SOIL-ACIDITY AND ALUMINIUM TOXICITY

By Sergio Radic, Matt McNee & Jim McAdam

This article is part of a series on soils of the Falkland Islands, written to help explain and draw
attention to the significance of some of our findings from the current Soils Mapping project
(Darwin Plus 083).

Soil acidity

As anyone with a connection to agriculture in the Falklands knows, the soils here are almost
uniformly acidic. Acid soils are found in many parts of world, particularly where either cool or
damp conditions cause Hydrogen ions to accumulate in the soil solution. Soil acidity (or pH) is
measured on a scale from 1-14 where pH7 is neutral. Acid soils have pH below 7. Most soils in
the Falklands are in the pH range 3.5-5.5. The optimum range for good grassland growth in a
more temperate climate is about 6.5 but soil fertility is also temperature dependent and a pH of
5.5 would be considered good for plant growth in the Falklands. pH is a soil attribute mapped in
one of the “layers” of your soil map.

Soil acidity and Aluminium toxicity

One of the unfortunate consequences of an acid soil is that they have high concentrations of
Aluminium (measured both as exchangeable and available). Aluminium (Al) is an extremely
common element in rocks generally and in the Falklands specifically. Levels of Al were measured
in the samples of Falkland soils as part of the project and these appear as a further layer. High
levels of Al in soils decrease availability of phosphate to plants, so we tend to refer to such soils
as having Al toxicity. Al toxicity is an important restrictive factor to plant growing on all acid soils
below pH 5.0, but can happen in pH above 5.0 depending on the species. Plants affected by Al
toxicity grow poorly and show symptoms such as short, thick, stubby, roots which increase the
susceptibility to drought and decrease the efficiency of uptake of other important soil nutrient for
the plants.

Sometimes soils with different pH levels have the same exchangeable Al, therefore, some forage
species can grow equally well in all soils. For example, the pH requirement of white clover is
different in mineral soil (above 6.0) than in peaty organic soil (above 5.5). This is because the
organic matter (OM) in the soil binds the Al in an un-exchangeable form, and this OM-Al
interaction helps account for better plant growth at low pH values on soils high in OM. Of course,
the application of any material which might increase the pH such as calcified seaweed (CS), will
generally improve grass and forage crop production.

Sergio (under Jim’s supervision) carried out some research on the effect of CS on some of the
properties of the peaty and acid soils in the Falklands (namely pH, calcium and Al) as part his
degree studies some years ago.

He carried out a controlled environment experiment in the lab, where he used seven different
organic soils from farms on the Falklands: Saladero (Sal), Bold Cove (BC1 and BC2), Shallow
Harbour (SH), Port Howard (PH), Fitzroy (FR) and Estancia (E) with organic matter (OM) of
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197.5, 213.9, 189.3, 443.7, 476.5, 575.0 and 681.7 g OM kg™ respectively. Each of these soils
was mcubated with an appllcatlon of each of three dlfferent rates of CS (1.6; 3.2 and 6.4 g
CS kg™ dry soil equivalent to 1250; 2500 and 5000 kg ha™") and an untreated control. CS samples
were randomly taken from a quarry and sieved to a particle size of <0.25 mm and the incubations
ran for 4 days at 60°C.

There was a negative correlation between pH and exchangeable Al for all soil samples (figure
1A); in other words Al toxicity decreases with increasing pH i.e. less acidity but there was quite a
range of response in the results. Expressing the results to show the different soil OMs (ie by farm)
gave a clearer picture as to what was happening.
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Figure 1. Trend between pHCa and exchangeable aluminium for all soil samples (figure A); and for soil type from
different farms (figure B).

Increasing level of CS application significantly decreased the level of exchangeable Al in the soils
dependent on soil type (figure 1B). This indicates that some Falklands soils are more suitable for
improvement with Al sensitive species, such as legumes, than others and this will affect the
recommended rate of CS application, and hence the cost. The variability found between sites
could be due to the variability in the soil OM content from each farm, as the OM is related to soil
Al concentration. In addition, for the same pH, exchangeable Al levels can change due to soil OM
content. A soil with higher OM had lower exchangeable Al than a soil with Iower OM at the same
pH, as shown in figure 1B where BC1, BC2 and Sal have OM < 220 g kg™ and SH, PH, FR and
E have OM > 440 g kg™). Hence, in plannlng any future soil amelioration and legume reseedlng
programmes in the Fl, |nd|V|duaI site characteristics must be taken into consideration if using
calcified seaweed. Note that the recommended rate of application will depend on what crop is to
be grown and the organic matter content of the soil. Overlaying the farm maps should help decide
what areas might be best suited for introducing forages, maximising the efficiency of use of
applied nutrients and reducing the cost.

We gratefully acknowledge the hospitality and support of the farming community in the Falklands
throughout the soil mapping project, which was led by South Atlantic Environmental Research
Institute (SAERI) in collaboration with the Department of Agriculture, James Hutton Institute, UK
Falkland Island Trust, UK Centre for Ecology and Hydrology (UK CEH), University of Magallanes
and the Natural History Museum. The project is funded by the Darwin Initiative through UK
Government funding. We would also like to acknowledge Roberto Jara for his commitment to the
project and work in the islands away from family. Sergio and Roberto particularly recall the sunny,
happy days when their sampling program had them based at Trout Court, self catering at Port
Sussex.
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