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ABSTRACT: There is a difference in resistance to wind breakage quite marked between the different of rubber tree 

clones (Hevea brasiliensis). The objective of this work is to understand this difference in sensitivity. More precisely, we 

would like to characterize the thigmomorphogenetic capacity for wind hardening of rubber tree clones. Also, in-situ 

trunk flexion tests will be performed with imposed strain. A follow-up growth in diameter will be carried out to 

evaluate the thigmomorphogenetic responses induced by these solicitations. The behavior of the different trunk profiles 

will also be analyzed using the finite element model of trunk flexion on Cast3m software. 
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1 INTRODUCTION 123 

Wind is a natural disturbance for forest ecosystems. The 

process of wind damage is very similar in all plants. Two 

types of wind damage can be distinguished: i) Chablis, 

which refers to overturning and uprooting mainly 

involving the root structure; ii) the volis that interests us, 

refers to the breaking of the trunk and a partial or total 

loss of the crown of the tree [1] [2]. These damages can 

be significant and generate significant production losses 

in plantations, such as rubber tree plantations for latex 

production. 

In addition to mechanical stresses due to the wind, the 

rubber tree in plantation also undergoes physiological 

stresses related to bloodletting and stimulation by 

ethylene. Several studies have been conducted to try to 

understand the wind sensitivity of rubber tree clones. 

Studies conducted in particular on the architectural 

structure of rubber clones [3] [4]. For example, the work 

of Cilas et al [4] on two rubber clones (GT1 and PB235) 

shows that GT1 develops short lateral branches, while 

PB235 develops elongate axillary branches. These 

results give information on an important parameter in 

wind damage, namely: the size of the area exposed to the 

wind. This may partly explain the breakage sensitivity of 
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the PB235 over the GT1, with the former having greater 

size of the area exposed. 

Thus, like these studies, we are interested here on the 

one hand, the different trunk profiles of rubber clones 

encountered in plantations. To the impact of these trunk 

profiles on the wind resistance of trees. In particular, on 

the bottled form resulting from the local secondary 

growth after stimulation with ethylene. On the other 

hand, we are interested in the thigmomorphogenetic 

capacity of these different clones and its impact on the 

wind resistance of these clones. 

 

2 MATERIAL AND METHODS   

The experimental device will be set up in a rubber tree 

plantation (Fig. 1a) where two clones will be selected; 

including one estimated very brittle and the second 

estimated resistant.  

 
a) b)

c) d)

 
Figure 1: (a) rubber tree plantation; (b) bleeding panel; 

(c) trunk failure due to wind; (d) tree uprooting due to 

wind 
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Figure 1 presents a plantation of rubber trees and the 

various damage that one observes there. We can see a 

bloodletting panel with latex flow (Fig 1b) and two wind 

damage including a trunk break (Fig 1c) and uprooting 

(Fig 1d). 

It will be a question of performing bending tests (Fig. 

2a) on these different clones. The experimental device 

will consist of a hand winch (Fig. 2e), a traction cable, a 

load cell (Fig. 2b) to measure the applied force, a strain 

sensor (Fig 2c) and an inclinometer (Fig 2d) to measure 

a possible inclination of the base of tree due to 

uprooting.   

 

 

Figure 2: Schema of a bending test and measuring 

instrument 

The flowchart in Figure 3 presents the outline of the 

finite element calculation of the trunk flexion model. 

First of all we define the geometric parameters of the 

tree such as the diameter at the base of the trunk and the 

height at the point of loading. Then we define the 

geometry of the trunk (profile) and the mechanical 

properties of the wood. The root system will be 

considered a perfect embedding. We will calculate the 

displacement, stress and deformation fields related to 

mechanical blockage (root system). Finally, we will 

determine the deflection for each level of loading. 

Start

Finite element mesh

Wood properties assignment

Definition of input parameters (diameter at the 

base of the trunk, loading height)

Loading and boundary conditions 

assignment

Calculation of stress and strain fields 

Finite element analysis

Deflection calculation

End
 

Figure 3: Flowchart of the calculation by finite element 

calculation on cast3m 

 

3 EXPECTED RESULT   

Interesting results are obtained according to the 

observation posted in Figure 1 and the experimental 

setup described in Figure 2. Then, the elastic 

characteristics of the green wood of the different clones 

from the determination of the rigidity of the tree are 

obtained. A comparison between the finite element 

bending model and the experimental results obtained 

through the tests to validate the model is performed.  
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