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Abstract. Soil acidification results from natural causes, land use and acid rain. Ways
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Introduction. Soil acidification is known to be effected by natural processes, land
use and acid rain. To quantify the relative importance of these proton sources in soil
acidification (Breeuwsma & de Vries, 1984) requires knowledge of the pertinent
acid-producing and consuming processes and of the natural cycling of elements.
Therefore, an overview of the relation between soil acidification and element cy-
cling is presented.

Natural soil acidification. Soil acidification results from the uncoupling of the el-
ement cycles in an ecosystem (Ulrich, 1983). In a natural ecosystem, the cycles of
all major elements (except carbon) are generally closed (uptake and mineralization
are in equilibrium). Unlike most elements, carbon is not originally present in the
soil. It is taken up from the atmosphere as CO, and transported to the soil through
photosynthesis followed by mineralization of organic matter (or root respiration).

When the mineralization is incomplete, organic acids are formed. CO, and or-
ganic acids are weak acids able to dissociate protons as a function of pH. CO, is es-
pecially important in calcareous soils with a high pH, whereas organic acids can be
important in non-calcareous soils with a low pH (podzolic soils). The acid produc-
tion can be quantified by balancing the input of bicarbonate and/or organic anions
versus the output (on the assumption that a net production of these anions implies
the net production of an equivalent amount of H+).

In soils reduced periodically, the successive reduction and oxidation of iron or
sulphur provides an additional source of protons (Brinkman, 1970; van Breemen,
1975). Particularly in the case of sulphur this process can lead to strongly acidified
soils, known as acid sulphate soils. However, this is only of regional importance.

Land use. Here, ‘land use’ refers to the removal of vegetation. This activity disrupts
the element cycles and the repercussions are as follows.

— A ‘cation surplus’, i.e. a surplus of cations over anions, is continuously removed
from the soil because of biomass accumulation (uptake exceeds mineralization). In

159



W. DE VRIES AND A. BREEUWSMA

this case, nitrogen does not play a role in soil acidification because, like carbon, it is
not originally present in the soil. In unfertilized soils, the nitrogen accumulated in
biomass (organic matter, vegetation) stems from atmospheric nitrogen (N,, NO,,
NH;) and neither this transfer nor the internal transformation of nitrogen from soil
organic matter to the vegetation leads to the production or consumption of H*. The
net effect of mineralization and uptake is zero for both NHf and NO;. Conse-
quently, the ‘cation surplus’ includes all ions except NH} and NOj5. Therefore,
calculations of the acid production resulting from biomass accumulation, based on a
certain NH}/NOjs ratio during uptake (Ulrich, 1980; Nilsson, 1983) are wrong.
The uptake of a ‘cation surplus’ causes soil acidification because it decreases the
soil’s capacity to neutralize acids. The acidification rate can be quantified by meas-
uring the growth rates and chemical composition of the vegetation.

— Mineralization exceeds uptake for a period after the removal of vegetation. This
can boost proton production considerably because the quantity of mineralized an-
ions, such as NO5 and SO} (accompanied by H* production) generally exceeds
the quantity of mineralized cations (accompanied by H* consumption). The acid
production mainly depends upon the nitrification rate. In general, nitrification is
rapid, even in acid forest soils (Likens et al., 1969; van Breemen et al., 1984). In
this situation, nitrogen plays a dominant role in the acid production. However, the
effect is only temporary, because the regrowth of vegetation is generally fast: con-
sequently it is of minor importance in forest soils and of major importance in agri-
cultural soils. The acidification rate can be estimated by balancing input versus out-
put for nitrogen (NHZ, NO3), sulphate, and cations in the humus layer.

Acid rain. Atmospheric deposition of acidic substances such as SO,, NO, and NH,
(‘acid rain’) manifests itself in soil by the production of strong acids (sulphuric acid,
nitric acid). The potential acidification rate strongly depends on the interception
surface and area for dry deposition. Consequently, the acidification rate is general-
ly high in forests. It can be estimated by adding the amount of NH} in canopy
throughfall to the amount of H* in precipitation. The amount of NHj represents
the potential acid production because the NHj has collected protons from SO, and
NO, and releases protons upon oxidation to NOs.

The actual acidification rate caused by acid rain is always lower, because of up-
take and/or reduction of nitrate (and sulphate). It can be estimated by balancing in-
put versus output for H*, NH} and NO; (van Breemen et al., 1984).
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Introduction. Acid rain’s contribution to soil acidification is controversial. Some
authors state that acid rain is a major source of protons (Ulrich, 1983; Ulrich &
Matzner, 1983) whereas others believe soil acidification mainly results from natural
causes and land use (Rosenquist et al., 1980; Krug & Frink, 1983). This dissension
arises partly because some authors have only considered parts of the element cycles
relevant in soil acidification. In this paper the different acidification sources ac-
counting for all the processes involved are compared quantitatively.

Natural soil acidification. Natural soil acidification mainly results from the dissocia-
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