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Hyperaccumulation is an unusual plant response to soils enriched with heavy metals. Such soilslike
those derived from ultramafic or serpentine rocks, are characterized by elevated concentrations of
heavy metals including Ni, Cr and Co. Most of the plants growing on these metal-rich soils exclude
metals from their shoots as excessive accumulation of heavy metals is toxic to the mgjority of plants.
However, about 2% of plants on ultramafic soils take up and accumulate large quantities of metalsin
their shoots: a phenomenon known as hyperaccumulation. Hyperaccumulating plants cope with
elevated concentrations of toxic metals inside their tissues through cellular and subcellular
compartmentation, production of metal-binding compounds, and use of detoxification mechanisms
[1]. To contribute further to an understanding of the phenomenon of hyperaccumulation, the present
study was undertaken. The anatomy, cytology and distribution of Ni in leaves of the Ni-
hyperaccumulator, Berkheya zeyheri subsp.rehmannii var. rogersiana, were compared with those of
its non-hyperaccumulating counterpart Berkheya zeyheri subsp.renmannii var. rehmannii. Both
varieties occurred at Agnus Mine, Mpumalanga, South Africa.

Leaf material was processed for anatomical and cytological studies using standard resin-embedding
procedures. Semi-thin sections were stained with Azur 11 and methylene blue for light microscopy.
In addition, histochemical tests were undertaken for the detection of lipids with the non fluorescent
probe Sudan Black B and the fluorescent probe fluorol yellow. The lipid reagents were applied
directly to hand-cut cross sections of fresh leaves. Tissue distribution and concentration of Ni were
determined with a nuclear microprobe on cryofixed and freeze-dried leaf sections. Two
complementary techniques, particle induced X-ray emission (PIXE) and proton backscattering (BS)
were performed simultaneously.

The main anatomical difference between the leaves of the varieties, which probably also
distinguishes them as two varieties, was the presence of a distinct hypodermal layer below the upper
epidermis in the Ni-hyperaccumulator and the absence of such a layer in the non-hyperaccumul ator
(Figs.1,2). The hypodermal layer, with collenchyma-like unevenly-thickened cell walls, merged with
a multilayered layer of collenchyma cells in the midrib region of the leaves. Another anatomical
difference was the presence of a thicker leaf blade in the hyperaccumulator compared to the non-
hyperaccumulator. In both varieties, numerous hairs covered the lower leaf surface. Mesophyl| tissue
was differentiated into upper palisade and lower spongy tissues. Chloroplasts lining palisade cell
walls appeared to be more numerous in the Ni-hyperaccumulator compared to the non-
hyperaccumulator. In addition, at the ultrastructural level, chloroplasts of the Ni-hyperaccumulator
had many more plastoglobuli in their stroma compared to the non-hyperaccumulator (preliminary
ultrastructural observations). A spherical body (arrows) which stained positively for lipids, occurred
in vacuoles of palisade and mesophyll cells of both varieties, but the bodies were larger in the Ni-
hyperaccumulator (Figs.1,2, arrows).



The maximum Ni concentration in leaves of the Ni-hyperaccumulator was 1.01%. The highest Ni
enrichment was in palisade mesophyll cells, with lower concentrations in the spongy mesophyll and
within vacuoles of the collenchyma-like hypodermal cells (Fig.3). Trichomes had very low Ni levels.
The maximum Ni concentration in leaves of the non-hyperaccumulator was 130 ppm. Although
significantly lower concentrations of Ni occurred in various leaf tissues (including the trichomes), in
relative terms, the highest Ni concentration again occurred in the mesophyll (Fig.4).

While some anatomical differences between the varieties are probably varietal-specific, cytological
differences (larger lipid bodies in mesophyll cell vacuoles together with the greater number of
plastoglobuli in chloroplast stroma of the Ni-hyperaccumulator) may be a reflection of stress [2,3]
caused by the high concentration of Ni in mesophyll cells of the Ni-hyperaccumulator.
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Figs.1,2. Light micrographs of portions of leaf blades of Ni-hyperaccumulating (Fig.1) and non-
hyperaccumulating (Fig.2) varieties. Figs.3, 4. Quantitative elemental maps of Ni distribution in leaf
tissues of the Ni-hyperaccumulator (Fig.3) and non-hyperaccumulator (Fig.4).

C, chloroplasts; H, hypodermis; LE, lower epidermis, PM, palisade mesophyll; SM, spongy
mesophyll; T, trichomes; UE, upper epidermis; V, veins/vascular bundles.



