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CU-CONCENTRATIONS IN THE SOILS OF
AUSTRIAN WINE-GROWING REGIONS

 Analytical Basis
 comprehensive soil

analysis survey about Cu-
concentrations in 
agricultural regions

 EDTA-extractable Cu (= 
exchangeable Cu)

 75 % percentile for all 
analytical results: 61-75 
EDTA-Cu (mg.kg-1) in the
most important wine
growing regions
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Source: Berger et al., 2012



THE WACHAU VALLEY OF THE RIVER
DANUBE

 26 % of Wachau vineyard soils show >150 mg Cu kg-1 (= 390 ha; 
Berger et al., 2012)
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Austrian standard for
agricultural / horticultural
soils: 100 mg Cutot kg-1



 Decrease of Cu bioavailability in vineyard soils by
organic soil additives like biochar and compost

 Study of soil additive effects on 
 soil chemistry, 
 soil microbiology, 
 Cu leaching, 
 Cu uptake in plants
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OBJECTIVES OF THIS STUDY
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RESULTS FROM LAB EXPERIMENTS
2015-2017
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Rossatz St. Stefan(sandy soil, pH 7.3) (soil rich in Corg, pH 6.5BIOCHAR DECREASES
THE
ECOTOXICOLOGICALLY
RELEVANT CU-
FRACTION (CU2+) BUT
NOT THE SOLUBLE
FRACTION
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Rossatz St. Stefan(sandy soil, pH 7.3) (soil rich in Corg, pH 6.5)

FRESHLY ADDED CU
(+250 MG/KG): 
AMENDMENTS
IMMOBILISE MORE
EFFECTIVELY IN ACIDIC
SOIL
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3 YEARS AFTER: HOW EFFECTIVE REMAIN
THE SOIL ADDITIVES? 

(sandy soil, pH 7.3)

(soil rich in Corg, pH 6.5)

Analyses of exchangeable Cu after 
3 years

Grey: original soil

Orange: original soil + Cu addition
at the start of the incubation

Blue: original soil + Cu addition 6 
weeks before the end of the
incubation



9

RESULTS FROM A POT EXPERIMENT
2015-2016



DEPENDENCE OF CU IN SOIL PORE
WATER (µG/L) ON AMENDMENT
CONCENTRATIONS (IN % W/W)

 Same amounts of biochar and
compost: 
 Biochar decreases Cu

slightly (to moderately)
 Compost increases Cu

strongly
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R²=0,70

Source: Mlinkov, 2016

Rossatz soil, pH = 7,3
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Sandy soil, pH 7.3:
pH and DOC dominate
Regression model: r² = 0.75
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WHICH SOIL PARAMETERS AFFECT
SOLUBLE CU IN SOIL LEACHATES?

Soil rich in Corg, pH 6.5:
pH and DOC dominate, too
Regression model: r² = 0.94
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Sandy soil, pH 7.3:

Cutotal (mg L-1) = 1083,5 - 1,1891 pH^3 - 1465,9 / DOC^0,5 (mg L-1) 

r² = 0,66

Soil rich in Corg, pH 6.5:

Cutotal (mg L-1) = -98,79 + 8000 / pH^2 + 0,1757 DOC^1,5 (mg L-1)

r² = 0,89

DEPENDENCE OF SOLUBLE CU IN SOIL
ON PH AND DOC
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ECOTOXICOLOGICAL ANALYSIS OF CU IN
SOIL: FUNGAL SENSITIVITY DECREASES
OVER TIME

after 30 days after 130 days

Soil Microbial Biomass Carbon

EC50: Concentration with 50 % 
of maximum effect

Cu as EDTA-Cu
Soil L: acid
Soil D: neutral

Ergosterol as Fungal Biomarker



Soil L (acid)

14

OTU genus species
13 Fusarium oxysporum
131 Fusarium sp.
201 Fusarium graminearum complex
23 Fusarium sp.
28 Fusarium sp.
42 Fusarium sp.
68 Fusarium venenatum
96 Fusarium solani

POSITIVE SIDE-EFFECTS:
ALSO FUSARIUM IS SENSITIVE AGAINST CU

List of identified Fusarium-species that are
summarized in the above figure
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RESULTS FROM A FIELD EXPERIMENT
2015-2017
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COPPER IN THIS
VINEYARD SOIL

Same Cutotal concentrationsDecreases in CuCaCl2 by high biochar additions

10 kg/m² 4 kg/m²
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REDUCTION OF COPPER UPTAKE BY
GREEN COVER PLANTS

Copper in green cover crops: Lolium perenne
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Quellen: von Chamier, 2016; Mlinkov, 2016
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 Effects of compost and biochar on Cu-stabilization are soil-specific: 
 neutral soils: no effect on exchangeable Cu
 acidic soils: minor reduction (but less than lime)

 Clearer effect on freshly added Cu than on old contaminations
 Additives have more benefits for reducing the ecotoxicologically relevant 

Cu2+ fraction, but not the mobile fraction of total Cu
 Compost has a mobilizing effect, biochar has an immobilizing effect

for Cu
 Biochar without compost or high doses of biochar/compost mixtures in the

field can reduce Cu uptake into the roots of cover crops in the vineyard
 With respect to Cu stabilization: the opposite effects of biochar and

compost may cancel each other out; pure biochar slightly positive
 Other beneficial effects of compost and biochar remain unaffected
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SUMMARY AND CONCLUSIONS
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Thank you
for listening!




