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Successive cambia revisited: ontogeny, histology, diversity, and 
functional significance 
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CARLQUIST. S. (Santa Barbara Botanic Garden. 1212 Mission Canyon Road. Santa Barbara, CA 93105). 
Successive cambia revisited: ontogeny, histology, diversity, and functional significance. J. Torrey Bot. Soc. 
134: 301 332. 2007.— Plant anatomists are generally agreed on the histological products o\' successive 
cambia: bands of secondary phloem and associated secondary xylem ("vascular increments") embedded in 
a background of conjunctive tissue (parenchyma, sometimes fibers). Interpretations have varied widely on 
the ontogeny of this plan. Studies have usually involved one or a few species. The study of numerous taxa, 
especially in centrospermoid families, leads to the conclusion that there is a common plan, although 
variations on it are manifold. A master cambium produces secondary cortex externally and. internally, rays, 
conjunctive tissue, vascular cambia. secondary phloem, and secondary xylem. Secondary phloem and 
secondary xylem are formed from the vascular cambium in each vascular increment. Vascular cambia 
function indefinitely, so that a master cambium and a series of vascular cambia (each in a vascular 
increment) function indefinitely. The master cambium either remains active as long as an axis is actively 
growing (although it may become quiescent following the initiation of each vascular increment and 
associated conjunctive tissue), or. less commonly, may be reinvented in the secondary cortex. In order to 
establish a framework for interpretations, the varied appearances of each ol these tissues in genera thai have 
successive cambia is discussed. Themes that particular genera represent are then examined: diversification in 
ray types and raylessness (Nyctaginaceae): diversification in conjunctive tissue (Aizoacaeae); rays as key 
structural elements (Gnetaceae); successive cambia as an apomorphy (Clirysanthemoiclesy. protraction of 
cambial activity (Menispermaceae); and cambial fracture and parenchyma proliferation {Bauhinia, 
Mendoncia). In some taxa. such as Gncttnn africanuni and the large tropical lianas (Bauhinia, 
Menispermaceae) a master cambium is absent; new vascular cambia arise by one or a few cell divisions in 
cortical parenchyma, followed by rapid tangential widening of the vascular cambium. Pervasive 
ecophysiological themes in plants with successive cambia are examined: storage and retrieval: promotion 
of mechanical strength and longevity of vascular tissues: and modes of lianoid structure. Because the 
background tissue in plants with successive cambia is conjunctive tissue, not secondary xylem, the terms 
"included phloem: and "interxylary phloem" are inapplicable. The term "lateral meristem"' is abandoned in 
favor of "master cambium." 
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Successive cambia are famil iar as the cause 
of concentric rings in a beet. They also occur 
in stems and roots of such familiar plants as 
Amaranthus, A triplex. Bougainvillea, Chenopo-
(/iitin. Cycas, Mirabilis, Phytolacca, and Wel-
wit.se/iia. They occur in the flattened or 
variously shaped forms of the giant lianoid 
stems of Bauhinia. Gnctum, and numerous 
Menispermaceae. Successive cambia occur in 
bands or strands of secondary phloem and 
secondary xylem (vascular increments), which 
are embedded in a background of parenchyma 
or fibers (conjunctive tissue). Schenck (1893) 
and Pfeiffer (1926) used the term: the latter 
accurately applied it to many of the genera 
in which the phenomenon is known today. 
Others have referred to successive cambia 
under the vague terms "anomalous secondary 

1 E-mail: s.carlquist@verizon.net 
Received for publication December 19, 2006, and 

in revised form February 24. 2007. 

thickening" or "included phloem." The sec­
ondary phloem of successive cambia is not 
included within wood at all. a point made by 
Stevenson and Popham (1973). Maintenance 
of such terms may have been furthered by 
those who are involved with wood identifica­
tion (IAWA Committee 1989) and who 
therefore want simple terms. The distinctive 
appearance of successive cambia and their 
products can easily be learned by wood 
anatomists, however. The desire to use such 
a term as "included phloem" probably in­
dicates a desire to consider the background 
tissue of plants with successive cambia as 
"wood," but although often woody in texture. 
this background tissue is not wood in the 
ordinary sense. Wood anatomists who have 
dealt in detail with plants with successive 
cambia have used the term conjunctive tissue 
for the background of fibers and/or parenchy­
ma in which vascular increments are embed­
ded. 
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