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Researchers discover corn reduces arsenic
toxicity in soil

April 2 2024, by Yvonne Vahlensieck

Corn plants 1n a field experiment near Liesberg, Baselland, Switzerland. Credit:
University of Basel, Veronica Caggia

When crops grow in arsenic-contaminated soil, this toxic element
accumulates in the food chain. A study involving the University of Basel
has now discovered a mechanism used by corn plants to reduce arsenic
uptake: the key factor is a special substance released into the soil by the
roots.

Arsenic is a toxic metalloid of natural origin. Arsenic-contaminated soils
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and waters are found all over the world, especially in southeastern Asian
countries like Bangladesh, Vietnam, and China. Also, Switzerland has a
few natural hot spots where arsenic is found in above-average
concentrations. An example is soil at Liesberg in the canton of
Baselland.

"The particular problem for plants is that arsenic behaves chemically
similar to phosphorus," says Professor Klaus Schlaeppi of the
Department of Environmental Sciences at the University of Basel.
Phosphorus is an important nutrient that plants take up through special
transport channels in their roots. "The arsenic enters the plants through
these channels."

As a result, more and more of the toxic substance accumulates in the
biomass and gets into the food chain. In the long run, this negatively
affects human health. High arsenic exposure can cause neurological
damage and cancer, for example.

Roots release an antidote

But as Schlaeppi's team has now reported in the journal PNAS, corn
reduces arsenic toxicity through compounds known as benzoxazinoids.
These substances are produced by most plants in the botanical group of
grasses, which also includes corn and wheat. Corn produces particularly
large quantities of benzoxazinoids, which are also released into soil
through the root system.
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Seedlings of corn plants in a field experiment near Liesberg. W22 denotes the
plants that produce benzoxazinoids. The bx1 corn plants lack the ability to
produce these substances. Credit: University of Basel, Veronica Caggia

"There was already some evidence that corn takes up less arsenic than
other plant species," says Schlaeppi.

To test this hypothesis, the researchers grew corn plants in two types of
soil: without arsenic and with high levels of arsenic. They performed the
same experiment in parallel using corn plants that cannot produce
benzoxazinoids because of a genetic defect. Schlaeppi performed these
experiments in collaboration with the research groups of Professor
Adrien Mestrot and Professor Matthias Erb at the University of Bern.

Mitigating arsenic toxicity

The result was unambiguous: benzoxazinoid-producing corn grew better
in the arsenic-containing soil and accumulated significantly less arsenic
in its biomass than the corn that did not exude benzoxazinoids.

When the researchers mixed benzoxazinoids into the arsenic-containing
soil, the mutant plants were also protected from arsenic toxicity. "This
provided the proof that the presence of benzoxazinoids in soil reduced
arsenic uptake into plants," says Schlaeppi.
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As part of experiments in the greenhouse, the researchers collect water from soil
pores around the roots of maize plants. Negative pressure in the syringe draws
water out of the soil for further analysis. Credit: University of Basel, Veronica
Caggia

Next, the researchers wanted to find the underlying mechanism causing
this effect. Analyses of the root microbiome indicated that bacteria and
fungi were not involved. However, chemical soil analyses showed that a
particularly toxic form of arsenic disappeared when benzoxazinoids are
present.

"This indicated that the benzoxazinoids transform arsenic in such a way
that it can no longer be taken up through the root," she states. What
chemical processes are involved is currently still unclear.

Further experiments showed that the positive effect of benzoxazinoids in
soil persisted for a long time: even a second generation of corn still
benefited from the benzoxazinoids discharge of the first generation.

"One application of these findings would be to cultivate at arsenic-
contaminated locations plant varieties that release more benzoxazinoids,"
says Schlaeppi. Hyper-emitting plants could be generated through classic
breeding or targeted genetic modifications. "This way we could be more
certain that less arsenic is entering the food chain."

More information: Veronica Caggia et al, Root-exuded specialized
metabolites reduce arsenic toxicity in maize, Proceedings of the National
Academy of Sciences (2024). DOI: 10.1073/pnas.2314261121
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