Formation of vascular inclusions in phloem of a.o. Fraxinus and Gleditsia
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In an investigation on malformations on the stems of various trees growing in urban environments, we investigated phloem tubercles on the stem of Fraxinus excelsior and Gleditsia triacanthos. Tubercles, visible as hemispheres at the stem outside (Fig. 1A), were sampled and analysed with microscopic techniques. It appeared that in the outer phloem of the stem, globular structures develop around a centre of some necrotic cells. The globular structures (Fig. 1B and 1C) themselves are formed by a newly formed vascular cambium that produces xylem elements inwardly and phloem elements outwardly. The tubercles are about spherical and contain the normal xylem elements such as libriform, parenchyma and vessel elements, but these elements, except for ray parenchyma cells, and also the newly formed phloem elements are all arranged in concentric layers instead of in longitudinal files (Fig. 1 D). The tubercles do store starch in parenchyma cells but in terms of vertical water transport they are without function. The observation that phloem fibres of the stem are regularly found in the very centre of the tubercles (Fig. 1E) shows that tubercles are of phloem origin. The fate of the tubercles has to be monitored and, in addition, the cause of the de novo formation of vascular cambium and its activity remains to be elucidated. 
Fig. 1. Overview of sampling site on the stem of Fraxinus excelsior with tubercles (A) and two stages of development of tubercles at cross section of Fraxinus (B) and of  Gleditsia (C). D: Detail of organization of concentric layers of xylem elements in tubercle and E: detail of centre of tubercle with enclosed phloem fibre (arrow), both in F. excelsior. Bars indicate 1 cm in B and C, 0.1 cm in D, and 0.1 mm in E.
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