6, and 36.9 mmol NaCl/kg soil. Soil
bulk density was uniform in all pots (1.25 g/cm), and moisture content was kept constant at 32%
(v/v). The plants were harvested after 53 days of growth. The shoots were analyzed for their mineral
contents. The roots were washed from the soil, and their length was determined by the line-intercept
method. Root growth with time was assumed to obey a first-order exponential function. The system
of nonlinear transport equations was solved by numerical method of finite differences on a grid with
a moving boundary ri, as a function of time.
Results and Discussion. Table 1 presents the simulated root permeability for Na + , Ca2+, Mg 2+ and
CI" ions. Root permeabilities were not constant, but decreased with the increase in ion concentration
in the soil solution, for all ions.
Table 1. Initial concentrations (mM) and root permeability of Na + , Ca2+, Mg 2+ and CI" influx
(cm/day) of sorghum plants grown in four NaCl amendments in a Natrudalf.
Treat. NaCl
Na
Ca
Mg
CJ
1
3
Mg
2
#
(mmol/kg)
rmM^ a'-lCT* faiNft C » "
fmM^ Pm l(T ( m M ^ P^'-ICT3
1
0.0
17.7 2.0
0.4 1100.0
0.65 18.0
3.0 22.0
2
12.3
78.5 1.1
16.2
4.5
1.91
2.7
61.0
1.3
3
24.6
114.5 0.4
37.0
2.0
4.01
1.1
161.0
0.7
4
36.9
137.1 0.6
43.1
1.6
4.43
0.7
193.2
0.6
Table 2. Measured (meas.) vs. calculated (calc.) uptake ((imol per pot) of different ions by
sorghum plants grown for 53 davs (46 days of simulation^ in soil treated with 4 amounts of NaCl.
Treat. NaCl
K
Na
Ca
Mg
CI
#
(mmol/kgl
meas. calc.
meas. calc.
meas. calc. meas. calc. meas. calc.
1
0.0
2379 2370
55.2 54.2
1052 1050 800 805
830 829
2
12.3
1934 1890 138.3 130.0
1102 1080 685 661 1553 1520
3
24.6
1550 1540
53.7 55.1
909
886 475 475 1257 1250
4
2&2
201 217
55.2 55.2
437 440 2Q8 2Q3
Z2S 7J2
Potassium concentration in the soil solution at the root surface (and in the exchange complex)
depleted in all four treatments. Concentrations of the other ions increased in treatments 2-4, since
the rate of their transport to the root surface was higher then the uptake rate. Parameters of the
isotherm of K+ influx, introduced into (2.1), were linear functions of Na+ concentration at r=ro:
J™ = (0.66-0.0025C r N ;)«10^ u.mol cm"2 r»; K. = 14.83 + 0.75C?; uM;h = 1.49 + 0.014C*"
These functions were similar for either cultivar because of the high Ca 2+ concentration in the soil
solution (Table 1). Good agreements were obtained between simulated and measured uptake of the
different ions by sorghum plants grown in the NaCl-ammended soil for 53 days (Table 2).
Simulations started at 7 days after sowing. The following concentrations were assumed to be the
same in all simulations: C£"=0.25, C^=0.25 and C°=0.50mmol/1.
Total uptake of the different ions were affected both by influx to the root surfaces and by the
absorbing surface area (Eq. 3). As a result, Na+ and CI" uptake increased in treatment 2, but
decreased in higher concentrations, i.e., treatments 3 and 4.
Literature Cited
(1) Silberbush, M., S. Sorek and A. Yakirevich. 1993. K+ uptake by root systems grown in soil
under salinity. Transport in Porous Media 11:101-116.
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Sodic Soil Reclamation and Solute Composition Using the
UNSATCHEM Model
Donald L. Suarez1 and Jiff Simunek2
l

U.S. Salinity Laboratory, U.S. Department of Agriculture, Agricultural Research
Service, 4500 Glenwood Drive, Riverside, California 92501, USA.
2

Research Institute for Soil Reclamation and Protection, Éabovfeskd 250, 156 00
Prague 5, Czech Republic.
Reclamation of sodic soils is usually undertaken to reduce the exchangeable sodium percentage
to below 15. While there is some chemical rational for this empirical value, the adverse effects
of soil dispersion, swelling and loss of aggregate stability depend on many other factors
including soil mineralogy, salinity, pH, soil texture, organic matter and management practices.
Present recommendations on reclamation consider quantities of amendments and water needed
and cation exchange capacity with an implicit assumption regarding ion exchange selecxivity
and exchange efficiency. Use of more amendment than the minimum required for soil stability
results in additional time, expense and increased salt loading to the ground water.
More efficient use of amendments and improved management of the reclamation process
requires quantification of all relevant processes. This requires knowledge not only of the
existing hydraulic properties of the soil but also their response to changes in the chemical
composition of the soil water. The solution chemistry needs to be defined with space and time
to calculate the solubility of the amendments and /or rates of Ca release from minerals such
as dolomite and calcite. As is demonstrated, elevated soil C0 2 concentrations are important
both in affecting the solubility of calcite, and by affecting the soil pH and thus soil stability.
In this presentation we give a brief overview of the UNSATCHEM model [Suarez and
Simünek, 1993] and demonstrate its use for evaluating the reclamation of a sodic soil using
various amendments and management strategies.
The UNSATCHEM model consists of an unsaturated water flow model coupled to
multicomponent solute transport. The model has a major ion chemistry submodel and
multiphase gas transport with a C0 2 production submodel. The model also includes a heat
flow submodel which is used for predicting soil temperature. Soil temperature is required for
the prediction of C0 2 production as well as for the plant growth submodel. Plant growth is
simulated by combining exponential growth with a degree day growth expression. Water
uptake is modified by gas composition in the soil, salinity and water stress. The concentration
of C0 2 in the soil profile is a dynamic variable which is required for prediction of the solution
composition.
The production of C0 2 is treated as the sum of the production rate by the soil microorganisms,
y„ and plant roots, yp
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P = 7, + 7, -7,0 I I fs, +7^> n / *
(

i

where the subscripts s and/7 refer to soil microorganisms and plant roots, respectively, I I / ( i s
the product of reduction coefficients (dependent on depth, temperature, pressure head, C0 2
concentration, osmotic head and time). The parameters 7 rt and 7,0 represent, respectively, the
optimal C0 2 production by the soil microorganisms or plant roots at 20°C. The individual
reduction functions are given in Simünek and Suarez [1993] and discussion of selection of the
values for optimal production as well as coefficients for the reduction functions is given in
Suarez and Simdnek [1993]. Production functions are distributed exponentially with depth.
The chemical submodel is a speciation program which considers cation exchange using "Gapon
type" expressions, calculation of the activity coefficients of the individual ions using either
Debye-Hiickel or Pitzer formulations for very high salinities, and provision for either
equilibrium with solid phases or dissolution-precipitation using kinetic expressions. The model
allows for precipitation of gypsum, calcite, sepiolite, gibbsite, hydromagnesite, and
nesquehonite whenever the calculated solution composition exceeds saturation for these phases.
If any of these phases are specified to be present in the soil, the model can force the solution
to saturation. In addition to these reactions, options exist for use of rate expressions for the
dissolution of calcite, dolomite and aluminosilicates. Use of the kinetic expressions requires
that we have knowledge of the specific surface areas of these solid phases. Using these factors
allows for evaluation of the suitability of acid application for reclamation of a soil, as well as
providing improved prediction of the solution composition.
Comparison was made of the reclamation of a soil using various amendments, such as acid,
applied to a calcareous soil, gypsum, and calcite. We also consider the effects of amendment
placement, i.e., surface application as well as mixing into the soil profile. Simulations
accounting for calcite dissolution demonstrated that large amounts of dissolution and Ca
release occur, contrary to general consensus that calcite solubility has a negligible effect on
reclamation. Calcite solubility is greatly enhanced when coupled with ion exchange, especially
under elevated C0 2 conditions, such as during infiltration. Addition of organic matter, which
has been shown by others to enhance reclamation serves to elevate C0 2 levels and enhance
calcite dissolution. Such reclamation is shown to be feasible only if the leaching water is
sufficiently saline to avoid adverse physical effects during reclamation. We also evaluate the
differences in quantity of water and time required for reclamation using the various
amendment options. The model simulates the changes in hydraulic conductivity, as affected
by changes in pH, exchangeable sodium and total salinity during reclamation. These changes
in hydraulic conductivity are an important consideration when choosing amendments.
Simünek, J., and D. L. Suarez. 1993. Modeling of carbon dioxide transport and production
in soil: 1. Model development, Water Resour. Res., 29(2), 487-497.
Suarez, D. L., and J. Simünek. 1993. Modeling of carbon dioxide transport and production
in soil: 2. Parameter selection, sensitivity analysis and comparison of model predictions
to field data, Water Resour. Res., 29(2), 499-513.
Suarez, D. L., and J. Simünek. 1994. Modeling major ion equilibrium and kinetic chemistry
coupled to unsaturated water flow and solute transport, Soil Set Soc. Am. J., submitted.
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Assessment of soil and subsoil permeability
peculiarities as a factor determining the intensity
of a secondary salinization
V.I. Sergeyev, T.G. Shimko, S.L. Cherkovsky Department of Geological Environment Protection Laboratory, Faculty of Geology, Moscow State University, 119899 Moscow, Russia.
Introduction. It is known that the agricultural practice in arid regions is often accompanied
by soil salinization. For the fight with this fenomenon they often use the method of intensive
soak for the purpose of a fertile layer desalinization. However it can lead on the one hand
to a pozitive rezult, and on the other hand to a distinctly negative one. The negative effect
can be observed in that case, when the main volume of water intended for the washing,
percolates not through the soil, but through different structural disturbances in i t through
hollows caused by traces of shrews, remains of roots, fractures, large pores, etc. Water
quickly reachs a water table, that leads to water level raising. When ground waters are
highly mineralized, which are typical for arid regions, the upper soil layer becomes salted.
In the article the method for field study the filtration nonhomogenity is considered. It
is named "The method of the differential permeability determination" which permits to
estimate the portion of water discharge through the different structure disturbances and to
determine the expediency of the soil desalinization by watering.
Method of determination of differential permeability. The method is based on the wellknown in hydrogeology way of determination of soil permeability. The experiment is set
on 3 by 3, or 5 by 5meters area, where only the vertical spreading of water is provided by
means of prepared barriers. Water is poured into the area. Water discharge is fixed over
time. Once the stable rate is reached, the coefficient of soil filtration is calculated:

where Q - discharge of the water, m3; S - area, m2; t - time, days; I - fitration gradient = 1.
More exact value of Klx can be found if we consider the temperature factor.
The essence of the method of determining the differential permeability is in the next step:
after the completion of the above experiment and calculation of A';, special gel-formating
solution is poured into the same area. This solution is developed on the base of liquid glass
with initial viscosity of 1,5-1,8 eps. The period of gel formation can be set from 20 minutes
to 2 hours, depending on the value of Ks. In this time period spreading of the gel-formating
solution through large structural defects can mount to more than 0,5 meters, and through
the pores of soil - 1-2 cm. Once the solution takes the gel form, top layer of the soil
(1-2 cm) is removed. Then water is poured again into the same area, and the filtration
coefficient Kl7 is determined, in the same way as in the first part of the experiment. During
this operation the large filtration channels are excluded from the area of filtration. Values
of Kj, and Kj7 define the differential permeability of the soil layer. This experiment allows
us to determine the fraction of total water expenditure trough the large defects, by finding
the difference in expenditure values in the first and the third steps of the experiment.
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Results of the experiments. Experiments with described above methods were performed in
various regions of Meddle East. They have shown that various types of structural defects in
some lithological differences can be observed down to 4^5 meters in depth. Water discharge
through large structural defects can make up to 80 - 90% of the total expenditure.
Rapid rise of ground water level occurs due to such high water discharge through various
filtration channels. The effect of salt dilution is not present.
Described method of research chould be used in arid regions with small depth of ground
water and salted ground of waters, when the possibility of soil dilution by means of intensive
washingzout is discussed.
Knowledge of filtration features (differential permeability) of soil and subsoil gives the
base for the choice of irrigation methods.
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Proposition of Detailed Classification of Soils with Salinity
Problems
A. Llerena, Allende 217-A, Texcoco, Mex., Mexico, CP 56100, Tel. (595) 4-07-09 and Fax (595)
4-49-92.
Introduction. The conventional methods which have been used in Mexico to report soils with
salinity problems are based on the classification of Manual 60 of the Salinity Laboratory of
Riverside, Cal., USDA. This classification uses the value of 4 mmhos/cm at 25 °C electric
conductivity as a limit to define whether a soil is saline or not and a value of 15 % of
interchangeable sodium as a limit to consider the soil being sodic. These definitions of saline and
sodic soils only indicate that there exist problems, but do not permit to specify the degree of
intensity of the problem. Furthermore, the numerical values only give incomplete information
on a single factor, for other factors as the soil are not taken into consideration. In both cases
appreciative errors may occur in the diagnostic emission that rendes it incomplete and less real.
Since 1972, in the northwest region of the country the classification proposed by De la Pena is
used. This classification has been employed during various years in the Irrigation District of the
Yaqui River in the northwestern part of the country . This method consists in processing a
second map, in which the affected zones are divided into areas of increasing salinity ranges. It
permits to obtain a more detailed opinion on the District problems. With the information a
more realistic and workable reclamation program can be achived. Nevertheless a more detailed
and accurate procedure is still required.
Materials and Methods. The classification here proposed by the author is detailed and
comprises eigth classes (I to VIII). These classes include information on: saline contents (S), soil
texture (T), sodium content and salt type (N), drainage conditions (D), irrigation water quality
(R), origin of the problem (O) and other problems or factors (P). The definition of the class of
soil salinity depends on one or more of the factors and the degree of affectation which is
indicated with a numeric subindex, e.g. Class II(S3, Ti), Class III(T4, N32), Class V(S4, T5, N42),
Class VII(S4, T3, N31, D54), etc.
Results and discussion. To use this classification it is required to use at least five factors,
therefore, it is necessary to gather a lot of information, but it permits to know with precision all
the limitations of the soil and the degree of difficulty reclame it.
Literature Cited.
(1) De la Pena, I., 1982. Salinidad de los suelos agricolas; su origen, clasificación, prevención y
recuperation. Boletfn Técnico No. 10, Distrito de Riego No. 41 del Valle del Yaqui, Sonora,
SARH, México.
(2) Llerena V. 1992. Apuntes de la Cétedra de Salinidad Agrlcola. Departamento de Irrigation,
Universidad Autónoma Chapingo, Chapingo, México.
(3) USDA. 1954. Manual 60, Diagnóstico y Rehabilitation de suelos salino-sódicos. Laboratório
de Salinidad, Departamento de Agricultura de los Estados Unidos.
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Salinization Problems in Al-Karnak Temples
F.R. Rabie, G.H. Mahgoub and Sh. Nakhla. Faculty of Agriculture, Ain
Shams University Egyptian Organization of Antiquities

Introduction. Al-Karnak temples suffer greatly from salinization, as salts appear clearly on the
walls of the pylones and the pillars at different depths in the form of thin films.
In some places, salt effluorescents are very obvious on the surface of the ground, especially at
the main enteraces, and other scattered places of the temples. These salts are very dangerous
because of their deteriorating effect on the monuments, and the damage caused by these salts
occured at least in two ways.
a) Soluble salts attract water by osmosis or by hygroscopicity such combination of salt and water
encourages chemical weathering.
b) Salt crystal penetrate the pores and cause desintegration of the surface.
Finding outcases of salinization will help planning and selecting of the right and most efficient
programs for conservating antiquest and monuments.
Materials and Methods. Soils samples were taken from 8 profiles, dug at different locations inside
and outside the temples. Also salt samples were taken from the efflurescent films on the columns
of Great Hyostyle hall as well as from bases on which Sphinx status were installed in the Sphinx
lined dromos. In addition water samples were taken from the cultivated land adjacent to the
temples and from the temples lake.
Soil samples and water samples were subject to chemical and physical analyses.
Results and Discussion.
1.- Salt films presents on the columns of the Hypostyle hall are mainly gypsum and halite while
salt formed on the Sphinx lined dromos are mainly halite.
2.- Moisture content inside and outside Al-Karnak temples reached as high 25% and the cultivated
land nearby, is the main source of increasing moisture inside the temples.
3.- The content of the total soluble salts of samples taken from different locations inside and
outside Al-Karnak temples were found as follows:
a) The highest salt content is found in the area very close to the shallow drain east to the
temples.
b) The lowest salt content is found in the cultivated land east to the temples.
c) Inside the temples, salt content caries within the different locations.
4.- Increasing underground water-level in the temples is the main direct factor responsible for
presence of salts, whether that increase in ground-water is a result of leaching and drainge
from the cultivated land east to the temples or as a result of the natural increase of the
ground water level due to the high dam.
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5.- Another factor considered as a cause of salinization is atmospheric humidity; from the data
obtained there is a marked increase in the monthly means of the relative humidity and
temperature after the highdam construction. Therefore amounts of water vapour could be
considered on the exposed surfaces of different monuments. Air pollutants as well, is also
considered in Thebes area, as air enriched with weathering products of calcareous sediments.
Gypsum film which is found on the columns of Hypostyle wall is a result of water vapour and
air pollutants, (Stanbolov and De Boer, 1976).
Literature cited.
(1) Stanbolov, T. and Van Asperen De Boer, J.R.J. (1976), The deterioration and conservation of
porous building materials in monuments. The international center for the study of preservation and
restoration of cultural properties, Rome. Second Edition.
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Technology for Reclamation of Clayey Soil Affected by
Secondary Salinity in Cuba.
R. Cabrera*, G. Cervera, J. R. Pérez, R. Villegas.
Institute, 19200 Ciudad Habana, Cuba.

Sugarcane Research

Introduction. Guantanamo Valley at Southeast of the Republic of Cuba is one of the more
affected regions in the country by secondary salinity, due to its semiarid climate (3). In these
conditions measures were determined to avoid the soil's secondary salinity in order to develop
successfully the agricultural under irrigation and the way to accelerate the clayey soil
improvement, depending of salt initial level.
Materials and Methods. Guantanamo province is located in the Oriental region of Cuba, at
75° 30' of latitude and 20° 38' of longitude. The temperature is typic of tropical climate with
38.2°c maximum and an annual rainfall average of no more than 850 mm at its South part.
The soil principally developed in the Aluvial plain, with 60-75 % of hydromorfics clay and are
very complex because of its gleyzation, salinity and sodicity grades. The top horizon (A) has a
smaller aggregate layer, passing abruptly to a cracked compact horizon with dilatationcontraction tendency.
To support the methodologies criteria of salinity researches, the works were carried out in two
experimental plots, which were chosen by their representativity (3). In one plot (Paraguay),
completely degraded at the beginning, without crops, different methods of soil reclamation
were studied: with deep drainage system (2-2.5 m depth), soil deep preparation technologies
and the hydrosaline regime models. In the other plot (Cecilia) the secondary salinity tendency
and the response of sugar cane to saline soil were characterized.
Results and Discussion. The soils salinization of Guantanamo Valley is associated to tectonic
movements in the geological territory's history and to man action, due to the irrigation increase
and the drainage obstruction (3). This provoked the salinity watertable creation, which being in
continuous exchange with mineralised underground water, affected the soil fertility, as was
established in Cecilia's plot, make it clear that the watertable depth through a deep drainage
system should be above 1.8 m in order to avoid secondary salinity.
In spite of poor rainfall magnitude, it falls concentrated in a short period of time, making it
possible a natural overdoses (2), which helps the leaching, provided that the soil low
permeability of the compact horizon in 30-55 cm depth gets better. According to results
obtained in Paraguay's plot, the infiltration rate increased from 2-5 mm/h to 15-24 mm/h,
when applying deep subsoiling combined with ameliorator doses (cachaza) of 100 t/ha, with a
bigger volume of percolated water, under the radical layer, provoking an acceleration of 2.5
times of natural soil leaching. Where cachaza was not applied, the subsoiling effect was
quickly eliminated, while in cachaza's treatment the effect keeps on after six years.
In accordance with the use of a particular hydric regime, the sugar cane yield in medium salt
soil permits a faster agricultural reclamation. In this case it is better to apply certain overdoses
just in the first year of the crop, obtaining acceptable economic losses of less than 15 % in
harvest. The overdoses were fixed in both plots according to the initial salt level (isl) as
follows: < 0.3 % isl it is not necessary to use; between 0.3-0.5 % isl, 25 % of overdoses in
each irrigation; between 0.5-0.7 % isl, 50 % of overdoses in each irrigation and beyond this
level it is preferable for the complete reclamation to use soil capital leaching, by overflow
method (1).
The experimental results with different technologies show that leaching is effective up to 140
cm depth, and among the ions that suffer more diminishment, in a descendent order are:
chlorine, magnesium and sodic. The most efficient treatment was the one using cachaza
(100 t/ha) and deep subsoiling, which was even superior to the one with gypsum. When there
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was no ameliorator used, the subsoiling cracks were completely closed, resulting very
dangerous for soil filtration property; existing overflow period more than 10 days in each
norm. The salt movements in the clay cracked soil in leaching period shown in figure 1, is due
to the heterogeneous structure in its empty system, these movements take place principally by
crack walls as a function of the water movements on them, saturating the microporic blocks,
when the quantity of water passing through the cracks is bigger; in that period of time the
cracks close (total saturation). In the evapotranspiration process the cracks open due to cachaza
and the soluble salts in the microporic blocks migrate again by diffusion to the walls cracks,
establishing certain balance between both after determinated time. This was considered when
building the hydrosaline regime models of the soils.
The desalinization was maintened in the agricultural period with greater force in deeper layer
of soil (100-200 cm), due to irrigation application with superficial technics, showing the sugar
cane yield in six harvests the efficiency of reclamation process with 106 t/ha as an average.
Conclusion. Due to the specific characteristics of the Valley's rainfalls, the tendency of the
soils is to natural and artificial leaching, if the watertable level is under 2 meters and the
velocity of desalinization of the radical layer increases with the combined deep subsoiling with
the application of doses of cachaza of 100 t/ha.
Is very important to take into account the cracks in salt movement for hydrosaline regime
models.
Literature Cited.
(l)Aidarov, LP. 1985. Regulation of the saline and nutritive hydric regime, in irrigated territory. Agropron: 303 pp.
(2)Bawer, G. 1987. Influence of the agricultural crops irrigation on the underground water. J.
of irrigation and drainage Eng., 1: 4-15.
(3)Instituto de Suelos, 1987. Salinity of the soils in the sugar cane area Paraguay-Honduras.
Final report, Havana: 21 pp.
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Figure 1-Dynamic of Salt Concentration in the Leaching Process.
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Study of the Salinity for the Nextlalpan Municipe, State of
Mexico.
R. Zapata R.1, F. Rodriguez C . Soil Departament. Universidad Autonoma
Chapingo. 56230 Chapingo, méxico.
Introduction. The saline soils in Mexico reaches an approximate surface of the 40% of the
total.The majority of this surface are located in the Irrigate District of Mexico.
The Nextlalpan Municipe, State of Mexico, have a surface of 1007 ha; in which some land are
affected for salinity and/or sodicity conditioned by the formation of these soils. It is located in
the maximal longitude west 99o46"55', minimal 99o07"49', north minimal latitude 19o40"55',
maximal 19o46"23'. It limits to the north with Zumpango and Jaltenco county; to the south with
Tecamac, Jaltenco (Tonanitla), Tultitlan and Tultepec Counties; to the east with Zumpango and
Tecamac Counties and to the west with Zumpango, Cuautitlan and Melchor Ocampo Counties;
with an altituted above the sea level of 2400 m.
Materials and Methods. The soil samples was prepared and analyzed by the Richards methods
(1985), for pH, CE, calcium, magnesium and sodium.
Resulted and Discussion. For the different grades of saline affectation was carried out graphics
that included the area of study, where it found extremely high and anusual values of PSI and
CE, besides of high pH values. (Richards, 1985).
- Electric Conductivity (CE). The resulted obtained in the depth of 0-30cm is that the surface
affected in a 4-8 dS/m, represent 45.4% of the total area, and are classified as a second class
soil, affecting sensitive crops.
In the depths of 30-60 60-90cm is that the surfase affected in a range of 12-20 dS/m,
repressent a 32.8%, and are classified as a fourth class soil, affecting strongly to all the crops.
-Percent of Interchangeable Sodium (PSI). The resulted obtained shows that in the three depths
of 0-30, 30-60 60-90 cm, included a 80% of afectation in the range of major of 35 such and
as it is illustrated in it following graphics.
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Conclusions. The CE that is included in it first depth of 0-30, it is of a soil of second class
that affects only to sensitive crops and with program adequate of recuperation could decrease
the values of CE.
The PSI exceeds at the three levels up of a 80% the range of afectation of >35 PSI.
This type of soils is characterized for their considerable content of salts and
interchangeable sodium.
References.
- Ortiz, O.M. El muestreo de suelos salinos y sodicos.Publicaciones del Departamento de
Suelos.UACh.Chapingo, Méx.
- Richards, L.A. Diagnostico y rehabilitacion de suelos salino-sodicos. Personal del
laboratório de salinidad del departamento de agricultura de los EEUU. Ed. Limusa.
U.S.A.
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Diagnosis and Evaluation of Fertility level, Salinity and Sodicity
grades of Calcimagnesic Soils from Pachuca municipality, Hgo.
Mexico.
A. Flores*, T. Méndez**, R. Huizar** and R. Guajardo**. Student of Posgrade,
Science Faculty*. Department of Edaphology, Institute ofGeology UN AM**.
Introduction. The soil is a natural but limited resource, thus it is necessary to control its use, by
performing frequent evaluations about its fertility level, in such a way as to obtain the proper
information in relation to its use and adecuate distribution of crops in a determined zone. However,
Mexico has more than 14,000 000 hectares of rainfed agriculture which is short cycle land where
fertility studies are not frecuent, thus preventing the establishment or development an adecuate
fertilization program. This is only done in a nation wide level, over 10,000 000 hectares, where
1,319,543 tons of N, P, and K are applied (5).
Taking in consideration the limitations in rainfed agriculture areas, to be integrated in a program of
adequated fertilization, this work is directed to evaluate the soil fertility in the Pachuca
Municipality, as well as the salinity and sodicity grades at diagnosis level that contributes to
productivity.
Materials and Methods. For this work, 30 soil samples were collected at a depth of 30 cm at
random in the Pachuca Municipality. These samples were analysed and then characterized
according to their fertility and salts content (1) and (6).
Results and Discussion. The color, dry and wet, dominating was a very dark brown and brown.
The presence of light colors in Pachuca's soils, that indicate a low fertility level, are due to the
calcium compounds present in young soils (6). Most of the Pachuca's soils show a good
permeability, as a result of the low densities and textures which were loam and sandy loam. With
respect to pH, the analyzed soils were classified as neutral to fairly alkaline, taking in to account
the electric conductivities (6) most of the soils are classified as saline, with the exception of some
samples which were considered as slighty saline ( Table 1 and Figure 1). Interchangeable bases:
the calcium, magnesium, sodium and potassium cations were high, being average values 25.70,
8.47, 1.71 and 1.21 meq/100 g, respectively (Table 1); these concentrations, according to some
authors (3) are considered high because they surpass the 10, 3 and 0.6 meq/100 g of Ca2* , Mg2*
and K*, respectively, although for a soil of generic type, the acumulation of interchangeable bases
must be high because of the low precipitations, as occurring in these soils. In respect to Na* this
element surpasses the K* in the studied soils, including the high concentrations of this element in
samples 8, 23, 19, 22, 25 and 30 surpass 15% of the C.I.C., and characterized as sodic soils or
they are clase to them (6). The C.I.C. of these soils fluctuates from 8.50 to 40.90 meq/100 g, with
average values that surpass the 24 meq/100 g, thus, according to several authors (3), these amounts
are considered between medium and high, because they are between 20-30 meq/100 g. Organic
matter content, total nitrogen and asimilable phosphorous fluctuated from 0.36 to 3.46, and from
0.03 to 0.36%, respectively, and 0.56 to 43.4 ppm of P. Thus the organic matter in the mayority of
the samples is medium (3), while the N.T. is rich in these soils (4) and the asimilable phosphorous
is medium (1) and (2). (Table 1 and Figure 1). Soluble calcium, magnesium, sodium and potasium
. These were detected in concentration average 4.10, 3.39,5.07 and 0.48 meq/1. So, it is reasonably
to emphasize the importance of the Na*, which tends to displace the Ca2* and the soluble anions:
carbonates, bicarbonates and sulphates, these were detected with the following average values: 0.0,
4.71, 2.80 and 6.43 meq/1 (Table 1 and Figure 2). Here the sulphates and bicarbonates are
prominent, which when reacting with cations form calcium bicarbonate salts, sodium sulphate,
magnesium sulphate, sodium chloride and in a larger amount, potasium chloride.
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The results show that Pachuca's soils are of alkaline reaction, with good permeability, rich in
calcium, magnesium and potassium, with mid values of organic matter, asimilable P, C.I.C., and
midly rich in N.T. with small salinity and sodicity problems, mainly in the southern part of the
Pachuca Municipality.
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figura 1. Contant* of soluble cations and anions
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Soil Characteristics and Utilization of Salt Affected
Lands of Indian Arid Zone
David N. Sen and Sher Mohammed. Department of Botany, J.N.V. University,
P.O. Box -14 Jodhpur - 342 001, India
Introduction. Accumulation of excess of salts in soils and
consequent development of saline and sodic conditions is common
in arid and semi-arid regions of Indian arid zone. Inland salines
are typical and an integral part of arid and semi-arid regions.
In Rajasthan, part of Indian Thar desert, where 0.2 million sq km
land is under arid climatic conditions, salinity and alkalinity
in soils have posed a big problem. The semi-desert climate of
Rajasthan greatly favours salt accumulation in soils. In arid
regions, sites with a basin shaped topography form typical
concentric salines because of the inflow of saline water from the
surroundings or as a result of a rise of saline underground water
with extraordinary salt concentration in the areas like Sambhar,
Pachpadra, Didwana, Phalodi, Lunkaransar, Bap, etc. which are
being exploited to yield over a million tonnes of common salt and
bye-products. Nevertheless, inland salines are inundated mostly
during part of the year only, when the active monsoon commences.
During the rest of season such salines remain with a dry salty
surface (1).Salinity, water and temperature are the most critical
factors in the Indian desert for determining the vegetation
Pattern of this region (2). The excess of salts in the soil
inhibits plant growth in various ways. The rainfall in western
Rajasthan is not only scanty but highly erratic, which reduces
the metabolic activity of plants found therein. To solve the
salinity problems and reclaim the saline soils for agricultural
purposes, it became necessary to study the various chemical
properties of these soils so that a utilization plan for
conversion of these areas into agricultural lands can be divised.
Materials and Methods. The experiments on chemical analyses of
soils have been carried out at Pachpadra (site-I), Jodhpur
(site-II) of western Rajasthan and Didwana (site-Ill) of northeast Rajasthan. Soil water extracts were prepared at 1:5 (soil
water) dilution (3). Electrical conductance (EC) was measured
with
the help of Systronics Conductivity Meter
at
room
temperature. Soluble Na + , K + and C a + + ions were measured flame
photometrically (4), while soluble C0o _ _ , HCO3 - and Cl~ ions
titrametrically (5,6). Exchangeable cations were also measured
flame photometrically (7). The pH was measured with the help of
Sys£ronies Digital pH Meter. The classification given by USDA (3)
has been followed to classify the soils of inland salines of
western Rajasthan.
Results and Discussion. The ion analysis of the soils revealed
that the Na+, Ca++ were among the major cations at site-I while
Na+, K+ at sites -II & III. Among anions, CI- was maximum at all
sites. However, all ions were maximum at site-I, followed by
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site-Ill, and least at non-saline site-II. Soil at site-I is
saline in nature having higher value of electrical conductance
(>4 mmhos/cm), soluble and exchangeable ions and pH less than 8.5
at 1:5 dilution. At site-II soil is non-saline alkali because of
lower EC (<4 mmhos/cm'), less ions and high pH (>8.5). The higher
values of carbonate (CO3--) and bicarbonate (HCO3") were observed
at site-II than at sites - I & III also attributed to non-saline
alkali soils. Site-Ill showed saline -alkali soils because EC is
more than 4 mmhos/cm and pH also remained more than 9.0: 'Soils
differ in their recognizable characteristics and soils acquire
their individual properties from the forces which act upon them
in their specific environment. From the data presented, it is not
possible to assess the exact contribution of individual factors
to know the nature and composition of such soils, so that' method
adopted for reclamation are necessarily based on the cause of the
problem.
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The Saline-Alkali Land its Change in Heilonggang
Region
.li-nia Tian. Shijiazhuang Institute
Sinica.China.

of Agricultural

Modernization

Academia

Using 1:100,000 TM picture, refering to 1:250,000 picture and other materials compiled the
distribution map of the saline-alkali land to the scale of 1:300,000 the map reflects the real
distribution state of the saline-alkali Land in Heilonggang region during the middle and late of the
80's. Its method is comparatively advancedm its information is abundant and its degree of
accuracy is high.
In Heilonggang region there are 393,000 hectares of Saline-alkali land, which take up 52.4
percent of all land, and 16.33 percent of all cultivated land, in which 206,000 hectares are light
Saline-alkali and. This is 52.4 percent of all.
The closer the land is near the river lower reaches the more exiensive its Saline-alkali area is and
the more serious its Saline-alkali degree. The are almost 265,000 ht of Saline-alkali land in C
angzhou prefecture, which accounts for two-thirds of the total Saline-alkali land in Heilonggang.
The most extensively distribution area of the Saline-alkali land is the marine deposition plain the
alluvial marine deposition plain, the depression close to the edge of fan the low land near the lake
the depression of though and small dish etc. In inner land the dominant sodium salt is in the type
of S04-CL or CL-S04 with the compossition of S04 is more than of CL, but in the area near the
ocean the main salt is the sodium chloride whose harm is much more serious.
Under the natural and anthropogenic effect, abviously the area of the saline-alkali land is
lessenning, and the degree of harm is lowering. Using past statistical data about the change of
saline-alkali land including Napi, Reigui, Qiuxian, Qinghe, Wuyi, Suning, Meigcui, and
Huanghua etc. We compared the distribution map during the middle and late of 80's with the
middle of the 50's, found that the decreasing of the Saline-alkali degree is very obviously, and
that the closer to the upper plainis, the bigger the lighting degree is the saline-alkali land is fading
away. The rule is similar in the region near the ocean but the degree of saline-alkali land is still
serious which covers more than 40 percent.
It makes much more land be utilized extensively and improve the efficience of the land utilizati on
that the lightning of the saline-alkali degree is cleaing away the ostacles to the agricultural
development and is improving the environment for more crops, artifical herbage, date apple, etc.
growing and to increase the output
In this sense, the lighting of the saline-alkaline improves the agriecological environment and
makes the farming, forestry, and stock raising develop best. We must pay attention to those
factors that the water resource becomes short day by day, wgucg us tge activest factor in the
ecological environment, the level of the ground water descends quickly, the land deserts
possiblym the accumulation ot the soil organic matter reduces the salt remains in the soil bottomm
and the land salinizes again because of the introduction of the guest water. Of course as for the
future the salinization will reduce it's not possible to come back to the state of the early 60's. In
view of the shortness of the water rescuce and the rickness of the land resource, It's necessary
for us to cambing agriculture, forestry and stock raising raising toge-ther in Heilonggang region
It'U make the conduction economics society ecological effect develop comprehensively in the
324

The Saline-Alcaline land and its Exploition, Utilization
at Wangsi Experimental Region, Nanpi
Satoshi Matsumoto*, Ji-ma Tian, Ren-zhao Mao. Tokyio
Japan*, Institute of Agricultural Modernization, Academy Sinica**

University

Wangsi Experimental Region is situated in the north of the middle of the Nanpi country, it is
surrounded by no. 4 cahnnel, Xiaoquan channel, Sigangxinhe river, Dalangdian lake and Nanweiti
dam. The total area is about 5233 hectares. It's the largest surface depression area in Nanpi
country. Waterlogging and salinization often occur here. It belongs to Wangsi, Liufuging,
Wumaying, Lianhuachi, Duanlubo, etc. Villages. Recently a lot of engineering activities are
conducted in the northern of the Wanmu Experimental region, in here we established an experimental
station.
Natural disasters often occurred in the area in its history, the agricultural production level is
low, the depression area is large and the villages is scarce, the salinized land is extensive and
the population is rate.
After liberation a series of experimental studies had been done, including the water-salt
movement, the engineering experiments, the soil fixation plantation, breeding anti-salt plants,
the agronomicaltechnology, planting herbage fruit trees and so on in mean time many measures had
been used to the Irrigation projects the lands soministering the World Bank had subdivized for the
developement in this area. In recent years we undertook the important project of technology
exploit and the project of study salinization in this area by Sino-Japan corporation. We have done
a lot of extensive experiments and example actions including the semi-locations measuring of the
water-salt movement, the two crops seeding of the wheat-maize, the plantation of the anti-salt
plant, the experimental planting of the spring-maize, cotton, early rice, the production of
lucerne and the breeding of herbage, Chinese flowering crabpple, apple, pear, vegetables and
aquatic raising etc. Thoseall made the salinized land product well.
With the change of the entire environment hydrological cor. 'itions the salinized land in the area
is lessening. Because of the surface depression, the intercepting natural rainfall, and the
necessity of the store water in the ditches and channels, the groundwater level remains high, the
distributions of the salinized land is extensive, the salinization degree is serious, particulary
in Luosiposiwa lake and Wujiafangdongwa lake. The salinized land is divided into light-salt soil,
medium-salt, heavy-salt soil, salt-tide soil, and meadow-salt soil by the disastrous degree. The
salinization theatens the entire area. Of all the salinized land of 4000 hectares, the light
covers almost one-half, it could be used by planting wheat , maize, cotton, etc. The engineering
of the irrigation and drainage and the soils fertilizers herbage the integration of the
agriculture and the stock raising are the measures of the water conservancy, land, agriculture,
biological technology and so on to lower the groundwater level and lighten the disatrous degree of
the salinization. the heavy-salt soil and the salt desert still cover 670 hectares. Its difficult
to plant, but it offers a new for the fruit, herbage fish and agriculture to be utilizated
comprehensively.
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The Saline Soil and Its Utilization in Wangsi
Experimental Region in Nanpi County
S. Matsumoto*, J.M. Tian**, R.Z. Mao**, and J. Yamazaki*. The University
of Tokyo, Tokyo, Japan* and Institute of Agricultural Modernization, CAS,
Shijiazhuang, China**

Introduction. Wangsi experimental region is situated in the northern part of the ce3ntral section of
Nanpi county,Hebei province.It is surrounded by No. 4 canal,Xiaoquan Canal,Sigangxin River,and
the south dam of Dalangdian Lake. The total area is about 52. 37km2.
In the north part of this area,the land is dish shaped low. Water-logging and salinity are very
severe, and in addition the necessity for floodwater storage in autumn using this place and the
unfarorable transport facilities,there wasn't any researches done. Only recently scientists from Shijia
riiuang Institute of Agricultural Modernization and the Bureau of Agriculture of Cangzhou prefecture
begin doing researches and case studies here ,and there is also a sino-Japan research project. The works
are concentrated on semi-location mearsuring the water-salt movement,two crops of winter wheat and
summer corn planting, wheat and com high production technologies and adversity-resistence variety
introducing,anti-salt planting technical, upland rice and cotton planting technical, herbage and fruit
treeintroducing and planting, aquaculture etc. and tangible results have achieved . All those promote the
exploitation of the salinized waste land in this region.
Methods. The salt in the saline soil in this area is in the forms of CT 1 — S 0 4 - 1 or SO,"2—CT '.
According to its content in the upper layer of the soil,the saline soil can be divided into four grades, that
are slightly salt-affected soil, moderately salt-affected soil «severely salt-affected soil and salt soil.
Based on the most recent 1 to 50,000 scale TM picture, and in site investigation and sampling, a map
of saline soil distribution in this region was compiled. By mearsurement and calculation at present stage
the total land area of the saline soil takes up 5 6 . 8 percent of the total land area, in which slightly and
moderately salt-affected soil area takes up 70 percent, severely salt-affected and salt soil area are 30
percent. Compared with other regions in Heilonggang ,in this region the saline soil is more extense
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V

because of the Low lyingand water—logging land.
Results and Discussion. For the slightly salt—affected soil «since the salinity is low in this kind of soil,
then many crops can grow on it. If suitable measures applied, this can be taken as basic cultivated land
for agriculture. Since desalinization and dedampening are the trends of development for the slightly salt
affected soil, crop planting is the direction for its utilization. To do this, the following mesrsures
should be emphasised, (a) Enhancing the conveyance system of drainage and irrigation, combinating
the well with canal irrigation systems, using slightly salt water for irrigation,introducing anti-drought
varieties and increasing water use efficiency . (b)Appling organic fertilizer to increase soil fertility,
controling salt movement in soil profile and continuously optimizing the agricultural structure to obtain
high yield and high benefits.
For the moderately salt - affected soil, from a long-term point of view .artifteal herbage and fruit
and forestry culture should be promoted, agricultural structures be adjusted. Focal points of the works
are ont(a) Enhancing the work on land management, using suitable cultivation methods to improve
soil physical and chemical properties, restraining salt movement,

and increasing the soil

water-retention capacity, (b) Developing diversified economy in light of the local conditions «such as,
forestry building, stock raising, herbage planting, pomiculture and fishery, and all to establish good
circle eco-system.
For the severely salt affected and salt waste land, grass herbage planting, fishery, reed planting
are directions for its attention to . (a) To meet the necessary need of the local farmers, some measures
such as ridge building by ditching to change the micro-topography and vegetables can growing on the
ridges and ditches. (b)For the most of the waste land by ditching and cofferdam to keep fresh water for
aquaculture , by introducing herbage to improve soil structure,and by diversified exploitation the waste
land to chang harmful factors into advantage use.
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The Development of the Saline-alkali Land in
Heilonggang Area
J. M. Tian and R. Z . Mao. Institute of Agricultural

Mukrmaakm,CAiS,Shipazhuang,Cfam

Satoshi Matsumoto and Junao Yamazaki. The University of Tokyo,Tokyo, Japan

Introduction. In Heilonggang region of huabd plain the area of the saHnealkaH land is decreasing and
the salinity is reducing in recent years. This trend of development will be continously in future. Though
there have been great change in soil salinity ,eco environment,agricultural production and so on in this
region,but the real situation is not very clear,especialy for the salinealkali land there are no real data
and accurate distribution maps about it.
Method». In 1950s scientists from Chinese Academy of Sciences and Ministry of Water and Electricity
conducted the first soil investigation to Huabei plain. In 1980s another soil investigation was conducted
here. A great deal of information was accumulated on groundwater,soil salinization,soil fertility and
so on. During the "7. 5" plan period we took part in the national research project "Comprehensively
management the low productivity land in Huanghuaihai Plain"and conducted the research "The
strategy for agricultural development in Heilonggang region". In the research firstly we used the most
recently 1 to 100,000 scale TM picture to compile the map of the saline-alkali land distribution in
Cangzhou prefecture , then compile the map in Heilonggang region at the scale of 1 to 300,000 and
further revised by referring to 1 to 250,000 scale TM picture. Those map reflects the real state of the
saline-alkali land in the winter wheat growing period from the middle of the April to the middle of the
May when the accumulation of the salt in soil surface is intense.
Besulft. Based on the 1 to 100,000 scale picture and in arte sampling and previous information,using
ckeck method and digital integral instrument (KP-90N), we measured and calculated the area of the
saline-alkali land in Heilonggang region during the 1980s. The total area of the salt-affected soil is
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393,400 ha,in which 206,100 ha is slightly salt-affected soil, 134,020 ha is moderately salt-affected
soil and 35,800 ha is severely salt-affected soil. The area of the salt soil is 17,500 ha. According to
the total land area and cultivated land area in the fifty counties and cities in this region, the area of the
saline alkali land Is 10. 39 percent of the total land area, and it is 16. 33 percent of the total cultivated
land.
Discussion. We compared the map of the saline-alkali distribution compiled by using TM picture in
1980s with the soil investigation map in 1950s and found that the area of the saline-alkali land is
obviously decreasing and the salinity is reducing, the reason of that the ground water table greatly
descends because of the well Irrigation and mean annual rainfall decreasing in

1980s.

Agroecoenvironment Improved, Agriculture, forestry and stock raising greatly developed, but the
potential threat still exist. The decreasing of the salinity provides suitable environment for agriculture,
forestry and stock raising development,and increases the soil utility. But because the shortage of the
water resources especially the nonexistence of the surface water and the greatly descending of the
groundwater table, the water use by Irrigation can not of the groundwater table, the water use by
irrigation can not be completely met. land erosion of the organic matter accumulation decreasing and
the accumulation of the salt in soil and the possibility of resaUnization still threat the
agriculture development !n this region.
The development trend; A lot of factors affect the changing of the depth,especially those affect
the water balance such as water use,rainfall and evaporation. Since it is controlled by the moonsoon
climate,the drought and rainy season have the characteristics of periodicity,continuity,alternation and
concentration. Then the salinization has the same character. Whenever the moisture period appearing or
introducing surface water from other areas,the groundwater table will increase since water replenished
from surface. This will Increase the salinity locally. But by construction the main drainage engineering
and along with the increase of water use by agriculture and industry,the salinity In this area will not re
turn to the level of 1960s.

References
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Effects of Salinity on Com and Beans Germination
R. Rios G., M. Ortega E., J. Velazquez, and J. L. Rodriguez O. Centro de
Hidrociencias, Colegio de Postgraduados, Montecillo, Mexico.
INTRODUCTION. There is genetic variation in the tolerance to
salinity (2,5) within the species itself and between species. In
our country, many soils are affected due to an excess of salts,
mainly in the arid and semiarid northern states. The degree of
saltiness and the sort of salt present affect to a certain extent
germination (4) or sprouting, development (1,6), output, and
quality of the crops.
This problem grows bigger day after day and it is necessary to
generate information about the salinity tolerance levels of
different
crops
in
different
developmental
stages.
This
information will enable us to make recommendations regarding the
most suitable crops according to soil salinity levels as well as
the appropriate techniques to reduce them and their affects. Being
corn and beans two staple crops in Mexico, it is fundamental to
define their qualitative and quantitative salinity response during
the sprouting and plantule stage given the fact it is the most
vulmerable one for the average crops.
MATERIALS AND METHODS. An experiment in Petri boxes was designed
under green house conditions using cotton as substratum. Ten seeds
of Phaseolus
vulgaris
L. (black Puebla variety) and Zea mays L
(H-123 variety) were used in each experimental unit.
Based on Mass and Hoffman (3) graphics, seven salinity levels were
selected which produced a yield decrease of 0, 25, 50, 75, 100 and
150 % witness was distillate water. Concentration of each
treatment was prepared considering that 0.640 g/1 generate an
electric conductivity (EC) of 1 dS/m.
The effect was evaluated in six pure salts an five types of
salinity. The response
variables assessed were: sprout rate,
percentage of germination, plantule height and dry weigth biomass.
In order to find out if unsprouting seeds were inhibited by
salinity, they were washed with distillate water and sown again
without salts.
RESULTS AND DISCUSSION. As saline concentration was reduced, a
decrease in total dry weight biomass was found. This can be
explained for the faster metabolism and the transfer of the seed
reserves to the growth regions in lesser concentration.
Black Puebla variety bean was considerably sensitive both to the
pure salts and the kinds of salinity, having been registered
normal sprout percentages between 40% and 50% but never higher
than 80%. The H-123 variety corn happened to be more tolerant,
having been found sprout percentages higher than 80% for all the
pure salts and saline mixtures, except for hydrochloric salinity.
The environmental qualitative and quantitative salinity in both
cultures led to a decrease and tardiness in the germination as
illustrated in the figure.
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A delay of more than 24 hours can be observed in the corn
sprout whereas it is of several days for the beans.
Salinity effects on germination.
CALCIUM CHLORIDE

HYDROCHLORIC SALINITY

/^'^J*^'

<^prZZi^'
M

IK*''

'

/ '

IIS
Hi

1/

r

N U M H N OF CMY9
Mil

Mil

Mil

Ml/

NUMBER OF M Y S
II

HYDROCHLORIC SALINITY

CALCIUM CHLORIDE

beans

Mil

A'

i-r~

1

-

::i:j

NUMBERS OF D*/S

NUMBER Of DAYS
FT1

J~
V,
^

'It

CONCLUSION. Its was found for both cultures that salinity affected
the seeds sprout in two ways: a) inhibiting the metabolism of
reserves, which meant a decrease in growth and a decline in the
rate and percentage of germination, and b) due to ionic toxicity,
which inhibit the seeds sprout when they absorb a big amount of
ions; this was clear when the seeds germinated after being washed
away with distillate water.
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The Hazard of Salinization of Nuevo Tampico, Mazapil,
Zacatecas, México.
F. Roman G. * and R. Veyna E. Departament of Agricultural
Investigation, School of Agriculture, 98000, Zacatecas, Zac.
Introduction. Our country's natural resources, have generally been
exploited in an irracional way such is the case of the soil, into
a decline in productivity, and the water's efficiency is so low that
its price becomes more expensive and, with it all the crops' cost
of production. Nowadays, one the causes that originates the increase
of the area affected by salts, in the different regions of the
country is the inadecuate management of the productive resources,
the problem that this area shows, is due to the use of water with
a high content of soluble salts wich alter unfavorably the soil's
productivity soluble salts create harmful effects the amount of salt
as they increase solution and the soil's interchangeable materials
degree of saturation with interchangeable sodium.(1) The know ledge
of the physical properties of ensalitrades acguires great relevance,
as it alows to explain, in part, the enviroment on which the crops'
roots develop and on the other hand, it offers a methodological
pattern (guide) of its reabilitation and recovery.(2) The objective
of this work was to evaluate the quality of the water for irrigation
and to determine the soil's physical and chemical characteristics
and to quantify the degree of affectation (damage) from the salts.
This stuty began when developing the multidisciplinary attendance
proyect and notice by direct observation the presence of salt on the
surface.
Materials and Methods. The Ixtlera's zone (areas) watering district
is located in the Hydrological region 36 denominated Rios NazasAguanaval to wich this common land belongs it shows strong water
storage deficiencies, because precipitations are less than 300 mm
a year. Predominating soils are of a darkish color of a loose
consistency on which a rosetof ilo and microf ilo underbush vegetation
develops. Watering is done by an exclusive pumping system with bad
quality causing salt accumulation on the soil and by using the
gravitational watering system in furrows. The area being studied was
considered from a set of parcels of land of the common land wich add
up to a total of 90 hectares, that are watered by two deep wells
with a measurement of 36 LPS each one with a static level of 250
mts. On april 6, 1992 aleatory samples were collected on a day that
the pump worked for a 24 hr. period and a sample from each deep well
was integrated, it was labelled with its description, inmediately
afterwards an analisys of them was made by means of standard
procedures at the school of agronomy's laboratory, dependent of the
UAZ. In the same way in the production whits two (2) wells were
placed from which samples were taken at a deep of 30 and 60 cm. to
determine the physical and chemical characteristics and evaluate the
effect of the salts from the water on the soil.
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Results and discussion. On first chart are the results obtained in
the lab of the sample composed with water. On the second chart the
physical-chemical analisys of the soil sample.
Characteristics Classification
Well 1
Well 2
The Sink
The Palm

Characteristics Classification
Well 1
Well 2
The Sink
The Palm

pH
6.8
7.1
Neutral
C.E. 2497.0
2270.0
C4
39.97
CAT.
41.1
18.4
21.1
Ca++
Mg++
15.0
18.4
Na+K
6.57
1.6
6.3
ANI.
6.3
C03 =
0.0
0.0
HC031.3
1.8
Cl4.0
3.5
1.0
S04 =
1.0
37.67
38.3 Not recom
S.E.
S.P.
5.0
4.5 Condition
R.A.S. 0.023
0.004 Yes
0.0
0.0
S.C.
Good
P.S.P. 17.44
4.17 Good

Texture
Infiltration speed
% of C.C.
% of P.M.P.
% of M.0.
pH of the soil
N. Nitric Kg/Ha.
N. Amoniacal Kg/Ha.
Phosphorus Kg/Ha.
Potacium Kg/Ha.
Calcium Kg/Ha.
Magnecium Kg/Ha.
pH estract
C.E.
Calcium (meq/lt)
Magnecium
Na+K
Cations
Carbonate
Bicarbonate
Choloride (PMP)
Sulfate (meq/lt)
Anioted
Sodium carbonated
P.S.I.

Quality of water (wilcox)
C4S1

Medium
High
Low
Low
Poor
Acid
Poor
Poor
Rich
Rich
Rich
Rich
Solty
Low
15.2
3.2 0
2. 6
19.6
0.0
2.4
63.3
0.8
3.6
0.0
0.25

Soil classification: No solty
No sodium.
As you can see in the results there are still no great problems on
this common lands nevertheless it is important to propose preventive
actions and extend the productivity of this resource.
It is necessary to plant the agricultural production and tolerant
crops and resistent to salinity, in the same way design integral
investigations to avoid damage on the soil.
Literature Cited
Solty soils and the recuperation
A. 1981
(1)
Aceves N. ,
methods, Departament of Soils, Autonomaus University of Chapingo,
first edition, Mexico. P. 244.
(2) Allesion, L.E.; Brown,J.W. 1982 Rehabilitation and diagnostic
of solty and sodium soil.
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Preliminary soil salinity assessment in the
lower Namoi valley, NSW, Australia
J. Triantafilis & A.B. McBratney Department of Agricultural Chemistry and Soil
Science, The University of Sydney, N.S.W., 2006, Australia.
Introduction The lower Namoi valley is located in northern New South Wales, Australia.
Characterised by deep grey cracking clays (vertisols) and renowned for prime hard wheat and sheep/
cattle production, the area in the early 1960's has been developed for irrigated cotton production. The
long term sustainability of such extensively irrigated areas depends on maintaining the soil and water
resources, particularly with respect to soil and water salinity. Baseline data is therefore required to
assess the potential for widespread soil salinisation through rising water tables or the application of
poor quality irrigation water. To facilitate the collection of such information electromagnetic
induction and geostatistical techniques are being used.
Materials and Methods The use of electromagnetic induction (EM) techniques for simple and rapid
salinity assessment have been well documented (1), (2) and (3). A number of EM instruments are
currently available that estimate the apparent electrical conductivity (ECa) for various depths of
interest. In the lower Namoi valley, a small portion of the catchment has been selected for detailed
investigation to develop methods and techniques for soil salinity assessment and collection of
baseline data. Three EM instruments are concurrently being examined, the rootzone EM38, shallow
aquifer/water table EM31 and the deep water table EM34-3. The EM38 and EM31 instruments have
been field calibrated using electrical conductivity of a 1 part soil to 5 parts water extract EC I5 . The
data was converted to electrical conductivity of a saturated extract, EC, (Figures 1 and 2).
A 50 m grid sampling design has been adopted with geostatistical methods such as kriging and cokriging used for interpolation. Data will also be collected at a 1 m spacing to obtain information on
the short scale variability of the area. Point lognormal kriging with allowance error for calibration
is the primary interpolation tool for the calibrated EM38 and EM31 survey data. Data generated by
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the survey will be mapped using a Global Positioning System and incorporated into a simple GIS.
Results and Discussion Figure 3, (EM38 calibrated data) highlights the presence of the underlying
subsoil salt rich layer, located at a depth of 1.0 to 1.7 m, indicative of the profiles of the lower Namoi
valley study area (4). Figure 4, (EM31 calibrated data) highlights the lack of any additional salt rich
layers beneath the abovementioned layer. The EM34-3 instrument is delineating prior streams and
previously swampy areas that have accumulated soluble salts over longer periods of time.
Literature cited
(1) McNeill, J.D. 1992. Rapid, accurate mapping of soil salinity by electromagnetic ground
conductivity meters. In 'Advancement in measurement of soil physical properties: Bringing theory
into practice'. (Eds. Topp, G.C., Reynolds, W.D. and Green, R.E.). SSSA Special Publication No.
30. Soil Science Society of America, Inc. Madison, Wisconsin, USA.
(2) Rhoades, J.D. and Corwin, D.L. 1981. Determining soil electrical conductivity depth relations
using an inductive electromagnetic soil conductivity meter. Soil Science Society of America Journal
45:255-260.
(3) Williams, B.G. andBaker.G.C. 1982. An electromagnetic induction technique for reconnaissance
surveys of soil salinity hazards. Australian Journal of Soil Research 20:107-118.
(4) Triantafilis, J and McBratney, A.B. 1993. Application of continuous methods of soil classification
and land suitability assessment in the lower Namoi valley. Division of Soils Divisional Report 121
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Salinization of Soils in the Pastures of Kalmykia
L. Tashininova, and E. Gabunshina Department of Deserts, Research Institute of
Social Sciences, Elista Kalmyk Republic, Russia.
Introduction. Kalmykia Is situated on the South-East of the
European part of Russia. The total area Is 76,000 square km, of
which 70% are used as pastures, 14% as arable land, 9% as hay
mowing lands. The soil cover belongs to the formation of the
neutral and alkaline soils of the subboreal warm temperate
In this
climate and the fades of the continental climate /!/.
connection the processes of salts accumulation In the soil and
laying rocks of marine origin are very typical for the region.
Under the conditions of the active antropogenic Interference
Into the natural processes of new formations the complex
approach to the measurements In the field of preservation of the
fourage basis and keeping of the environment on the optimal
level Is of special Importance.
Materials and Methods. The analysis is given on the basis of
many years of research on the regional and stati onary level in
Kalmykia followed by a system of the mea. sures concerning the
protection of soils and natural processes and phenomena.
Results and Discussion. The level of the salt in the soils is
inherited by the soils formed on them /2/. The soils on the
Kalmyk pastures mostly is represented by the sand and clay type
belonging to the ancient Caspian and new Caspian transgression.
The soils are brown desert-steppe type and light-chestnut
together with solonchaks and solonets. The depth of the subsoil
waters varies from 0,5 to 20 m and more, the degree of
mineralization - from 1 to 100g/l and more. According to the
degree of salinization of the territory there is a number of
soils: from slightly salinized to solonchaks / 3 / The salt
associations: chloromagnesium marine, continental sulphatesodlum
with
gypsum,
hydrocarbonic
chlormagnesium
sulphate,
hydrocarbonic-magneslum without gypsum hydrocarbonic-sodium /4/.
The intensive antropogenic load to natural salinized pastures
caused the degradation of a number of agronomical qualities of
the soils and the violation of ecological balance in the natural
ecosystems.
The imperfect irrigation techniques cause quick bogging up and
salinization, the water losses for filtration and evaporation
are 70% and are 300-400 thou cubic m annually The negative
consequences are the flooding of the pastures as a result of the
rise of subsoil waters among channels and fields, secondary
salinization of soils undrainaged soils, which under the arid
conditions becomes irreversible, salinization and pollution of
the water reservoirs, which get the waste water from the
irrigated places, lack of humus, destroying of macrostructure
and periodical overthickness of the upper layers of the soil,
worsening of the water and air regime, biological tiredness and
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deterioration of the fitosanitary condition of agrocenoses /4/.
The taking out of biogenic substances to gether with the waste
waters causes the
euthrophy
of
the
water
reservoirs.
Desertification, bad melioration, and salinization of the soil
are the reasons also for the degradation of the flora and fauna.
Scientists now worry about the future survival of some kinds of
animals and plants, as well as the creation of new harmful forms
and parasites. There looms the danger of natural kinds of
plague,
tulyaremia,
lectoproctosis,
many
heminthological
diseases and animal epizootia.The slight breaking up off the
relief conditioned a sewageless type of the subsoil waters low
which caused the increase of their level and chimism and
salinization of soil. Toxic salts are 60-96% of the sum of water
soluble salts and are represented by NaHC03, Na2S04, NAC1,
MgC12. The increase of the hydromorphism of soil, transformation
of salinized meadow soil and meadow solonchaks are noted. The
area of solonchaks for the last 50 years increased into 2,1
times and is now 300 thou ha. There is a tendency to the growth
of the galophite associations on the very much salinized meadow
soils as a part of the vegetation cover. To improve the soil
cover and optimization of the ecological environment it is
necessary to establish a certain system of complex melioration,
including the use of the hydroconstructions, the reconstruction
of the irrigated systems, automorphic regime of the irrigation
and
galophite
vegetation.
For
the
stabilzation
of
soil-ecological situation in the region it is necessary to
create soil reserves. In Kalmykia we are creating a Red Book of
soils.
T "j 1~PTi3't"iT"pp P i t"pri
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2. Szabofcs I. 1992. Salinization of soil and water and its
relation to desertification. Pushchino, p. 17.
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p.256 (RUSS).
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Evolution Superficielle de la Salinité des Eaux dans
le Bassin de la Rivière Cigüela
A. N. Wati, A. Belaiche, V. Gómez-Miguel. Departamento de Edafologia.
Escuela Técnica Superior de Ingenieros Agrónomos. Avda Complutense s/n.
28040-Madrid
Introduction. Un des röles de grandes importances du réseau hydrographique a la salinisation
du milieu, c'est le transport et la distribution des sels. Le bassin du Guadiana est 1'un des grands
bassins sédimentaires qui existent en Espagne, et qui renferment d'importantes formations
gypseuses terciaires (1). La zone d'étude se trouve en tête de dit bassin, dans les sous-bassins
des rivières Cigüela et Riansares.
Materiels et Methodes. Le travail a été realise sur des prélèvements saisonniers d'échantillons
d'eau, en divers points d'échantillonnage (PE) et durant quatre ans depuis 1985-1988 au long
des cours d'eau des rivières Cigüela, Riinsares et ses affluents. Les methodes de laboratoire
utilisées sont les décrites dans (2). De la même fa?on, les sulfates solubles ont été obtenu par
la methode gravimétrique.
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Figure 1.- Evolution de la salinité des eaux de la rivière Cigüela
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Tableau 1.- Caratérisation des Eaux
RIVIERE

PE

CE
dS/m

PH

Ca
meq/l

Mg
meq/l

Na
meq/l

Cl
meq/l

S04
meq/l

Riansares
Riansares
Riansares
Riansares
La Vega
Cigüela
Cigüela
Cigüela
Cigüela
Cigüela
Cigüela
Cigüela
Cigüela
Cigüela
Cigüela
Cigüela
Valdepineda
Jualón

1
15
22
23
24
2
4
5
6
9
10
11
12
14
16
17
25
26

2,23
2,72
2,07
2,39
2,09
2,18
1,93
0,88
0,76
2,05
2,00
2,05
2,08
2,09
2,18
2,14
1,89
2,42

7,66
7,75
7,61
7,61
7,63
7,62
7,58
7,58
7,73
7,62
7,60
7,63
7,61
7,59
7,59
7,50
7,57
7,61

23,49
28,65
24,19
30,17
22,91
24,54
20,55
5,55
4,64
22,64
21,64
22,19
22,86
22,57
23,75
23,10
19,74
29,06

6,94
6,66
4,15
4,32
5,30
5,20
5,28
4,43
3,64
5,30
5,28
5,58
5,08
5,51
5,96
5,81
5,67
4,84

0,82
2,51
0,42
0,23
0,55
0,45
0,27
0,22
0,23
0,45
0,47
0,57
0,67
0,63
0,86
0,74
0,23
0,47

1,33
3,70
1,16
0,97
1,16
1,01
0,91
0,94
1,06
1,09
1,09
1,28
1,25
1,41
1,57
1,64
0,91
1,26

26,42
30,24
23,62
30,42
24,18
26,21
21,69
4,49
3,07
24,00
23,55
24,14
24,60
24,51
25,95
24,62
20,48
30,61

Résultats et Discussion. La rivière Cigüela prend source au port de Cabrejas dans la zone oü
affleurent des materiaux calcaires (Brèches calcaires) du Miocene. Ses eaux en amont (PE 5 et
6) se caractérisent pour avoir une conductivité éléctrique aux environs de 0.8 dS/m. Néanmoins
lorsqu'elle recoit les eaux de la rivière Valdepineda (PE 4), on constate une grande augmentation
de la CE dont sa valeur moyenne est de 1,93 dS/m (Fig. 1).
Par ailleurs, on peut constater que ses eaux en aval (PE 2) présentent également une deuxième
augmentation de la salinité dont la valeur moyenne de la CE est de 2,184 dS/m; a cause du
mélange avec les eaux de la rivière Jualón; qui normalement a un contenu en sels plus élevé.
A partir du PE 2 jusqu'aprés de la station de débit de Quintanar on observe pas de changements
importants de contenu de sels des eaux de la rivière. La conductivité éléctrique s'accroit
ligèrement vers la sud du bassin, en atteignant ses valeurs maximales autour de 2,18 dS/m dans
la station de débit de Quintanar de la Orden, sa variation saisonnière est ligère en atteignant les
valeurs élevées en été et en hiver.
La rivière Riansares prend source a l'ouest de la montagne Altomira en une zone ou affleurent
des materiaux Paléogènes (conglomérats, gres, marnes, argiles, gypses et calcaires). Ses eaux
en amont (PE 23) sont saturées par Ie gypse, avec une CE moyenne de 2,398 dS/m.
Alors qu'en aval dans Estrecho de Paredes (PE 22), on peut constater une baisse du contenu en
sels de ses eaux, oü la CE moyenne est de 2,077 dS/m a cause de leurs dilution avec celles de
la rivière Vega (qui normalement sont plus baisses que celles en amont).
Le dernier prelèvement a été realise a Corral de Almaguer (PE 15) avant de son débouchement
dans la rivière Cigüela plus proche de la station du débit de Villanueva de los Caballeros, les
eaux atteignent son contenu maximal en sels oü la CE dépasse les 3,0 dS/m surtout en Octobre,
a cause du fort étiage.
Le tableau 1 ressemble les valeurs moyennes de CE, pH, Ca, Mg, Na, Cl et S04 des eaux des
rivières Cigüela, Riansares et ses affluents (3).
Littérature Citée.
(1) Riba, A. O. & Macau, V. F. 1962. Situación, caracteristicas y extension de los terrenos
yesfferos en Espafia. Servicio Geológico de Obras Publicas. 33p.
(2) USDA. SCC. (1972). Soil Survey Laboratory Methods: procedures for collecting soil
samples. Soil Survey Investigations Report N° 1, Soil Conservation Service U.S. Departament
of Agriculture.
(3) Wati, A. N. 1991. Variación de la salinidad del suelo en función de las distintas aportaciones
de agua y sales y aplicación a la zona entre el no Riansares y el no Cigüela. Tésis PhD
Universidad Politécnica de Madrid. 288p.
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The Settling of Parceling Drainage Whithin Twenty
Hectares in Extremely Saline-Sodium Soils from the
"Ex-Lago de Texcoco, Mexico".
1). Martinez M.J., 2). Urena C.C.F. and 3) LIerena V.F.A.
1 y 3). Proyecto Lago Texcoco-Comisión Nacional del Agua-SARH.
2). Universidad Autónoma Chapingo, Chapingo, Mexico.

Introduction. The salinity of soils and the drainage problems are two restricture factors for
agriculture in several mexican regions and many other countries. The existing problem of
extremely saline-sodium soils from the "Ex-lago de texcoco" has been one of the mayor
concernes, that aseries of factors, which are highty restrictive, are to be gathered in order to
solve the former two factors. The preliminary study of drainage allows the adequate spacing
of drains in order to improve the soil conditions and to incorporate them to agriculture.
Metodology. The area of study is locatated in the zone of the "Ex-Lago de Texcoco", within
the Valley of Mexico. These soils presents the following problems: a) high saline
concentration; b) excess of exchangable sodium; c) Strong alcalinity; d) Shallow phreatic
levels and highly saline and e) The presence in the profile of a material with a high capacity
of hidration.
As a starting step for the previous works in order to determine the spacing of parcel drains
in the area of study, ten wells were built to observe the soil profile, and, it was found, in
general, four stratums along it. Some samples were taken on each of them in order to
determine in the laboralory the physical parameter of real density (Dr), bulk density (Da) and
the moisture content ( O ).
The hydraulic conductivity was determined by the " Auger Hole method" and the "Inverse
Auger Hole method"; the macroporosity or drain-porosity was dotermined by the physical
parameters from the laboratory and the average recharge "R" for a period of five years of
return.
Results and Discussion. The hidraulic conductivity presents a "Moderately slow"
clasification; the macroporosity valves of 0.17, 0.06, 0.09 and 0.19 for the four stratums and
the average recharge "R" was R=0.034 m. The calculation of drain spacing (L), the dischargecaudal (Q), and drain-pipe diameter (d) to depths of 1.20, 1.30 and 1.40 meters were
accomplished with this information and considering a variable regimen, applyning the gloverDumn equation. The average spacing of draing and their depths, which were mentioned
before, were L=15 m, L=23 m and L=38 m, in that order; considering the following: the
spacing L=38 m, desing discharge Q=0.00031, m'/seg and drain-pipe diameter of d=4 cm as
the most adeguate and representative for this zone of study.
Literature Cited.
Kessler J., De Raad, S.J. y Oosterbaan R.J. 1978. Principios y Aplicaciones del Drenaje.
Volumen UI. ELRI Wageninagen Netherlands.
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SALINE CRUST ASSOCIATED WITH AN OXIAQUIC XEROFLUVENT
IN HUESCA (SPAIN)
M. Gutierrez, C.Vizcayno, M.T. Garcia-Gonzalez and B. Rodriguez

Centro de Ciencias
Medioambientales,
Madrid, Spain.*
Univ. Lleida.
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Introduction.
Increasing salinity making soils unsuitable for agriculture, is a major
problem in many areas of the world. In Spain, more than 800.000 ha of land may
be affected. The samples studied in the present work belong to a saline area of
approximately 37.000 ha. The goal of this study was to determine the mineralogy
and morphology of a saline crust developed from irrigated salt affected soils.
Materials and Methods
The zone studied belongs to the Province of Huesca (Northeastern Spain), in
the tertiary basin of the Ebro River Valley. According to Thornthwaite, the
climate of the region is DBj' dbj' with a hydric deficit of 760 mm annually. The
crusts occur on soils classified as oxiaquic Xerofluvents (saline-sodic phase)
developed on finely laminated quaternary sediments (Garcia-Gonzalez et al.,
1994). Geomorphologically, they occupy positions within depressions of very
limited drainage and in association with wetlands. The moisture regime of the
soil is xeric, according to Jarauta. Sampling was carried out during the summer
of 1992.
The mineralogical identification was performed using X-ray diffraction
(Philips PW 1130 diffractometer; graphite monochromated Cu-Ka radiation). An
operating voltage of 40 kV and a current of 20 mA were utilized to prevent
dehydration of the samples. The mineral phases were identified with the aid of
the "Powder Diffraction File".
The micromorphological studies were performed using samples impregnated with
polystyrene resin. The thin sections were made and described according to Gilloré
(1980) and Bullock et al., (1985), respectively.
The submicromorphological study was done with a scanning electron microscope
(Zeiss DSM 960) and a energy dispersive X-ray spectrometer (Oxford Link 5118).
The samples were directly coated with carbon. In some cases, small pieces of the
samples were impregnated with LR white resin and subsequently sectioned
transversely.
Results and Discussion
The crusts studied are stratiform masses approximately 1 cm thick with a
pseudotransparent to whitish appearance. They are composed of layers of different
consistencies, the toughest of which is that wich contacts the substrate,
practically sealing the soil. The layers are frequently interconnected by radial
crystalline growths. Halite hopper and chevron crystals are present at the
surface.
The mineralogical association is of the Na-(Mg)-S0.-Cl type. Bloedite and
halite are the principal components, accompanied by thenardite and konyaite in
lesser proportions. The minerals identified show considerable variation in
morphology as well as distribution. These features could be observed in
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transverse sections examined with SEM in the backscattered electron mode of
observation (Micrographs 1 and 2 ) .
The halite appears as a cement, as cubical crystals, in massive and diffuse
forms, as well as in pore infillings and as needle-shaped crystals.
Interstitially it has impregnative features, showing perpendicular exfoliation
related to haloturbation structures.
Bloedite is present as elongate prisms which at the surface have rounded
extremities and as subredondeate forms. Leafy rosette-like and intermediate
between rosettes and prisms growths were also observed. Interstitially, it
appears as radiate prismatic intergrowths of impregnative, penetrative, and
displacing character and showing dusty line.
Thenardite appears as rosette-like formations. The crystals have a clearly
prismatic habit, sometimes with a tendency toward lath-shaped individuals. In
thin section, it appears as very corroded lenticules.
The formation of th crusts occurs by a mechanism of crystallization within
a water-free layer, in the following sequence:
a. Precipitation of bloedite as prismatic idiomorphic crystals.
b. Alternation of bloedite and halite crystallization, with halite forming
cubical crystals and a cement between the first crystals of bloedite.
c. Crystallization with morphologies characteristic of rapid processes
(massive and diffuse halite and rosette-like formations of bloedite and
thenardite).
The presence of bloedite (as cement and rounded crystals) and halite (as pore
infillings and needle-shaped crystals) is indicative of processes of dissolution
and reprecipitation to which the above has been subjected.
References
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"Handbook for soil thin section description". Waine Research Publications.
Wolverhampton, England.

Micrograph 1.- BESI of a transverse
section of the crust.

Micrograph 2.-BESI of the crust (part 1 ) .
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Interpretation of Readings on the EM-38 Electromagnetic
Induction Soil Salinity Sensor
M A Johnston*, M J Savage, J H Moo!man and H M du Plessis. Department
of Agronomy, University of Natal, Pietermaritzburg, South Africa.
Introduction. Soil salinity poses a serious threat to irrigated agriculture in many parts of the
world. The areas affected are tending to increase in extent, and there is a need to monitor the
salinity changes taking place so that remedial measures can be implemented. Techniques are
required that can measure soil salinity rapidly over large areas and at an affordable cost. The
above-surface EM-38 electromagnetic induction sensor of Geonics Ltd. (Ontario, Canada) has been
developed for this purpose (1), and this instrument measures the electrical conductivity (EC) of the
bulk soil to a depth of approximately 1.5 m. Since soil particles have a low electrical conductivity
it is the liquid phase, in terms of water content and electrolyte concentration, that contributes
primarily to instrument response. Various calibration equations have been developed for converting
the instrument readings to the EC of the saturation extract (ECe). A very useful approach followed
in Canada (2) was to develop equations for predicting a single ECe value that is weighted according
to instrument response distribution with depth (ECCW). This response distribution differs quite
markedly for vertical and horizontal instrument orientations, and separate equations were therefore
developed for each. Equations were also developed for soils of different texture and water status.
Similar equations were developed in this study for South African soils. Subsequently these
equations as well as those developed in Canada (2) were evaluated objectively on a new data set,
in terms of their ability to predict EC,.W. This paper reports on the results obtained.
Materials and Methods. Measurements were made with the EM-38 sensor on soils ranging in
salinity at various irrigation schemes in South Africa. Readings were taken at some 110 sites with
the EM-38 sensor in both the vertical (EMV) and horizontal (EM,,) orientations. Soil samples were
taken at 0.3 m intervals down to 1.5 m for determination of EC,.. Using the response distribution
of the orientation that gave the highest EM reading, ECe„ was calculated and then related to either
EMV or EMh in a linear regression for different conditions of soil texture and water status. The
subsequent study for evaluation of these equations was conducted in a similar way but on 22 sites
remote from those studied originally.
Results and Discussion. The equations developed in this study tended to have higher slopes and
lower intercepts than those developed in Canada (Table 1 shows results for fine textured soils).
In the final evaluation both sets of equations tended to underestimate the measured values (Table 2),
but this was less serious for equations developed for South African soils. The reason for the
relatively poor prediction of EC^, was investigated by examining the water content distributions
with depth as well as the magnetic susceptibilities of the soils. The results suggest that the
accuracy of predicting ECCW is much more sensitive to variations in soil water content distribution
with depth than to variation in magnetic properties of the soil. A relatively dry surface stratum of
soil, where salts often abound, can be particularly problematic in that the bulk soil near the surface
may contribute little to instrument response in spite of having a high salinity level. For a particular
water status category (i.e. for the soil profile as a whole) this may result in serious underestimation
of the measured EC.„.
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Table 1 Calibration equations for predicting ECfw (y in dS m ') from the EM reading on the
EM-38 sensor (x in dS m') for fine textured soils
Instrument
orientation

Water status
(% of available
water capacity)

Regression
equation

r2

n

South African soils
Horizontal

>85

y = 5.02x- 1.23

0.83"

6

Horizontal

All classes

y = 6.25x - 1.55

0.65"

8

Vertical

30-85

y = 6.62x - 2.36

0.88"

13

Vertical

>85

y = 3.24x - 1.59

0.70"

17

Vertical

All classes

y = 3.77x - 1.57

0.73"

32

Canadian soils (McKenzie et al., 1989)
Horizontal

>85

y = 3.Ox - 0.54

0.80"

37

Horizontal

All classes

y = 3.1x -0.61

0.85"

104

Vertical

30-85

y = 3.Ox - 0.60

0.74"

68

Vertical

>85

y = 1.9x + 4.15

0.42"

39

Vertical

All classes

y = 2.5x + 1.11

0.63"

121

Significant at the 1 % level
Table 2 Statistical parameters of the relationships between predicted (dependent variable) and
measured ECew for the equations produced in this work (model A) and those of McKenzie et al.
(1989, model B)
r2

n

59"

21

0.52"

21

Model

Slope

Intercept

SE of predicted
EC„,

A

0.62

1.19

1.61

n

B

0.49

2.00

1.45

Conclusions. Prediction of EC,.W from readings on the EM-38 sensor using generalized calibration
equations was rather inaccurate, due mainly to variations in soil water content distribution with
depth. For the best results, calibration equations should be established for the specific soil
conditions under study.
Literature Cited.
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(2) McKenzie, R.C., W. Chomistek and N.F. Clark. 1989. Conversion of electromagnetic
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On the Moisture and Salt Transfer During the Chemical
Reclamation of Solonetzes-Solonchaks Under the
Variegated Lithological Conditions of Aratat Valley
R.R. Manukian. The Institute of Soil Science and Agrochemistry of the
Republic of Armenia. 375082, Yerevan-82, P.OB. 33
Introduction. The efficiency of chemical reclamation of solonetze8-solonchaks in Ararat valley depends on vertical location of
water-proof layers in soil profile.We have investigated the velocity of infiltration stream, the salt content in the soil and infiltrated waters, the amount of removed salts.
Materials and Methods. The investigations have been carried out
in the model tests by the soil columns. The tests have five versions and each of them has three repetitions. In the first three
versions the water-proof layer is located on the upper part of
soil profile (0-T00 cm),in the fourth version this layer is located below 33 cm. and in the fifth version the water-proof layer is absent. The chemical composition of this solonetzes-solonchaks is sodium-sulphate-chloride. -For chemical reclamation it
has been applied sulphuric acid (1 % of concentration).
Results and Discussion. Based on obtained data we made an attempt
to discover the essence of above mentioned processes. It has
been revealed the peculiarities of moisture and salt transfer depending on stratigraphy and texture of soil profile.
In the versions where the water-proof layers are located on the
upper part of soil profile during the first stage of leaching
(10-15 litre of water per column) the infiltration stream is reduced ( up to 2 cm. per day) compared to the version where the
water-proof layer is located below 33 cm.(8-20 cm. per day). Because of reduction of infiltration stream the concentration of
sodium in the water increases, the ratio of sodium to other cations changes and these processes bring to the salinization of
lower layers of soil profile. It has been established that if
the velocity of infiltration is 0,94-1,65 cm. per day (1,2,3 ver346

sions) the coefficient of aalt removal ia 0,34-0,61, if the velocity of infiltration ia 3,6-13,2 cm. per day (4,5 veraiona) the
coefficient of salt Removal makes up 0,17-0,21.
After the chemical reclamation and application of 5 thousand m /ha
of leaching water the salt content in the soils significantly reduced (by 0,4-1,5 % ) . In the salt composition prevails gypsum
formed due to the interaction of sulphuric acid and calcareous
soils. The maximum amount of thia gypsum (1,3-4%) accumulated in
the two upper horizons of soil profile (0-33 cm. and 33-66 cm.).
The character of salinity altered from sodic-sulphate-chloride
into sulphate-calcium, exept first two versions, where the sodic
character retains below 33 cm.of soil profile. It has been observed the improvement of composition of exchangeable bases (the amount of exchangeable sodium reduced due to the increase of Ca
and Mg in the absorption complex).
The application of 20 thousand m /ha of leaching water accelerates the further desalkalinization in all versions of experiment.
In the IV and V versions the êesalkalinization and desalinization
occur rapidly because of good infiltration ability of soils. In
the rest of versions the deceleration of above mentioned proceses
depends on the heavy texture of top soil and accumulation of gypsum in the upper part of soil profile.
It hasbeen found out that the processes of desalkalinization and
desalinization are more intensive in the versions with light-loamy textured soils in the upper part and clayey and heavy-loamy
textured soils in the lower part of profile. The above mentioned
processes are «ore complicated in the profiles with the heavy
textured top soil, which decelarates the infiltration. That's why
the period of reclamation in this versions is prolonged.
To accelerate the process of chemical reclamation it's necessary
to increase the velocity of infiltration by means of deep tillage
before reclamation. Because of the variegated lithological conditions and soil cover of Ararat valley the depth of tillage should
be differentiated.
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Superficial soil balance of disolved elements by rainfall
simulation using desionized water above saline soils.
Griinberger O., M. Reyes Gomez, Janeau J.L.. ORSTOM-lnstituto de Ecologia,
AP 632, 34000 Durango, Dgo. Mexico.
Introduction. Soluble components in arid zones tend to acumulate in bad drained soils.
Extended endoreic zones in playas of the chihuahuan desert are naturaly saturated of salts witch
affect the productivity of cattle-rearing as much as the water ability. Soil surface chimical
phenomens had been well studied in laboratory (Sposito, 1983) but their complexity dificultates
ground aplications. On the other side, ground experimentations emphatisize soil water quality at
the expense of run-off balance of disolved elements as the laws of chimical equilibriums are well
established and aplicable at soil water because of the slowness of the water soil transfert. The
cinetics of dissolution reactions involved in superficial run-off are mostly unknown and regule
the superficial balance of disolved matter. Rain simulation is a well known methodology of
studying soil infiltration witch underline the role of soil surface features (Valentin; Cast nave,
1989) howhever it has not been used on the purpose to establish superficial chimical balance
because of the considerable amounts of water needed for rain simulation with classic device
(Swanson, 1965). The oportunity is given with the new device (Asseline; Valentin, 19'8) of
studying above one square meter soil surface reactivity in ground conditions with water of
determinated quality.
Materiel and methods. The device in use is a mini rainfall simulator from Deltalab-Orstom
witch had been complemented with two resins exchanging colums of a inch square each. The
exchanging system, composed of separated cationic and anionic resin layers, provides, between
two regenerations, 5000 liters showing a water conductivity of 35 microSiemens per cm when
using a discharge of 1.5 liter per minute with a 550 microSiemmens per centimeter conductivity.
This system had been prefered to others because of his simplicity i.e. no needs of energy, and
the fact that the processed water has chimical quality very close to local observed rains i.e. pH
near to 6.5 and conductivity beetween 25 and 100 microSiemmens with the predominance of
Na + and CI- components. The produced fresh water is used to supply the mini rainfall sim ïlator
for representative rains above one square meter parcels set above particulary soils a irface
features. Run-off water samples are collected with a frequency adapted to discharge, in the
Mapimi Biosphere Reserve, saline soils have, in a general way, a very superficial hydrodinamic
function (Delhoume, 1989). They are present in playa zones and usually show secondary
gypsum layers. Near the surface, saturations extracts are about 1100 to 7900 microSieme is per
cm. The rains are programed to collect sample of first run-off water and determined
hydrodynamic stable situations. They begin with a 10mm/h rain intensity during on hour, then a
40mm/h rain during 20 minutes and at last a 100mm/h rain for 10 minutes. Each experiment
coresponds to a fresh water waste of aproximaly 400 liters by test in ground conditions.
Preliminary results and discussion. The first results obtained, along 10 tests, indicate a
bihaviour pattern of the water conductivity with time. In a preliminary phase, at the begining of
the run-off the conductivity is hight from 12 000 (above saline crusts) to 250 microSiemens per
cm and decrease according to the establishement of the primary hydrodinamic steady state of
infiltration. In most of the tests, the conductivity value of the water tends to decrease «lowly
with the instalation of the run-off steady state according to the run-off value (Fig. 1) and th; tyi»
of soil surface. This indicates that the methodology is adequate to quantify soil surface chemical
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reactivity incluying dynamical aspects according to rain intensity.

Figure 1 : Test results above a Gypseous crust: (1) et (2) Hydrodinamic steady states with
40mm/hour and lOOmm/hour simulated rains. (3) Initial decrease of conductivity, (4) Decrease
of conductuvity according with (1), (5) Decrease of conductivity according with (2).
Acknowledgements. This study is realized with the financial support of CONACyT (Mexican
Ministry of Science and Technology), Project N° 1365T-9206.
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Effect of Water Quality on Soil Salinity in Irrigation
S. Dragovte*, M. £irovi<!*, V. Hadiic*, D. Rudté**. *lnstitute of Field and
Vegetable Crops, Novi Sad. **Faculty of Agriculture, Zemun-Belgrade

Introduction. Potential evapotranspiration of crops grown on the territory of Yugoslavia exceeds
the amount of rainfall during vegetation period. Consequently, high and stable yields of
agriculturall crops can be achieved only with irrigation. Since the sources of quality water are
limited, saline waters, sewage waters etc., are used for irrigation. Soil salinity is affected
not only by irrigation water of unsuitable quality, but also by unfavourable chemical properties
of soil, poor water permeability, high level of mineralized underground water, and unsuitable
irrigation regime and technique (Dragovic et al., 1993, Hadiic, et al., 1989).
Materials and Methods. Soil samples analyzed for the effect of irrigation on soil salinity were
taken from 14 irrigation systems. Depending on the size of irrigation system and the number of
soil types, 2-5 locations were analyzed per one system and soil was sampled from the depths of 030, 30-80, and 80-125 cm. The study included the analysis of chemical and water-physical
properties of soil, ECe and the content of total water-soluble salts, composition of water-soluble
cations and anions, the percentage of adsorbed Na, irrigation water quality, and so on. The
analysis of multiple correlation and regression was performed.
Results and Discussion. According to rainfall amount and distribution, Yugoslavia belogs to the
territories where irrigation can bring to secondary salinization. The average annual amount of
rainfall is 580mm, in vegetation period it is 340 mm. Rainfall distribution per year and per
month is unfavourable from the aspect of agricultural production. In July and August, when
plants requirement for water is highest, the amount of rainfall is the lowest and usually
satisfies only 30% of plants requirement for water. Climatic and soil conditions of the region,
as well as high and mineralized undergroun water affected the primary salinization of individual
areas. According to Miljkovié (1963), saline soils cover 10% of the Vojvodina Provine soils which
covers approximately 2,000,000 ha.
The quality of irrigation water had the highest effect on soil salinity. Percentage of salt in
soil is in significant correlation with salt concentration in water. Salts added with irrigation
water accumulate in root zone and affect first susceptible plants, while later on even those
tolerant to salts. The analysis of deeper soil layers (180-125 cm) showed that 50% of the studied
irrigation systems had the concentration of water-soluble salts higher than 0.10%, while in 35%
systems it was higher than 0.15%.
Water sampled from the studied irrigation systems was of different quality. According to the
Classification of the US laboratory (Richards, et al., 1954), 43% of analyzed systems had water
quality of C2, 43% of C3 and 14% of C4. The highest salt accumulation was registered in the
systems which used irrigation water of C3 and C4 class.
The analysis of multiple correlation and regression between parameters of irrigation water quality
and soil chemical properties showed high correlation coefficient for majority of parameters which
characterize soil salinity. Total concentration of salt in water, i.e., ECw, sum of anions and
cations and the content of Na+, CI and SO^" had the highest effect on total soil salinity.
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These parameters had the strongest effect on ECe, SAR, Na+ and CI- content. The content of SO4
was lower, while the content of COi and HCO3 did not depend on water quality.
Literature Cited.
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Soil Salinity and its Relationship With the Water Table
Depth in Ejidos of Netzahualcoyotl and Zapotlan Mexico
State.
P. Coras, R. Arteaga, and M. Vazquez. Department of Irrigation. University
Autonomous Chapingo, 56230 Mexico, Mex.

INTRODUCTION.The salts can accumulate in the soil by capillary
supply from tne water table and remain in the soil solution
causing an additional effort for the water absorption by the
roost,and consequently a decrease of the crop yield.If the sodium
content is too high compared to he other cations, it can be
absorbed by the exchange complex in excessive amount causing
dispersion of clay particles,and as a consequence,the soil loses
its structure and becomes impermeable.The present investigation
has the following objetives:
l.-To elaborate the maps of soil isosalinity,of the chemical
quality of the water table,isobath,and the contour lines of water
table level.
2.-To find the relationship between the depth,chemical quality of
water table,tha direction of the underground water flow,and the
soil salinity and sodicity.
MATERIALS AND METHODS.The study arae is located in San Martin
Netzahualcoyotl and Zapotlan,Texcoco,México,at tne latitude of
19=20» N.,longitude of 98°53'W and altitude of 2230 msnm.
The soil simples were collected at diferent depths
(30,60 and 9C cm.) from 36 sites.The depth of water table,in dry
and wet seasons,were observed in 27 pits located in a grid of 500
m. from each others.
The thematic maps were elaborated separately using a SURFER
software,drawing contours joining points having the same depth of
water table (isobath),absolute altitude of water table and water
quality.Maps showing the direction of flow,and soil isosalinity
were also elaborated (1,2).The integrated map was obtained dy the
superposition of all the separate layers.
RESULTS AND DISCUSSION.The integrated map (fig.1) shows that 78%
of the area present problems of salinity and sodium with a water
table located at less than 1.50 m.The saline soil.3 represent 13%
of the total area,the salino-sodic soils,53%,and r>odic soils,12%
The soils with high sodium content (salino-sodic and sodic soils)
represent 65*. of the areas and located in the discharge
areas.There
is
no
significant
relationship
between
the
distribution of the soil salinity class and the depth of the water
table.From the above results,it is posible conclude that the soil
salinity and sodicity are meinly related to the water table
quality and the roil internal drenage conditions.

352

DIRECTION Of FLOW—
0

IS08ATAS

SODIC
SALINE
NON SALINE-"ON SOOIC
SALINE -SOOIC
FIGURE

INTEGRATION OF SOIL SALINITY MAPS, FLOW DIRECTION AND GROUND WATER
TABLE

OEPTH.

LITERATURE CITED.
1.-United States Departament of Agriculture 1989
Saline and Alkaly Soils.Agriculture Handbook N s 60
2.-Pizarro,F.1978.drenaje Agricola y Recuperación de
Salinos.
Editorial Agricola Espanola, S A. Espana.

353

Suelos

Use of High Saline Water for Irrigation
Gilani Abdelgawad Mhimed. Mustafa Aloul and Fathel Kadori. Soil Science
Division, The Arab Center for the Studies of Arid Zones and Dry Lands
(ACSAD) DamascustlSyria

Introduction:
One of the main limiting factor for irrigated agriculture in the Arab world is
the shortage of water of good quality . The actual irrigated land in the Arab
world is 10 million hectares representing about 20% of the area suitable for
irrigated agriculture in the Arab world . This low percentage of irrigated land
is the result of the shortage of good quality water suitable for irrigation .
Therefore , a research project started five years ago to utilize saline water
for irrigation
Materials and Methods:
High saline water was obtained by mixing Euphrates river water with agricultural drainage water . The mixtures range in their ECW from 1.55 to 13.20 dS/m,
depending upon percentage of mixing . The design of the experiments was randomized block with six replicates with the plot size of 60m2 . The mixtures accompanied with leaching fractions of 0, 15, 20, 30% , and the crops irrigated
were Alfalfa, cotton and barley . The soil salinity, depth of water table and
its salinity were all monitered .
Results and Discussions:
Results show that the yield of all crops increased with 15, 20% leaching fractions and decreased with 30% leaching fraction . The average yield of Alfalfa
is 25 tons/ha of dry water for 50-50% mixing ratios of fresh water and very
high saline water . This yield is 87% of the yield of fresh irrigated water
plots, and there is a reduction of fresh water use by 57% of this mixing ratio,
the yield of barley and cotton were 86 and 89% of that fresh irrigated water
plots respectively .
The depth of the water table ranges between 160-200 cm with ECe of drainage water ranging between 3.3 to 5.5 dS/m .
The ECe of the soils irrigated with very low saline water and high saline water
were 1.8 and 2.6 dS/m respectively . Precipitation of gypsum is increased in
the irrigated plots and it was highest for very high saline water irrigated
plots .
We conclude that there is a great potential for expanding the irrigated land
in the Arab world by mixing water resources of different qualities for
irrigation . This only can be achieved if proper water and land management is
practiced .
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The Use of Certain Soil Amendments to Control Salt
Accumulation Under Drip Irrigation With Saline Water
A.M. Elgala, M.M. Wassif, M.A. Mustafa and S.E. El-Maghraby. Soil
Science Dept., Fac. of Agric, Ain Shams Univ., and Soil and Water
Conservation Dept., Desert Res. Center, Cairo, Egypt.

Introduction. In newly reclaimed area in Egypt, limited resources of saline artesian well
water is commonly used for agriculture. Drip irrigation system is applied to reduce water
consumption but usually result in salt accumulation near plant root zone. Therefore, this
work was planned to study how far the soil amendments and the use of plastic sheets
can control salt accumulation under drip irrigation.
Materials and Methods. A field experiment was conducted in order to study the effect
of adding bituminous emulsion (0.2 L/m2), the soil conditioner PAM (0.2%) and plastic
sheets on controlling salt accumulation in a field grown with tomato under drip irrigation
using highly saline water (5000 ppm). Soil samples were taken at the end of harvesting
stage at different depths and distances from the emitters. Samples were analyzed for pH,
EC, soluble Na+, Ca+ + , Mg + + and Cl". SAR values were calculated. The tomato fruit yield
was recorded and total soluble solids in fruit juice was determined. The water use
efficiency and the economical evaluation of various treatments were calculated.
Results and Discussion. Results indicated that, soil pH and EC values were sharply
decreased within the root zone as a result of applying such treatments. This was actually
related to the downward and lateral movement of the individual ions, C a + \ Mg t + , Na+
and CT in the treated plots. The SAR value which is represented by
( N a + / / ( C a ^ + Mg' ')/ü is a good index for testing the hazard of Na+. The efficiency of
the treatments for reducing the SAR values could be arranged in the following order: PAM
> Bitumin > Plastic sheet > control.
The yield of tomato crop was significantly increased for all treatments particularly
with the plastic sheet, as the yield reached to about double the yield of the control. The
magnitude of yield increase for various treatments could be arranged as follow: plastic
sheet > PAM > bitumin. The favourable effect of the studied treatments could be related
to one or more of the following: decreasing salt stress, increasing soil temperature,
reducing weed growth, increasing root growth, preserving soil moisture and/or increasing
the uptake of certain plant nutrients.
Also, the total soluble solids in fruit juice as well as the water use efficiency were
significantly increased in the treated plots. On the other hand, the economic evaluation
date indicate the superiority of bitumen which had the highest benefit/cost ratio.
Literature Cited. (1) Ghazy, A.; M.A. Wahab and A.M. Selim (1989). A study on moisture
and salt distribution versus conditioners under drip irrigation. Egypt. J. Soil Sci., 29(2):
189-200.
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Halophytic Shrub Plantations and their Role in Salt Cicling
of the Aral Sea Former Bottom
Nina I. Shevyakova. Institute of Plant Physiology of Russian Academy of
Sciences. Russia, Moscow, 127276, Botanicheskaya str., 35.
The tragedy of the Aral Sea is a result of the combined action of some anthropogenic and tectonic
factors. The Aral Sea drying has been taking place for thirty years and progresses. The main
negative consequence of the drying is formation of enormous area of sea-coast deposits on the
former sea bottom and decrease of ground water level. As a result of this the salt fallout on the
best agricultural fields of the Aral Sea region about one hundred million tons annually.
Planting, growing and harvesting of halophytic plants appears to be a good possibility for the
Aral Sea protection. At present this is one of the best solution of the region ecological
problems. Natural ability of halophytes to colonize the saltedarea of the Aral Sea bottom can
provide information about growth conditions.
The planted stand of halophytes and hyperhalophytic shrubs was monitore for three years. The
shrubs were planted on three polygons at a distance of 100 km from the town of Aral'sk. The
polygons had different edaphic conditions: soil texture, water avaiability, and salt content. The
plots were situate in the littoral zone (former bottom) of the retreating Aral Sea. Once the sea
bottom has been exposed, the salt desertification began. The bottom became the source of salt
deflation. The role of following shrubs in salt cycling was examined: Halocnemum, Nitraria,
Haloxylon, Tamarix. The adventine roots of such shrubs may extend up to the depth of 30-40 cm
into soils with constant low salt status (1-2% dry ppt) and sufficiently good moistening in summer
(25-35%). The halophytes caused significant decrease of salt crust formation rate and diminished
salt deflation in the zone of optimal plant development to the third year of exposure.
We hope that such halophytic plantations on the new sea-coast can significantly improve ecological
situation there. The cultivation of wild growing halophytes miy allow to trap seeds and retain
water and help other plants to colonize salt lands.
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Salt balance in sustainable irrigated farming
M. Rédly , K. Darab, and J. Csillag. Res. Inst. Soil Science and Agricultural
Chemistry of the Hungarian Academy of Sciences, Budapest, Hungary
Introduction. In order to prevent the increase of salinization in case of potential soil salinity, the
components of salt accumulation and leaching, or at least their resultant must be known (2).
The sum of the effects of factors bringing about the decrease and increase of salt content is
equivalent to the salt balance. Depending on the relative intensity of determining factors, stable
salt balance, the balance of salt accumulation and leaching process can be distinguished (1).
The precondition of sustainable irrigated farming is the maintenance of the equilibrium of salt
accumulation and leaching.
Materials, methods, calculations. Calculations were carried out to predict the conditions of
irrigation taking into account the critical depth of groundwater, and the use of waters with
different salinity on the soils of the Hungarian Plain. Data on salinity, its annual dynamics, the
chemistry of salts, were collected from water extract and soil solution analyses of the horizons of
a great number of soil profiles of non irrigated and irrigated territories (1,2,4). Available data
on water-physical soil properties and sodicity, on hydrological conditions, on groundwater and
irrigation water chemistry were also used. The resultant effects of factors determining the salt
balance was measured by the change of salt content of the soil layer during a period of
observation
d = b-a
where
b = salt content of the soil to the depth given, at the end of the observation
a = salt content of the soil to the depth given, at the beginning of the observation
d = the salt balance or salt regime constant of soils.
In the calculations, the maximum and minimum depth of ground water, soil texture, the degree
of salinity and sodicity of the soil to be irrigated, are considered (2).
Results and discussion. The computation model (Table 1.) consists of: the calculation of the
salt regime constant of non irrigated soil, the calculation of salt balance after the separate
estimation of its components as salt accumulation from irrigation water (x), salts transported
from the groundwater and capillary zone (z), average original salt content of the soil (a). Based
on the salt balance, to predict the possibility of irrigation or necessity of drainage, further
calculations have to be carried out to the determination of the critical depth of groundwater
(where stable salt balance is assured) and maximum permissible concentration and/or volume
of irrigation waters of different chemistry, assuming stable salt balance. To evaluate the sodicity
of irrigation waters, the change of SAR value of the soil solution and the ESP of the soil during
the irrigation and leaching process were predicted by the application of a successive
approximation procedure (3). The model takes into account the concentration of different
charged and uncharged species in the soil solution, the dissolution of CaSC>4 in the soil solution
as well as the conditions of cation exchange equilibrium between the solution and the surface of
soil particles.
Conclusion. To go a step forward from giving limit values for irrigation (irrigation waters)
mathematical models were elaborated with using known relationships (salt balance equation,
cation exchange equation, etc.), to determine the conditions of irrigation on a given area. The
water and salt regime of the area, the chemistry of salts, the electrolyte properties of soil
solution and the soil properties were taken into account. Based on the model and the given
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parameters, with the use of a computer programme, the possibility of irrigation with the applied
irrigation water can be given.
Literature cited.
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irrigation on the Hungarian Plain. Agrokémia és Talajtan, 18. 1969. (Suppl.) 351-376.
(3) Darab.K., Rédly.M., Csillag,J.: Model for calculation of the dissolution of calcium sulphate and ion exchange
equilibria in alkali soils. Proc. Int. Symp. Dynamics of Salt Affected Soils. Nanjing, China, 4-10 Oct 1989. 98-108.
(4) Darab.K., Rédly.M., CsillagJ.: Soil properties and irrigation water quality. "Proc. Int. Symp. on Strategics for
Utilizing Salt Affected Lands". 17-25 Feb 1992, Bangkok, Thailand. 131-151.
Table 1. The determination of the possibility of irrigation
I. Calculation of the salt balance coefficient (d) of the non irrigated soil
Determination of salt dynamics of the
non irrigated soils

Measurements

a n i (g/100 g)
b n .i (g/100 g)

i

dtg/100 g)= b n - i - - an > i

irrigation conditionally
possible

drainage, water
regulation

II. Determination

List of symbols:
a, b, d, x, z: see in the text
i: irrigated; n.i: non irrigated
D: depth of groundwater (m)
D . : critical depth of groundwater (m)
c. and w.: concentration (g/L)
and volume (m /ha) of irrigation water, resp.

of factors influencing the salt balance of irrigated soils

| a (g/100~g)|

x (g/100 g)]
calculation of salt balance
b. = a + x + z + d

Case 2: b > a and

Case I : b ? a and d > 0
[water regulation)

d< 0

irrigation conditionally
possible

Determination of c r i t i c a l depth of
groundwater

Determination of maximum permissible concentration of irrig.
water;limit condition b.=a

X

Case 1:

x 40
water regulation

Case 2:
y o

calculation of
c, w- of irrig.water

b£ a

Step 2

Step 1

I

Case 3 :

i r r i g a t i o n with the
applied wcter possible

I

Calculation of s a l t balance for
d i f f e r e n t depths of groundlwater
till b-ajO
Case 2 :

Case 1:
D crit * D
water regulation

D crit <. D
irrig. with the
applied water possible

III. Model computing the dissolution of calcium sulphate in the soil solution
Input: chemical composition of the liquid phase of the
original soil
Calculation of the electrolyte composition in the soil solution
(subroutine)
Calculation of the dissolution of calcium sulphate in the soil
solution
_^__^__
Output: Chemical composition of the s o i l solution saturated with
calcium sulphate (subroutine)
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Rehabilitation of Salt-Affected Soils of the Lower Valley of the
Colorado River, Argentina
J. C. Gasparoni, R. A. Rosell, R. Sanchez, J. A. Galantini and O. Svachka.
Laboratório de Humus (LAHBIS), Dpto. Agronomia, UNS - CONICET, 8000 BAH1A
BLANCA; EEA-INTA, 8142 H. Ascasubi and CORFU, 8148 Pedro Euro.
Introduction. The lower valley of the Colorado River, Argentina, has saline and saline-alkali (sodic)
soils with Electrical Conductivity (EC) and Exchangeable Sodium Percentage (ESP) levels of 18-21
dS nr1 and 19-21 %, respectively, in the Saturation Extract (SE) of the 0 - 0,2 m depth (1).
The principles of soil rehabilitation involve: I) good drainage, II) low-salinity irrigation water
and III) adequate soil levelling, tillage, crop rotations and sodium removal (2).
In this report the EC and ESP changes of the SE, properties directly related to salinity and
sodicity, respectively, of a saline-sodic soil treated with several amendments and analyzed after 18
months (July 1991 to December 1992) are presented.
Materials and Methods. An entic Hapludoll soil, Puesto El Remo series (3), loamy coarse with
horizons Al (0-0,2 m), HCl (0,2-0,4 m), UC2 (0,4-0,65 m), IIC3 (0,65-0,8 m) and IIIC4 (0,8-1,2 m)
was studied. Table 1 presents some physical-chemical properties of the original soil.
Table I, Chemical properties of a saline-alkali Hapludoll, Puesto £1 Remo Series.
Depth

SP

(m)

(%)

0,0-0,1

29

pH

EC

B

(dSm"1)

(ug/g)

6.5

18

1.3

SAR

ESP

(%)
17

19

0,1-0,2

31

6.6

21

1.1

19

21

0,2 - 0,4

33

6.8

16

1.0

16

19

0,4 - 0,6

34

6.8

15

0.8

17

19

SP, Saturation Percentage.
EC, Electrical Conductivity.
SAR, Sodium Adsorption Ratio.
ESP, Exchangeable Sodium Percentage.

The following amendments were applied to 20 x 100 m plots in the first week of July 1991:
T, non treated soil.
L, leached, as indicated in point e).
C, cropped to barley (Hordeum vulgare) at a rate of 60 kg seed ha"1 in July 1991 and June 1992 and
leached (point e).
S, sulphur (2 Mg ha') on the soil surface, incorporated with a disk harrow and leached (point e).
Y, gypsum (10 Mg ha 1 ) on the soil surface, incorporated and leached as the former treatment.
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The main soil management applied to all treatments during 18 months were as follows:
a) moldboard plowing, disk harrowing and Setaria italica seeding (13 kg ha 1 ) in December 1991.
b) Setaria cutting and disking-in in Ma-ch 1991.
c) 0,7 m-deep, 1,5 m-wide subsoiling in June 1992.
d) construction of small ponds for irrigation in December 1991.
e) soil leaching (13 cm) with the Colorado river water in March and September 1992.
Rainfall during the 18-month period was 873 mm (50 % over the average).
Results and Discussion. Figure 1 shows the EC and ESP of the soil under several treatments during
18 months. EC decreased sharply in all treatments down to 0,5 m depth. ESP decreased strongly in
the surface and irregularly in deeper horizons. So far, it seems that the good drainage and amendments
applied will recover the saline-alkali, entic Hapludoll soil in a relatively short time (ca. 3 years).
Surface amendments with calcium ions will improve the rate of soil rehabilitation.
Figure 1. EC and ESP changes of a saline-sodic soil under several treatments after 1,5 years.
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Effects of CHemical and Biological Methods in the Rehabilitation of Saline-Sodic in Abasolo, Tamaulipas, Mexico
A. Garcia*, T. Medina, A. Cardona and J.I. Manzano. Departament of Soils.
Feeding and Ecology Institute, University of Tamaulipas, Mexico.
Introduccion. Man depends on the soil and in a certain way soils depend on the man and of the use
that he makes of them; that constitutes the natural way to lend grow up the plants. And that is how
he ewjoys and makes use of the beauty of the plants and fibers and food for the animals and himself
(Bukman and Brady, 1977).
Nowadays one of the main objectives in the edafolic investigation is to rehabilitate and become better
the mexican soils (Lopez, 1992).
This study is focused in evaluating the effect of chemical and biological methods for the rehabilitation
of saline-sodic soils. That's the reason this investigation was carried out in a land with saline-sodic
characteristics and it was applied a combination of chemical and biological improvers to evaluate the
research variables, the electric conductivity and the percentage of interchangeable sodium.
Materials and Methods. The experiment was carried out in the: Ejido Dolores, District of Rural
Development No. 158, Mnicipality de Abasolo, Tamaulipas, Mexico, where soils with a saline-sodic
problem are located. The origen of this problem is the bad planeatin, use and handle of the natural
resources, nowadays the problem has reached 25% of the district surface, so it is urgent an applied
investigation in the essay of methodology that can restore and recover these areas by means of
chemical and biological methods to obtain as a result better physical and chemical properties and a
better availability of the essential elements for the plant. The resources applied were chemical
improvers (sulhpur and promesol) and biologies (dong) watching the effect in the studied variables,
as the electric conductivity and percent of interchangeable sodium.
Results and Discussion. The results of each soil's samples were analyzed under an statistical analysis
of hazard blocks and the analysis of variance registered that there was no significance in treatments
and blocks. That means that the place were the experiment was settled had an homogenyc behavior
with regard to the physical and chemical characteristics of the blocks. The behavior in the treatments
was statistically the same.
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Square 1. BOARD OF AVERAGES.
Electric Conductivity.
Subsoiling
Trat.
1
2
3
4
5
6

M-l
8.11
4.15
7.27
7.41
10.95
5.28

M-2
7.51
7.14
6.64
7.92
7.81
8.35

M-3
10.32
12.60
10.08
11.15
10.85
12.64

Breaking
M-l
20.50
14.84
17.28
13.75
16.97
9.11

M-2
15.10
9.41
11.97
10.11
10.38
9.86

M-3
17.23
20.25
20.21
21.46
16.02
19.46

M= sampling.
The board of averages indicated that the effect of the integrated methods had the same variation with
respect to the dissolution of soil's salinity. Therefore iris important to consider the amount of
improvers that there will be applied and to observe more treatments, considering the application of
a washing lamine.
Summing-up and recommendations. 1) It was observed that the effect of soil's improvers in the
dissolution of soil's salinity had a minimun variation, so that it's recommended to work with a wider
rank of improvers.
2) It's suggested to work with a greter number of treatments and repetitions in order to observe the
effect that they have on the soil's salinity.
3) It must be taken in consideration the soil's washing to take the dissolved salts away of the root's
operation range and to be careful of getting a good soil's draining so as to a better function in the
washing.
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Chapingo,Mexico.
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Factors Governing Salt Tolerance in a Wide Spectrum of Grasses
R. Ansari, and T. J. Flowers. School of Biological Sciences, University of Sussex,
Brighton BN1 9QG, U. K.
Introduction. Saline soils are found in all countries where arid or
semi arid climates exist. It is not possible to quote a precise
figure for the affected area, simply because very limited have been
mapped in any rigorous manner.A world figure would be about 350x10$
hectares (Szabolcs,1979), while according to Kovda (1980), no less
than 50% of all irrigated land is salt afected to some degree.
Plants are known to survive over a very wide range of salt
concentrations. Some thrive well in 2-6% salts (Levitt,1972), a few
e.g. Nitrmria
schattmri,
may grow in a soil which contains upto 30%
salts and whose leaves may have total salt contents as high as 57%
of their dry weight (Xovda •L.al.,1973) while others may be
adversely affected by lOmM NaCl (Lauohli and Hieneke,1073).
We do not know exactly what characters induce salt tolerance in
particular plants and make others sensitive to even low salinities.
Salt tolerance does not depend on a single plant property but
rather on the daptation of the whole plant to the environment.lt is
however, the end result of various contributing factors which
ultimately manifests in the response of the plant to the adverse
condition. There is therefore, a need to identify these factors to
have a better understanding of plant growth under such conditions,
this knowledge may also help to combat the problem in a more
systematic manner. The present study has tried to identify some of
these factors and the multifareous difficulties that may be
encountered in such a venture.
Material and Methods. Different plant species of some common
crops {1'riticum

a«M*tivuffl« Oryzs

sativa, Hardmum

vulgar*,

;ea

field
maysr)

and wild grasses (l-lymus olivori,
Puccincllia
msritiiha")
were grown
in water culture with salinity ranging from 25 to 400mM NaCl. The
culture solutions were not aerated but were changed periodically.
Sequential harvests were made at different intervals for yield, ion
contents, fluxes and selectivities.
Results.
tolerant,

Based

on overall performance, Fucc:inel .1 is

followed

by

Elymui,

£'«»,

Hordt? urn,

was

Tritxcum-,

the

most
Oryza.

Exclusion of ions was the main strategy used by these species to
tolerate salinity .PuccincnJ i i.i was the most efficient in this
respect and was followed by other species in the above order.
Oryzs
was the least succulent of all the species, this increased
its ion concentration on a unit shoot water basis resulting in more
harmful effects nn its dry weight than seen in sny oth«r species.
Hordeum
was more succulent than Triticum
but the later transpired
very large amounts of water and as a consequence, transported more
ions to its shoot than not only Hortimm but £em and Ctymiis
also,
although the quantity of sodium transported per ml of water was
less in Triticum
than either Ztta or Elymus.
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The more tolerant species also exhibited a lower Na/K i.atio and a
higher selectivity for K against Na, compared to the more sensitive
ones. Similarly the total flux of Na was higher and of K lower in
the sensitive than a tolerant species. The cultivars of Oryr*
and
Triticum
could also be seperated similarly.
Leaf to leaf distribution of ions showed that the old leaves
generally contained more Na and CI than the younger leaves and more
of these ions in the sheath than the respective blade. The ability
to effectively keep young leaves free of harmful concentrations of
these ions, played a vital role in the overall performance of
plants under saline conditions.

Fig.1
Fig.1
Fig.2
Fig.3

Fig.2

Fig.3

Effect of salinity on dry weight of species under test
Fluxes of K and Na (pmoles/g dry weight/day) in various
species under different salinity levels.
Selectivity of K uptake against Na in various species under
different salinity levels.
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Economics of Sodic Soil Reclamation
J. D. Oster, K. C. Knapp, E. Takele, and C. Banggi. Department of Soil and
Environmental Sciences, university of California, Kiversi de, CA. 92521, USA;
Inversiones Agricolas E Industrials SeimelS. A., Santiago, Chile.
Introduction. The infiltration rates of gypsiferous, sodic soils are generally sufficient to assure
rapid reclamation (3). Sufficiently high soil salinity levels are assured because of the presence of
gypsum throughout the soil mass. The water requirement is about the same as that to reclaim
saline, clay loam soils, or about 1.5 cm of water per cm of soil (2). This suggest that rapid
reclamation of sodic soils that do not contain gypsum may be possible if adequate gypsum
incorporation and mixing is possible using deep tillage techniques. Although the amendment and
tillage costs would be high, if there are no other financial constraints the profitability over the
long run may be higher than with conventional reclamation methods. In this paper we provide an
evaluation of the economic tradeoffs among different reclamation strategies for calcareous sodic
soils, including the single application and incorporation of sufficient gypsum to reclaim the upper
1-m of soil, successive annual applications of small amounts of gypsum in conjunction with
cropping until the soil is reclaimed, and reclamation with cropping without gypsum.
Materials and Methods. An economic model of reclamation was developed which relates
financial inputs to returns from crop yields for two conditions: financial resources are limited
and better returns may be obtained by investing in other farming operations (condition 1), or
financial resources are not limited (condition 2). The model includes three conditions relating
amendment rates and excess irrigation water for leaching to improved soil physical conditions:
1) soil improvement increasing at a decreasing rate with increasing amendment, water, and
management inputs, 2) soil improvement is a linear function of inputs, and 3) soil improvement
increases at a increasing rate with increasing inputs.
Results and Discussion. The economics of reclamation practices were evaluated based on
farming operations in California and Chile. In California (1), annual or semiannual gypsum
applications of 2 to 4 Mg/ha to an entire field are continued as long as crop growth is uneven
and yields are low. Barley, a winter crop, was usually the first crop grown on new ground with
border irrigation used to supplement annual rainfall. After one or more barley corps, cotton was
often added to the rotation. Cotton fields were ripped before planting, amended with gypsum,
listed to create furrows, and preirrigated. Large amounts of water (250 - 350 mm) infiltrated
during preirrigation, resulting in considerable leaching and reclamation. Considerable time was
required to apply sufficient excess water to reclaim the upper 1.5-m of soil. In the San Joaquin
Valley of California, vineyards planted in the 1970's now exist in fields where reclamation began
in the 1950's.
In Chile, three reclamation methods for a sodic soil have been tested by Inversiones Agricolas E
Industrials Seimel S. A. This company wants to reclaim the soil so that fruit and vine crops can
be grown. The first method, begun in 1990, followed the California procedures. The second,
begun in 1991, used rice that was continuously ponded. The third, begun in 1992, involved the
application of 40 Mg/ha of gypsum and incorporating it into the soil to a depth of about 0.4 m
with a slip plow which penetrated to a depth of 2 m. For the third method, gypsum application
and tillage occurred in the fall before the rainy season began. Following land leveling and the
application of 1000 mm of irrigation water, barley was planted and an additional 500 mm of rain
occurred. Both the second and third methods of reclamation were considered successful based
on the grain yields of the subsequent crops.
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The economic model indicates both the California and Chile experience are consistent with
economic constraints. In California, financial resources of the small scale farming operations
where limiting. The need for short term profitability prevented development of more rapid
reclamation techniques such as a single, large application of gypsum and its deep incorporation
with tillage equipment. Where financial resources are less limiting, the focus shirts to long term
profitability and more expensive reclamation techniques can be used.
Literature Cited.
(1) Dean's Committee, University of California. 1968. Report 1. Agricultural development of
new lands west side of the San Joaquin Valley: land, crops, and economics. College of Agr.
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(3) Oster, J. D., I. Shainberg, and I. P. Abrol. Submitted 1993. Reclamation of salt-affected
soils. Chapter 19. ASA Monograph on Drainage. R. Wayne Skaggs and Jan van
Schilfgaarde, eds.
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Characteristics of Different Wheat Cultivars in Selection
For Tolerance to Soil Sodium Saturation.
O.P.Choudhary, M.S.Bajwa and A.S.Josan, Department of Soils
Punjab Agricultural University, Ludhiana 141004, India
Introduction. The reaction of wheat plants to increasing soil salinity and sodium saturation
has been extensively studied and reported (Maas and Hoffman, 1977, Francois et al., 1986
and Kingsbury and Epstein, 1986). Since cultivation of wheat crop is commonly recommended during the reclamation of sodic soils (Abrol et al., 1973), selection of a cultivar
having sufficient tolerance and capable of producing high yields even at high levels of
exchangeable sodium percentage (ESP) can, therefore, be of great agricultural significance. Identification of the characteristics which have possible values in determining
tolerance to high ESP can be useful to the plant breeders.
Materials and Methods. The present investigations were, therefore, carried out involving
three wheat cultivars (Triticale var. TL-419, Durum wheat var. PBW-34 and Bread wheat
var. HD-2329) and grown to maturity (Nov. 1991 through April, 1992) under three levels of
soil sodium saturation (referred to as S0, S, and S2 in Table 1). The build up of ESP under
S1 and S2 treatment had occurred in a non-saline sandy loam soil (S0) as a result of
sustained irrigations (for more than 10 years) with two sodic waters differing in SAR and
residual alkalinity. The average observed ESP values under S0, S, and S2 treatments varied
in different plots from 2.4 to 2.8,16.2 to 19.9 and 42.4 to 48.3, respectively, in 0-30 cm soil
and 3.14 to 3.59, 20.0 to 23.7 and 49.5 to 52.4, respectively, in 30-60 cm soil. The basic
soil under S0 treatment had pH 8.02, ECe 0.54 dS/m, organic carbon 0.28%, CaC03 less
than 1% and cation exchange capacity 9.2 me/100g. The crop was grown following the
recommended package of practices. A basal dose of 150 Kg N, 25 Kg P, 30 Kg K and 50
Kg ZnS0 4 per hectare was uniformly given to all the plots.
Results and Discussion. As expected the gïaïn yields of all the three cultivars decreased
with increase in ESP. The decline in yield was eot appreciable under S, but was significant
under S2 treatment. The average grain yield under S0, S, and S2 were 6.19, 5.33 and 3.51
t/ha, respectively, for TL-419; 6.43,5.52 and 3.18 t/ha, respectively, for HD-2329 and 6.53,
5.88 and 2.58 t/ha, respectively, for PBW-34. The cultivar TL-419 seemed to be relatively
more tolerant and PBW-34 the most sensitive. The 50% decrements in grain yield
(considered to be sodium tolerance index) of TL-419, HD-2329 and PBW-34 cultivars
occurred at ESP levels of 53, 45, and 41 respectively.
There were significant cultivar x root zone (0-60 cm) sodicity interactions for number
of spikes/m2, number of grains/spike, diffusivity resistance and transpiration rate. The
cultivar HD-2329 had lesser number of grain/spike and lower spike weight under S0 which
were not affected by sodicity. The decline in yield of this cultivar resulted primarily due to
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reduction in the number of spikes/m2. The decrease was minimum in TL-419. In the case
of sensitive PBW-34, number of spikes/m2 and number of grains/spike declined very
sharply under S2 treatment indicating that the grain filling apart from spike number in this
cultivar was severely affected due to high ESP.
Diffusivity resistance of the leaves increased and transpiration rate decreased with
increase in ESP. The cultivar TL-419 exhibited minimum variation and PBW-34 the
maximum variation. Higher Ca content in the leaves of the more tolerant TL-419 might have
modified its response to sodicity due to the selective exclusion of Na by plant cell
membranes (LaHaye and Epstein, 1969). In addition, Na/K ratio in the leaves of relatively
more sensitive PBW-34 cultivar was higher as compared to the other two cultivars.
Compared with TL-419 and HD-2329, relatively more sensitive PBW-34 had the highest
root length index (RLI) under S0 and lowest under S2 treatment.
Characteristics with the highest positive correlation with grain yield were number of
spikes/m2, grain weight/spike, panicle weight and transpiration rate and negative correlation with diffusivity resistance and canopy temperature. The poor correlation with number
of grains/spike could be due to little or no effect of sodicity on this character in TL-419 and
HD-2329. Grain yield was also highly significantly correlated with root length index, Na/K
ratio and Ca in the leaves.
The significant correlations and interactions suggest that selection should be made
for wheat lines producing more number of spikes per unit area and having better root
system. Plants failing to develop spikes with well filled grains should not be selected. Lower
accumulation of Na in the leaves and higher uptake of K and Ca seemed to be the
characteristics of cultivar having relatively higher tolerance to sodic environment.
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Role of gypsum in revegetation of saline gold ore
refining residues
M.K.S.A. Samaraweera, R.W. Bell, S.A. Beaton, I. Kanabo and G.E Ho
"jvisionof
Environmental Science, Murdoch University, Murdoch
Western Australia. 61 SO
Introduction
Residues from gold processing in the eastern Darling Range in south-west Australia are deposited into
storage dams as a slurry comprising 40% solids in saline process waters. The high salinity (10,000 to
15,000 mg/L) and fine texture (<90% less than 10nm) severely limit revegetation options for the
residue storage areas. In residue from bauxite refining, which is similar to the residue after gold
extraction particularly with respect to salinity and alkalinity, Wong and Ho (1991) found that gypsum
at 38.5 l/ha stimulated the growth of tall wheat grass in the field which supports the findings of Barrow
(1982) that 5% gypsum is sufficient to neutralise its high alkalinity, pH 9-12. The present paper reports
a preliminary investigation into the benefits of gypsum incorporation into gold ore processing residue
to improve soil physical properties and ameliorate the salinity of the residue for the growth of four test
species with a range of tolerances to salinity and waterlogging.
Materials and methods
Residue was treated with a factorial combination of three leaching rates (nil, 1000 mL and 2000 mL of
Il20 per pot) and two gypsum rates (nil, 2.5% w/w). Leaching rates were designed to simulate 75 and
150 mm of rainfall respectively, which equate to 50 and 100 %, respectively of the normal break of
season rainfall at Boddington, southwest Australia. Residue was collected from the residue dam beach
at Boddington and dried in the glasshouse. The dried residue was ground, sieved (4 mm), packed in
1.5 L pots at 1.45 kg per pot, treated with appropriate rates of gypsum, and then leached. Leachate was
collected and analysed for electrical conductivity (EC), Na concentration and pH. Test species planted
were the River saltbush (Atriplex amnicola), tall wheat grass (Agropyron elongation), swamp paperbark
(Melaleuca halmatuorum) and triticale (Tritosecale spp cv. Muir). Triticale and tall wheat grass were
sown as germinated seeds at nine plants per pot. Saltbush and melaleuca were planted as potted
seedlings at one plant per pot. Before transplanting saltbush and melaleuca roots were washed to
minimise the carry over of soil into pots. Pots were watered daily to field capacity, and fertilised with
liquid fertiliser. Paperbark was harvested at 10 weeks after transplanting and the remaining species at
six. Shoots were cut at ground level, roots washed to remove residue and dried at 75 °C for dry matter
determination. Residue at final harvest was sampled for EC and pH measurements using a 1:5 H2O
extract (Fig 1). Gypsum incorporation improved the hydraulic conductivity of the residue
In unamended residue, plant DM varied with the salt tolerance of the species, ranging from triticale
which died to saltbush which yielded 50% of maximum plant DM (Fig. 2). Leaching the residue
increased plant DM in all species. In saltbush, agropyron and melaleuca, the lower level of leaching
removed sufficient Na to allow maximum plant growth. By contrast, in triticale, the least salt tolerant
of the species, even at the highest leaching rate, productivity was strongly depressed. In all species,
addition of gypsum completely counteracted the effects of sodium in the unlcached residue.
Results
The unamended residue had an initial salinity equivalent to 600 mS/m and pH of 9.0. After addition of
the equivalent of 75 mm of rainfall, gypsum decreased the pH in the leachate to 7.8, and increased
EC to 720 mS/m: after the equivalent of 150 mm of rainfall, there was no further change in pH, but
EC in the leachate decreased to 70 mS/m without gypsum and to 270 mS/m with gypsum. With
amendment pH at final harvest decreased from 9.4 to 7.6 with gypsum alone and to 7.2 with gypsum
plus leaching.
Electrical conductivity also declined with leaching but increased with gypsum
addition (Fig. 1).
Discussion
In unamended gold mine residue growth was very poor in all but the halophylic saltbush. Plant growth
responded in all species to leaching of the residue suggesting thatNa was only weakly adsorbed by the
residue and readily removed by leaching. In this respect, the gold mine residue contrasts with bauxite
residue (Wong and Ho 1991). Gypsum application replaced the need to leach the residue before
planting and in the case of the salt sensitive triticale, was more effective in stimulating growth that
leaching with the equivalent of 150 mm of rainfall. That gypsum increased EC of the residue while at
the same time stimulating growth suggests that its main role was to increase Ca concentration in the
soil solution, protecting membranes from high Na concentrations and depressing Na uptake (Cramer el
al, 1985). Further investigations are under way to determine the extent to which improved physical
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properties of the gypsum amended residue contribute to increased plant growth, and the efficacy of
gypsum at higher levels of Na in the residue.
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Fig. 1. Effects of gypsum ( G-, nil; G+, plus) and leaching treatments on (A) the amounts of Na
removed in leachate, and (B) the electrical conductivity of the residue at final harvest. Values are
means of four replicates.
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Fig. 2. Response of plant dry matter (DM) of (A) saltbush and (B) triticale to gypsum (G-, nil; G+,
plus) and leaching treatment of goldmine residue. Values are means of three replicates.
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Response of Bean, Maize, and Wheat to Salinity during
Germination.
C.Ramirez* J.Navejas. Centro de Hidrociencias. Colegio de Postgraduados,
56230 Montecillo, México.

Introduction. Under salinity condition, the problem principle is to get a germination
percentage adequate, this conditions must be considered. Because if the germination
percentage is low the crop may to fail. The most plants are sensitive to salinity during
germination, and in the last stage of development, existing species most tolerant to
solubles salts during germination (1). An increment efective in salinity usually produce
delay in germination and emergency, this produce disminution in germination
percentage. Purpose was to estimate the effect of saline level over bean, maize and
wheat germination, using to salts CaCI 2 and NaCI.
Materials and Methods. Experiment was performed in 1993, in to salinity laboratory
of Colegio de Postgraduados, in Montecillo Mexico. The bean, mayze, wheat seeds
used were the genotypes Bayomex, H-33 and Temporalera respectivity; the saline
treatment studied were 6, 5, 3, 2, 1 atmospheres to bean; 12, 10, 7.5, 5, 3
atmosphres to maize; and 7, 5, 3, 2 atmospheres to wheat in osmotic presure, and
one control whith destility water of 0.36 atmospheres were placed in petri dishes
agregate them saline solution whith NaCI and CaCI 2 producing the corresponding to
the treatment. Starting from a pattern solution of 12 atmospheres were prepared
solution whit osmotic pressure smaller, whit the relation N^PO, = V 2 P 0 2 , V, and V 2
equal to solution volumen, PO, and P0 2 osmotic presure of pattern solution and
solution prepared to each treatment. The variables estimate were germination relative
percentage and germination days.
Results y Discussion. Response in germination relative percentage and germination
days as funtions of osmotic pressure are sumarized in the table 1. The % germination
to bean was not affected until 6 atmospheres with NaCI salt, however with CaCI 2 salt
been reductions of 2 % in the treatment of 5 atmospheres considered light effect.
Maize has reductions of 13 % in the treatment of 3 atmospheres reaching until 75 %
in the treatment of 12 atmospheres with CaCI 2 salt, to 3 atmospheres has reduction
of 3 % and 12 atmospheres 84 % with NaCI salt, considered effect greater in the last
salt. Wheat has not effect with NaCI, however has reduction of 4 % in the treatment
8 atmospheres whit CaCI 2 , considered effect minimum. Response in germination days
to bean been diferenced in aproximately 1.5 day in the treatment of 6 atmospheres
to comparate both salts. Also comparating the salinity treatments in NaCI salt
between control treatment and 6 atmospheres has delay aproximately one day,
considered light effect. Maize resulted with comporment similar in both salts, to
comparate the treatment from 3 until 12 atmospheres been 8 days of difference, this
effect may to take the germination to fail> considered great effect. Wheat has a
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difference minimum not significance between salts, to comparate the treatment with
CaCI 2 will can have one day of difference, then the effect is light.

Table 1 .

Response funtions to % germination and germination days in funtions of
osmotic pressure to bean, maize and wheat crops.

VARIABLE

SALT

BEAN

MAIZE

WHEAT

%
Germination

NaCI

Not effect

G = 113-7.19PO

Not Effect

CaCI2

G = 106-1.86PO

G = 105-6.68PO

G=89.4+1.2PO

NaCI

D = 4.53 + .21PO

D = 7.0 + PO

D = 4.36 + .05PO

CaCI 2

D = 5.3 + 0.36PO

D = 7.02 + 1.IPO-

D = 4 . 1 7 + .13PO

Germination
days

Literature cited.
(1). Ramirez, O. 1988. Determination experimental of capacity of germination in
crops, in saline solutions of different concentration
total
and
quality
composition. Tesis M.C., C.P.
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INDUCED SALT TOLERANCE IN MUNG BEAN
BY ANDIC SOILS
J. M.Hernandez-Moreno* and M.C.Martinez Barroso. Dept.Edafologia y
Geologta and Dept. Biologta Vegetal, University of La Laguna, La Laguna, Tenerife,
Spain.
Introduction. A particularly high salt tolerance of different crops has been recognized for many
years in the Canary Islands and the causes have been attributed to the soil types (1). Although no
systematic studies have been done on this subject, some investigations suggest Andisols and Andic
soils are related to such salt tolerance. "Apparent salt absorption" has been described in Andisols
(2) and has been applied to evaluate the leaching process. Less attention has been given to the
reverse process, salinization, probably because Andisols are not frequent in arid regions. However,
in the Canary Islands, salinization and its adverse effects in plants are increasing by soil
management practices (drip irrigation, overfertilization) and the decline in irrigation water quality.
Study of salt desorption in Andisols have questioned the conventional meaning of the conductivity
of the saturated paste in this type of soil (3). In this work, an attempt is made to evaluate the salt
tolerance induced by salinized Andic soils in a sensitive plant.
Materials and Methods. Treatments consisted in combinations of one crop (Phaseolus mungo L.),
two soils and four salinity levels (control; 30; 60; 90 meq L"1 of NaCl), with four replicates each.
Two soils from the island of Tenerife were selected (B horizons): Typic Hapludands (soil 1) and
Andic Ustochrepts (soil 2) with the following relevant characteristics:
pH(H20)
Soil 1

5.7

pH(KCl)
5.6

%Alo

%Feo

%/\P

8.0

3.2

99.5

0.7
Soil 2
6.8
5.9
1.2
Alo. Feo: ^Ammonium ( walate pH3. I^P: Phosphat e retention.

62.0

2,500 Kg of soil were placed in 35x15 cm plastic pots. Saline treatments of soil started four
weeks before sowing by step addition of water with added NaCl. Each pot received 2.900 L
avoiding drainage. Seeds were pre-imbibed with distilled water for 12 hours. Seeds with a
minimum of 2 mm root length were considered as germinated and were placed twenty one per pot.
Plants grew in a greenhouse with 12h photoperiod, at 27+3°C day temperature, 22+3 c C night
temperature and average relative air humidity of 70%. In order to maintain constant the salinity
level all pots were sprayed twice a day with distilled water. The plants were harvested two weeks
after planting and soils were sampled. Soil cation and anion exchange capacities (CEC and AEC)
were determined at different pH and ionic strength values (4). Soil salinity levels were estimated
by the electrical conductivity of the soil saturated paste.
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Results and Discussion. The EC values (dS m') of soil saturated paste reached at the end of the
experiment were:
TREATMENT (meq L ' NaCl)
0

30

60

90

Soil 1

0.54

4.98

6.37

9.79

Soil 2

1.07

4.63

7.73

11.22

1

The values of CEC and AEC (cmolc Kg" ) for two ionic strength (I) levels representative of
the salinity range of the experiment were:
Soil 2

Soil 1
I

CEC

AEC

0.01

9

8

0.1

26

25

CEC

AEC

0.01

13

2

0.1

24

8

I

Analysis of variance tor the seedling emergence, fresh and dry weights, and snoot and root
lengths showed that increasing salinity had significant inhibitory effect on vegetative growth of
plants in the soil 2, especially at the higher saline levels, while non significant effects on growth
were observed in the case of soil 1. The results showed a differential plant response to salinity by
soil type and revealed that the salinity yield decrease values were lower than those reported
elsewhere for beans at similar levels of ECC (5).
These results support the hypothesis that plant salt tolerance increases in Andic soils. Salt
sorption by allophane and imogolite (2) could partly explain this phenomenon: the increase in soil
CEC and AEC with ionic strength implies that when soil salinity increases, part of the ions become
"exchangeable", that is, their chemical activity is reduced and therefore the expected osmotic and/or
ion toxicity effects of salinity in plants. The higher dependence of CEC and AEC values with
electrolyte level observed in the Andisol sample agrees with the higher tolerance showed by mung
bean in this soil. On the other hand, it is knows that the physical properties of Andisols vary very
little with the nature of exchangeable cations (6); these particular colloidal systems could also have
an effect in reducing the ion activity of the added salts in comparison with soils with predominantly
crystalline mineralogy.
Literature Cited.
(1) Plan Hidrológico Insular, 1989. Calificación hidroqui'mica de las aguas de Tenerife. Tomo II.
p.5.
(2) Wada, I. 1984. Mechanism of apparent salt absorption in Ando soils. Soil Sci. Plant Nutr.,
30:77-83.
(3) Arbelo, C D . , Hernandez Moreno, J.M. y Garcia, J.E. 1991. Evaluación cinética de la
desorción de bases en suelos con carga permanente y variable. Comparación con el método de la
pasta saturada. Suelo y Planta, 1: 377-387.
(4) Fey, M. V. and Leroux, J. 1976. Electric charge on sesquioxidic soil clays. Soil Sci.Soc.Am.J.,
40:359-364.
(5) Maas, E.V. and Hoffman, G.J. 1977. Crop salt tolerance-current assessment. Journal of the
Irrigation and Drainage Division, ASCE. vol. 103: 115-134.
(6) Warkentin, B.P. 1980. Soils with variable charge. B.K.G. Theng Ed. Soil Bureau, Lower Hutt,
New Zealand.
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Germination of four plant species irrigated with
saline solutions
J. M. Lopez* and M. Ortega. Department of Soil Science. Colegio de
Postgraduados, 56230 Chapingo, Méx., México.

Introduction. Response to salinity varies widely among plant species and vegetative stages of a
plant. When crops are selected to grow in saline soils, it is very important to consider the salt
tolerance of these plants during different stages of growth, since certain species that are considered
salt tolerant are extremely sensitive during germination (2). This paper evaluates this response in
different crop species.
Materials and Methods. Four species were selected from those classified by Mass and Hoffman
(1977) as having high, medium, and low tolerance. The species selected were kochia (Kochia
scoparia) for high tolerance, cucumber (Cucumis sativus) for medium tolerance and radish
(Raphanus sativus) and onion (Allium cepa) for low tolerance.
Seed germination was tested in a greenhouse experiment in pots with fifty-fifty solutions of
combined salts (magnesium sulphate with sodium chloride, magnesium sulphate with sodium
sulphate, and sodium sulphate with sodium chloride). Four of the concentrations of salt were those
that theoretically decrease the yield of the selected plants species 0, 50, 75, and 100 percent (1).
The other two treatments were 1.5 times the concentration that reduces yield 100% and the control
with distilled water. Concentrations were maintained by supplying the water lost daily to
evaporation. The variables evaluated were days to germination and pergentage of germination.
Results and Discussion. Percentages of germination were reduced as the salt concentrations
increased in all three combinations. The clearest effect was seen in kochia, which decreased its
percentage of germination drastically to 12% with the highest level of salinity. Germination
stabilized at 10 days for all salt concentrations. The decrease in the percentage of germination for
cucumber, which stabilized at 15 days, was not as drastic as in kochia. In this species the
percentage of germination was higher at the lowest salt concentration than it was with distilled
water.
Radish showed very low percentages of germination, but, like the other species, there was a
decrease in germination with increased salt concentrations, except with the magnesium sulphatesodium sulphate combination, which did not have clear results. Onion had very low percentages
of germination with no clarity in the results, probably because the experiment was carried out in
winter, and apparently onion seed is sensitive to cold weather.
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Effect of Soil Salinity on Growth and Yield of
Sugarcane
Craig L. Wiegand and Sarah E. Lingle. U.S. Department
of
Agricultural Research Service, Subtropical Agricultural Research
Weslaco, Texas, 78596 U.S.A.

Agriculture,
Laboratory,

Introduction. Sugarcane (Saccharum spp.) has a reported threshold of 1.7 dS/m at which soil
salinity begins to reduce yield, but there is poor agreement on its sensitivity at higher salinities.
The tall, dense growth of sugarcane hampers ground inspection of growing conditions in the
interior of fields, so that aerial monitoring with videography is attractive. The ground and
videography measurements can be interpreted through the spectral components analysis, SCA,
(2, 3) identity,
YIELD (NDVI) = YIELD(WEC) x WEC(NDVI),
wherein

[1]

YIELD = metric tons of millable stalks per hectare (MTH),
NDVI = normalized difference vegetation index, calculated as (NIR Red)/(NIR + Red) from the digitized videography responses in the
near-infrared (NIR) and visible red (Red) spectral bands,
WEC = weighted electrical conductivity of the root zone, 0.5 (EC1) + 0.4
(EC2) + 0.1 (EC3), where EC1, EC2, and EC3 are the electrical
conductivities of saturated soil extracts (dS/m) from the 0-30, 3060, and 60-90 cm soil depths, respectively.

NDVI is a measure of the photosynthetic size of the sugarcane canopies which relates to
YIELD when conditions, such as soil salinity, limit canopy development (2, 3).
Materials and Methods. Measurements of WEC of the root zone (dS/m), stalk length (SL,m),
the yield components (average stalk weight [kg], and millable stalks/m2), and digitized
videographic observations in the NIR (845-857 nm), Red (644-656 nm), and Yellow-Green
(YG, 543-552 nm) bands were interrelated for a 59-ha, salt-affected commercial sugarcane field
during the 1992 and 1993 growing seasons.
Unsupervised spectral classification maps were produced from the three bands of videography.
The WEC at the sample sites was also regressed on the spectral observations for the single
pixel (picture element) representative of the salinity sample sites (54 in 1992, 74 in 1993) to
produce an equation for estimating salinity for all the approximately 50,000 pixels in the field.
Results and Discussion. In 1992, each 1 dS/m increase in root zone salinity reduced millable
stalks/m2 by 1.1, stalk weight by 0.20 kg, and stalk yield by 22 metric tons/ha. Stalk yields
were zero at about 7 dS/m WEC. NDVI correlated as well (0.78 to 0.83) with yield and yield
components as did WEC (-0.77). Data for 1993 (not yet all taken) indicate somewhat greater
tolerance to salinity than in 1992, probably because rainfall after the soil was sampled in April
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lowered salinity in the upper soil profile. Unsupervised spectral classification maps of the field
and salinity maps based on the regression equation for the sample sites agreed well.
We conclude that sugarcane is very salt sensitive, that videography characterizes canopy
development and yields well, and that the combination of field measurements, spectral
observations, and image analysis techniques used is very practical and beneficial for measuring
the effect of soil salinity on sugarcane and other crops.
Literature Cited.
(1) Everitt, J. H., Escobar, D. E., and Noriega, J. R. 1991. A high resolution multispectral
video system. Geocarto Int. 6:45-51.
(2) Wiegand, C. L. and Richardson, A. J. 1987. Spectral components analysis. Rationale, and
results for three crops. Int. J. Remote Sens. 8:1011-1032.
(3) Wiegand, C. L. and Richardson, A. J. 1990. Use of spectral vegetation indices to infer leaf
area, evapotranspiration and yield: I. Rationale. Agron. J. 82:623-629.
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Plant Cover as Predictor Variable of Salinity and
Alkalinity in Abandoned Saline Soils of the
Huang-Huai-Hai Plain, China
T. Tóth 1 , S. Matsumoto 2 , R. Mao3 and Y. Yin?
1
RISSAC, Budapest, Hungary 2 Tokyo University, Tokyo, Japan ^Shijiazhuang
Institute of Agricultural Modernization. Shiiiazhuane. China
Introduction There are vast areas of abandoned saline soil in the Huang-Huai-Hai Plain of
Northern China. From time to time some parts of them are cropped and there is a need to
judge the fertility of these lands.
The correlation between the seminatural vegetation cover and soil properties can be
useful for predicting soil properties in these soils. Farmers intuitively use the presence of
some plants to choose among the lands available, and we want to show that plant cover
can also help in quantitative predictions of the soil properties.
The method that we propose comprised first a basic study of the correlation and spatial
distribution of the important soil properties and plant cover. Then we selected variables of
plant cover and other easily available field measured properties as predicting variables of
soil properties. These predicting variables have been used in regression equations and
cokriging and the estimates of soil properties have been compared at check points with
measured values.
Materials and Methods The study was carried out in Luosibowadi plot, Wangsi, Hebei
Province, China, in an area used by local authorities as a flood water reservoir
occasionally. The sample site was a 100 m x 220 m rectangular. There were three scales, or
size classes of blocks used for observation, such as large blocks (n=55) of 20 m x 20 m size
which were located in a regular scheme to cover all the territory. The medium blocks of 5
m x 5 m size have been arranged randomly on a grid but they did not fill all the po sible
grid points, but only 206 of 880. Four small blocks of 0.25 x 0.25 m size were arranged
regularly inside each medium block.
Soil samples have been collected in the small blocks in three depths and bulked for the
medium blocks. Surface elevation from the deepest point inside the sample site was
measured in each small block and surface penetration was measured at 4 points around
each small block. In all three scales the plant cover was estimated.
Precision of estimation was evaluated by the use of check blocks (one third of all), on the
basis of standard error of the estimate (SEE).
Results and Discussion The correlations existing between soil properties and easily
measurable plant cover, surface elevation and penetration show that the main plants of
the wasteland, Pbragmites communis and Imperata cylindrica have distinctive preference
for the soil properties.
The mean values of some soil properties in the 3 categories distinguished
Category

elevation
mm

penetration pH_0-5cm
mm

salt_0-5cm
%

Phragmites
Imperata
Cropland

337
185a
228a

19
21
16

1.92
0.40
0.84

8.1a
8.3
8.0a

Means within a column followed by the same letter are not significantly
different at P=0.05.
Three categories of plant cover were distinguished, and the estimation of the soil
properties was done two ways: in the separate categories and globally for all the
categories.
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Comparison ofprecisionj>iven by regression analysis and geostatistics in terms of
estitnation efficiency, Ew
Block size
Category
Variable

Phragmites
kr+
reg

M e d i u m
b l o c k
Imperata
cropland
global
kr
reg
kr
reg
kr
reg

Large block
global
"kr
reg

pll_0-5cm
salt 0-5 cm

25
16

33

12

20

3

29
42

-6
12

-6
30

3
37

26

6
35

39

-2
26

#vH-(l-SHK/standard
=
deviation)xlOO, + kr=kriging,*reg=multiple regression analysis
The values of surface pH show small variation (5% coefficient of variation), the mean pH
of the Phragmites category and cropland category show no significant difference and also
the variances inside the groups were similar. The correlations with the easily measurable
properties are not strong, therefore kriging is much more precise than regression
1 he values of the surface salt content show high standard deviation (97% coefficient of
variation) and there are significant differences between the categories in terms of mean
and also variation. On the other hand the correlations calculated with the vegetation are
strong, therefore the two methods of estimation performed similarly.
The good performance of regression in estimating surface salt content inside the cropland
is a consequence of the strong correlations with total plant coverage, made up mostly by
Imperata c, (negative correlation) and Phragmites c. (positive correlation) The high
precision expressed by E, received in the combined estimation (both kriging and
regression) is partly a consequence of the high standard deviation of the salt content
I he best predicting variables of soil properties were artificial variables, factor scores
derived from the measured plant cover, the cover percentage of the two most important
plants, Phragmites c. and Imperata c. and soil penetration.
The two block sizes showed comparable precision in the estimation of the soil properties
and the size of the large block (20 m x 20 m) is reasonable in the mapping of the fertility
of the abandoned plots. Kriging was more precise in the larger, averaged blocks and
regression was more precise in the medium blocks. Kriging and cokriging with plant factor
scores, plant cover and penetration is more precise than regression anlysis for the
estimation of soil alkalinity and salinity and should be used for estimating the soil
properties always when there is large enough uniform plot to do it. When the blocks to be
mapped are small and not contiguous multiple regression with easily measurable
properties can be used with similar precision.
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Impact of Soil Salinity on Growth of Spring Wheat
S. R. He, and G. H . Xie. Agriculture
Ningxia, P. R. of China.

Department

ofNingxia,

Yinchuan,

Introduction. Spring wheat is mainly cultivated in northern part of yinchuan plain
covered with irrigation-warping Soil which is salinited to different extent due to natural and artificial effects, and this paper aims at discussion of impact of soil salinity
on seedling emerging, tillering, dry matter accumulating and nutrient absorbing of
spring wheat.
Materials and methods. 1.Pot experiment. This trial was done with pots (Size 20 x
15cm) filled,respectively,with 1000 g of air-dry soil silted through a Sieve (with
5mm holes). It included 10 treatments of salt concentration ranging from 1.6, 2.2,
2.8, 3.5, 4.0, 4.5, 5.0, 5.5, 9.5, gkg~'to 11.7gkg~'and repeated three times. On an average.HCOj.Cr.SOftook 0.66%,36 79% and 62.54% mg equivalents of total negative ions of salt respactively. We applied 100mgkg~'of Nitrogen, 50mgkg~'of
phousphorus and 3mgkg~'of zinc to each pot in which 20 grains of spring wheat
were sown and made a investigation of seedling growth and root system development of the plants.
2.Field experiments.(1) Nine sites in spring wheat fields were sellected with soil salt
contents between 1.4— 44.5 gkg"'.The salt components,HCOjmade up 4.7%,
Cl~40.9%, SC>4~54.3% mg equivalents of total negative ions, one hundred plants
were sampled every 10 days after emergence of seedlings for a study of wheat
growth. (2) We chose 39 sites in the wheat fields with soil salt concentrations from
1.1 to 4.3 gkg~'. Specimens of s->ils and wheat plants were sampled before the first irrigation ( i.e.25 days later from seedling emergence) for an analysis of impact of
salinity on wheat seedling growth.
Experimental Results. 1. Pot experiment. Under conditions of temperature of 18°C
and of a salinity less than 1.6gkg~', seedlings of wheat came out on the 6th day after
sowing and fully emerged on the 8th day; while salinity went up from 2.0 to
3.0gkg~', germination took place on the 7th day and fully germination finished on
the 10th day after sowing. The root systems at age of 40-days were while with more
and though root hairs. The germination happend later and rate of germination, declined as soil salinity increased, the rate of germination were seriously restrained,
plant height and dry weight decreased, leaves at lower parts of plants curled and lost
green colour when salinity reached at 4.0gkg~~'. This left root systems crooked shape,
no toughness, light brown colour or brown colour and no hairs. The bubble—like
ends of roots and root rot were found if salinity was more than 5.0 gkg"1. 2. Field experiment. Emergence rate of wheat seedlings (y) decreased as soil salinity (x) rose,
there was an extremely relation between x and y, y = 88.62-44.82x (r = 0.96, n = 9).
The spring wheat had averagely a seedling emergence rate of 80%, tillering rates of
89—95% and leaf area index (LAI) of 3.0 if soil salinity was 3.0 gkg"1. A plant grew
by 1.5mg per day on an averge before 40-day age , phousphorus content in the
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above ground part of the plant took 2.0 gkg~'of the part's dry weight and it made
up 1.5 gkg~'of the dry root weight. During earing and grouting periods, dry matter
accumulated more quickly. As soil solinity was between 3.0 and 5.0 gkg~'emergence
rate of seedlings averaged 60%, tillering rate 30—50%, root growth 1.0—1.2mg a
day and the LAI was smaller than 1.0. Only at heading stage did dry matter accumulate more rapidly. Plant did not tiller and root growth was less thanl.0 mg a day as
soil salinity was more than 5.0 gkg"1. Analysis from nutrient absorption and yield
component of wheat showed that under circumsstances of soil salinity less than 4.0
gkg~'the nutrients of roots, Stems and leaves related strongly to rapid available
nutrient of soil, wheat ears of 6150000—7050000 a hectare and 20—26 grains in
each ear were produced and the grain weight of an ear was more than l.Og. As soil
salinity was over 4.0 gkg the nutrient content in roots, stems and leaves was relative
to soil salinity, which did harm especially to phousphorus absorption, the
phousphorus content in the above ground part and root system occupied,
respectively, 1.5 and 1.2 gkg~'of their dry weight at age of 40—days. A total of
3300000 ears a hectare, 12 grams an ear and 0.5g of grain weight an ear were harvested, Dry seedling weight at age of 25 days was extremely relating to soil salinity
in a negative way. A hectare produced 8560500 plants of wheat or 4108000 plants as
soil salinity kept less or more than 2.0 gkg~'respectively.
Discussion. 1. Growth of spring wheat was affected by soil salinity, the higher soil
salinity was, the longer the seedling germination period lasted and the lower the seedling germination rate reached. The germination rate was more than 80% if soil
salinity remained under 3.0 gkg~'and the germination rate had a strong negative relation with soil salinity (ranging from 1.4—10.81 gkg -1 ).
2. As increasing of soil salinity wheat tillering capacity went down, the LAI became
smaller and dry matter accumulation decreased as well, which were strongly relation
to soil salinity if soil salinity was between 1.1 and 4.3 gkg"1, nutrient absorption of
stems, leaves and roots was weakened, particularly phosphorus absorption. As soil
salinity was over 4.0 gkg~'the plants height at early growing stage declined sharply
and left the plants curly leaves with green fading, crooked roots which were withering, light brown or brown colour, hairless and rotten root systems and
notoughness.
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A Survey of Chemical and Physical Properties of NViro Soil Materials
T.J. Logan . Department of Agronomy, The Ohio State University, 2021
Coffey road, Columbus, Ohio, 43210, USA.
Introduction. Since the early 1970s, there has been a dramatic expansion of sewage treatment
facilities in the developed countries, resulting in large increases in residual solids, sewage sludge.
These have traditionally been disposed of in the ocean, in landfills and by incineration. A small
percentage ( < 20 % in the U.S. in 1990) was utilized on agricultural land as a fertilizer, or for
reclamation, and an even smaller percentage was processed for sale as an organic fertilizer. Greater
beneficial use of treated sewage sludge has been impeded by public and regulatory resistance based
on concerns for pathogens and chemical contaminants (trace elements and xenobiotic organics) in
sludge and undesirable odor, appearance and stability. In the last decade, however, a number of
technologies have emerged to convert sewage sludge into a pathogen-free, stable product with
application in agriculture, forestry, horticulture and land reclamation. This paper describes the
properties of the N-Viro Soil® product resulting from the N-Viro alkaline sewage sludge
stabilization process. Developed in the mid 1980s, the N-Viro process is used at more than 30
facilities in the U.S., United Kingdom and Australia.
The N-Viro Process. The N-Viro process involves the mixing of partially dewatered sewage
sludge (either digested, waste activated or raw primary/waste activated) with an alkaline material or
blend of materials. Solids content of the sludge can vary from 15 to 40 %, and a number of
industrial byproducts can be used as alkaline reagents. These include cement kiln dust, lime kiln
dust, lime (CaO), limestone, alkaline fly ash, flue gas desulfurization byproduct (FGD), other coal
burning ashes, and wood ash. The reagents are used alone or in combination (referred to as
alkaline admixture, AA), according to local availability and cost, so as to provide pH in the sludgeAA mixture > 12, temperatures between 52 and 62 °C, and solids content > 50 % for 12 h. The
pH must then remain > 12 for at least three days. At this point, the final product has achieved the
U.S. Environmental Protection Agency's classification for complete pathogen destruction.
However, the material must be further dried by wjndrowing or rotary-kiln dryer to at least 60 %
solids to produce a uniform, granular product if it is to be used beneficially. The material is usually
windrowed a minimum of three times over a period of three to seven days, or dried in a rotary-kiln
dryer for 30 minutes. At this point, the material, if it also meets the federal sludge concentration
limits for trace elements, and the vector attraction requirements, can carry the trademark N-Viro
Soil®. This material is the only sludge-derived product to carry worldwide product liability
insurance.
Survey of N-Viro Soil Properties. A study of 28 N-Viro Soil materials from various
operating facilities in the U.S., the U.K. and Australia was initiated in 1992 to develop baseline
characteristics of N-Viro Soil materials that would reflect differences in process variables such as
sludge type and quality, type and dose rate of AA and age of the material. For example, N-Viro
Soils from Toledo, Ohio were made with either lime kiln dust (LKD) or flue gas desulfurization
(FGD) byproduct, while the Oakland, California N-Viro Soil was made with alkaline fly ash. The
other 25 materials were made with cement kiln dust (CKD) or mixtures of CKD and other alkaline
reagents, such as lime (CaO) or various combustion ashes such as bottom ash or fluidized bed ash.
Several of the materials (Tomball, Texas, Sydney, Australia and Durham, North Carolina) had
been aged by extended windrowing or by extended storage while the majority were freshly made.
These materials were studied as received and variability in their properties reflects the range of
operating conditions to be found at the more than 30 N-Viro facilities worldwide.
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Samples were shipped from the various facilities without preservation in sealed containers. They
were stored at 4 °C until they were analyzed. Chemical properties included pH, EC, total C, N, P,
K, Ca, Mg, As, Cd, Cu, Cr, Hg, Mo, Ni, Pb, Se, and Zn, calcium carbonate equivalency (CCE).
Physical properties determined included: solids, particle and bulk densities, total porosity, particle
size distribution, moisture retention at 0, 5.9 KPa, 33 KPa and 1.5 MPa tensions, saturated
hydraulic conductivity, aggregate stability, Atterberg Limits, and shrinkage. In addition, samples
were compacted using a standard Proctor procedur and reanalyzed for bulk density and saturated
hydraulic conductivity. Standard methods published by ASTM and the Soil Science Society of
America were used unless specified. All analyses were performed in duplicate. A few of the NViro Soils were received in insufficient quantity to perform all analyses. All analyses are reported
on a dry solids basis except solids content itself.
Soil physical characterization data are also presented for four Ohio mineral soils for comparison.
These soil had been selected for a separate study and the characterizations were performed at a
different time from that of the N-Viro Soils. However, identical methods and equipment were
employed in both cases. The soils were selected to give a range in texture and structure and
included: Miamian silt loam (fine, mixed, mesic Typic Hapludalf); Kokomo silty clay loam (fine,
mixed mesic Typic Argiaquoll); the E$2 horizon of a Paulding clay (very-fine, illitic, nonacid, mesic
Typic Haplaquept); and the B2 horizon of a Hazleton sandy loam (loamy-skeletal, mixed, mesic
Typic Dystrochrept).
These materials have a high acid neutralizing capacity in the form of CaCC>3 and Ca(OH)2 and a
high pH. They have about 1 % each of total N, P and K, and are low in metals compared to most
sewage sludges. In order to carry the N-Viro Soil trademark, they must meet the U.S. EPA
pollutant concentration limits for 10 trace elements.
The N-viro Soils have an average solids content of 62 %, particle density of 1.96 Mg/m3, bulk
density of 0.59 Mg/m3, and total porosity of 70 %. Mean moisture retention was 66, 58, 34 and
31 % by volume at saturation, 5.9 KPa, 33 KPa, and 1.5 MPa, respectively. Available water
content was 27 % by volume (60 cm H2O tension - 15 bar). Uncompacted and compacted
saturated hydraulic conductivities were high, 3 x 10~2 and 9 x 10-4 cm/s, respectively. An average
of 20, 20, 12, 7 , 6 and 35 % of N-Viro Soil, respectively, were in > 5, 5-2, 2-1, 1-0.5, 0.5-0.25,
and < 0.25 mm water stable aggregates. Fifty-six percent of the dry materials were > 2 mm in
diameter, almost all of this (88 %) in sizes < 16 mm. Of the < 2 mm fraction, 69 % was > 0.5 mm.
The N-Viro Soils have a shrinkage of 58 %, and Atterberg liquid limit, plastic limit and plasticity
index of 76, 64 and 18 % H2O by wt., respectively. Parameter values for the N-Viro Soils were
similar to those of the four comparison mineral soils, and suggest that these materials are similar in
physical attributes to those of medium to fine textured, porous soils with granular, stable
aggregates and non plastic consistency. The moisture retention characteristics are those of a fine
textured soil dominated by fine pores and low to medium available water holding capacity, and
these materials are highly permeable, even when compacted.
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The Use of Residual Water From the Laguna de
Bustisillos, Chihuahua, Mexico in Crop Producion
J.P. Amado*, V.D. Solano and P. Ortiz. CESICH CIFAP-Norte Centro,
Research Agronomist 31500 Cd. Cuauhtemoc, Chih. México
Introduction. The hydrological region No. 34 is 3277 Km2 large and i t ' s lowest
elevation i s the Laguna de Bustillos (Lagoon Bustillos) which has an area of
200 Km2 approximately. I t ' s length is 16.5 Km, the width 7.5 Km and i t ' s depth
i s 1.2 m and i t ' s capacity i s approximately 148,000,000 m3 of water. There are
13 creeks that carry sediment, garbage and some of them untreated sewage water
and industrial waste, among other impurities, into i t .
When the precipitation is high, as i t was in 1990 and 1991 (546 and 573 mm r e s pectively), the volume of water in t h i s lagoon was above average and flooded
low lying v i l l a g e s bordering i t for t h i s reason it was necesary to drain the
lagoon or find another use for the excess water in the lagoon.
With t h i s in mind the project to evaluate the p o s i b i l i t y of using the water
from Lagoon Bustillos in agricultural production and thereby solving the flooding problem in bordering v i l l a g e s was established. This could also raise soc i a l economic of producers.
Materials and Methods. From February to November, 1992 field of experiments was
evaluated with wheat, oats, corn, beans, sorghum and sunflowers were seeded on
sandy, salt free, neutral pH s o i l . The f e r t i l i z a t i o n with the major element and
the quality and quantity of water for agricultural use was considered.
Irrigation water was pumped d i r e c t l y from the lagoon using a portable pump conec
ted to the power-take-off of the John Deere 4320 tractor and a portable sprinkler
irrigation system.
The Pb, Cd,,Ni, Co and Cr concentrations in the agricultural products were
obtained in accordance with the methodology propuse.d by (2). The soil on the
experimental plots and the i r r i g a t i o n water (3) were analized for the afore
mentioned elements (1). A complementary economic analysis was made to find the
best a l t e r n a t i v e crop.
Results and Discussion. The obtained r e s u l t s f u l f i l l e d the planed objetive to
produce the crops in the experiment using the Lagoon Bustillos water, classified
as C3 S^ to C3 S4, to i r r i g a t e the crops. Table 1, indicates the yields produced
as well as the best alternative economical crops.
The irrigation water used contained no lead, nickel or chromium but low amounts
(0.001 mg 1 - 1 and 0.015 mg 1~1) of cadmium and cobalt respectively. The only
heavy element present in the soil was cadmium (0.003 mg kg ) , of the crops produced only the sorghum plant contained some cobalt (1.2 mg kg--*-) and the beans
plant 1.5 mg kg--*- lead and 3.25 mg kg--*- lead and 3.25 mg kg - l nickel. There
were traces of the heavy elements in the crops not mentioned.
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Table 1.

Y i e l d , F e r t i l i z e r R a t e s , and t h e Best A l t e r n a t i v e Economical Crop
According to t h e Net B e n e f i t s Obtained.

Crop
Cron
Oats
Beans
Wheat
Sorghum
Sunflower

Yield
ton/ha
5.0

5.0*
0.9
2.4
3.1
1.4

CESICH 1992.

F e r t i l i z e r Rate
N - P -K

Crop Value
N$/ha

250-100-0
80- 0 - 0
80- 50-0
80- 80-0
130-120-0
120-120-0

3,750
2,321
1,890
1,382
1,283
980

Net B e n e f i t s
N$/ha
1,874
1,315
759
376
93

-210**

**Loss

* Forage

C o n c l u s i o n e s . I t i s f e a s a b l e t o use Lagoon B u s t i l l o s water for i r r i g a t i o n and
t h e s o i l surrounding i t for crop production because t h e y a r e not contaminated
by heavy e l e m e n t s . On t h e base of net b e n e f i t s , corn i s t h e b e s t crop t o grow.
L i t e r a t u r e Cited.
(1) Lindsay, W.L. and W.A. N o r v e l l . 1978. Development of a DTPA s o i l z i n c ,
Ioron manganese and copper J . Am, S c i . S o i l 42: 421-428.
(2) T s e r l i n g , V.V. 1969. D i a g n o s i s of n u t r i t i o n of p l a n t s : p p . 706-709. I n :
Agrochemical methods in study of s o i l s . Dokuchaey I n s t , of s o i l S c i . Academy of s c i of t h e URSS. T r a n s l a t e from R u s s i a n .
(3) U.S. -EPA. 1973. Water q u a l i t y c r i t e r i a . EPA.
ronmental p r o t e c t i o n agency. Washington, D.C.
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INTRODUCTION
The iron industry uses sulfuric acid (pickle liquors) for cleaning
the oxides and other impurities on iron pieces. These spent pickle
liquors (SPL) contain elevated amounts of sulfuric acid, iron
sulfate, traces of Zn, Pb, Mn and others metals . At present, some
Mexican plants, discharge the SPL without any treatment into the
municipal drainage systems. This fact represent a risk of
receptors acidification and salinization (water and soils). There
are different options to manage SPL to avoid the environment
pollution: neutralization, recycling, and reuse.
The reuse of the SPL from a factory located North of México City,
to reclaim nearby sodic-calcic soils is analyzed. This area
Texcoco, México state) has no vegetation and during the dry
season, the atmosphere of México City becomes polluted with dust
arriving from these soils. The solid particles are a health hazard
and catalyze photochemical reactions in the atmosphere. So, using
SPL to reclaim this soils two important environmental problems can
be solved simultaneously and at low cost2. The objectives are,
Test: -The efficiency of the reuse of SPL as a reclaiming agent on
sodic-calcic soils, and -the amounts of heavy metals retained on
these soils.
MATERIALS AND METHODS
Three places were sampled using PVC plastic columns (60 cm high).
Five columns were introduced in each site. The soil of each column
was divided in two subsamples: 0-20 cm and 20-40 cm. One column
was used to carry on the routine analysis : pH, EC, soluble ions,
lime, cation exchange capacity and exchangeable ions. With the
remaining columns, an experiment was carry out. The subsamples of
two columns were homogenized simulating tillage condition, and the
others not, calling compact soils. Five liters of a SLP solution
(666.7 mL of SPL more water) were added to each column and next, a
water table of 461.95 mm was applied. Routine analysis were
carried on and extractable Zn and Pb were measured, according to
Houba et al. (1988), before and after treatment.
RESULTS AND DISCUSSION
The results showed that the SPL are good enough to ameliorate
saline sodic soils. Treatment yielded these chemical changes: pH
from 10 to 7.5; EC 5-18.6 to 0.42-2.7 mmhos/cm and Na 21.6-141.2
to 1.2-16.0 meq/100 g. Changes in lime, CEC, Ca, Mg, K, Pb and Zn,
are present in table 1. The low increase of zinc in all columns
does not represent a risk, became this element is considered as
essential nutriment. The concentrations of Pb and Zn in soils are
very small responding to the leaching processes (Table 2) . The
study of other metals is in process, Fe and Mn are not dangerous
at these pH and pe conditions and the concentrations of Cr, Cd,
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Ni, Co, and Al are very low. The favorable effect of tillage is
shown in table 1.
TABLE 1. COMPARISON OF SOILS CHEMICAL CHARACTERISTICS
BEFORE AND AFTER THE ADDITION OF SPL
col.

PH
20cm

40cm

CE
(mmhos/cm)
20cm 40cm

Ca++i
K+i
(meq/100g) (meq/100g)
20cm 4 0cm 2 0cm 40cm

76.8
4.2
1.5

97.4
10.0
1.5

10.7
3.1
5.8

11.7
7.7
10.0

5.6 11.8
13.2
5.3
18.9
8.3

1Ü
1C
IT

9.96 10.10
7.50
8.95
7.50
7.56

5.6
1.6
1.7

2U
2C
2T

10.10 10.00
7.50
7.87
7.59
7.59

14.0
1.7
2.2

17.0 122.1 122.2
2.4
5.5
10.0
2.3
7.3
7.7

14.1
4.0
4.5

13.0
9.7
6.6

13.8 11.8
12.9 11.4
15.5 13.3

13.2
1.5
1.5

17.6 124.1 141.2
5.7
16.0
2.0
1.2
3.1
1.3

13.0
8.1
5.4

13.5
10.7
10.0

12.0 15.0
16.1 19.2
15.0 17.4

3U
3C
3T

9.90
7.54
7.36

9.80
8.31
7.85

11.4
3.0
0.8

Na+i
(meq/100g)
2 0cm 4 0cm

U= Untreated soils, C= treated and compacted, T= treated and with
tillage.
TABLE 2. AMOUNT OF EXTRACTABLE Pb WITH HN0 3 (ppm)
BEFORE AND AFTER TREATMENT
depth in cm

depth in

col.

cm

col.
0-20

20-40

0-20

1U
IT
1C

12.2
vest
vest

16.1
5.3
3.1

2A
2T
2C

0.4
6.6
5.5

3U
3T
3C

10.5
6.3
6.3

10.5
5.3
6.7

4A
4T
4C

18.9
12.6
17.8

20-40
7.0
7.7
6.7
16.7
17.8
15.2

U= Untreated soils, C= treated and compact soils
and T= treated and with tillage.
REFERENCES
1. Villalobos, P. M., D. Béjar, M. E. Gutierrez, S. Cram H., F.
Moreno A. (1990). Opciones para el tratamiento y la disposicion
de los licores acidos agotados provenientes del decapado de
hierro. Rev. Int. Contam. Ambient. (6): 33-54.
2. Bautista Z. F., D. Béjar, M. E. Gutierrez y M. Villalobos.
(1991). Feasible Solutions for Disposal and Resue of Pickle
Liquors from Mexican Industry. American Chemical Society, Div.
Env. 4th Chemical Congress of North America 31(2): 91-99.
3. Houba, V.J., J.J. van der Lee, I. Novozamsky and I. Walinga.
(1988). Soil and plant analysis, Part 5. Wageningen Agricultural
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WASTEWATER EFFECTS ON THE PHYSICAL AND
CHEMICAL PROPERTIES OF A SOIL IN THE EJIDO
SAN ANTONIO DE LOS BRAVOS TOWNSHIP OF
TORREON COAHUILA.
L. J. Hermosillo-S.*, V. de P. Alvarez-R.£/.A/l.y4../V.-[/.L., Centro de Investigación y Graduados Agropecuarios, JTA No. 10. Torréón, México.
Introduction. The environmental deterioration in México has been originated since remote
time as result of the inaccurate management of the nenewable natural resources in the different
river basin of the country. Additionally, the main metropolis of the country has been established on the lower part of the river basin with the already known problem of the increment of
population and industrial and commercial activities, which has influenced in the environmental
deterioration of the region.
The Torreon city is not the exception. Torreon is located in the lower part of the Nazas river
basin considered as a river basin highly poluted (1st level). This city in the last years have had
a progressive industrial growth of great importance in the region. The industrial growth has
originated an increment in the auxiliary and commercial services creating an increase in the
wastewater volume used mainly in the agriculture.
The use of wastewater in the agriculture has established the need of to study several aspects
such as the water toxicity and the effects that this could cause on the soils and crops. The
objective of this study was to evaluate the effect of the wastewater use on the physical and
chemical properties of a soil located in the Ejido San Antonio de los Bra vos.
Materials and Methods. The study was conducted from January to September in 1993. The
study was carried in the Ejido San Antonio de los Bra vos, in the lower part of The Nazas river
basin within the hydrologie region # 36. The sampling sites was located through a run for the
study area to determine de soil classes and to locate their respective hollow, so that as the
wastewater conduction channels to the parcel. After that the sampling sites were determined to
obtain the representative soil samples. The sampling sites were determined in aleatory way.
Single samples a 30 cm deep were obtained. The soil samples were collocated in a plastic bag
and transported to the soil laboratory of the U. A. A. A.N. U.L. for their preparation and analysis. The sample were dried for three days in the open air. After that the soil samples were
sieved in a mesh #10. The soil samples were homogeneized to obtain a compound sample for
each site. The analysis methods used to determine physical and chemical properties were the
commonly used in the soil laboratory of the U. A. A. A.N. U.L.
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Results and Discusion. Average values of physical and chemical properties of the soil are
given in Table 1. The highest values of organic matter content were obtained in the sites where
was cultivated alfalfa. The value was 1.69% which is higher than obtained in the same soils
irrigated with water of good quality for irrigation. The bulk density showed high values which
is indicative of a problem of compactation and as consequence lower aereation and water
movement through th soil. Macronutrients were found in amounts classified as the average of
the soils. Micronutrients were obtained in lower amounts which could be due to their insolubility in the soil as result of the pH of the soils. The soils in this area never receive fertilization
application. The level of salinity and sodicity found in these soils are indicative of normal
soils. In general the wastewater quality for agricultural use in the area of the study is adequate
with the advantage that this water adduces nutrients for the plants.

Table 1. Average values of physical and chemical properties of
the soil. 1993.
Soil characteristics

Range

Average

Organ ic matter (%)
Bulk density- (gr cm" '
N03
(ppm)
(ppm)
P
K
(ppm)
(meq/1)
Mg+Ca
Na
(meq/1)
CIC
(meq/lOOgrs s)
pH
E.C.
(mmhos/cm)
CO3
(%)
Mn
(ppm)
Fe
(ppm)
(ppm)
Cu
Zn
(ppm)

1.34-2.04
1.40-1.79
16.72-64.64
8.25-14.00
130-151
5.0-8.8
2-9
28-33
7.12-8.25
0.13-2.90
6-10
10.2-21.0
20.0-45.0
1.8-2.16
6.82-13.28

1.69
1.60
40.68
11.12
148.5
25.0
5.5
30.5
7.7
1.52
8.0
15.6
32.5
1.98
10.05

Literature Cited.
Ramirez, A. 1992. Calidad de las aguas residual. Diplomado control preventivo y correctivo
de contaminación industrial, pp. 1-45.
S.A.R.H. 1970. Uso agricola de las aguas negras. Comisión hidrólogica de la cuenca del valle
de México. Oficina de planificación México, D.F. pp. 1-98.
Lagervwerft, J.V. 1983. Macronutrientes en la agricultura. AGT Editor. S.A.R pp. 655-690.
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Fertilization of Maize with Treated and Untreated Domestic
Waste Water
Vijay K. Labhsetwar. Water and Land Management Institute, Aurangabad 431005, M.S. India
Introduction. Farmers around most of developing countries need
adeauate
resources
to
maintain soil
fertility, which is
indispensable for increasing agricultural productivity.
in this
context, subjecting
municipal
waste water (domestic sewage) to
varying degrees of
treatment and reusing
it as a source for
irrigation
and
fertilization
becomes a highly
significant
research priority.
Irrigation potential of such waters has been
discussed elsewhere (Labhsetwar, 1993).
About 24,000 ha of
land were under sewage irrigation in
about 220 urban settlements in India and these
lands used 200
million gallons
(25V. of the total produced) of sewage everyday
(FAO, 1980).
In Punjab
(India) Kumar and Madan (1990) revealed
that the nitrogen potential was in the range of 1140, 875, 400,
arid 322 kg/day;
phosphorus in the range of 690, 402,185, 160
kg/day; and potash
is in the range of 2520, 1260, 632, and 525
kg/day
in
the
city
waste waters of Amritsar, Ludhiana,
Jalander
and Patiala cities, respectively. This indicated that
these waters are highly rich in nutrients.
The objective of
the present study was to evaluate the
fertilization
potential
of treated and untreated domestic waste
water.
Materials and Methods. The 2? plots, each 4m X 4m, were arranged
in three replications in a split plot design at Asian Institute
of Technology, Bangkok, Thailand.
Three different irrigation
waters, namely raw sewage, fish pond effluent and tap water, were
used
as main
treatments and
three basal nitrogen (N) levels,
namely 0, 50, 100 kg N per ha as subtreatments. Phosphorus and
potassium were both applied at 100 kg per ha to all treatments. A
locally
improved
variety of maize
(Suwan-1) was selected for
planting. The chemical analyses of soil, plant and water
were
done using standard analytical methods.
Resu1ts and Discussion•
Nutrient concentration
and uptake relationship:
There was a
rapid increase in the nitrogen uptake in all treatments, but this
levelled off
after about 7 weeks.
The nitrogen uptake was
greater
in
plots
which had been treated with higher N
application. There was a considerable uptake of nutrients from
soil, since the total N uptake exceeded the total N applied
through irrigation water and as a basal dressing. A
comparision
of
the percentages of N taken up from the original soil N pool
with
the total
amount of N applied to each plot indicated an
inverse relationship (Edwards et al.,1981).
Correl ations:
Total
N uptake increased
with increasing
N
application
rates (r = 0.96), regardless of water treatment. At
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N - 100 levels, sewage (Ws), pond effluent (Wp>, snd tap water
(Wt) added 114 kg, 48 kg, and 1 kg of additional N per ha,
respectively, through irrigation water, Similar trends were
observed at N - 50 and N -0 levels. Nitrogen uptake in grain as a
function of grain yield also exhibited a close relationship < r =
0.98). Greater grain yields were generally associated with marked
increases
in grain weight/cob, due to more grains /cob, as a
result of longer cobs and therefore more grains/row (Labheetwar,
1993)The curves of total N uptake as a function of total yield
(grain 4 stover) indicated that to obtain a certain level of
total yield, a fixed amount of total N uptake was necessary.
There was extremely good linear correlation between grain yield
and total N applied (r = 0.96), which suggests that the form in
which the N was added to the plot was not important; N in all
forms was appearantly equally effective.
Higher yields were
obtained with Ws than with Wp.
Fertiliser potential al
Hfi. and. HP_L W S and Wp contain much more
quantity of nitrogen as compare to Wt. Nitrogen added through Ws
and Wp were 93 - 114 kg/ha and 37 - 48 kg/ha, respectively. This
clearly shows the strong fertiliser potential of such waste
waters. The nitrogen in water was increasingly less effective as
fertiliser nitrogen applied increased from 0 to 100 kg/ha,
indicating diminishing returns from N in water. The nitrogen in
water was more effective at low rates of fertliser N application
(Upto 50 kg N /ha), which happens to be the case in most
developing countries. In Ws: N - 0 treatment (no fertiliser N was
applied), a grain yield of 3787 kg/ha, and stover yield of 10,337
kg/ha were obtained. These were equal to as if 100 kg/ha of
fertliser N per ha and 52.7 kg fertliser N per ha have been
applied for grains and stover yields, respectively.
The above discussion clearly shows that both Ws and Wp as
irrigation waters contain a lot of plant nutrients, which can be
beneficially used for plant growth. Such use of domestic waste
water would lead to abatement of environmental pollution and
savings in use of chemical fertilisers.
Money saved from
reduced use of chemical fertiliser may be used elsewhere.
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Contamination by Heavy Metals (Pb, Cr, Co, Ni, Cd, Cu, Mn
and Zn) in Soils within the transect Tellez-Pachuca, Hidalgo
State, Mexico due to the use of Wastewaters for Crop
Irrigation.
T. Mendez, A. Flores and S. Palacios. Department of Edaphology. Institute of
Geology, UNAM.
Introduction. The state of Hidalgo is one of Mexico's zone which has had the greatest number of
studies related to soil contamination, this is due to the fact that wastewater from Mexico city,
loaded with heavy metals are used for irrigation in the Mezquital Valley (8). More than 90,000
hectares in this valley use wastewater of this kind, thus influencing location of research related to
contamination. However, many others areas of great agricultural importance are also being
affected by the presence of considerable amounts of heavy metals (5). Such is the case of soils in
the Pachuca municipality, where extractable Pb, Cr, Co, Cd, Fe, Mn and Zinc are high. These
metals are mainly carried by drainage from mines which join the urban drainge of the city of
Pachuca and become part of the river "Rio de las Avemdas" in the southern part of the plains of
Hidalgo State. These mixed waters are used for irrigating more than 500 hectares of communal
lands near Mineral de la Reforma, Pachuquilla and Tellez.
Materials and Methods. 30 soils samples were collected, at a depth of 30 cm, in the transect
Tellez-Pachuca, along the River "Rio de las Avenidas", and in an area of 7 Km2. After processing
the samples, the following analysis were performed: permeability, texture, C.E. , pH, C.I.C., and
organic matter routine methods ( 3); Mn, Zn, Cr, Co and Ni were extracted with HCI-H2 S0 4
0.075N (9); and Cu, Pb and Cd with DTPA (6). The determinations were performed by atomic
absorption.
Results and Discussion. The detected values of Pb were 493.10 to 3.10 ppm (Fig. 2), the largest
concentrations were obtained in sites 19, 8, 9 and 13, where the corresponding amounts surpass the
values reported by several authors (7) and (4) who have worked in soils of the Mezquital Valley,
Hgo. Those concentration, also surpass the amount reported by other author (1). Although, some of
the sites show very high amounts of Pb, which induce us to think that, in these sites, it has
accumulated from waters comming from mining. Also, other soil properties have influenced, such
as: pH, organic matter, texture and exchange capacity (Fig. 1). A similar ocurrence may be
observed with the other elements which have been accumulated, particulary, in sites 19, 12, 13, 8
and 9, located at the end of the river, this zone remains flooded thus part of the year accumulating
organic matter and heavy metals disolved in the water. Cr and Co fluctuated from 1.47 to 0.0, and
1.3 to 0.0 ppm, respectively (Fig. 2), Cr was the highest in site 12, while Co was the highest in site
8, both sites are located near the city of Pachuca, where these elements have been accumulating.
The concentrations are similar to those reported by some authors (7) and (4), who have worked
with soils in similar conditions, and irrigated with wastewaters. The levels of extractable Cr and
Co, (specially the level of Co) may be very toxic when they integrate the human metabolism,
through food chains, particulary if it is in hexavalent form. Fortunately, the detected amounts of
such elements are not as large as those of Fe, Cu, Mn, Pb and Zn; which are very common in
waters from mining zones, in the case of Pachuca. Cd fluctuated from 9.10 to 0.10 ppm (Figure 2);
the largest concentrations are in sites 10 and 12. With the exception of site 19, which coincide with
the values reported by (2), the other sites coincide with the reports of several authors (7) and (4)
who have worked in a zone with impact of wastewaters, but of the good permeability of the soil,
the accumulation of heavy metals was less drastic. The detected concentrations of copper
fluctuated from 77.50 to 0.9 ppm (Figure 2). These values surpass those detected by some authors
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t7) and (4). The largest amounts of Cu were detected in sites 12, 21, 8, 22, 6 and 13, which are
located near the City of Pachuca and at the end of the river, where the concentrations of Cu have
been accumulating; although in certain soils the high concentrations of copper are common for
example, (1) mention values up to 200 ppm, while other author (2) mention 100 to 80 ppm of
copper. The values of Mn and Zn varied from 87.37 to 10.74, and from 104.80 to 0.41 ppm,
respectively (Fig. 2). The largest concentration were detected in sites 10 and 11, where the river
starts its curse. The values of Mn, as well as those of Zn are very high, thus indicating the
influence from waters discharged from the mines, rich in Mn and Zn . The values detected in these
soils surpass those reported for the Mezquital Valley, Hidalgo (4).
The results show that values of Cu, Mn, Zn, Pb and Cd in most of the analyzed samples are
superior to those reported for the Mezquital Valley, which may be due to the effect caused by
waters discharged from Pachuca's mines, that are rich in these elements.

Figur* 2. Uaiuae of axtractabla heavu
••t«l» in ppm.

Figure 1. Pnyaicai and chaaical chtrnctiriatica of «oils.
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Heavy metal contamination of soils irrigated with
untreated sewage effluent in Central Mexico.
Christina Siebe. Institute de Geologia, UNAM, Cd. Universitaria, México, D.F.,
CP 04510, México
Introduction. In Irrigation District 03, Tula, Mexico, wastewater from Mexico
City has been used for irrigation of agricultural land since the beginning of this
century. The sewage effluent does not receive any treatment previous to its
evacuation to this irrigation district and only a part of the water is stored in the
Endhó dam before being used, receiving in this way a kind of primary treatment
through the sedimentation processes taking place. Today, approximately 85 000 ha
are irrigated, alfalfa and maize being the main crops. The aim of the present
investigation was to determine the actual contamination levels of heavy metals (Pb,
Cd, Cu, Zn) in soils analysing the accumulation tendencies in time, and also to
characterize their mobility and plant availability, and thus their ecotoxicity.
Materials and Methods. Pedosequences (Leptosols, Phaeozems and Vertisols) at
sites that have been irrigated for different length of time (4, 16, 20, 35, 65, 80
years) were compared with those under rainfed agriculture and wellwater
irrigation. Water and crop samples (alfalfa and maize) were also taken at each site.
The mobility of heavy metals was determined by a sequential extraction procedure
and the availability to plants was determined by analysing heavy metal contents in
alfalfa and maize tissue.
Results and Discussion. The wastewater shows mean heavy metal concentrations
of 0.11 mg/1 Pb, 0.005 mg/1 Cd, 0.15 mg/1 Cu and 0.40 mg/1 Zn, which are all
below the toxicity limits established by the Mexican Ministery of Environment
(SEDUE) for wastewater reuse in agriculture. Only the toxicity limits for Cu were
overpassed at two sites on the same sampling date. The water stored at the Endhó
dam shows mean concentrations of 0.03 mg/1 Pb, < 0.005 mg/1 Cd, 0.02 mg/1 Cu,
and 0.03 mg/1 Zn, which are by 3 to 15 times lower than those measured in the
wastewater. The calculated annual input of heavy metals to the soils by the
wastewater is 0.15-0.28 g/m2 Pb, < 0.009-0.011 g/m2 Cd, 0.19-0.40 g/m2 Cu, and
0.49-1.13 g/m2Zn.
The heavy metal contents in soils (aqua regia extraction) show a clear accumulation
in the upper 30 cm of soil as irrigation time increases. After 80 years of wastewater
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irrigation the concentrations in the upper 30 cm of the soil have increased up to a
range of 34 to 78 mg/kg Pb, 1.4 to 3.6 mg/kg Cd, 31 to 67 mg/kg Cu, and 117 to
281 mg/kg Zn. The differences between sites are significant for all sites after 35
years of irrigation, and at some sites already after 20 years.
According to the results of the sequential extraction in soils under rainfed agriculture up to 60% of Pb and Cd, 75% of Cu and 95% of Zn are related to oxides of Fe
and Al and form part of the residual fraction. After 80 years of irrigation 72 to
76% of Pb, 31-52% of Cd, 29-53% of Cu and 25-35% of Zn is associated with the
organic matter. Cd is to 32 to 55% also associated with easily reduced minerals, and
Cu and Zn with amorphous Fe and Al oxides to 19-41% and 17-25% respectively.
The immediately mobile fraction, characterized by extraction with 1 M NH4NO3,
shows very low concentations, but tends to increase with irrigation time for Cd and
Cu from less than 0.25 //g/kg and 0.02 mg/kg under rainfed agriculture, respectively, to 1.9-5.8/<g/kg and 0.12 mg/kg after 80 years of wastewater irrigation.
The mobile Pb and Zn concentrations are below the detection limits.
The concentrations of Pb (<0.1-0.42 mg/kg dry weight (DW)) and Cd (<0.020.19 mg/kg DW) found in alfalfa tissue are below "normal" concentrations reported
in the literature, and the concentrations of Cu (1.9-5.9 mg/kg DW) and Zn (1441 mg/kg DW) are within a sufficient nutritional range. The Pb contents of maize
grains were below the detection limit, the contents of Cd were between <0.003 and
0.078 mg/kg DW, those of Cu between 0.87-2.26 mg/kg DW and those of Zn
between 19 and 50 mg/kg DW. The Cd and Pb contents in alfalfa as well as the Cd
and Zn contents in maize show a significant increase with time under irrigation.
Conclusions. The results of this study show that after 80 years of wastewater
irrigation the heavy metal concentrations in soils and main crops are still below
critical levels. Nevertheless, heavy metals have accumulated significantly, mainly in
the upper 30 cm of the soils, and even though the soils show high buffer capacities,
the immediately mobile and easily mobilized fractions as well as the uptake of Pb
and Cd by alfalfa have been increasing. This means that the heavy metal input must
be reduced in order to preserve the production potential of the soils and the quality
of the crops on a long term basis. The simple pretreatment of wastewater through
sedimentation in the Endhó dam results in a significant reduction in heavy metal
concentrations. With the implementation of any kind of water treatment, measures
will also have to be taken to maintain the actual levels of organic matter in the soils,
since heavy metals are mainly organically bound, and mineralization of organic
matter would result in the mobilization of heavy metals.
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Restoration of Degraded Rangeland with Municipal Sewage
Sludge: Effects on Soils, Vegetation, and Surface Hydrology
R. Aguilar* and P. R. Fresquez. Rocky Mountain Forest and Range
Experiment
Station, USD A Forest Service, 2205 Columbia S.E., Albuquerque,
New Mexico
87106, and Los Alamos National Laboratory, MS-K490, Los Alamos, New Mexico
87545.
Introduction. Years of livestock grazing on Southwestern U.S. rangelands has decreased soil
organic matter, plant production, ground cover, and increased runoff and erosion.
Approximately 6 millon tons of municipal sewage sludge are produced annually in the
United States and one potential beneficial use of this sludge may be as an organic
amendment for rehabilitation of degraded rangeland. USDA Forest Service scientists have
investigated the effects of sewage sludge amendments as a means of increasing soil organic
matter, vegetation production, and ground cover in degraded rangeland for nearly a decade
(2, 3). More recent research has focused on investigating the effects of sludge amendments
on rangeland hydrology (1).
Materials and Methods. Anaerobically digested, de-watered sewage sludge from the City
of Albuquerque was surface-applied to two semiarid rangeland sites. At the first site in the
Rio Puerco Watershed, north-central New Mexico, sludge was applied to a Gutierrezia
sarothrae/Bouteloua gracilis-Hilaria jamesii plant community on a moderately deep, mediumtextured soil (fine-loamy, mixed, mesic Ustollic Camborthid) at rates of 0, 22.5, 45, and 90
Mg ha"1 in a completely randomized block design containing a total of 16 plots (3 X 20 m
plot dimensions). Changes in vegetation, soil nutrients, and trace metals were assessed over
a 5-year period. At the second site within the Sevilleta National Wildlife Refuge in central
New Mexico, sludge was applied at 45 Mg ha"1 on six pairs of runoff plots (3 X 10 m), each
consisting of a treated (sludge-amended) and a control (no sludge) within two hillslope
gradient classes (6% and 10-11% slopes). Vegetation was characterized as a Bouteloua
gracilis/B. hirsuta plant community on a deep, well-drained soil (fine-loamy, carbonatic,
mesic Ustollic Calciorthid). Runoff produced by natural storms and rainfall simulation was
measured to assess the sludge's effect on infiltration, runoff, and surface water quality.
Results and Discussion. The sludge amendments at the Rio Puerco Watershed site
significantly increased the levels of most plant nutrients in the soil, including carbon, total
nitrogen, and available phosphorus with levels increasing linearly with increasing sludge
application rate (3). Forage plants, including Bouteloua gracilis, displayed an immediate
positive response to the applied sludge (2). Concurrently, a significant reduction in
Gutierrezia sarothrae, a toxic, non-palatable, competitive range plant occurred over the 5-year
study. The exact mechanism(s) responsible for the decline of Gutierrezia sarothrae remains
unclear, but the decline was concurrent with an increase in Bouteloua gracilis. Heavy metal
concentrations remained below phytotoxic levels in both soils and plants at the lowest (22.5
Mg ha"1) and intermediate (45 Mg ha"1) sludge applications throughout the study. Although
increased metal uptake by plants was not observed in these alkaline soil conditions a result
of the sludge amendments, levels of DTPA-extractable Cu and Cd in the soil approached
undesirable levels at the highest application rate (90 Mg ha"1) by the end of the fifth growing
400

season. Thus, we concluded a one-time sludge application ranging from 22.5 to 45 Mg ha"1
would yield the optimum plant response without potential environmental contamination.
The study at the Sevilleta National Wildlife Refuge has shown that surface-applied sewage
sludge (45 Mg ha'1) acts as an effective mulch and can virtually eliminate runoff from
treated areas (fig. 1).
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Figure 1. During rainfall simulation experiments at the Sevilleta National Wildlife Refuge,
5-8 cm precipitation was applied simultaneously to paired plots (treated vs. control)
and differences in infiltration and runoff yields were recorded. More runoff occurred
from control plots within the lower slope gradient because greater coarse fragment
content on the ground surface in the upper control plots promoted more infiltration.
Increased ground surface roughness and water absorption by the sludge were the major
factors responsible for the reduced runoff on treated plots. Chemical analyses of runoff
water collected following high intensity thunderstorms have not shown increases in nitrate
or metal concentrations due to the sludge treatment; similar results could be expected using
comparable sludge from other municipalities. Rangeland restoration with municipal sewage
sludge has the potential to be environmentally and economically beneficial if this practice
is based on sound guidelines developed through continuing research.
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Recycling of Flyash and Sewage on Land vis-a-vis Plant Growth
A. K. Bhattacharyya, and Mukesh Kumar. School of Environmental

Sciences,

Jawaharlal Nehru University , new Dehli-110067, India.

Introduction : The disposal, management and proper utilization
of Industrial wastes, specially thermal power wastes and municipal wastes have become necessary not only for own welfare, hut
also for the welfare of the generations to come. Thus, it was
proposed that the application of sewage effluents on the soil
amended with flyash, will provide an extra source of nutrients
which are essential to soil fertility and plant growth(l). The
present investigation has been designed to study the transformations of W,PAK and their uptake by plants (2).
Materials and Methods : Two soils ( Entisol ) of different areas
viz. Mehrauli * Badarpur of Delhi, Lettuce and Maize plants, the
flyash from Badarpur Thermal Power Station and the secondary
treated sewage from Okhla Plant were used for this study . In
order to work out the optimal proportion of soil-flyash mixture
(0,2,4,6,8,10,50*100) and to ascertain the effects of sewage
effluent, a pot culture experiment was conducted by taking 3 Kg
of the soil mixture in each plastic pot. One set of pots was
irrigated with water while the other set was irrigated with the
sewage effluent at field capacity. The lettuce plants grown in
these pots were harvested after 60 days and subsequently, the
maize plants were raised in the same pots to study the residual
effects. All the experiments were conducted following the standard methods and procedures.
Results and Discussion t The results of this study indicated that
the available H in Mehrauli and Badarpur soils decreased consistently with the incubation period due to flyash amendment and
water irrigation. The sewage effluent was helpful in increasing
the nitrogen contents of the soils. The flyash amendment upto 8$
was found not to affect the available If status of the soil
irrigated with sewage effluent (3)«The Phosphorus availability
in the flyash amended Mehrauli soil showed two peak values on the
30 th day and 60 th day and then there was a gradual decrease. The
available phosphorus in flyash amended Badarpur soil showed an
increasing trend upto 30 days and then maintained the level till
60 days of incubation, later on decreased gradually in case of
water irrigation. It was noticed that the sewage effluent irrigation in flyash amended Badarpur soils helped to increase the
available phophorus upto 30 days, after that it showed a decliming trend. The concentration of available Potassium increased
till 50 days and then decreased to attain almost constant after
60 days in both water and sewage irrigated soils of Mehrauli and
Badarpur. The percentage release of potassium in the Badarpur
soil was very less compared to that in the Mehrauli soil. The
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sewage irrigation helped to maintain the soil potassium level
constant even after addition of flyash upto 8$. The flyash
amendment upto 8$ in the Kehrauli soil had favourable effects on
the growth of lettuce and maize as evidenced by their dry weights
taken at the end of the experiment . In the Badarpur soil the
application of flyash at the rate of 2$ had the most favourable
effect on the growth of maize plants. The dry weight of maize
increased due to the addition of flyash upto 6$ in Kehrauli soil.
In the analysis of the crops raised, it was found that the H, P
A K were more in shoots than in the roots of lettuce and maize.
It had also been observed that the sewage irrigated plants had
more N, P * K than the water irrigated ones. It was a general
observation that upto 8# flyash treatment did not adversely
affect the uptake of H, P * K by lettuce and maize plants. For
the proper growth of plant the nitrogen : Phosphoric acid t
Potash ratio should be almost equivalent to 3.3 » I s 3.3 • But
in this experiment the concentrations of It, P è. K were not
adequate in the plants. Therefore, these findings suggest that
if the flyash is recommended to dispose off on agricultural land,
supplementary H, P & K applications would be required to sustain
good crop production.
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Application of Municipal Sewage Sludge to Low
Fertility Forest Soils: the Fate of Nitrogen and Heavy
ivieiais
K.C. Cameron, R.G. McLaren, and J.A. Adams. Department of Soil
Science, P.O. Box 84, Lincoln University, Canterbury, New Zealand

Introduction. The Christchurch (New Zealand) City Council is responsible for a metropolitan
sewage system which collects, treats and disposes of sewage from a population of 285,000 plus a
wide range of commercial and industrial developments. Application of sewage sludge to local
forests has been identified as a possible disposal option for this material. Two trials have been set
up to examine the feasibility of this method of sewage sludge disposal and to assess possible
environmental impacts, particularly nutrient leaching and heavy metal accumulation.
Materials and Methods. The sludge disposal trials are located in Pinus radiata plantations of
various age classes in two forests near Christchurch in the South Island of New Zealand. The soil
at Chaneys Forest is a deep sand and that at Eyrewell Forest a shallow silt loam overlying gravel.
The soils at both sites are of relatively low fertility. In each forest, experimental plots (30 m x
100 m) were located in approximately 1,12 and 23 year old tree plantings. Within each age class
of trees three different treatments were applied to duplicate plots: (i) control - no sludge applied;
(ii) sludge applied to add 200 kg N/ha per application; (iii) sludge applied to add 400 kg N/ha per
application. Wet sludge (approx. 8 % solids) was sprayed onto plots using an irrigation spray gun,
applications being made at three-monthly intervals over a period of one year (total N applied, 800
or 1600 kg N/ha).
Specially constructed lysimeters were installed in all the trial plots (in duplicate) and leachates
from these lysimeters were collected after rainfall/drainage events. The leachates were analysed
for nitrate-N by ion-exchange chromatography and ammonium-N by flow injection analysis.
Heavy metal concentrations (Cd, Cr, Cu, Ni, Pb, Zn) were analysed by atomic absorption
spectrophotometry. Soil ( 0 - 1 0 cm) and forest litter samples were also collected regularly from
the experimental plots and analysed for soil pH, mineral and total nitrogen and total heavy metals.
Results and Discussion. At both forest sites, during the first year of the trial there was
approximately 180 mm of drainage collected from the lysimeters. Application of sludge resulted
in increased leaching of nitrogen from the top 25 cm of soil (lysimeter depth). At Eyrewell Forest
the total amount of nitrogen leached during the first year of the trial represented only a small
proportion of the total nitrogen applied (between 0.3 and 3.5 %). At Chaneys Forest the amounts
of nitrogen leached were somewhat higher; between 2.2 and 9.2 % of the nitrogen applied.
Nitrogen was leached predominantly as nitrate although at both forests some leaching took place
as ammonium-N. Nitrate concentrations in leachates were observed to increase to very high levels
(above 100 mg N/L) during the spring and early summer as soil temperatures increased.
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Extractable ammonium-N concentrations in both forest litter and the underlying mineral soil were
enhanced substantially by the sludge applications. Although ammonium-N concentrations
decreased subsequently, due to a combination of leaching and nitrification, they remained
substantially higher than in the control plots throughout the trial Increases in litter and soil
nitrate-N concentrations as a result of sludge applications were far less marked than for
ammonium. Concentrations only began to increase as soil temperatures rose during the spring and
summer. One year after the initial sludge application, the bulk of the nitrogen applied to the plots
remained present in the surface litter/sludge layer Total nitrogen concentrations in this layer had
been increased by up to three times compared to the control plots which had received no sludge
Concentrations of heavy metals in lysimeter leachates were generally very low and in many cases
barely above the limits of detection of the analytical technique being used. However, zinc
concentrations in the leachates were increased between three and nine times by the sludge
applications. Copper, chromium and nickel also showed some increases in concentration as a
result of sludge application but not as large or as consistently as for zinc. It is relevant to note that
mean metal concentrations, including concentrations in leachates from sludge treated plots, were
all below the New Zealand standards for drinking water (1). Since any metals leached completely
from the soil are likely to be further diluted by groundwater, the likelihood of forest sludge
application causing significant heavy metal contamination water would appear remote. Sampling
of litter and soil revealed that virtually all of the metals applied in the sludge remained in the
surface litter/sludge layer with no detectable increases in concentration in the underlying mineral
soil.
Soil pH determinations showed that applications of the alkaline sludge material during the first
year of the trial had increased the pH of the forest litter/sludge layer by between 1 and 2 pH units.
However, there was no effect on the pH of the underlying mineral soil. The increase in pH of the
litter/sludge layer could be both beneficial, by increasing the potential to retain heavy metals within
this layer, and disadvantageous, by possibly increasing nitrogen mineralisation rates from the
litter/sludge layer and thus increasing nitrate leaching.
Conclusions. Forest application appears to be a suitable option for the disposal of sewage sludge
but, in order to minimise environmental problems (particularly nitrate contamination of
groundwater) the rates of application would need to be substantially less than used in the present
trial. In the short-term, metals in the sludge do not appear to pose a significant environmental
problem, however in the long-term, the build up of metals in the forest litter layer could be the
factor which determines the "life span" of a forest sludge application programme.
Literature Cited.
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Long Term Effects on Crop, Soil and Water Quality of
Sewage Sludge Applied to an Agricultural Watershed
C E . Clapp*, R.H. Dowdy, W.E. Larson, D.R. Linden, C M . Hermann,
R.C. Polta, T.R. Halbach, and H.H. Cheng. USDA-ARS, Univ. of Minnesota, and
Metro Waste Control Commission, St. Paul, MN, USA.
Introduction. Disposal of municipal wastewater treatment products is a major environmental
problem. Historically, land treatment methods have been based on sewage sludge disposal, whereas
we now emphasize a more modern approach to wastewater treatment, followed by recycling on
agricultural land. The Rosemount watershed study was initiated in 1973 on land of the University
of Minnesota's Agricultural Experiment Station (1). The primary goal of the research was to
develop efficient, practical, and environmentally safe methods for utilizing municipal sewage
sludge on land in harmony with agricultural usage.
Materials and Methods. A 16-ha watershed was terraced to give 10 treatment areas with separate
tile inlets for surface runoff water. Four sludge areas and a control area were planted to corn (Zea
mays L.); four more sludge areas and a control area were planted to reed canarygrass (Phalaris
arundinacea L). Digested municipal sewage sludge was applied annually. See (3) for details of
storage, application methods, and soil and crop management. Soils of the watershed are silt loam
loess overlaying compact glacial till. Corn was harvested along three sampling lines of each area.
Reed canarygrass samples were harvested at three cutting times—in early June, mid-July and early
September. Composite soil samples were taken in the fall of 1973 after the watershed was
constructed, along sampling lines designated on each terrace interval. The same sites were
resampled in 1993. Annual fall samples were taken for soil test analysis. Runoff water on each area
was collected by automatic samplers. Flow rates were measured by water stage recorder with
slotted tube and stilling well. Soil water was sampled monthly by porous ceramic samplers installed
at 60- and 150-cm depths. Samples from 14 shallow ground water monitoring wells were collected
monthly. Sludge, plant, water, and soil analytical methods have been previously described (4).
Results and Discussion. During the 20-year study, liquid municipal sewage sludge was applied
on corn areas at an average rate of 11 Mg solids ha"1 yr"1 and 475 kg N ha"1 yr"1. The total was 224
Mg ha"1 solids and 9500 kg ha'1 total N. On grass areas over 12 years, sludge was applied at an
average rate of 15 Mg solids ha"1 yf' and 830 kg N ha"1 yr'1. The total was 175 Mg ha"1 solids and
10,000 kg ha"1 total N. Sludge analyses are given in Table 1.
Sewage sludge was an effective source of N for corn and forage crops. Yields equalled or
surpassed those of areas with traditional fertilizer management. Twenty-year average corn grain
and fodder yields were 8.4 and 17.4 Mg ha"1, and 7.7 and 15.9 Mg ha"1 for the sludge and control
areas, respectively. Average annual reed canarygrass yields for 12 years were 11.0 and 9.6 Mg ha"1
for the sludge and control areas, respectively. Elemental analyses of plant tissue showed that corn
took up N about equally, removing an average of 205 and 184 kg N ha"1 yr'1 for the sludge and
control areas, respectively. The reed canarygrass removed 335 and 286 kg N ha"1 yr"1 for the same
respective treatments.
Total soil C and N increased as expected on the sludge areas. By 1993, total C, total N, and
pH values on sludge-treated areas ranged from 1.9 to 4.8%, 0.14 to 0.41%, and 6.0 to 7.6,
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respectively. Control areas remained relatively unchanged for C and N during the 20-year period,
however soil pH decreased under control corn treatments, requiring lime application. Electrical
conductivity varied where sludge was applied, but did not increase to levels adversely affecting
plant growth. For comparative results, see (5).
Protection of water quality is an important consideration when land applying fertilizers and
sludge as soil amendments. Controlling erosion prevented sediment and nutrient losses in runoff
waters. Trace element levels were very low in runoff, except when sludge was surface-applied in
winter (2). High levels of nitrates impaired quality of soil water, but not the deep ground water.
Nitrate-N concentrations in soil water ranged from 116 to 173 mg L ' at 60 cm on corn control and
sludge areas, respectively, and from 97 to 160 mg L"1 at 150 cm for the same respective areas.
Nitrate values on grass areas were substantially reduced. Excessive nitrates occurred due to
applications of N which were in excess of crop needs in the early years (Fig. 1), but decreased in
recent years in response to decreased application rates.
The long-term study of the Rosemount sewage sludge watershed is an excellent example
of agronomic and environmental analysis of sludge application to land. In conclusion, this study
is one of a very few to address both the agronomic and environmental issues concerning sludge
application to land at the watershed scale.
References.
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Tabic 1. Composition of sludge applied to com and grass treatment areas for
i

Constituent'
Total Solids
Total C
Total N
ND>N
P
K

a

Cu
Zn
Fb
Ni
Cd
EC(dS/m)
pH

1974-19

2.96
23.6
6.92
1.77
2J1

U3

porn
1990-92
10.0
15.0
1.13
0.63
1.75
0.17

5210
«02
Ml
292
23
7

1760
350
647
171
24
4

4.0
7.5

3.3
7.5

">-|

Glass
1974-85

it

1.94
25.7
5.93
2.51
2.46
0.43

.L

llll

inn

9090
1040
S16
261
25
6

74 ™ 7* 7t -n -to w -92 -n •»* -is m -*r -m -m w w V2
YEARS
I CONTROL • §

4.4
7.8

SLUDGE

Fig. 1. Nitrate-N concentrations in water from shallow wells (1974-92).

' Total solids bag on 105' C dry weight. Other constituents based on
percentage of total solids.
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Distribution of Sludge-Borne Trace Metals in a Soil Profile
after Long-term Application Compared
with the Geochemical Background.
J. Ducaroir1 and P. Cambier. Station de Science du Sol, Institut National de la
Recherche Agronomique, 78026 Versailles Cedex, France.
Introduction. Few authors have studied the long term behaviour of pollutants trace metals at
different scales in the topsoil or more seldom in the soil profile (e.g. 1, 2). Interpretations have been
often uneasy because the knowledge about the previous natural occurrence and distribution of these
elements was missing. In the present study a field trial has been examined in order to compare the
movements of trace metals brought with sludge amendments and the patterns of the geochemical
background in the same uncontaminated soil. Some major elements, whose pedological evolution is
better understood, have been also analyzed.
Materials and Methods. Sampling in pedological pits was done in 1988 in an amendment trial
which started in 1974. It is located on a crusting loamy soil of the Parisian basin (pH ~ 8.0). This
soil is originated from the degradation of a millstone clay from the low Oligocene. The structural
effects of three kinds of organic amendments were compared on 8x30 m^ surface plots. One of the
amendments was digested limed air dried sewage sludge, spread in 1974 and 1977. The
corresponding inputs of metals were: 4, 73, 230, 14, 104, 264 kg/ha for Cd, Cr, Cu, Ni, Pb, and Zn
respectively.
Four different soil horizons were sampled from the faces of four excavations, two replicas for the
sludge treatment and two for the control Evidences were noticed of a temporary more waterlogged zone in one of the treated plots. All the 16 bulk samples were air-dried, sieved at 2 mm and
then analyzed Then each of them was dispersed in water and separated between 7 to 10 fractions,
based on particle size or density (organic fractions for the topsoil). All the fractions were analyzed
for 14 major and trace elements
Results and Discussion. Total analysis of Al, Fe, and Mn in the horizons of untreated plot soils
have clearly shown the leaching processes Two kinds of transfer were invoked : mainly mass
transfer for Al with clay fine particles and predominant soil solution transfer for Fe and Mn.
The distribution curves of the 6 studied trace metals can be classified following three kinds of
variation with depth The first one means practically no variation for Cd and Pb around respective
concentrations of 0.15 and 25 ppm The second one is a regular increase of Cr and Ni concentrations, which recalls the distribution of Fe, from respectively 25 and 10 ppm in the cultivated horizon
to 65 and 40 ppm in the deeper one Last, for Cu and Zn, like for Cr and Ni, the highest
concentrations were found in the deeper horizon (30 and 65 ppm respectively), but the upper layer
has shown slightly higher concentrations (at 8 and 40 ppm) than below.
In sewage sludge-treated plot samples, only two kinds of differences were recorded with respect
to the control samples. For Cr, Cu, Ni, Pb and Zn, only the toplayer has shown increased concentrations But Cd differed markedly in one of the two treated profiles: the highest concentration was
found in an intermediate deep horizon (figure) So only in the case of Cd the downward movement
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of a sludge-borne trace metal is plainly ascertained. Its re-fixation is related with peculiar linking
characteristics of one horizon, among which the high contents in Fe (figure) and Mn oxihydroxides,
and some features visible in situ (horizon more reddish and rich in black nodules)
Fractionation of all these samples gave information on the distribution of major elements and trace
metals in the soil profile For P, K, Ca, Fe, Mn, and trace elements (but Cd), the distribution
patterns in the untreated plots and in the treated ones are quite similar in the lower horizons. On the
other hand, the accumulation of these sludge-borne elements in the treated topsoil takes place in
coarser fractions than in the untreated plots. Particularly for the trace metals, the main features are
the higher concentrations in all the fractions isolated from the sludge treated topsoil comparatively
with the similar fractions of the untreated plots. It is particularly obvious for the fine fractions and
for the organic part isolated from the 50-100 urn fraction.
For Pb, in the untreated plots, fractionation also revealed an enrichment in the fine fractions of the
topsoil as compared to the lower ones, probably due to atmospheric fall-out from an important road
near-by. This enrichment was not detected in the bulk samples The same kind of enrichments for
Cu and Zn were also detected in this horizon and can be related to fungicide applications.
The accumulation of sludge-borne trace metals in the topsoil may be considered important for the
six metals studied. The enrichment in all particle size fractions means that a significant proportion of
these metals (and of some major elements) is still included in residual sludge particles.
The cadmium from the sludge significantly moved downward in this kind of soil. For other trace
metals this downward movement is not obvious by considering their distribution in the profile. But
the fixation of cadmium in a peculiar horizon in special physicochemical conditions took place as a
trap that might be not so effective for the five other metals.
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Figure : • • : total concentrations in sludge-treated plots,
D O : total concentrations in untreated plots.
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Effect of Secondarily Treated Sewage Sludge on the Soil
and Water Chemistry of a Natural Swamp
S. E. Feagley* and X. W. Zhang. LSU Agricultural
Agricultural
Experiment Station, Agronomy Department,
70803, U.S.A.

Center,
Louisiana
Baton Rouge, La.,

Introduction. As the world population continues to increase, the amount of solid and liquid
wastes generated increases. One way to reduce the amounts of solid and liquid wastes is to
recycled them through composting or direct land application.
Wetlands have been know to purify water for many years (1). As the natural treatment process
occurs in the water, sediments and biological 0 2 demand (BOD) is reduced, and added
nutrients are taken up by the natural vegetation. This study is evaluating the use of a natural
swamp as the tertiary treatment for sewage sludge.
Materials and Methods. A natural swamp near Thibodaux, La., U.S.A. was selected. It has
a ridge that dissects the area with 2 drainage channels connecting the swamp on either side of
the ridge. Thus, little mixing occurs. The secondarily treated sewage sludge is being applied
to one side of the ridge and the other side is being used as the control. Experimental sites are
located in the control and treated area at 25, 50, and 100 m from the levee where the effluent
is introduced into the treated area. Water samples are collected at the above mentioned
distance, at the inlet pipe, within 10 m of the inlet pipe in an open pond, and at the outflow
single exit point 1600 m from the inlet pipe. Water samples are collected monthly in triplicate
at each site except the outflow which is sampled bimonthly. Soil samples have be collected
every four months from the 25, 50, 100 and 1600 m sites. Water and soil chemical and
biological parameters included micro- and macro-nutrients, trace metals, pH, salts, BOD, and
dissolved 0 2 (DO).
Results and Discussion. The effluent was allowed to inter the swamp in March, 1992. Since
that time the control and treated area water and soil chemistries have been monitored. Marcoand micro-nutrients and salts are higher in the treated area than the control, while the control
is higher in BOD and DO. This particular swamp is nutrient deficient and thus by adding
nutrients, the productivity should increase.
The swamp is performing as the tertiary treatment of the sewage. Within 100 m the nitrate is
reduced from 45 to 10 mg/L and <0.1 mg/L at the 1600 m point. Phosphate decreases slightly
within 100 m and is slightly above the control at the 1600 m point.
Literature Cited.
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Beneficial Use of Alkaline Stabilized Sewage Sludge in
Agriculture, Horticulture and Reclamation
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Introduction. Since the early 1970s, there has been a dramatic expansion of sewage treatment
facilities in the developed countries, resulting in large increases in residual solids, sewage sludge.
These have traditionally been disposed of in the ocean, in landfills and by incineration. A small
percentage ( < 20 % in the U.S. in 1990) was utilized on agricultural land as a fertilizer, or for
reclamation, and an even smaller percentage was processed for sale as an organic fertilizer. Greater
beneficial use of treated sewage sludge has been impeded by public and regulatory resistance based
on concerns for pathogens and chemical contaminants (trace elements and xenobiotic organics) in
sludge and undesirable odor, appearance and stability. In the last decade, several technologies have
emerged for advanced stabilization of sewage sludge so as to completely destroy pathogens and to
stabilize the material against odor generation. Products of these technologies have a greater chance
of being accepted by the public for beneficial use and adoption of these technologies will shift the
emphasis in sludge management from disposal to utilization. Two of the technologies being
advanced today are composting and alkaline stabilization. This paper summarizes beneficial uses of
alkaline stabilized sewage sludge produced with the N-Viro® process.
The N-Viro® Process For Alkaline Stabilization of Sewage Sludge. The N-Viro®
alkaline stabilization process combines dewatered sludge (waste activated, ray primary/waste
activated, or digested) with alkaline reagent(s) to completely kill pathogens by raising pH to 12,
producing heat in the temperature range of 52-62 °C, and producing a mixed solids content of 50
% by weight. Windrowing or fluidized bed heating is used to produce a dry granular product of 60
to 65 % solids. Waste industrial alkaline reagents are used to minimize costs and to aid in total
environmental recycling. These include lime (CaO), limestone, cement kiln dust, lime kiln dust,
alkaline fly ash, wood ash, and various coal combustion ashes. The final product carries the
trademark N-Viro Soil ® and is being used as an agricultural lime and fertilizer substitute, and as a
soil substitute for reclamation and landscape horticulture.
Chemical Properties of N-Viro Soil ®. Materials from 28 operating facilities in the
U.S., U.K. and Australia were characterized for basic chemical properties using standard
procedures (Logan and Harrison, 1993) (Table 1). These materials have a high acid
neutralizing capacity in the form of CaCÜ3 and Ca(OH)2 (Logan, 1993) and a high pH.
They have about 1 % each of total N P and K, and are low in metals compared to most
sewage sludges. In order to carry the N-Viro Soil trademark, they must meet the U.S. EPA
pollutant concentration limits for 10 trace elements.
Physical Properties of N-Viro Soil ®. Materials from 28 operating facilities in the U.S.,
U.K. and Australia were characterized for basic chemical properties using standard procedures
(Logan and Harrison, 1993). The N-Viro Soils have an average solids content of 62 %, particle
density of 1.96 g/cm3, bulk density of 0.59 g/cm3, and total porosity of 70 %. Mean moisture
retention was 66, 58, 34 and 33 % by volume at saturation, 60 cm H2O tension, 1/3 bar, and 15
bar, respectively. Available water content was 25 % by volume (60 cm H2O tension - 15 bar).
Uncompacted and compacted saturated hydraulic conductivities were high, 3 x 10-2 and 9 x 10~4
cm/s, respectively. An average of 20, 20, 12, 7 , 6 and 35 % of N-Viro Soil, respectively, were in
> 5, 5-2, 2-1, 1-0.5, 0.5-0.25, and < 0.25 mm water stable aggregates. Fifty-six percent of the
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dry materials were > 2 mm in diameter, almost all of this (88 %) in sizes < 16 mm. Of the < 2 mm
fraction, 69 % was > 0.5 mm. The N-Viro Soils have a shrinkage of 58 %, and Atterberg liquid
limit, plastic limit and plasticity index of 76, 64 and 18 % H2O by wt., respectively. Parameter
values for the N-Viro Soils were similar to those of the four comparison mineral soils, and suggest
that these materials are similar in physical attributes to those of medium to fine textured, porous
soils with granular, stable aggregates and non plastic consistency. The moisture retention
characteristics are those of a fine textured soil dominated by fine pores and low to medium
available water holding capacity, and these materials are highly permeable, even when compacted.
Uses of N-Viro Soil ®. The paper will discuss research findings on the utilization of N-Viro
Soil as a lime substitute, as a N fertilizer, for reclamation of acidic coal mine spoil, and as a blend
with other waste products in the manufacture of synthetic topsoil.
Table 1. Summary of chemical properties of the 28 N-Viro Soils (Logan and
Harrison, 1993).
Parameter

Maximum

Minimum

Mean

pH
EC (mmho/cm)
Total (%)

12.8
15

7.24
3

11.9
9

C
N
P
Na
K
Mg
Ca
CCE*
Total (mg/kg)
As
Cd
Cu
Mo
Ni
Pb
Se
Zn

20.6
1.93
1.14
0.59
4.31
9.45
39.8
77

5.6
0.22
0.21
0.06
0.09
0.20
10.5
18

12.1
0.89
0.41
0.18
1.26
1.00
25.0
53

35.8
4.02
294
3.45
563
452
3.67
426

2.4
<0.01
43
0.02
6.6
<0.01
0.58
39

7.6
0.83
134

1.38
55
48
1.69
186

* Calcium carbonate equivalent.
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Effect of Cr-Tanning Sludge Compost on Growth and Tissue
Composition of Barley Seedlings
S. Nardi, G. Concheri, and G. Dell'Agnola. Dipartimenlo
di Biolecnologie
Universita di Padova, via Gradenigo 6,1 - 35131 Padova, Italy.
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Introduction Ecological and agricultural reasons stimulate urban and industrial waste composting.
In many cases this perspective is hindered by the fact that many of them are defiled by excessive
concentration of toxic metals that can lead to plant productivity reduction and soil and food
contamination (1). This is the case of tanning water depuration sludge containing high amounts of
Cr. To prevent this, specific laws and regulations have been enacted fixing the maximum admissible
concentrations of elements in sludges and composts which are sold off as soil fertilizers. Metals
absorbed by plants depend on many surrounding factors involving their solubility, especially from
temperature, humidity, pH, redox potential, biological activity, exchange capacity, rate and nature of
organic matter in soils. Indeed, these factors influence the chemical feature of inorganic metal
compounds and nature of humic substances that are organic complexing agents able to preserve
metal solubility and to facilitate their root absorption and their translocation to leaves (2).
Comparisons of the effects of inorganic Cr compounds and Cr linked to humic matter on Hordeum
disticum, then, have been provided in this study. As the effect of chrome on the growth and
composition of plants depends, above all, on the sinergistic and antagonistic actions of other metals,
in this paper the chemical analysis of other elements are involved.
Material and Methods. Two separate composts were obtained from natural aerobic fermentation of mixtures
composed of 60% urban plus tanning sludges, 30% chicken droppings and 10% of poplar-tree bark. The
concentration of Cr was nearly 300 mg/kg dm. in compost A and 3000 mg/kg dm. in compost B, depending
on the ratio of urban to tanning sludges used. Compost B was made with tanning sludges only. Another
compost named C was prepared mixing compost A with Cr2(SÜ4)3 so that Cr was in the same amount of
compost B. Bioassays with Lepidium sativum revealed that all composts were not phytotoxic. Different
amounts of the three composts (5, 10, 20 and 40%) was added to SiÜ2 (quarz) for the preparation of the
growing substrates with a Cr concentration varying from 15 to 120 mg/kg for compost A and from 150 to
1200 mg/kg for compost B and C. In these substrates 15 five-day old barley seedlings {Hordeum disticum var.
Astrix) were planted and
Roots
Leaves
grown
as
previously
Growth
Period
(days)
described (3). Metals in the
12
17
24
17
24
12
roots and leaves (12, 17 and Thesis
ppm
% ppm % ppm % ppm % ppm % ppm %
24-day old plants) were
determined
by
energy- control 10.5 100 11.3 100 13.6 100 2.2 100 2.4 100 4.5 100
86
9.6
1.7
69
9.1
85
9.4
69
1.8
81
70
3.1
dispersive x-ray fluorescence A 5
A
10
9.2
87
12.5
H
I
19.2
141
3.9
4.0
165
4.5
100
179
(EDXRF) spectrometry (3).
9.5
90
13.5
119
20.3
150 4.6 212 4.5
185 4.6
102
Each
experiment
was A 20
19.7
A 40
8.5
80
174
5.5
225
5.3
116
14.2
105 4.4
203
repeated five times.
Results and Discussion.
Compost A increases the
weight of barley seedlings
with a maximum (+47%)
with 200 g of compost per
kg of substrate at the 24th

B5
B 10
B20
B40
C5
C 10
C20
C40

22.8 217 29.5
25.0 238 30.0
31.4 300 37.3
23.8 227 45.5
115.3 1101 173.3
163.3 1559 150.7
215.5 2058 253.1
283.3 2705 293.9
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261
265
331
403
1535
1335
224?.
2903

37.8
38.3
39.8
43.0
212.3
259.0
257.7
230.6

279
282
293
317
1563
1907
1896
1698

1.7
4.0
5.8
3.2
6.1
7.5
9.9
8.9

78
185
266
146
281
345
459
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1.7
3.7
5.3
3.1
6.7
8.3
9.2
8.8

70
153
218
128
275
341
378
362

3.1
4.5
4.6
2.4
8.9
9.3
9.7
8.3

70
102
127
54
196
205
215
184

growth day. As the L/R ratio is always greater than the control we can conclude that the leaf
development is greater than root development. On the contrary no significant increments in barley
weights are observed in either compost B or compost C. However, a significant decrease is recorded
with 400 g of compost B per kg at the 24th day. Then, we can deduce that compost A exerts a
favourable action on barley growth while compost B and C give a not favourable effect. The positive
effects of compost A may be attributed to the different biological activity of humic substances (data
not reported) The table shows that the Cr concentrations in barley.roots are relatively high in the
presence of compost A and progressively increase in compost B, to compost C. On the other hand,
the concentration in the leaves is low in the compost A but gets progressively greater from compost
A, to compost C. There is evidence, therefore, that plants accumulate a great quantity of Cr in the
roots and only a small part of it is translocated to the leaves.
en
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The histograms show that Cu concentration in 17-day old barley roots progressively increases from
compost A to B and C but this does not interfere with the concentration in leaves. Ni strongly
decreases in the presence of compost B but increased slightly in thesis A and C. Zn increases in the
leaves of compost A and B and decreases in the presence of C both in the leaves and roots. Fe
concentration decreases in thesis B and, finally, Mn concentration decreases both in leaves and roots
in thesis A and B and increases in thesis C. It appears ,therefore, that the various substrates induce
different absorption and translocation of metals in the barley plants. Moreover, higher concentrations
in the leaves are observed with the use of substrates with compost A for Cu, Ni, Zn and Fe (+17,
+62, +197 and +10 respectively) or with compost B for Cu and Zn (+21 and +287%) or compost C
for Cu, Ni and Mn (+14, +51 and +55%). Then the observed effects cannot be ascribed exclusively
to Cr concentration in the substrates but also to the presence of humic materials in the compost.
The results are in agreement with some field experimental data (not published) that showed that 25
t/ha of tanning sludge containing 1,39% of Cr increase chicory and fennel growth (+31 and - 3 % for
roots and +38 and +16% for leaves, respectively) and Cr concentration (+85 and + 5 1 % in roots and
+30 and -24% in leaves, respectively) compared to plant control which received a mineral
fertilization providing the same quantity of N, P2O5 and K2O.
Conclusion. The different behaviour demonstrated by compost B respect to C, in spite of their
identical Cr dotation, confirms that Cr uptake depends on its chemical form (soluble, insoluble or
linked to humic matter). Plant uptake bioassay is an important diagnostic tool for metal
bioavailability and this approach supports the effort to produce sewage sludge with a low heavy
metal content obtained e.g. by the use of differential flows of domestic and industrial sludges.
Literature Cited.
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(3) Calliari, I., Concheri, G. and Nardi, S. 1993. EDXRF Study of the effects of Cr on the growth of barley seedlings.
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CHEMICAL CHARACTERIZACION AND
SEASONAL VARIATION OF A MUNICIPAL
SEWAGE SLUDGE
J. L. Otero and MX. Andradel. Department of Natural Resources and
Environment. Universidad de Vigo. Spain.
Introduction. The need to depurate waste waters has obliged to install a great number
of wastewater treatment plants, which produce large quantities of sludges with the
consequent problem of disposal and storage.
From the various techniques for disposal of sludge, its use as an organomineral
fertilizer is a way of elimination as they can contribute to the improvement of soils
and cultures by providing them with amounts of organic matter, lacking trace
elements and macro and micronutrients (Dietz, 1992.)
The aim of this study is to carry out, with agricultural purposes, the chemical
characterization of a sewage sludge coming from a city with a low industrial activity
and important changes in its population density.
Material and methods. Seasonal variation in the chemical composition of a sewage
sludge was studied by taking homogeneous samples three times, in which climatology,
population density and industrial activity were different.
Studies on pH, organic matter and N content and fractionation, total and available
content of other essential nutrients (P,K), various beneficial elements and heavy
metals were carried out.
The methods of Guitian Ojea & Carballas (1976) were used for all analyses.
Analysis of the fundamental carbon-bearing compounds was performed by
Kononova's (1961) method, except for water-soluble compounds which were
extracted as recomended by Stevenson (1965). The step-wise hydrolisis method of
Gonzalez Prieto & Carballas (1988) was used for the fractionation of the organic N.
Each result is the mean of three replicates and has been expresed on a dry material
basis.
Results and discussion. The analytical results show (Table I): A lack of significative
differences between samples; the level of potential toxic elements was lower than the
allowed; N,P,K contents were adecuate for agricultural use. Organic matter content
and the C/N relation were also adecuate.
The results from the fractionation of organic matter into its main components
showed that cellulose predominated over the other components.
Inorganic N content was smaller that organic N one. Distribution of the N
compounds show that amoniacal N and a - aminoacid N contents are high. The
high value of the total hydrolysable N indicate an easy mineralization in a not a very
long period of time.
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TABLE 1. Chemical characterization of sewage sludge
Analytical data
Dry matter %
Ashes %
pH (water)
pH (KC1)
pH (p-nitro)
C%
N%
O.M.%
Na (avail.) mg/Kg.
Na (total) %Na 2 0
K (avail.) mg/Kg.
K (total) %K 2 0
Ca (avail.) mg/Kg.
Ca (total) mg/Kg.
Mg (avail.) mg/Kg.
Mg(total) mg/Kg.
Al (avail.) mg/Kg.
Al (total) mg/Kg.
P (avail.) mg/Kg.
P (total) mg/Kg.
Fe (avail.) mg/Kg.
Fe (total) % F e 2 0 3
Mn (avail.) mg/Kg.
Mn (total) mg/Kg.
Zn (avail.) mg/Kg.
Zn (total) mg/Kg.
Cu (avail.) mg/Kg.
Cu (total) mg/Kg.
Co (avail.) mg/Kg.
Co (total) mg/Kg.
Pb (avail.) mg/Kg.
Pb (total) mg/Kg.
Cr (avail.) mg/Kg.
Cr (total) mg/Kg.
Ni (avail.) mg/Kg.
Ni (total) mg/Kg.
Cd (avail.) mg/kg.
Cd (total) mg/Kg.

Sample I

Sample II

Sample III

90,40
48,18
12,32
12,40
12,20
22,23
0,07
38,33
297,00
3,10
782,00
1,35
130,00
4000,00
15,00
375,00
72,00
315,00
90,00
1,10
12,00
3,00
15,50
345,00
79,00
1450,00
20,00
790,00
12,00
125,00
40,00
260,00
35,00
340,00
10,00
90,00
0,30
8,50

36,16
36,50
10,20
10,23
10,00
43,14
0,68
74,37
172,00
2,10
528,00
0,85
80,00
2050,00
10,00
145,00
36,00
90,00
120,00
1,50
8,00
1,35
10,00
170,00
75,00
1540,00
10,00
425,00
6,00
70,00
25,00
100,00
10,00
75,00
6,00
40,00
0,02
2,00

39,86
37,26
9,96
10,18
9,50
40,16
0,80
70,10
214,00
2,60
684,00
1,00
110,00
3325,00
12,00
212,00
58,00
210,00
160,00
1,75
9,00
1,95
13,00
265,00
90,00
2010.00
17,00
575,00
9,00
85,00
25,00
100,00
12,00
90,00
6,00
55,00
0,20
5,50

Dietz, T. 1992. Agricultural use of sewage sludge in the nineties. Advantages and
mfa.Ber. Wasser. Abfallwirtch. Tech. Univ. Munchen. 110:53-67.
Gonzalez -Prieto,S.J. & Carballas,T. 1988. Modified method for fractionation of
soil organic nitrogen by successive hydrolyses. Soil Biol. Biochem. 20:1-6.
Guitian Ojea,F. & Carballas Fernandez T. 1976. Tecnicas de analisis de suelos.
Pico Sacro. Santiago de Compostela. Spain.
Kononova,M.M. 1961. Soil Organic Matter. Its Nature, its Role in Soil Formation
and in Soil Fertilility. Pergamon Press. Oxford.
Stevenson, F.J. 1965. Gross chemical fractionation of organic matter. In Methods
of Soil Analysis. Part. 2. Chemical and Microbiological Properties,^. CA.
Black et al. American Society of Agronomy, Madison.Wisconsin.
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ORGANIC MATTER EVOLUTION IN SEWAGE
SLUDGE AMENDED SOILS
M . Quinteiro 1 and L . Andrade. Department of Natural Resources and
Environment, Universidad de Vigo, Lagoas-Marcosende,
Vigo, Spain.

Introduction. Disposal of sewage sludge has being a cause of worries lately as it has
increased with the urban development. Large quantities of these waste materials have been
traditionally been incinerated, dumped in oceans or deposit in landfills. Hence, the possibility
of an aerobic municipal wastewater treatment plant as an organic fertilizer was regarded.
Organic matter from sewage sludge can exert significant influence on the physical, chemical
and biological properties of soils. Its behaviour and effect on soil organic matter when
amended to an acidic soil in different doses was observed and compared to the use of an
inorganic fertilizer and a control.
Material and methods. The experiment was carried out in greenhouse pots and in triplicates.
The sewage sludge from a wastewater treatment plant of Santiago de Compostela was used.
Four different doses of sludge (T-l; T-2; T-3; T-4 of 5, 10, 20 and 40 Tm/Ha respectively)
have been used and were compared to the application of an inorganic fertilizer (F of
200; 120:100 Kg/Ha) and to a control (C). Two crops of barley, atlas variety (Hordeum
vulgare, L.) were grown during thirty days and harvested. Samples were taken three times.
Total content of organic matter was determined by the Sauerlandt method (1). Then
fractionation of organic matter into four fractions: the water soluble compounds, fats and
waxes, the cellulose and hemicellulose compounds and lignin, was carried out by the
Kononova method(2).
Results and discussion.Results are shown in table 1. They are expressed as a percentage of
the total content of organic matter. A decrease in the water soluble fraction during the
development of the crop was observed, what indicates that it is being mineralized faster than
the others as it is the source of energy for soil biota. The contents of fats and cellulose also
decreased, although in a slower rate, due to their transformations in soil. Cellulose and lignin
decomposition are related to the total content of carbon in soil. The mineralization of
cellulose is affected, also, by the mineralization of lignin as it acts as a barrier to cellulases
because it surrounds cellulosic fibers in lignocellulose (3). Lignin, that indicates the degree
of humification in the incorporated sludge, instead, remained unchanged a longer period of
time producing an increase in its percentage. This diferences in decomposition occured at the
early stages of mineralization, becoming nearly the same after two years(4)
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Table 1. Results
WATER SOL.
%

FATS
%

LIGNÏN
%

CELLULOSE
%

B,

5,95

3,52

64,24

26,3

F,

5,65

3,44

66,32

24,59

Tli

6,49

7,37

51,61

34,53

T2,

6,09

3,03

54,80

36,09

T3,

8,50

4,07

63,55

20,74

T4,

8,31

4,51

68,20

18,98

B2

5,05

4,35

82,27

8,33

F2

6,97

3,78

65,87

23,39

Tl 2

5,4

3,31

69,30

21,99

T22

8,03

3,03

88,80

0,13

T32

6,63

4,14

74,60

14,62

T42

7,48

4,45

62,80

25,26

B3

5,34

3,06

66,67

24,91

F3

7,54

3,63

75,44

13,39

Tl 3

6,30

3,90

60,65

29,15

T23

6,24

4,44

85,50

3,82

T3,

6,05

3,16

71,34

19,44

T43

8,12

2,99

75,36

13,53

The subscript represents the sampling?
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Soil Monolith Studies with Heavy-Metal Containing Sewage Sludge
Pdrtay, G., Lukacs, A., Németh, T. Res. Inst. Soil Sci. &Agric. Chem. of the Hung. Acad. Sci.
1022 Budapest, Herman O. u. 15., Hungary
Introduction. The changes in the composition of gas phase of soils often predict stress
situations in growing plants under different kind of agrotechnical treatments. To model the
effect of heavy metal containing sewage sludges - added to the soil - on soil gas phase,
laboratory experiments were carried out with undisturbed soil monoliths. Gas concentrations
were measured with a computerized 20 channel Quadrupole Mass Spectrometer (QMS).
Materials and methods. Undisturbed soil monoliths (40-cm diameter, 100-cm long), prepared
according to the method of Homeyer et al. (1973) modified by Németh et al. (1991) for
application to a large number of soils having different textures, were used in the
experiments.The monoliths were excavated and coated with fibre glass cloth impregnated with
synthetic resin. After the coatings solidified, the monoliths were transported to the laboratory.
Four monoliths were used simultaneously in the experiment.
Fig. 1. shows the scheme of the experimental set-up. Three thermometer sensors; six soil
moisture probes attached to a TDR multiplexer (Time Domain Reflectometer was used for soil
moisture measurements); and ten special microsensors for measurement of gas composition,
coupled to the QMS, were built into every soil monolith. In addition, 5 pairs of measuring
points for capacitive soil moisture meter were attached to the coatings. Automatic collection
and analysis of QMS and TDR data from the columns operated simultaneously during the
experiments.The computer unit also controlled the ion source and vacuum systems of the mass
spectrometer itself. Column weights were recorded on a movable scale.
The QMS system - specially developed for such experiments - enabled 20 simultaneous,
independent measurements in the 1-300 atomic mass range without any time limitation. In our
study the range 17-56 was used for determining nitrogen(28), oxygen(32), argon(40), carbon
dioxide(44), resin from the coating(55) and also for water vapour(18).
Soil moisture contents in the monoliths were regulated by saturating the columns from the
bottom through a special valve, or by sprinkler irrigation at the surface. Water was added on
the basis of TDR measurements. Sufficient light was ensured in 12 hours day/night cycles for
later plant experiments.
The prepared monoliths were air dried to constant weight (Fig. 2/a) and then through the
bottom-tap gradually filled up to the surface with deionized water (saturation, Fig. 2/b). Then
the columns were drained by gravitation to equilibrium state (drainage, Fig. 2/c). This was
followed by the addition and mixing of compressed sewage sludge, enriched with Cd-, Pb-, Cr-,
Ni- and Zn- nitrates, into the upper 10 cm of the monoliths (Fig. 2/d). The loadings applied
were 0, 10, 30 and 100-times the upper limit of the Hungarian Standard. (The number of
columns in Fig. 2 are: 1,4, 3 and 2 respectively)
Results and discussion.. At the initial stage concentrations of H7O and N2 showed a balanced
state, while O2 decreased and CO2 increased with depth (upto 30cm) in the columns (Pig. 2/a).
After saturation H2O increased, however there was a minimum at 30-50 cm, which indicated
higher clay content here. N7 was antagonistic with H2O except for column 3. O2 concentration
was much lower than before, CO2 was antagonistic with H2O on a four times higher
concentration level than before (Fig. 2/b). After drainage H2O and O2 concentrations
decreased with depth, while N2 was balanced on a lower level, CO2 was antagonistic with H2O
and O2 (Fig. 2/c). After sludge addition H2O, N2 and Ch had maximum in the 0-10cm layer
and decreased gradually, while CO2 showed the opposit (Fig. 2/d).
Changes in the gas concentrations were relatively slow proceses, it took more hours or a day
to detect them. After sludge addition however, sine-like periodic oscillations were
superimposed on the concentrations curves of water vapour and carbon dioxide with a period
of one day.
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Effectiveness of Decomposed Coconut Coirpith For
Amending Tannery Effluent Polluted Soil
RSingaram, Department of Soil Science, Tamil Nadu Agricultural University, Coimbalore
641 003, India
Introduction. Leather industry in India earns considerable foreign exchange. However, the
tannery effluents, mostly untreated often cause accumulation of sodium,chloride,sulphate,bicarbonate and chromium in the root zone and retard yield of crops. Attempts have
been made to protect the soil productivity by elimination of the toxicity in tannery effluent by
the addition of locally available soil amendments. Coconut(Cocas nusifera) is an important oil
seed and cash crop in South India. The coir fibre of commerce is extracted from coconut husks
and the waste, coirpith, a lignocellulosic material ,poses a problem of disposal. The utility value
of composted coirpith as manure has already been evaluated (2) . In the present study the
composted coirpith was used as an amendment to increase the productivity of tannery effluent
polluted soils.
Materials and Methods. Field experiments were conducted at four different places in Tamil
Nadu, India where tannery effluent pollution was sensed. The soils (Typic Haplustalf) of these
sites had loamy texture and the composted coirpith was compared with pressmud(sugar
industry waste), gypsum, farm yard manure and a control. Maize(Zea mays) var.Co. 1 was grown
as a test crop during 1991 (June-September). The crop was irrigated with tannery polluted
irrigation water (E.C. 5.4 to 7.0 dSm" ). The fertility status of the soils ranged from 150- 195
kg ha* of available nitrogen, 14-21 kg ha* of available phosphorus and 325-387 kg ha" of
available potassium. The amendments were added at the rate of 10 t ha" before sowing of
seeds ;mcl the crop was ii ligalcil at seven days interval. T'io crop received a fertilizer schedule
of 125 N:62.5 P2O5: 50 K2O kg ha*1. The yield of grain and stalk was recorded.
Results and Discussion . Composted coirpith proved, in all the four locations, to be a better
amendment than pressmud, farm yard manure and gypsum. Application of composted coirpith
improved the hydraulic conductivity of the tannery effluent polluted soils from 4.2 to 5.7, 4.6
to 6.2,4.0 to 6.1 and 3.8 to 6.2 cm hr* at Ambur, Vaniyambadi, Peranampet and Madenapally
respectively. Increase in hydraulic conductivity and removal of soluble salts by application of
composted coirpith had been reported (1). A significant reduction in the electrical conductivity, pH and exchangeable sodium of soil on application of composted coirpith had also been
reported (2). The coirpith has also got high water holding capacity(3)and keeps the soil moist
and thus prevents the capillary rise of salts to the root zone from the subsurface soil. All these
desirable qualities of the composted coirpith improved the crop yield in tannery effluent
polluted soils more than the other amendments (Table 1).
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Table 1. Effect of soil amendment on yield of maize (kg ha" )
Locations
Peranampet
Grain
Stalk

Ambur
Grain
Stalk

Vaniyambadi
Grain
Stalk

Composted coirpith

2914

6350

2615

5825

3580

7190

3308

6275

Pressmud

2810

6152

2477

5400

3411

7173

3023

6400

Farm yard manure

2726

6053

2431

5350

3359

7100

3053

6575

Gypsum

2705

6137

2349

5375

3264

6863

2778

6363

Unamended control

2625

5807

2125

5025

3065

6175

2585

5975

60

136

112

317

92

361

119

NS

Treatment

CD (0.05)

Madenapally
Grain
Stalk

The present study clearly reveals that composted coirpith could be profitably used to enhance
the productivity of tannery effluent polluted soils.
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EFFECTS OF SEWAGE SLUDGES ON THE PHYSICO-CHEMICAL PROPERTIES
OF SOIL: A LONG TERM EXPERIENCE.
i

I. WALTER, M A . PORCEL and M. BIGERIEGO.
28080 Madrid Spain

CITINI A Apdo de correos 8111

Introduction. Land application of sewage sludge as organic-mineral fertilizer could be one of
the best way to dispose of these residuals. Sludge oganic matter can be as effective as that
manure in improving the physical and chemical properties of soils, particular^ those soils which
have low fertility, such as the greater part of Spanish soils. The purpose of this study was to
determinate the long term effect of sewage sludges application on the principal physico-chemical
soil properties, when succesive winter wheat crops were grown ( 1, 2, 3 ).
Materials and Methods. Two sludges, S and V from Sur ( industrial wastes ) and Viveros
( urban wastes) Madrid treatment plants respectively were applied during eight years succesives,
in two rates 50 and 100 Mg.ha '.year' into a loamy clay soil. Two control where maintened: one
without fertilizer and the other one with a basic inorganic fertilizer, similar in N,P and K to the
lower sludge rate. Three replicates were realiced for all treatements.
The sludges and mineral fertilizer were incorporated into the top soil before sowing with
a moldboard plow in one annual application and always at the same rate in each plot. Soil
samples were taken and the end of the experience, from the surface layer ( 0 - 20 cm ). Air dry
soil samples were pased though a 2 mm. screen ( 4 ).
pH and EC were determinate in water, cation exchange capacity (CEC) was determined
with sodium acetate ( pH 8,2 ), organic carbon ( Oxi. C ) by Walkley Black method. Total
nitrogen by Kjeldahl and inorganic nitrogen by Bremner.
Water holding capacities of soil is measured at field capacity ( FC, 1/3 atmosphere ) and
wilting point ( WP, 15 atmosphere ) by pressure membrane-plate apparatus.
Total heavy metals, also, were determinate, with NO,H - CI04H. All the metals in
solution were analized by atomic emission espectroscopy (ICP).
Results and Discussion. Sludge additions change the most of the phisico-chemical soil
characteristics (table 1 ). The pH decreases in all treatements whit sludges, without rates and
sludge differences. E.C. shows a consistent increase in sludge treated soils; differences between
rates but not sludges types are observed. Organic carbon in control is approximately 0,6 % and
after eigth years of sludge incorporation this value increase to 1,97 % in the lowest rates and
2,46 % in the highest rates. As soil organic matter levels increase, so does C.E.C. increase in
sludge treatments. Ranged from 7,7 to 1,36 meq/100 g for control and V-100 treatments
respectively are observed. Total N and inorganic N ( residual N ) increase in all treatments whith
sludge; these increases are more evident in V treatments.
The FC increase from 11,6 to 14,6 mg H 2 0 per 100 g soil (control and V-100 ) and the
WP values are from 6,5 to 8,8 mg H20 per 100 g soil for the same treatments. There has been
no uniformity between the rates and the sludges ( data not shown ).
Total soil metal contents in the last year of the experiment are greater than the metal
contents in the controls (table 2 ). Both, Zn and Cd values in the S-100 treatment are over the
E.E.C. and Spanish guidelines.
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Table 1: Physico-Chemical characteristics of the different treatments.
oxi.C
%

NT
%

Inorg. N mg /Kg
N-NH4
N-N0 3

7,68

0,60

0,06

6,66

9,58

0,24

7,30

0,59

0,08

5,30

7,95

7,8

0,48

10,17

2,11

0,16

1,40

44,52

S-100

7,8

0,84

11,86

2,44

0,25

2,83

88,61

V-50

7,9

0,53

11,48

1,83

0,18

3,24

82,76

V-100

7,7

0,81

13,62

2,47

0,31

6,76

119,18

pH
1:2,5 H 2 0

E.C.
mmhos/cm
1:5 25°C

Control

8,5

0,21

Mineral

8,4

S-50

Treatment

C.E.C
meq/100g

j

Table 2: Concentration in soils of total heavy metals. ( mg .Kg1 )
Treatement

Cu

Zn

Cd

Ni

Cr

Pb

Control

16,1

44,1

<0,1

13,0

15,8

25,5

Mineral

14,3

41,3

0,2

13,3

19,6

23,5

S-50

155,5

264,6

4,0

16,7

37,4

101,1

S-100

203,0

360,9

4,7

19,0

46,7

124,4

V-50

76,9

182,5

3,4

18,2

68,7

77,7

[ V-100

101,8

250,2

3,9

19,6

95,5

106,3

In conclusion, this experiments shows that the addition of sludge, during eight years
positively affected the phisico-chemical properties from the soil studied, although there is a risk
associated with the use of sludge, because there is a considerably increase in the levels of soil
heavy metals.
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Fate of Phosphorus Applied in Lime-Treated Sewage Sludge
to Pasture
I. R. Willett* and W. J. Bond. ACIAR, Canberra,
Canberra, Australia.

and CSIRO Division of Soils,

Introduction. Land application of sewage sludges has been increasing as a means of disposal in
order to utilise the plant nutrients they contain and to minimise the contamination of water bodies.
Canberra is Australia's largest inland city and its sewage effluent is treated to tertiary standards by
lime treatment to protect downstream water bodies from eutrophication. The sludge is currently
being disposed of by incineration but this is costly and the residual ash, with insignificant organic
matter and nitrogen and little available phosphorus, is inferior as a soil amendment in comparison
with the sewage sludge (1). It is important that sludge applications to land do not contribute
phosphorus to water bodies. The purpose of this study was to determine the fate of phosphorus
applied to pastures in the form of lime-treated sewage sludge, with particular emphasis on
phosphorus in runoff water.
Materials and Methods. A field experiment was established in 1984 on an Aerie Albaqualf soil
near Canberra, Australian Capital Territory. Long term average rainfall in this area is 630 mm with
uniform distribution throughout the year. Evaporative demand is much greater in summer than in
winter and the soils normally undergo severe drying in summer months but may become
waterlogged in winter months. Four 4x10 m runoff plots were installed on established perennial
pasture (Lolium perenne, Trifolium subterraneum, and Phalaris aquaticd) with an average slope of
4.4%. The three upper sides of each plot were defined by an impervious barrier buried 20 cm into
the soil. Covered runoff collectors were placed on the downslope (4 m) ends of the plots. Facilities
were installed to allow the measurement of daily rainfall and the runoff volumes for each runoff
event during the following 4 years. Runoff water samples were collected for each event and total
and dissolved inorganic P concentrations were determined. Two plots were treated by the surface
application of 12 tonnes/ha of air-dried lime-treated sewage sludge in the early spring (August) of
1985. Chemical analyses of the sludge have been given elsewhere (2) but this particular batch
provided a P application rate of 197 kg/ha. The herbage was harvested from the plots on 18
occasions and the dry matter yields recorded. The herbage was analysed for P and its uptake was
calculated. At the end of the experiment the soils of each plot were sampled and analysed for total P.
Results and Discussion. Sludge application increased the yields of the pasture significantly for 11
of the 18 harvests. Generally, sludge increased yields of the pasture during spring periods
favourable for plant growth, but had little or no effect on yields produced during water-stressed
periods. The pasture response to sludge could be attributed to additional N and the liming effect of
the sludge (2), as well as to P. The mean cumulative dry matter yield over 4 years was 11.8
tonnes/ha of dry matter for the control plots, and 17.8 tonnes/ha for the sludge-treated plots. Sludge
applications increased the P concentrations of the herbage at most harvests, the means over all
harvests being 0.27% for the control and 0.36% when treated with sludge. P uptake by the herbage
was therefore significantly greater from sludge treated plots (64 kg/ha) than from the controls (33
kg/ha). The apparent recovery of P from the sludge over 4 years was therefore 31 kg/ha, or 16% of
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the P applied in the sludge. This shows that the P applied in the sludge was available for plant
uptake, as its recovery was similar to that obtained in experiments with superphosphate fertilizers.
During the 4 year period after sludge application rainfall at the site amounted to 3,263 mm. Less
than one tenth of this amount ran off (Table 1), probably because of rapid infiltration and large
surface detention associated with long term pasture growth at the'site. Plot 2 produced significantly
less runoff than the others and this was associated with deeper watertables in this plot in comparison
with plots 3 and 4, and higher infiltration rates than on plot 1.
Table 1
DIP #
Mass of Total P
Plot
Runoff
Total P*
cone. mg/L
kg/ha
cone. mg/L
mm
1
225
0.54
0.26
0.58
130
1.46
2 (sludge)
1.04
0.60
0.68
1.85
3 (sludge)
208
1.00
0.28
0.87
4
275
0.59
* Concentrations are means for all samples, mass is a cumulative value, ^Dissolved Inorganic P
Sludge applications increased the concentrations of total and dissolved inorganic P in the runoff
water Loss of P was greatest from a sludge treated plot. On average, the difference between the
losses of P in the sludge-treated plots and the controls amounted to only 0.5 kg/ha, or 0.3% of the P
applied in sludge.
Analyses of soils from the plots at the end of the experiment showed that sludge applications
increased the concentrations of total, particularly in the surface 0-2 and 2-4 cm layers. Total P in
the 0-10 cm layer of sludge-treated plots amounted to an average of 98 kg/ha P more than in the
controls, or 50% of the P applied in the sludge. However, these values are subject to uncertainty
associated with variation in the bulk densities of the 0-2 and 2-4 cm layers of soil. For example the
standard deviation for P present in the 0-2 cm layer of the sludge treated plot was ±22 kg/ha when
the data for the bulk density for 26 samples from the experimental site were used in its calculation.
Errors in the values for P remaining in the soil are probably responsible for the lack of agreement
between the sum of the P accounted for in the experiment and the amount applied in the sludge.
This experiment showed that surface applied lime-treated sewage sludge is an effective amendment
for increasing pasture production and that only a very small fraction of the applied P was lost from
its site of application However, elevated concentrations of P in runoff indicated that sludge
applications should be withheld from areas immediately above water bodies such as creeks and farm
dams so that untreated soil is available for absorption of P from the runoff water.
Literature Cited.
(1) Jakobsen, P. and Willett, I.R. 1986. Comparisons of the fertilizing and liming properties of
lime-treated sewage sludge with its incinerated ash. Fertilizer Research, 9, 187-197.
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SOILS REGENERATED BY THE ADDITION OF
ORGANIC WASTES: A BIOCHEMICAL STUDY.
C. Garcia*, T. Hernandez, F. Costa, C. Ceccanti and G. Masciandaro.
Department of Organic Resources. Centro de Edafologfa y Biologfa
Aplicada
4195,
300809-Murcia,
Spain.
del Segura (CSIC), P.O. Box
Introduction. Soils from many parts of the Mediterranean region are subjected to
progressive degradation as result of erosion. As a consequence, the fertility level of these
degraded soils is declining. One method to reverse the degradation is with the addition of
organic matter to improve overall soil quality, as has been established previously (Bastian
and Ryan, 1986). Regeneration of degraded soils following the addition of the organic
fraction of municipal wastes have improvements in physical properties (Albaladejo and Diaz,
1990) and in nutrient content (Garcia et al., 1992). However, there are no data concerning
microbiological activity, which is so important for undertanding the biological and
biochemical fertility of a soil. In this paper, we report on several biochemical parameters of
a degraded soil, 40 months after beginning its regeneration by adding the organic fraction
of a municipal solid waste (MSW) in differing amounts.
Material and Methods. The experiment was conducted in Murcia (SE Spain). The area of
low rainfall and fairly high average temperaures (19°C), corresponding to a semiarid climate
bordering on arid. Five 87 m2 plots with a 10 % incline were marked out. One plot was used
as control and to the others was added the MSW in such doses as to increase the soil
organic matter by 0.5 %, 1 %, 1.5 % and 2 %. The samples to be analized were collected
40 months after the incorporation of the waste.
Results and Discussion. The enzymatic activities of the samples is shown in table 1. The
urease and protease which hydrolise Na-benzoil-L-argininamide (protease-BAA), both
enzymes involved in the N cycle, were higher in the treated plots than in the control,
particularly in plots with maxima dose. We can affirm, then, that the addition of MSW to a
degraded soil in sufficient doses to raise its organic matter content by 1.5-2 %, results in
formation of microbial biomass thus setting in motion the nitrogen cycle.
Table 1. Enzymatic activities in the plots studied.
Plots
Control
Plot 0.5 %
Plot 1 %
Plot 1.5%
Plot 2 %

Urease1

ProteaseBAA1

ProteaseCasein2

0-Glucosi
dase3

Dehidrogenase4

0.10c
0.85b
1.22b
2.45a
2.30a

0.16c
0.85b
1.05b
2.10a
2.05a

1.25b
1.42b
1.25b
2.55a
2.60a

0.20d
1.85c
1.72c
6.20a
3.10b

0.45d
0.70c
0.82bc
1.92a
1.05b

(1): /xmol NH3g1h"1; (2): eg tyrosine g " V ; (3): /«mol PNP g V ; 4: mg INTFgV 1 .
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The protease which hydrolyses the casein (protease-casein) only differed from the control
in plots with such proportions of waste as to increase the organic matter content by a
minimum of 1.5 %. /3-glucosidase activity increased in all the plots compared with the
control, in particular where there were higher dosages. The dehydrogenase activity in the
plots showed that the low microorganism activity to be found in the untreated degraded soil
had increased 40 months after the addition of organic matter, which probably indicates an
increase in microbial activity.
The extracellular hydrolases (which were determined in 0.1 M, pH 7.1 Na4P207) as a whole
showed the greastest differences from the control when the doses added were highest
(Table 2). This indicates that the plots not only show greater absolute enzymatic activity than
the control (possibly due to the vegetal biomass produced) but also a certain quantity of
extracellular enzymes, pointing to the probable biochemical regeneration of the soil.
Table 2. Extracellular enzymatic activities in the plots studied.
Plots
Control
Plot 0.5 %
Plot 1 %
Plot 1.5%
Plot 2 %

Urease1

ProteaseBAA1

ProteaseCaseine2

0-glucosidase3

0.10c
0.20c
0.15c
0.60a
0.38b

0
0.06c
0-08C
0.40a
0.21b

0.07c
0.1 Obc
0.1 Obc
0.12bc
0.19ab

0.05c
0.24b
0.20b
0.55a
0.47a

1
(1): /xmol NH3 g 1h" ; (2): eg tyrosine g" V ; (3): /«nol PNP g V

Specific enzymatic activity (extracellular activity/C unit) increased, with the exception of the
protease-casein, in all cases compared with the control, showing that the humic substances
extracted with Na4P207 form enzyme-humus complexes. There was a strong positive
correlation between organic matter, extractable carbon, soluble carbohydrates and
polyphenols, and all the absolute enzymatic activities determined in the plots and among
these activities themselves. This leads one to conclude that these enzymatic activities are
due to the microbial biomass. The existence within the water-soluble fraction of compounds
which act as substrates for the enzymes encountered is thus confirmed.
Literature cited
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Production and persistence of soil L-Asparaginase and
Dehydrogenase with repeated addition of Municipal
Waste Compost
P. L. Giusquiani, G. Gigliotti and D. Businelli.
Istituto di Chimica Agraria, Universita di Perugia

(Italy).

Introduction
The long-term application of municipal waste compost (MWC) to agricultural land is an advantageous
practice for improving soil fertility due to its high organic matter content. MWCs, however, contain
large quantities of heavy metals whose repeated introduction in soil may negatively influence
enzymatic activities.
In a previous study (1) we found that in a four year MWC treated calcareous soil some enzymatic
activities were not negatively influenced by the heavy metals added, and in the amended plots they
remained higher than those in the control plots one year after the last soil amendment. The aim of the
present research was to check the sensitivity of L-asparaginase and dehydrogenase activities to further
compost additions after six years of treatment, their trend for seven months after the last amendment
and the influence of mineral co-fertilization on them.
Dehydrogenase was chosen because its determination is a common way to estimate the potential soil
microbiological activity and biomass (2) and L-asparaginase, which plays an important role in soil N
mineralization, because of its particular sensitivity to heavy metals (3).
Materials and methods
The experiment was performed in an Umbrian (Central Italy) clay loam soil (pH 8.3, o.c. 0.8%,
CaCÜ3 14%, CEC 17 meq 100 g"1) classified as a Fluventic Xerochrept planted to corn.
MWC (pH 7.7, o. c. 25.1%, C/N 13.9) was obtained from the Gesenu Municipal Waste Treatment
Plant in Perugia, Italy. Compost was created mechanically under aerobic conditions by fast
fermentation (25 days) (4).
The treatments were: A) Untreated control, B) MWC 30 t ha-1 yr 1 for six years (for a total of
1801 ha"1), C) MWC as in B + mineral fertilizer (N, P, K = 300, 150, 150 kg ha" 1 ) for each year.
Dehydrogenase and L-asparaginase activities were determined as described by Sparling (5) and
Frankenberger and Tabatabai (6), respectively.
The field experiment started in April, 1993 (date of amendment) and ended at the harvest of the crop
(October, 1993). To verify if the temperature and the moisture influenced the dehydrogenase and Lasparaginase activities after the amendment the same soil was collected, sieved at 2 mm, placed in a
climatic cell and maintained at 75% water holding capacity at 25°C.
The treatments were replicated four times and data were analyzed by ANOVA.
Results and discussion
At the beginning of the experiment, before the sixth amendment, the activity of the two tested
enzymes was significantly higher in the amended and amended plus fertilized plots than in the
untreated control. This higher activity may be due to the incorporation and protection of the enzyme
fraction with increase in the soil humus content (7); in fact after five years of amendments, the
humified organic carbon content increased from 0.30% to 0.40%.
During the time of the experiment, it was noted that the trend of the L-asparaginase activity in the field
trial was similar to the trend of the same activity in the climatic cell (fig. 1 A and B), even if in the
second case the enzyme activity was often greater than in the first due to the optimal moisture and
temperature conditions. L-asparaginase activity was always significantly higher in the amended plots
than in the untreated control, but there were no significant differences between amended and amended
plus fertilized plots. In all the amended plots the final enzymatic activity values were roughly the same
as the initial ones.
Immediately after the amendment and up to 30 days both in the field and in the climatic cell, a decrease
of L-asparaginase activity in the amended and unamended plots was noted. This may be due to the
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L-asparaginase and dehydrogenase activity behaviour during the experiment, in the field trial (A) and in the climatic cell (B).

decrease in the soil biomass content in the upper soil layer due to tillage.
L-asparaginase activity was not stimulated by the further organic matter addition, even in the optimal
climatic conditions; this could be explained with a feedback mechanism that terminates the production
of enzymes in a situation where adequate energy sources are available. A limiting effect due to the
reaching of an inhibiting heavy metals concentration can be excluded due to the similarity in the trend
of the enzymatic activities in amended and unamended plots or because their values have the same
magnitudes as similar unamended soils (3).
Dehydrogenase activity (Fig. 2 A and B), unlike L-asparaginase activity, was particularly increased by
the compost addition. In the climatic cell the enzymatic activity values were always greater than those
of the field experiment. In the amended plots dehydrogenase activity values increased starting two
days after the amendment and they returned to the initial ones after 60 and 150 days in the field and in
climatic cell experiments, respectively.
The addition of mineral fertilizers caused a notable decrease in the increase in dehydrogenase activity
as compared with that obtained in the amended plots only. This apparent inhibition may be due to the
nitrate fertilizer which, acting as an alternative electron acceptor, inhibits dehydrogenase activity (8).
In conclusion, we can say that further MCW additions to arepeatedlyamended soil do not modify the
enzymatic activity background. This could probably be due to the fact that a soil receiving constant or
regular organic additions reaches an equilibrium condition between promotion and suppression
processes, resulting in a relatively constant level of enzymatic activity (7). For seven months after the
last amendment, the behaviour of the two enzymes was quite different, even if in both cases their
activities returned to the initial values. The co-addition of mineral fertilizers affected only the
dehydrogenase activity.
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Availability of Micronutrients in Volcanic Soils of the Canaiy
Islands Treated with Urban Compost
V. Pérez-Garcia, T. Acosta, M Espino-Mesa, and C D. Arbelo. Depcrtanentode
Edcfologiay Geologia, Faulted de Biologia UniversideddelaLagwet, Tenerife, Idas Ccncrias.
Introduction. In Canary Islands in the short term and for
agricultural purposes, the utilization of urban compost as a
fertilizer and amendment. One the consequences of this practice is
the risk of the accumulation of heavy metals in soils.
The work presented here complements the study begun by Arbelo et
al. 1993, of the application of methods of individualized extraction
to characterize the bioavailability of micronutrients in volcanic
soils treated with compost.
Materials and Methods. Three soils have been selected: Chio (Typic
Vitrandept), Bosque y Poleo (Typic Hapludands). The doses of compost
assayed were from 0 to 200 t h . The culture test used was raygrass
(Lolium perenne L.). The methods assayed were: (1) Methods of
individualized extraction: (a) Lindsay y Norvell (1978) (b) Lakanen
y Ervio, (1971). (2) The total contents according to Desaules et
al.,(1992).
Results and Discussion. A highly significant increase has been
observed mainly in salinity and organic matter as a consequence of
the application of urban compost. The electrical condutivity
increases from initial values of 2.72, 2.64 y 1.42 dSm"1 as level of
11.48, 12.93 y 8.28 dSm"1 at the maximun dose of compost (200 Tm/Ha),
for the soils Bosque, Chio and Pole, respectively. The organic
matter varies from 2.41%, 9.54% and 6.83% from the control
treatments of the Bosque, Chio y Poleo soils, respectively, to
values of 4.32%, 10.53% y 8.81% at the maximun dose applied (200
Tm/Ha) .
Iron and Manganese. The contents of Fe and Mn extracted with DTPA
and EDTA in three soils and for all the treatments are very low with
respect is the total contents and no significant correlation has
been found between the total and both extractants. However, a highly
significant correlation has been found between the values of Fe and
Mn obtained with EDTA and those obtained with DTPA for all the soils
in the four treatments.
S. Bosque:
Fe-DTPA = 0.035 Fe(EDTA) + 3.85
(r = 0.958, p < 0.001)
Mn-DTPA = 0.019 Mn(EDTA) - 0.28
(r = 0.949, p < 0.001)
S. Poleo:
Fe-DTPA = 0.114 Fe(EDTA) +1.96
(r = 0.970, p < 0.001)
Mn-DTPA =0.663 Mn(EDTA) - 9.80
(r = 0.729, p < 0.01)
S. Chio:
Fe-DTPA = 0.071 Fe(EDTA) + 8.32
(r = 0.972, p < 0.001)
Mn-DTPA = 0.088 Mn(EDTA) - 4.01
(r = 0.703, p < 0.01)
Copper and Zinc.
The contents of Cu extracted with DTPA in all the treatments
are very low with respect to the total, 1.8%, 8.3% y 14% for the
Bosque, Poleo y Chio soils, respectively (Fig. 1 ) .
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On the order hand, the correlations observed between Cu
extracted with EDTA and the total contents in all the treatments are
good and highly significant for the three soils studied (Bosque r=
0.991, p< 0.001 ; Poleo r= 0.997, p< 0.001 ; Chio r= 0.998, p<
0.001) .
For Zn, the same tendency is observed as for Cu, although the
difference in extraction with DTPA with respect to the total is
smaller , being 3.4%, 10.8% y 25% for- Bosque, Poleo y Chio
respectively. The correlations between both extractants are highly
significant for the three soils (Bosque r= 0.932, p< 0.001; Poleo
r= 0.881, p< 0.001; Chio r= 0.992, p< 0.001).
For the three soils, the Zn extracted with EDTA in all the
treatments is significantly correlated with the total contents:
S. Bosque:Zn-EDTA = 0.347 Zn(TOTAL) - 16.75 (r = 0.965, p < 0.001)
S. Poleo:Zn-EDTA = 0.340 Zn(TOTAL) - 14.77 (r = 0.918, p < 0.001)
S. Chio:Zn-EDTA = 0.389 Zn(TOTAL) - 21.74
(r = 0.983, p < 0.001)
As pointed out above, despite the fact
that the addition of compost to the
soils has led to an increase in
organic matter, the microelements are
not extractable to any significant
extend with DTPA at pH 7.3 (Fig.1),
which seems is indicate that they do
not remain associated with the organic
fraction but rather that they are
incorporated
to
the
mineral
constituents
of
the
soils
fundamentally amorphous oxyhydroxides
of Fe, Al and Mn (Arbelo et al. ,
1993) .
According
to the correlations observed
10
20
30
40
between the contents of Fe, Cu, Mn and
Cu - TOTAL «.mg/'Kg}
Zn extracted with DTPA and EDTA and
Fig- 1
those exported by the plant, in all
the treatments (data not shown) EDTA at pH 4.65 is shown to be the
best indicator of the availability of Fe, Cu and Zn for the plant in
these soils.
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Chemical Properties of Soil as Affected by Pollution
of Different Wastes
M. H. Shalaby, O. A. Gobran and M. I. Raslan
Dept. of Soil Sci., Fac. of Agric-., Menufiya Univ., Shibin El-Kom, Egypt.
Introduction. Disposal of wastes is one of the most sensitive and
expensive problem around the world. So utilization of the wastes on
agricultural land, in accordance with the crops requirements for
nutrients and avoidance its contamination problems, is considered
a favored outlet. Many investigators have studied the potential
benefits of sewage effluent and sludge in providing plant nutrients
and organic matter (Hinesly et al., 1979). However a limited
information is available about the industrial wastes contamination
and its utilization on the agricultural land. This investigation
was conducted to study the influence of different wastes on
chemical properties of an alluvial soil cultivated with different
types of medicinal plants.
Material and Methods. A pot experiment was carried out in a
greenhouse to study the influence of three different types of
wastes ( sewage effluent [S.E.W.] , company of oil and soap
[O.S.W.] , superphosphate fertilizer factory [F.W.]) on some
chemical characteristics of soil. An alluvial soil samples (2.8%
CaC03, 27.02% sand, 27.12% silt and 45.86% clay) were collected
from the surface layer (0 - 15 cm), 2 Km at the north of Tanta
city, Egypt, air dried, ground to pass through 2 mm sieve and
entirely mixed. Some of the chemical properties of the soil were
determined before and at the end of the experiment. Heavy metals (
Fe, Mn, Zn, Cu, Mo, Ni, Pb and Co were extracted in DTPA (0.005 m
DTPA, 0.01 CaCl, and 0.1m TEA adjusted at pH 7.30), and boron was
extracted in a not water. The elements were determined by atomic
absorption spectrophotometer (Page et al. 1982).
Results and Discussion. The oil and soap wastes [O.S.W.] addition
(Table 3) increased soil pH with raising the concentration of that
waste, which may be due to the higher pH value (10.6) of this
waste, consequently its alkaline effect on soil pH. On the other
hand, a remarkable reduction in the soil pH induced with raising
the applied concentration of fertilizer wastes [F.W.], from 8.25 of
the control to 6 at the 1:1 (F.W. : water) application. This may be
referred to the influence of the very low pH value (2) of [F.W.] on
the soil. These results are in agreement with findings of Dahuja
and Singh (1976) and El-Kiey (1988).
Trace elements in soil (Table 4), displayed that the addition
of [S.E.W.] and [O.S.W.] into the soil, inappreciably augmented Fe,
Mn, Zn, Cu, B, Mo, Pb, Co and Ni, due to its relatively higher
content of these elements. Mo according to its normal behavior in
higher pH soil showed a conspicuous increase by about 27.7%
compared to the control, at the highest concentration of applied
[O.S.W.].
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Use of Coal Ash Products as Alkaline Admixtures in the
N-Viro Sludge Stabilization Process
Jeffrey C. Burnham, PhD., Department of Microbiology, Medical College of
Ohio, Toledo, OH 43699
Summary. The original process for the manufacture of N-Viro Soil mixes a large volume of cement
kiln dust (CKD) or lime kiln dust (LKD) with a dewatered sludge cake (15-40% solids) using a pug
mill or screw blender. The new innovation involves substituting coal ash byproducts, ie., fly ash,
fluidized bed ash or lime injected mulastage burner (LIMB) ash, for these kiln products either as a
sole admixture or in blends with the traditional dusts or with lime. After the initial nuxing, the
product is treated by one of two methods to pasteurize and stabilize the sludge. The N-Viro Soil made
by these methods achieves the USEPA's PFRP (Process to Further Reduce Pathogens) standard for
microbiological control. In addition, the alkaline processing results in heavy metal conversion to
insoluble metal hydroxides, along with the binding of these metals, to chenucal components of the
ashes. This paper compares a municipal facility, which uses a coal ash byproduct (fluidized bed ash),
with two traditional N-Viro facilities using cement kiln dust and lime dust and compares the
effectiveness of the coal ash products with the traditional dusts.
Acknowledgments. Appreciation is expressed to Nancy Hatfield and Dee Ragan fortheir technical
expertise and assistance in conducting the testing reported herein.
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Multi-Soil-Layering Method for High Performance and
N&P Removable Septic Tank Leachline Field
T. Wakatsuki*, H. Esumi**, and K. Inata***.*Faculty of Agriculture,
Shimane University, Matsue 690, Japan. **The Shimane Prefectural Institute
of Health and Environmental Science, Nishihamasadacho, Matsue 690-01,
Japan. ***Kanatsu Engineering Co. Ltd., Kasugacho, Matsue 690, Japan
Introduction. Although septic tank and soil leachline systems are widely used in rural residential
areas for on-site disposal, there have been limited researches to improve the functions of soils. The
most serious problem is clogging. The long term acceptance rate of waste water treatment in leachline
was less than 25-50 Lm"2d"\ The short-circuit of waste water is another problem. The traditional
septic system cannot remove nitrate effectively. The capacity of phosphate adsorption is limited, too.
Multi-Soil-Layering Method(MSL) has developed and tested by the authors(Wakatsuki et al.
1993)for high performance, nitrogen and phosphate removable on-site domestic waste water
treatment system. The MSL enables efficient waste water treatment, which makes possible to utilize
the maximum physical, chemical, and biological functions of soil resources.
Materials and Method. Figure 1 shows a structure of standard type of MSL system. Two sets of
MSL unit, A and B for alternate use, are installed underground, lining with vinyl sheet to protect
leaking the waste water The size for each unit is 175-200cm width, 200-250cm length, and 120-200
cm depth for loading rates of 1000-2000 L of waste water per day.
As shown in the Figure 1, three kinds of porous pipes are installed.the first porous pipe with
75mm of diameter at 200mm depth is for waste water infiltration, the second with 16mm at 850mm is
for aeration, and the third with 100mm at the bottom is for drainage of treated water.
The cross section of Figure 1 shows details structure and arrangement of MSL. Let's see the
structure from bottom to top. The bottom 10cm installing a drainage pipe was filled with gravels.
The surface of the gravel layer was covered with plastic net. Then clinoptiolite type of zeolite with
diameter l-3mm was placed on the plastic net at 50mm depth. Next, the three wooden frames of lOx
10x200cm size were put parallel on the zeolite layer at the distance of 25 and 95cm from both side
walls. The wooden frames were filled up with the same zeolite particles. In the spaces between the
frames and walls, soil materials mixed with 15-25% of lOmesh metal iron particle and 25% of
pelletized jute were filled up. Many kinds of soil materials are possible to use. After removing the
wooden frames, the layer was covered with 5cm depth of the next zeolite layer. The next layer was
filled up in the similar way but shifting by 30cm to the underlaying soil layer. Following four layers
were filled up in the similar way. Finally the whole MSL unit were covered with topsoils.
Results and Discussion. So far some 20 examples were applied MSL system. The five
examples are the cases used for the treatment of public toilets and waste water from cooking of
camper and restaurant in parks. Loading amounts were 2-200 ton/day and loading rates were 50-500
L/m2/day. The data after 3years of operation were as follows: waste water from septic tank showed
BOD 55, SS 34, T-N 226, and T-P 15 mg/L, whereas treated water showed BOD 6, SS 3.3, T-N 24,
and T-P 0.1mg/L. The treated water can be recycled for toilet flush. Another examples were for high
performance, nitrogen and phosphorous removable on-site and/or rural community installed domestic
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waste water treatment systems. The waste waters, which were pretreated by septic tank to the level
of BOD 42-116, SS 29-75, T-N 29-86, and T-P 6-11 mg/L, respectively, could be purified at the
loading rates of 100-500 L/m2/day without any significant clogging for one year continuously. The
mean concentrations of treated water were BOD 9, SS 15, T-N 7, and T-P lmg/L, respectively. The
MSL system could also be applied for the treatment of waste water from green house water culture
medium. The 20 tons of waste waters, which were drained twice a year and contained very high
concentrations of N (230 mg/L) and P (50mg/L), were treated successfully. The MSL system is also
possible to apply for the high performance treatment of waste water of stock raising.
Possible Mechanism of Purification of the MSL. Organic matters are decomposed on
aerobic parts of the layers, such as gravels, zeolites, and at the interface between zeolite and soil
layers. Nitrification proceeds in coupling with organic matter decomposition. Zeolite works not only
for assisting efficient infiltration and distribution of waste water but also buffering pH changes to
keep stable microbiological activities. Metal iron particles are oxidized to ferrous ion in soil layers,
which is transferred to aerobic zeolite layers and oxidized further to ferric ion and deposited on the
zeolite particles as hydroxides which can fix phosphate ion efficiently. Pelletized jute is used for
denitrification in anaerobic parts of soil layers. Oxidation of jute and metal iron in soil layers assists
to produce anaerobic condition. Adequate aeration from porous tube installed in the soil layers assists
to supply oxygen to the aerobic parts in the system. Thus adequate aeration assists to differentiation
of both aerobic and anaerobic parts in the MSL layers for efficient removal of both N and P.
Reference. Wakatsuki, T., Esumi, H., and S. Omura 1993. High performance and N&P
removable on-site domestic waste water treatment system by Multi-Soil-Layering method. Wat. Sci.
Tech. 27:31-40
Porous infiltration pipe

Figure 1. Perspective and cross section figure of a model multi-soil-layering
(MSL) system for domestic waste water treatment. The system has
two units of A and B for alternate use.
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The Recent Development of Soil Geomedicine in China
and its Conceptual Foundations: An Overview
Zhou Qixing. Department of Environmental Sciences, Zhejiang Agricultural
University, Hagzhou 310029, P.R. China.
The practice related to soil geomedicine has a long history and was widely done in China.
Especially in 1970's, a lot of medicinal problems in This field was specially explored ith the
emergence and development of environmental sciences and ecology. For example, a research indicated
that goitre has a direct bearing on soil features and geological history. The disease is epidemic
in such an area covering with podzolic soil, peat soil or glacier. Another research showed that
people who live in an area covering with brown earthened soil easily suffer from keshan disease.
The reason that concentrations od Se, Mo and Mg in the soil are too low and the content of nitrite
in the soil is excessive. In a word, the history of soil geomedicine in China was first reviewed
in the paper.
At present, some important scientific propotions about soil geomedicine are being organized as one
branch of soil science. Acoording to these propotions, a new concept about medicinal geopotential
was put forward, and the theory of biospheric healt regulation was designed in this paper.
Correspondingly, it is suggested that the important research contents have been expanded to five
aspects:
(1) The interrelationship between geological abundance (geopotential) of elements in soil and
human health, and its inhered mechanism;
(2) The interrelationship between soil pollution or human geological processes and human health,
and its mechanism;
(3) Soil environment and cause of endemic disease;
(4) Distinguishing and examining of soil medicinal minerals;
(5) The distributions and culrure of medicine plants, and soil geochemical (the theory of
biospheric health regulation).
Simply speaking, the applications and perspectives of soil geomedicine in China were
systematically analyzed in this paper.
On the basis of the analysis, definition of soil geomedicine as an interdisciplinary science was
discussed, and the growth process and formation mechanism of soil geomedicine were judged and
evaluated. The viewpoints were as follows:
(1)
(2)
(3)
(4)
(5)

Medicine—(geology)—geomedicine—(pedology)—soil geome- dicine;
Soil science—(geology)—soil geoscience—(medicine)— soil geomedicine;
geology—(medicine and biology)—geomedicine—(pedology) —soil geomedicine;
geoscience—(medicine)—soil geomedicine;
pedology—(medicine)—soil geomedicine.

It is thus clear that soil geomedicine as a linkup point of medicine, soil science and geoscience.
Under certain conditions, economomics, chemistry and social sciences also affect the development
of this branch. Undoubtedly, useful foundations in soil geomedicine were derived from the
interaction among these sciences and people's demand.
The theoretical discussion about soil geomedicine will be beneficial to the development and
evolution of soil science as an old branch of science.
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