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Abstract
We studied the relation between total Cu, organic carbon (Corg) and microbial biomass carbon (Cmic) in soils
with elevated Cu contents from vineyards, a floodplain and a contaminated industrial site. There was a sig-
nificant correlation between Cu and Corg in all soils except the industrial site in France. Above a threshold
around 180...200 mg kg-1 soil Cu is influencing the Corg content as well as the microbial biomass to Corg ratio.
The C/N ratio rather mirrors site characteristics than soil Cu.

Introduction
Metals are considered to have an influence on organic matter (OM) turnover which has frequently been
documented as OM accumulation in the vicinity of emitting sources such as smelters. Copper is a metal of
special interest, because of it’s narrow range between essentiality on the one hand and ecotoxicity on the
other hand. Having been used as fungicide copper accumulated in many vineyard and orchard soils. Cu con-
tents in pig manure and in waste compost are an issue in soil protection causing a debate about permissible
amounts of these organic fertilizers. There are also many sites with Cu enrichment from industrial sources.
Several papers report a positive correlation between concentrations of Cu and organic matter in soil but oth-
ers disagree.

Soil samples differing in geographical origin and Cu contamination history (fungicide use, alluvial deposi-
tion of industrial effluents, industrial contamination during timber processing) were analyzed with respect to
the following questions:
• Do samples with elevated Cu contents contain more Corg than comparable samples without Cu contami-

nation?
• Does a correlation between Cu and Corg only come up beyond a certain (toxic) Cu threshold? This would

indicate a toxic effect on mineralization opposed to chemical interactions.
• Are higher Cu contents in the samples reducing the ratio of micobial biomass-C to Corg (Cmik/ Corg)? This

would indicate a lower mineralization potential at larger Cu values.
• Is the C/N ratio larger in samples with elevated Cu contents? This would indicate a reduced N enrich-

ment of organic matter as a consequence of reduced C-mineralization under the influence of Cu.

Methods
Corg was determined by dry combustion and elemental analysis. To correct for carbon derived from past in-
dustrial and mining activities in the floodplain area an inert C-fraction was determined for these soils by
keeping samples for 12 h at 375°C before combustion (Gustafsson et al. 1997). Corg in the fluvisols was op-
erationally defined as total C minus inert C minus inorganic C. Extraction of total Cu was done by HF diges-
tion in the samples from French vineyards, by HNO3/H2O2 pressure bomb in the Floodplain and Mosel sam-
ples and with aqua regia in the soils from the industrial site. Cmik and Nmik were determined with the chloro-
form fumigation extraction method.

Results
Table 1 shows mean values of Corg in classes of increasing total Cu content of the studied soils. The nine
samples from the industrial site in France showed no accumulation of Corg, even at elevated Cu contamina-
tions. The number of samples at that site was too low to be statistically tested.



Table 1 Mean values of Corg [g kg-1] in soils from various sampling regions classified into five copper con-
tent groups (Cutot). Different letters indicate significant differences (t-Test, p < 0.05) within rows.

Total Cu in soil - Cutot [mg kg-1]
< 60 60...180 180...360 > 360

sample set no of
samples

organic carbon - Corg [g kg-1]
Vineyards France (0-2...15-30 cm) 75 6.7a 9.3a 18.3b 18.4b

Vineyards Mosel (0-15 cm) 136 23.9a 29.2a 36.3b 46.8b

Floodplain (10-20 cm) 149 21.3a 25.4a 31.1b 46.5c

Floodplain (27-37 cm) 46 10.7a 20.6b 31.4c 47.9d

Floodplain (mole heaps) 25 16.9a 23.1ab 29.8bc 38.8c

Industrial (0-25 cm) 9 8.4a n.a. 17.9a 14.2a

The relation between Cu in soil
and the ratio Cmik/Corg is shown in
Fig. 1. A limitation of the amount
of microbial biomass per unit of
organic matter can be seen for
Cutot contents above roughly 200
mg Cu per kg soil. Although the
soils are from different geographi-
cal regions and represent different
types of Cu contamination there
seems to be a general trend. Be-
tween 400 and 500 mg Cu kg-1

soil the ratio Cmik/Corg falls below
1.0 which was defined as soil
quality threshold value in agricul-
tural soils (clay content > 80 g kg-

1) in Lower Saxony (Höper and
Kleefisch 2001).

The C/N ratio seems to be rather
independent from Cutot in the soil
samples analyzed (fig. 2). Site
characteristics seem to be more
influential with highest C/N values
at the industrial site MM (23 ± 7.4
S.D.) followed by the floodplain
site H under industrial influence
(13 ± 2.1) and Mosel vineyards
(13 ± 4.9) while both French vine-
yard soil groups (F-V, F-MP) have
a C/N of 10 (± 1.3)

Conclusion
There was a significant correlation
between Cu and Corg in all soils
except the industrial site in France. Above a threshold around 180...200 mg kg-1 soil Cu is influencing the
Corg content as well as the microbial biomass to Corg ratio. The C/N ratio rather mirrors site characteristics
(vegetation, fertilization?) than soil Cu. The observation of a threshold is favouring the hypothesis that Corg
accumulation is influenced by Cu toxicity, although the C/N values do not indicate a simple accumulation of
undecomposed plant litter.
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Fig. 2 Relation between C/N and Cutotal in soil samples from va-
rious origin as described for Fig. 1.

Fig. 1 Relation between Cmik/Corg and Cutotal in soil samples from
Languedoc-vineyards (F-V: 0-2 cm depth, F-MP: 0-20 cm depth),
Mosel-vineyards (TLP: 0-15 cm depth), a former timber processing
industrial site near Bordeaux (MM: 0-25 cm depth) and from the
Hase floodplain near Osnabrück (H: 10-20 cm depth).
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