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Abstract
Woody invading alien plants, many of which are nitrogen-fixing legumes (Fabaceae family), are currently cleared in South
African catchments to reduce water loss and preserve streamflow, and for the restoration of the ecosystem. This study tested
the hypothesis that clearing invasive alien vegetation may disturb the vegetation-micro-organism-soil N cycling system by
producing a large once-off input of fresh tree litterfall rich in N and by eliminating a large N sink. Three experimental plots
were established at the Riverlands Nature Reserve (Western Cape, South Africa): a site invaded by Acacia saligna to be used
as control; a site cleared of Acacia saligna; and a site with natural vegetation to be used as background. Nitrogen concentrations in soil and groundwater, volumetric soil water contents, root density and weather conditions were measured during 2007.
Oxidised forms of nitrogen, in particular NO3-, were dominant in the system. Recharge and leachate were simulated with the
HYDRUS-2D model and used as inputs into Visual MODFLOW to predict the spatial distribution of nitrate plus nitrite (NOx)
in groundwater. NOx levels in soil and groundwater were higher in alien-invaded areas compared to fynbos-covered land.
A quick release of NOx into groundwater was observed due to high residual N reserves in the rooting zone, decreased evapotranspiration and increased recharge in the treatment cleared of alien vegetation. In the long run, high NOx concentrations
in groundwater underlying cleared land will last only until all the excess nitrogen has been leached from the soil. A decrease
in NOx concentration in groundwater can be expected thereafter. Clearing land of alien invasive legumes may therefore have
a beneficial effect by reducing groundwater contamination from NOx and reducing water losses in catchments.
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Introduction
It is recognised that invasive alien plants have become a threat to
biodiversity and ecosystem services like water purification, soil
generation, waste decomposition and nutrient cycling (Levine
et al., 2003; Le Maitre et al., 2004). Alien invasives in South
Africa are species that are well adapted to climatic conditions,
grow fast, they are high water users and they impact on streamflow reduction through incremental water use (additional water
use compared to natural vegetation) (Le Maitre et al., 2000). As
a result, the Working for Water Programme (WfW) was initiated by the Department of Water Affairs and Forestry in October
1996 with the aim of controlling woody invading plants (DWAF,
1997). Extensive areas of land are currently being cleared under
this programme (Marais et al., 2004). Many alien invasive species that are being targeted by WfW are nitrogen-fixing legumes
(Fabaceae family). For example, Port Jackson (Acacia saligna),
Black wattle (Acacia mearnsii) and rooikrans (Acacia cyclops)
are commonly found in Western Cape landscapes.
The nitrogen-fixing invasive alien plants cause the N-cycling regimes within ecosystems to shift from low to high N-cycling (Stock et al., 1995; Ehrenfeld, 2003; Yelenik et al., 2004).
* To whom all correspondence should be addressed.
 +2721 888 2506; fax: +2721 888 2682;
e-mail: njovanovic@csir.co.za
Received 7 July 2008; accepted in revised form 12 November 2008.

Available on website http://www.wrc.org.za
ISSN 0378-4738 = Water SA Vol. 35 No. 1 January 2009
ISSN 1816-7950 = Water SA (on-line)

Similarly, impacts on the nitrogen cycle occur when N-fixers are
cleared (Vitousek and Melillo, 1979; Browaldh, 1997). The disturbance to the nutrient cycling due to forest clearing manifested
itself with increased N losses in some ecosystems (Vitousek and
Melillo, 1979; Swank et al., 2001; Yelenik et al., 2004; Fukuzawa et al., 2006) and decrease in mineral N in others (Jussy
et al., 2004). Vitousek and Melillo (1979) and Vitousek (1981)
ascribed these variable responses to process-level mechanisms
and factors (biotic, abiotic, forest management) that stimulate N
mineralisation and/or inhibit N loss. The individual processes of
nitrogen cycling in the plant-micro-organism-soil system were
widely discussed in review publications by Stevenson (1982),
Haynes (1986), Havlin et al. (1999) and Ma and Shaffer (2001).
The hypothesis in this study was that clearing invasive alien
vegetation may disturb the alien vegetation-micro-organismsoil N cycling system by producing a large once-off input of
fresh Acacia litterfall rich in N and by eliminating a large N
sink (Vitousek, 1981; Yelenik et al., 2004). In addition, changes
to local microclimate as well as soil chemistry and physics may
result in increased net N mineralisation beyond the N requirements of the remaining biota (Dominski, 1971; Stone, 1973;
Aber et al., 1978; Conrad et al., 1999). There is thus a distinct
risk that clearing alien vegetation may lead to nitrate contamination of groundwater and eutrophication of surface water bodies.
Colvin (1999) indicated that methaemoglobinaemia or blue baby
syndrome may become a risk for infants when N concentrations
are > 10 mg·ℓ-1 (45 mg·ℓ-1 NO3-) in drinking water (DWAF, 1993),
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