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Bordered pits occur in walls of living ray cells of numerous species of woody dicotyledons. The occurrence of this fea­
ture has been minimally reported because the pits are relatively small and not easily observed in face view. Bordered 
pits are illustrated in sectional view with light microscopy and with scanning electron microscopy in face view for 
dicotyledonous and gnetalean woods. Bordered pits are more numerous and often have prominent borders on tan­
gential walls of procumbent ray cells, but also occur on radial walls; they are approximately equally abundant on tan­
gential and horizontal walls of upright cells, suggesting parallels to cell shape in flow pathway design. Axial 
parenchyma typically has secondary walls thinner than those of ray cells, but bordered pits or large simple pit areas 
occur on some cross walls of parenchyma strands. There is no apparent correlation between the phylogenetic position 
of species and the presence of borders in ray cells or axial parenchyma. Bordered pits represent a compromise 
between maximal mechanical strength and maximal conductive capability. High rates of flow of sugar solutions may 
occur if starch in ray cells or axial parenchyma is mobilized for sudden osmotic enhancement of the conductive 
stream or for rapid development of foliage, flowers, or fruits. Measurement of the secondary wall thickness of ray 
cells may offer simple inferential information about the role that rays play in the mechanical strength of woods. 
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INTRODUCTION 

The occurrence of bordered pits between adjacent ray 
cells or in cross walls of axial parenchyma strands rep­
resents a phenomenon that has not been widely 
reported. Pit borders in secondary walls of wood cells 
are usually observed most frequently in face view by 
means of light microscopy. The wall thickness of 
parenchyma cells in wood, the presence of starch in 
ray cells, and the small diameter of bordered pits in 
ray cells make borders difficult to observe in this man­
ner. Borders between ray cells are more readily 
observed by light microscopy in sectional view in 
radial sections of woods and have been reported and 
i l lustrated for a wide range of dicotyledon families 
(Carlquist, 1981, 1988a, b, 1989a, 1991, 1992a, 1996, 
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1997, 1999, 2000, 2001, 2002, 2005) as well as in Gne-
tales (Carlquist, 1989b, 1992b). Bordered pits on ray 
cells where a ray cell contacts a vessel were figured by 
Frost 11931) for Sassafras. Microcasting is a technique 
that offers an excellent potential for demonstrat ing 
borders on pits of parenchyma. Indeed, one can find 
borders among ray cells i l lustrated with this tech­
nique by Fujii (1993) for Fagus and Quercus and by 
Peter Kitin (pers. comm.) for Cercidiphyllum and 
Kalopanax. These authors also i l lustrated a curious 
allied phenomenon in ray cells: borders on blind pits 
that terminate in intercellular spaces. The interest in 
microcasting has thus far concentrated almost wholly 
on tracheary elements, and descriptions of ray cell fea­
tures are few in such studies. Instances can be found 
in wood anatomical l i terature in which borders are 
i l lustrated but not noticed or even designated as sim­
ple pits, as in a clear transmission electron micro­
graph of Citrus ray cell walls (Fahn, 1990: 40). The 
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