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The vascular cambium is the main lateral meristem responsible for the secondary growth of trees. There are a
number of explicit and implicit assumptions behind this statement which allow questions to be raised about the
mechanism underlying the radial growth of trees. Based on the hypothesis of the diurnal strains of plant organs, it
is anticipated that the process of radial growth can be understood as an adaptation to the cyclically changing

mechanical stress in the radial direction generated by the phloem during the 24 h day cycle.
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1. Assumptions and Simplifications Used in the Osmo-
Mechanical Hypothesis

Trees are among the most complex living systems and are subject to multi-level regulation. The hypothesis
presents an element of the secondary growth mechanism of trees related to the radial expansion of the vascular
cambium. Highlighting novelty of this framework for understanding secondary growth, this hypothesis provides
insight into the sophisticated mechanisms that drive radial growth of the vascular cambium of trees. This theoretical
perspective focuses on the diurnal activity of phloem, xylem and vascular cambium in deciduous trees and is
particularly relevant during the equinoxes at the peak of the growth season. Research on such complex living
systems as trees, subject to multi-level regulation, can benefit greatly from this fresh outlook. For the sake of
simplicity, it can be assumed that this occurs in the equatorial zone and thus without any distinct seasonality. In this
hypothesis, a description of the effect of the phloem—periderm interaction on phellogen was deliberately not
included. It was considered that this would overcomplicate the basic description of the growth of the vascular
cambium. The osmo-mechanical hypothesis of the radial growth of the vascular cambium presented describes one
of the many very complex processes involved in the secondary growth of trees. It is important to point out that the
model is as simple as possible, while maintaining its full factual correctness for the assumptions made. It therefore
provides a starting point for explaining the radial growth-integrated processes and events of the vascular cambium,
such as:

» The mechanism of xylem and phloem formation;
» The mechanism of early- and latewood formation;

« The mechanism of ring-porous and diffuse-porous wood formation;
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e The mechanism of reaction wood formation;
» The mechanism of xylem/phloem differentiation responses to injuries;

 The mechanism of intrusive growth, including the growth of fibre tips, vessel elements, and cambial cell
rearrangement.

The above cellular processes and events would require the inclusion of: the difference in the mechanism of phloem
swelling between tree species that start radial growth before leaf development (ring-porous species) and those
after leaf development (diffuse-porous species); the seasonal cycle; the explanation of the mechanism of formation
of spaces between the tangential walls of neighbouring cells; and the explanation of the mechanism of summation
and extinction of tensile and compressive stress acting in the radial direction, originating from various sources
(diurnal cycle, wind, gravity, landslides, temperature, insect gradations, frost- and drought-induced embolism,
wounding, etc.).

It should be emphasised that, in the simplified version presented, the hypothesis correctly describes the behaviour
of a single radial row of fusiform cells of the vascular cambium during the diurnal cycle. It is assumed that individual
cells grow symplastically and undergo equal periclinal divisions and longitudinal anticlinal divisions. The basis for
this hypothesis is provided by studies on the diurnal relationships of the phloem (inner bark) and xylem LI2IE4]5]6]
[: the research on the mechanisms of cambial development [EIRILLLL2|ASI14]ISI16]17]: and the works on the

hormonal regulation of vascular cambium growth [L8119],

2. Phloem as a Tensile and Compressive Stress Generator in
the Vascular Cambium

Between osmotic stress and mechanical stress, induced by diurnal and nocturnal water flux through the plant, time-
varying patterns of mechanical stress emerge, which may have different developmental significance. The subject of
this dial oscillation is primarily the phloem, the inner and outer parts of which behave oppositely during the day and
night.

The whole process can be described as a cyclic generation and relaxation of tensile mechanical stress in the radial
direction. The process can arbitrarily start with the opening of the stomata (1) at dawn (Figure 1) 20211 As 3 result
of the loss of water, the xylem (2) and phloem (3) shrink. As the phloem shrinks to a much greater degree than the
xylem W22l the vascular cambium, which after the night is stretched radially between the xylem and phloem (20),
goes through successive phases of decreasing tensile stress values, first circumferentially (4), then radially (5),
until the tensile stress relaxes in this direction (6). Further shrinkage of the phloem results in the compression of its
inner part in the radial direction (7). Thus, the cambium (8) and then the xylem (9) is compressed in the radial
direction. At the same time, the outer part of the phloem on the periderm side is stretched (10) in this direction. At
night, the stomata close (11) 2921l The cessation of transpiration results in an increase in water potential in the

tracheary system and the rehydration of the xylem. Its rehydration causes a slight swelling (12) 23, followed by a
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greater swelling of the phloem (13) [22[24], The vascular cambium located between the xylem and phloem, which
was under compression during the day (8), goes through the phase of a decrease in compressive stress value in
the radial direction (14). Then an increase in the tension of the xylem in the radial and circumferential directions
occurs (15), together with an increase in the tensile stress value of the vascular cambium in the circumferential
direction (16) until the relaxation of the radial compressive stress in vascular cambium (17). Further swelling of the
phloem causes its inner part to be in tension in the radial direction (18) and the compression of its outer part on the
side of the periderm (19). According to the hypothesis presented here, cambium stretching is generated in the

radial direction between the inner part of the phloem and the outer part of the xylem (20).
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Figure 1. Generation of plant tissue strains in the tree trunk in the radial and circumferential directions due to the
opening and closing of stomata in a diurnal rhythm. Tensile strains in the radial direction in the vascular cambium
are generated by the swelling of the phloem at night, while compressive strains in the vascular cambium are
caused by the shrinking of the phloem during the day (the scheme is an original development of the idea presented
by Kojs and Rusin 2011 [23)),
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