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Abstract

This contribution presents results of a 3 year project on chestnut (Castanea
sativa Mill.) ring shake (RS). The main objective was the examination of the relation-
ships between radial wood cohesion, growth stresses and RS occurrence. Investigative
studies were carried out on wood material collected in chestnut coppice forests from
the southern part of the Swiss Alps. Analyses were performed on the basis of a com-
parison of wood with and without RS. Anatomical investigations of the RS privileged
plane of fracture (earlywood area) showed that ring shaken wood displays a higher
amount of rays and smaller earlywood vessel lumina. Mechanical rupture testing
revealed that earlywood radial split resistance is positively correlated with ring width.
Examination of longitudinal strain-induced displacement performed on the stem
surface of standing coppice trees did not reveal the existence of a direct relationship
between high stress level and RS occurrence. Consequently it has been highlighted
that the principal cause of RS in chestnut is associated with the unbalance between the
weak structure of the tangential wood plane and the release of growth stresses. Stress
overloaded trees react by producing a strengthened wood. However when trees are
cut, as a consequence of the relieving of high growth stresses, mechanically originated
RS are developed. Nevertheless mechanical testing proved that not all trees are prone
to RS in the same way, what offers the forest manager the opportunity to operate in
order to reduce the risk of RS.

INTRODUCTION

Chestnut (Castanea sativa Mill.) forests are one of the most important landscape
characteristics in the mountainous regions around the European Mediterranean basin and
in the Southern Alps, covering more than 2.2 Mio ha (Bourgeois, 2004; Conedera et al.,
submitted). In recent times, as a result of the increasing consciousness of a sustainable
behaviour, the social and environmental function of the chestnut resource have assumed a
political relevance in the development policies of marginal rural areas. With particular
reference to the production of timber, this species has four undeniable advantages that
place it in a very favourable position as regards to these policies: it is (i) capillary-
diffused in rural and mountainous areas, (ii) a fast-growing tree-species which displays
(iii) a technologically and aesthetically appreciated timber with high natural durability
that (iv) can be used for high-value products conform to the principles of sustainability
(Bourgeois, 2004). These characteristics make chestnut timber suitable for a variegate
range of natural products ranging from more innovative (parquet floor, veneer, cabinet
work, joinery) to more traditional ones (poles, fences, vineyard stakes, energy).

However traditional management systems (simple coppice) are no longer fully
adequate in response to new market requirements demanding larger sized stems of good
quality in order to allow for easier and more rational processing. Preliminary silvicultural
tests carried out so far in well-defined and specific conditions, seem to prove that new
alternative methods are technically possible and sustainable (Bourgeois, 2004; Amorini et
al., 2000; Manetti et al., 2001; Amorini and Manetti, 2002). The renewed process of
valorisation and exploitation of this natural and renewable resource is however running
up against some difficulties, which obstruct its implementation. Among these, there is in
particular the extreme tendency of chestnut wood to develop ring shake (RS): a type of

Proc. IIT" Intl. Chestnut Congress
Eds.: C.G. Abreu, E. Rosa & A.A. Monteiro 733
Acta Hort. 693, ISHS 2005



wood fracture arising parallel to the annual growth rings in the tangential plane of the
trunk (Chanson et al., 1989), which strongly reduces the portion of useable wood and
consequently its economical value. Unfortunately, due to the high risk of RS occurrence
and to the consequent low production yield and more laborious processing, the interest in
adopting silvicultural alternatives for improving the production of quality timber remains
slight. Minimising the risk of RS would represent a fundamental step towards making the
management of chestnut coppices economically more attractive. In this way a relevant
part of coppice areas adapted for good quality and high value timber production could be
restored, promoting at the same time the development of rural areas.

The research presented here, performed in a thesis program (Fonti, 2002), should
be seen as an additional contribution towards understanding the phenomena that engender
healthy (mechanically originated) ring shake in chestnut. In this study investigations
mainly dealt with the hypothesis of a structural wood weakness in relation to the internal
stresses, which are considered to be the principal causes of the extremely high RS
susceptibility of chestnut.

The principal objectives pursued are:

e the collection of new basic knowledge into the relationship between radial wood
cohesion, growth stresses and RS occurrence;

o the verification of the effect that growth factors, following the application of modern
silvicultural methods, have on RS occurrence.

MATERIAL AND METHODS
Investigations were mainly based on the analysis of the existence of relationships
between some selected anatomical, mechanical and rheological characteristics of chestnut
wood and the incidence of RS. These investigation blocks were focused on:
e the quantification of wood anatomical characteristics of earlywood vessels and radial
rays that are supposed to influence the radial strength properties of wood,
e the characterisation of the mechanical radial strength properties of wood derived
from measurements of the earlywood radial split resistance;
e the characterisation of longitudinal strain induced deformation measured on the stem
periphery of standing chestnut individuals.
Analyses were performed on the basis of a comparison of wood with and without
RS. The wood material used for the investigative studies was collected in chestnut
coppices from the Southern part of the Swiss Alps. The choice of the plots was influenced
by the availability of areas with single coppicing. Six plots and a total of 110 trees were
considered (Bedano 20, Bedigliora 24, Brione 21, Gerra 20, Gorduno 5 and Novaggio
20). Since the production of quality wood is the goal, analysed individuals were selected
from among the overstory trees. Table 1 supplies a short overview of objectives, materials
and methods of each single study carried out.

MAIN RESULTS AND DISCUSSION

Origin and Typologies of Chestnut Ring Shake

By definition healthy (mechanically originated) ring shakes, in opposition to the
traumatic ones, are failures that appear to be unrelated to any recognisable anatomical
perturbation (Chanson et al., 1989). Looking more closely at ring shaken failure surfaces
it has been observed that, at an anatomical level, separations show different features
depending on their origin. Three types of RS have been observed on chestnut wood: the
“overlay”, “detachment” and “crack” typologies (Fonti et al., 2002a; Fonti and
Macchioni, 2003). Each type is the specific result of an established unbalance between
strength and stresses. The first one, which has a clear traumatic origin, is characterised by
scar tissue that is merely superposed on dead cells without any connection between them.
In this case the wood has no strength capacity. The origin of the detachment-type is not
clear yet. The separation mainly develops at a ring boundary as a debonding in the middle
lamella layer and does not exhibit direct association with damages, even if an indirect
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