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Phloem nodes deface trees and shrubs in urban eneimments

André A.M. van Lammeren and Fons van Kuik

In recent years it was observed tRedxinus excelsiom the city of Alphen aan den Rijn in
the Netherlands formed a kind of node-like protabees on their trunks. Up to 30% of the
ash-trees are affected in the urban environmemnisfgherical outgrowths of various sizes
were scattered all over the stem surface. The owths varied in size from almost
unnoticeable to structures up to 3 cm in diamétay. (L and 3). Inspection of other tree
species and shrubs revealed that many more sgisieoped hemispherical outgrowths.
Among the species investigated are ornamentalsastdamameligAmerican witch-hazel),
production species such as beech and ash, andoagimimportant species such as apple,
olive and fig (see Table 1). Most species are mipterate climate regions but others are of
Mediterranean origin. With respect to their geobiegl distribution, more and more severely
affected specimens were found in urban environntéais in rural areas.

Whether the nodes are a threat for the physiologlyaa health of the trees on the short or
long term, or why they increase in frequency irergg/ears is not clear yet but they doubtless
damage the tree trunks from the esthetical pointenf. Therefore it was decided (by the
administration of Alphen aan den Rijn) to investégthe internal structure and development
of the malformations. Material was sampled fromttiees with a hollow pipe and processed
at the Laboratory of Plant Cell Biology of WagergngJniversity and Research Centre,
Wageningen, The Netherlands. Samples were fixetipsed with a microtome and
microscopic slides were prepared. Sections of outtirs of various sizes were investigated
with light microscopy to understand their structarnel development. From all trees and
shrubs listed in Table 1 samples were investigaited.organization of the outgrowths

appeared remarkable similar in all species invatid)

Structure of phloem nodes
Outgrowths consist of a spherical inner regionydém tissue surrounded by a phloem layer.
Comparing sections of small and large outgrowthisals that the increase in size is caused

by the activity of a vascular cambium (Figs 2 ahd# activity is the deposition of xylem



and phloem cells by which the node changes fromrdiy discernable structure into a sphere
which protrudes and defaces the stem surface. asmular cambium deposits xylem
elements towards the inner side and phloem elenbetlt® outside. The outgrowths of most
plant species exhibit a deposition of xylem elermémtring wise fashion (Fig. 5). Dependent
on the plant species, diffuse or ring-porous xylsrbeing formed. Both xylem and phloem
parts of the outgrowths consist of ray cells omgjiing from ray initials, and fibres, vessels and
parenchyma originating from fusiform initials (Fi§). The differentiated fusiform cells
however do not have the longitudinal orientationwn in normal secondary xylem but are
found in most varying orientation (Fig. 5). As auk all the transport elements of the
outgrowths, i.e. xylem vessels, tracheids and phleessels, are of no use in longitudinal

transport.

Origin of nodes

Where do the outgrowths start their developmeni@dtigating median sections of
outgrowths showed that the very centre of the owitr often contains a sclereid or fibre that
belongs to the first formed phloem tissue (Fig.Thlis finding implies that these cells are the
ones around which the tuber formation has stamedsacondly that the tubers are of phloem
origin, initially. Therefore we propose the namblgem nodes’ although their contents is
largely xylem. In several cases an additional elust degenerated cells is observed in the
centre of the node. Formation starts very clodbamuter surface of the stem, within a
distance of 500m.

The Figs 1 to 6 depict data from ash but as caseba from Figs 7 to 12 phloem nodes of
apple (Figs. 7 and 8), fig (Figs 9 and 10), dldeagnus ebbengéFigs. 11 and 12) and are
very alike as is the annular organization in thiexy(Fig. 10).

The first cells surrounding the very centre of pioem nodes are shaped in an unordered
pattern (Figs 6, 8 and 12). It is not clear whethér is the shape of the initials preceding the
differentiation, or the result of (tip)growth onte cells were deposited. Another question
which remains to be elucidated is the speed ofldpugent. Are the growth rings seasonal
rings, or do more rings develop each year? If thmér is the case, the growth is rather slow
which is in contradiction with the observation thia outgrowths are only seen recently.
Future research will focus on these items and ditiath to the question what causes phloem

tuber formation.

Request for correspondence



As we are interested in knowing the geographicsttithution of this phenomenon and the
range of plant species affected, we do apprec@iecgoperation in sending us a message
when you observe similar phloem nodes in your surdings. Please use the e-mail addresses

mentioned in this paper to contact us.
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Table 1. Species of trees and shrubs that devpldpem nodes’ of which the internal
structure is strikingly similar.

Legends to the figures.



Fig 1. Stem of astiraxinus excelsiofAtlas’, with an overview of phloem nodes at varso
stages of development. Note the sites where nodes sampled (red arrows)

Fig. 2. Section of a phloem node of ash in an estdge of development. Bar is 1 cm.

Fig. 3. Detail of phloem nodes on ash at earlyt)(kfd late (right) stages of development.
Fig. 4. Phloem node of ash at a late stage of dpugtnt. Note the growth rings which are
indicated by arrows. Baris 1 cm.

Fig. 5. Micrograph of the woody region of a phloaode of ash with xylem arranged in a
ring like fashion. Note that vessels exhibit vagawientations. Bar is 10@m.

Fig. 6. Micrograph of the very centre of a phloenda of ash with xylem cells deposited
around a group of yellow necrotic cells. The arfmints to an enclosed phloem fibre or
sclereid. Bar is 1 cm.

Fig. 7. Micrograph of a phloem node of apfar is 1 cm.

Fig. 8. Detail of the xylem in the inner part oéthhloem node of apple showing a concentric
deposition of fusiform cells around more centres. B 1 cm

Fig. 9. Overview of transversal section of a phlaerde of fig Ficus caricg again

originating from the outer phloem cell layers. Bab00nmm.

Fig. 10. detail of phloem fiber of fig showing amnailar organization of the xylem elements.
The arrow points to the cambium that deposits xydem phloem cells to the node. Bar is
1000mm.

Fig. 11. Overview of phloem node Bfaesagnus ebbengeBar is0.5 cm.

Fig. 12. Detail of the very centre of the nodé&etdfeagnus ebbengwiith enclosed sclereids . - A
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originating form the outer phloem layers. Bar i€ hin.




Figures 1-8 (from upper left to lower right



Figures 9-12 (from upper left to lower right)



