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Like trees, palms can deteriorate internally at the stem 
base by fungal decay, coming from the roots or bud. But, 
visual detection is much more limited because palms do 
not show secondary growth and hence there is no outer 
response wood indicating compensation of strength loss 
due to internal decay. Tapping with a mallet thus is the 

first option 
to enhance 
the defect 
de tec t ion . 
But, because 
of the bark 
structure and 
the internal 
mechanical 
des ign  o f 
palms, only 
�H �[ �W �U �H �P �H �O �\��

hollow stages 
(more than 90%) may be detected through resonant sound 
reaction of the stem by tapping.

Because of the limitation of visual inspection and tapping 
with a hammer, technical devices can be of great help in 
order to detect internal decay in palms in earlier stages. 
In principle, sonic tomography is able to detect internal 
decay in palms too, but due to the mechanical architecture 
of palm stems, only big cavities or decay pockets can be 
detected reliably – because the high-density outermost 
areas of palm stems lead the sonic waves around the 
naturally soft center. And, the difference in stress-wave 
speed between the naturally soft center of palms and 
decayed wood is quite small. Because sonic-tomographs 
�X�V�X�D�O�O�\���G�H�W�H�F�W���D�Q�G���P�H�D�V�X�U�H���W�K�H���D�S�S�D�U�H�Q�W���V�S�H�H�G���R�I���W�K�H���¿�U�V�W��
incoming wave only, they generally do not detect any 
signals from the very soft center of palms (and some 
conifers, too). Therefore, conventional sonic tomography 
is not the most appropriate method for decay detection in 
palms and usually fails to detect incipient central decay.

Although resistance drilling is not completely non-
destructive, it can help inspecting palms. Resistance 
drilling was originally developed for measuring latewood 

density of oak tree rings in order to reconstruct past 
climate (Rinn 1988). As a welcomed side-effect, 
the ability to detect defects in trees and timber was 
�R�E�V�H�U�Y�H�G�� ���5�L�Q�Q�� �������������� �7�K�H�� �¿�U�V�W�� �V�H�U�L�H�V�� �R�I�� �G�H�Y�L�F�H�V�� �Z�D�V��
�V�R�O�G�� �W�R�� �V�F�L�H�Q�W�L�V�W�V�� �D�Q�G�� �W�U�H�H���� �D�Q�G�� �W�L�P�E�H�U�� �H�[�S�H�U�W�V�� �I�R�U��
testing its suitability in 1987. Results clearly showed 
that the key condition for the capability of the method 
for inspecting trees, timber structures and poles is to 
reliably measure and reveal wood density (Görlacher 
& Hättich 1990). Because of that, early versions of the 
resistance drills of 1984 with a spring-driven recording 
mechanism were abandoned because they did not allow 
�W�R���U�H�O�L�D�E�O�\���P�H�D�V�X�U�H���Z�R�R�G���G�H�Q�V�L�W�\�����W�K�H���S�U�R�¿�O�H�V���G�L�G���H�L�W�K�H�U��
�R�Y�H�U���W�X�Q�H���L�Q���U�H�V�R�Q�D�Q�F�H���R�U���Z�H�U�H���À�D�W���G�D�P�S�H�G���D�Q�G���G�L�G���Q�R�W��
show both the real levels and the real variation of the 
wood density. In the naturally soft center of conifers 
�R�U�� �S�D�O�P�V���� �V�X�F�K�� �S�U�R�¿�O�H�V�� �R�I�W�H�Q�� �G�U�R�S�S�H�G�� �G�R�Z�Q�� �W�R�� �]�H�U�R��
although the wood was intact. In the soft sapwood of 
�E�U�R�D�G���O�H�D�Y�H���W�U�H�H�V���W�K�H�\���R�I�W�H�Q���V�K�R�Z�H�G���D�Q���H�[�S�U�H�V�V�L�R�Q�O�H�V�V��
plateau that is often misinterpreted as sapwood-decay. 
�,�Q�� �Q�D�U�U�R�Z�� �W�U�H�H�� �U�L�Q�J�V���� �W�K�H�� �S�U�R�¿�O�H�V�� �R�I�W�H�Q�� �Y�D�U�L�H�G�� �I�U�R�P��
�]�H�U�R���W�R���P�D�[�L�P�X�P���V�F�D�O�H�����R�Y�H�U�����D�Q�G���X�Q�G�H�U���H�V�W�L�P�D�W�L�Q�J���W�K�H��
real values making it impossible to interpret the result. 
�7�K�X�V�����E�R�W�K���V�H�Q�V�L�W�L�Y�L�W�\���D�Q�G���U�H�V�R�O�X�W�L�R�Q���G�L�G���Q�R�W���I�X�O�¿�O�O���E�D�V�L�F��
requirements a reliable measurement tool has to meet. 
Consequently, electronic regulation and recording was 
developed and shown to be critical and mandatory for 
�R�E�W�D�L�Q�L�Q�J���S�U�R�¿�O�H�V���W�K�D�W���F�D�Q���U�H�O�L�D�E�O�\���E�H���L�Q�W�H�U�S�U�H�W�H�G���L�Q���W�H�U�P�V��
of wood condition (Rinn 1990). Because of that, only 
resistance drills with electronic regulation and recording 
�Z�H�U�H���R�I�¿�F�L�D�O�O�\���D�O�O�R�Z�H�G���W�R���E�H���O�D�E�H�O�H�G���Z�L�W�K���W�K�H���W�U�D�G�H�P�D�U�N��
�³�5�(�6�,�6�7�2�*�5�$�3�+�´�����S�U�R�Y�L�G�L�Q�J���D���O�L�Q�H�D�U�O�\���V�F�D�O�H�G���S�U�R�¿�O�H����
revealing wood density 
and its changes correctly 
(for details see: Basics of 
typical resistance-drilling 
�S�U�R�¿�O�H�V�����:�H�V�W�H�U�Q���$�U�E�R�U�L�V�W����
Winter 2012). 

Detecting Fungal Decay in Palm Stems by Resistance Drilling
Frank Rinn, Heidelberg, Germany 

Fungal Decay continued on page 16

Picture by Steve Nimz showing his colleague Waylen drilling a 
coconut palm on Hawaii
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Fungal Decay continued from page 10

Fungal decay in palms often arises from the base, 
originally coming from roots. To detect such decay, 
drillings are usually carried out at stem base, mostly 
horizontally as shown here with a cordless resistance 
�G�U�L�O�O�����7�K�H���S�U�R�¿�O�H���L�V���S�U�L�Q�W�H�G���V�L�P�X�O�W�D�Q�H�R�X�V�O�\���L�Q�����������V�F�D�O�H��
on a mobile printer, automatically connected to the 
machine via Bluetooth. Because of several reasons, it 
�L�V���Y�H�U�\���L�P�S�R�U�W�D�Q�W���W�R���L�P�P�H�G�L�D�W�H�O�\���L�Q�W�H�U�S�U�H�W���W�K�H���S�U�R�¿�O�H���R�Q��
the spot and determine its meaning for the evaluation 
�R�I�� �W�K�H���V�W�D�E�L�O�L�W�\�� �R�I�� �W�K�H���S�D�O�P���� �O�D�W�H�U���L�Q���W�K�H���R�I�¿�F�H���� �D�O�O���W�K�H��
�V�X�U�U�R�X�Q�G�L�Q�J���S�D�U�D�P�H�W�H�U�V���W�K�D�W���P�D�\���L�Q�À�X�H�Q�F�H���W�K�H���S�U�R�¿�O�H��
are not present. And: if the interpretation is not clear, an 
additional drilling may be required. All this can only be 
�G�R�Q�H���H�I�¿�F�L�H�Q�W�O�\���R�Q���W�K�H���V�S�R�W����

�5�H�V�L�V�W�D�Q�F�H���G�U�L�O�O�L�Q�J���S�U�R�¿�O�H���R�I���D���F�R�F�R�Q�X�W���S�D�O�P���V�W�H�P���G�L�V�N��
showing incipient decay in the center.

�5�H�V�L�V�W�D�Q�F�H���G�U�L�O�O�L�Q�J���S�U�R�¿�O�H�V���D�U�H���P�R�V�W�O�\���V�K�R�Z�L�Q�J���U�H�O�D�W�L�Y�H��
ordinate units but may, if calibrated, show real density 
values (kg/m³). The abscissa represents the drilling path, 
mostly printed in 1:1-scale.

Fungal Decay Graphs on page 17

RPG Trees Are
Superior Performers 
In Your Landscapes

- Hardening-off Trees
- Im provin g Qualit yp g Q y

- Research & Education

Now More Than Ever…
Look for the RPG Tag for Quality!

The Arbor Group
Orlando/407-235-8492

BE-MAC Farms
Odessa/813-920-2247

Nature Coast Tree Corp
Bell/386-935-9349

SMR Farms
Bradenton/941-708-3322

2012 Grower Members

Fish Branch Tree Farm
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�5�3�*���*�U�R�Z�H�U�V���D�U�H���F�R�P�P�L�W�W�H�G���W�R���H�Q�K�D�Q�F�L�Q�J���W�K�H���L�P�D�J�H���D�Q�G���T�X�D�O�L�W�\��
�R�I���I�L�H�O�G���J�U�R�Z�Q���W�U�H�H�V���W�K�U�R�X�J�K���W�K�H���K�D�U�G�H�Q�L�Q�J���R�I�I���S�U�R�F�H�V�V������

�5�H�V�H�D�U�F�K �F�R�Q�W�L�Q�X�H�V �W�R �V�K�R�Z �W�K�D�W �K�D�U�G�H�Q�H�G���R�I�I �I�L�H�O�G���J�U�R�Z�Q �W�U�H�H�V

�7�R���6�X�E�V�F�U�L�E�H���W�R���W�K�H���5�3�*���7�L�P�H�V���1�H�Z�V�O�H�W�W�H�U���R�U���W�R���U�H�T�X�H�V�W��
�F�R�S�L�H�V���R�I���W�K�H���7�U�H�H���*�U�D�G�L�Q�J�����3�O�D�Q�W�L�Q�J���R�U���3�U�X�Q�L�Q�J���&�X�H���&�D�U�G�V��

�F�R�Q�W�D�F�W���D�Q���5�3�*���P�H�P�E�H�U���R�U���Y�L�V�L�W���Z�Z�Z���U�R�R�W�V�S�O�X�V�J�U�R�Z�H�U�V���R�U�J

�5�H�V�H�D�U�F�K���F�R�Q�W�L�Q�X�H�V���W�R���V�K�R�Z���W�K�D�W���K�D�U�G�H�Q�H�G���R�I�I���I�L�H�O�G���J�U�R�Z�Q���W�U�H�H�V��
�D�U�H���P�R�U�H���Z�L�Q�G���U�H�V�L�V�W�D�Q�W�����X�V�H���Z�D�W�H�U���P�R�U�H���H�I�I�L�F�L�H�Q�W�O�\���D�W���S�O�D�Q�W�L�Q�J����
�H�V�W�D�E�O�L�V�K���I�D�V�W�H�U���D�I�W�H�U���S�O�D�Q�W�L�Q�J�����D�Q�G���Z�K�H�Q���S�O�D�Q�W�H�G���Z�L�W�K���F�R�Q�W�D�L�Q�H�U��

�W�U�H�H�V���L�Q���D���V�L�W�X�D�W�L�R�Q���R�I���O�L�P�L�W�H�G���Z�D�W�H�U���R�U���L�U�U�L�J�D�W�L�R�Q���Z�L�O�O���K�D�Y�H��
�G�U�D�P�D�W�L�F�D�O�O�\���K�L�J�K�H�U���V�X�U�Y�L�Y�D�O���U�D�W�H�V��



�� �� ����

Florida Arborist Spring 2013

�7�\�S�L�F�D�O���U�H�V�L�V�W�D�Q�F�H���G�U�L�O�O�L�Q�J���S�U�R�¿�O�H���R�I���D�Q���L�Q�W�D�F�W���F�R�F�R�Q�X�W���S�D�O�P�����&�R�F�R�V���Q�X�F�L�I�H�U�D�������,�Q�W�D�F�W���S�D�U�W�V���D�U�H���P�D�U�N�H�G���J�U�H�H�Q�����W�K�H��
bark area is marked brown.

Fungal Decay continued from page 16
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Typical resistance drilling pro•le of an intact coconut palm (Cocos nucifera). Intact parts 
are marked green, the bark area is marked brown:

Detecting Fungal Decay in Palm Stems by Resistance Drilling 
Part 2
Frank Rinn, Heidelberg, Germany & St. Charles, Illinois

Detecting Fungal Decay continued on page 8

This article is a continuation of Part 1, printed in the 
Spring 2013 issue of the Florida Arborist, page 10. 
Click here to refer to Part 1.

Introduction
�$�V���W�U�H�H�V�����S�D�O�P�V���F�D�Q���G�H�W�H�U�L�R�U�D�W�H���L�Q�W�H�U�Q�D�O�O�\���D�W���W�K�H���V�W�H�P���E�D�V�H���E�\��
�I�X�Q�J�D�O�� �G�H�F�D�\���� �F�R�P�L�Q�J�� �I�U�R�P�� �W�K�H�� �U�R�R�W�V���� �%�X�W���� �Y�L�V�X�D�O�� �G�H�W�H�F�W�L�R�Q��
is much more limited because palms do not show secondary 
growth and hence there is no outer response wood indicating 
�F�R�P�S�H�Q�V�D�W�L�R�Q���R�I���V�W�U�H�Q�J�W�K���O�R�V�V���G�X�H���W�R���L�Q�W�H�U�Q�D�O���G�H�F�D�\�����7�D�S�S�L�Q�J��
�Z�L�W�K�� �D�� �P�D�O�O�H�W�� �W�K�X�V�� �L�V�� �W�K�H�� �¿�U�V�W�� �R�S�W�L�R�Q�� �W�R�� �H�Q�K�D�Q�F�H�� �W�K�H�� �G�H�I�H�F�W��
�G�H�W�H�F�W�L�R�Q�����%�X�W�����E�H�F�D�X�V�H���R�I���W�K�H���E�D�U�N���V�W�U�X�F�W�X�U�H���D�Q�G���W�K�H���L�Q�W�H�U�Q�D�O��
mechanical design of palms, only extremely hollow stages 
���P�R�U�H�� �W�K�D�Q�� ���������� �P�D�\�� �E�H�� �G�H�W�H�F�W�H�G�� �W�K�U�R�X�J�K�� �U�H�V�R�Q�D�Q�W�� �V�R�X�Q�G��
�U�H�D�F�W�L�R�Q���R�I���W�K�H���V�W�H�P���E�\���W�D�S�S�L�Q�J��

Summary: If a resistance drill provides a high resolution and 
a linearly scaled ordinate axis by electronic regulation and 
measuring, thus clearly revealing real wood density, radial 
�S�U�R�¿�O�H�V���I�U�R�P���S�D�O�P�V���H�Q�D�E�O�H���W�K�H���W�U�D�L�Q�H�G���X�V�H�U���W�R���U�H�O�L�D�E�O�\���L�G�H�Q�W�L-
fy even early stages of fungal decay with a measurement that 

�R�Q�O�\���W�D�N�H�V���V�R�P�H���V�H�F�R�Q�G�V�����7�K�L�V���G�R�H�V���Q�R�W���D�S�S�O�\���W�R���P�H�F�K�D�Q�L�F�D�O��
�U�H�V�L�V�W�D�Q�F�H���G�U�L�O�O�V���Z�L�W�K���V�S�U�L�Q�J���U�H�F�R�U�G�L�Q�J���P�H�F�K�D�Q�L�V�P�V��

Typical resistance drilling pro!les of palms
�,�Q�W�H�U�H�V�W�L�Q�J�O�\���� �L�Q�� �F�R�F�R�Q�X�W�� �S�D�O�P�V�� ���&�R�F�R�V�� �Q�X�F�L�I�H�U�D������ �R�I�W�H�Q�� �D�S-
�S�U�R�[�L�P�D�W�H�O�\�� �������� �R�I�� �W�K�H�� �U�D�G�L�X�V�� �V�K�R�Z�V�� �D�� �V�L�J�Q�L�¿�F�D�Q�W�O�\�� �K�L�J�K�H�U��
�G�H�Q�V�L�W�\�����7�K�L�V���V�H�H�P�V���W�R���E�H���D���P�H�F�K�D�Q�L�F�D�O���G�H�V�L�J�Q���U�X�O�H���I�R�U���S�O�D�Q�W�V��
of this architecture, weight distribution and wind load pat-
�W�H�U�Q�����5�H�D�O���G�D�W�H���S�D�O�P�V�����3�K�R�H�Q�L�[���G�D�F�W�\�O�L�I�H�U�D�����R�I�W�H�Q���R�Q�O�\���V�K�R�Z��
�����������R�I���W�K�H���U�D�G�L�X�V���Z�L�W�K���D���V�L�J�Q�L�¿�F�D�Q�W�O�\���K�L�J�K�H�U���G�H�Q�V�L�W�\�����2�W�K�H�U��
�3�K�R�H�Q�L�[�� �S�D�O�P�V�� �P�D�\�� �V�K�R�Z�� �D�� �Q�H�D�U�O�\�� �F�R�Q�V�W�D�Q�W�� �G�H�Q�V�L�W�\�� �O�H�Y�H�O��
�D�F�U�R�V�V���W�K�H���Z�K�R�O�H���G�L�D�P�H�W�H�U���R�I���W�K�H���V�W�H�P��

�6�R�P�H�W�L�P�H�V���� �W�K�H�� �S�U�R�¿�O�H�V�� �D�U�H�� �V�\�P�P�H�W�U�L�F�D�O�O�\�� �V�K�D�S�H�G���� �V�R�P�H-
�W�L�P�H�V���R�Q�H���V�L�G�H���R�I���W�K�H���V�W�H�P���L�V���K�L�J�K�H�U���L�Q���G�H�Q�V�L�W�\���W�K�D�Q���W�K�H���R�W�K�H�U����
�7�K�H���U�H�D�V�R�Q�V���I�R�U���W�K�D�W���D�U�H���Q�R�W���\�H�W���I�X�O�O�\���X�Q�G�H�U�V�W�R�R�G���E�X�W���P�D�\���E�H��
�F�R�U�U�H�O�D�W�H�G���W�R���O�H�D�Q���R�I���W�K�H���V�W�H�P���D�Q�G���S�U�H�Y�D�L�O�L�Q�J���Z�L�Q�G���G�L�U�H�F�W�L�R�Q�V����
�,�Q���D�O�O���S�U�R�¿�O�H�V���I�U�R�P���L�Q�W�D�F�W���S�D�O�P�V�����W�K�H���F�X�U�Y�H�V���Z�H�U�H���I�R�X�Q�G���W�R���R�V-
cillate along the whole drilling path, however the magnitude 
�R�I���W�K�H���G�H�Q�V�L�W�\���Y�D�U�L�D�W�L�R�Q�V���F�D�Q���E�H���V�O�L�J�K�W�O�\���V�P�D�O�O�H�U���L�Q���W�K�H���F�H�Q�W�H�U����
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Due to the grade of the missing density variations, di!erent levels of deterioration can be 
distinguished, such as incipient (yellow) and advanced (red):

Identi!cation of decay
�'�H�F�D�\�� �L�V�� �G�H�W�H�F�W�H�G�� �P�D�L�Q�O�\�� �E�\�� �L�G�H�Q�W�L�I�\�L�Q�J�� �S�U�R�¿�O�H�� �F�K�D�Q�J�H�V�� �L�Q�� �F�R�P-
�S�D�U�L�V�R�Q���W�R���W�K�H���W�\�S�L�F�D�O���S�D�W�W�H�U�Q�����,�I���W�K�H���G�H�Q�V�L�W�\���Y�D�U�L�D�W�L�R�Q�V���D�U�H���V�L�J�Q�L�I-
icantly smaller, this indicates incipient decay, if they are absent 
�D�Q�G�� �W�K�H�� �S�U�R�¿�O�H�� �O�H�Y�H�O�� �L�V�� �O�R�Z�H�U���� �W�K�H�� �G�H�F�D�\�� �L�V�� �D�G�Y�D�Q�F�H�G�����$�� �À�D�W�� �D�Q�G��
�V�L�J�Q�L�¿�F�D�Q�W�O�\���O�R�Z�H�U���O�L�Q�H���P�R�V�W�O�\���L�Q�G�L�F�D�W�H�V���D���Y�R�L�G���R�U���F�R�P�S�O�H�W�H�O�\���G�H-
�F�R�P�S�R�V�H�G���Z�R�R�G��

�,�I�� �D�Q�� �L�Q�V�S�H�F�W�R�U�� �L�V�� �X�Q�V�X�U�H�� �Z�K�H�W�K�H�U�� �D�� �S�U�R�¿�O�H�� �D�W�� �W�K�H�� �E�D�V�H�� �R�I�� �D�� �S�D�O�P��
shows decay, a reference drilling further up the stem (in the same 
�G�L�U�H�F�W�L�R�Q���D�Q�G���D�Q�J�O�H�����K�H�O�S�V���¿�Q�G�L�Q�J���W�K�H���Q�D�W�X�U�D�O���G�H�Q�V�L�W�\���Y�D�U�L�D�W�L�R�Q���S�D�W-
�W�H�U�Q���W�R���F�R�P�S�D�U�H���Z�L�W�K��

�&�H�Q�W�U�D�O���I�X�Q�J�D�O���G�H�F�D�\���L�Q���S�D�O�P���V�W�H�P�V���P�R�V�W�O�\���O�H�D�G�V���W�R���S�U�R�¿�O�H�V���Z�L�W�K��
�V�L�J�Q�L�¿�F�D�Q�W�O�\�� �V�P�D�O�O�H�U�� �R�V�F�L�O�O�D�W�L�R�Q�V�� �D�Q�G�� �D�� �O�R�Z�H�U�� �P�H�D�Q�� �S�U�R�¿�O�H�� �O�H�Y�H�O����
�7�R�W�D�O���G�H�F�R�P�S�R�V�L�W�L�R�Q���Z�R�X�O�G���O�H�D�G���W�R���D���V�H�Y�H�U�H���G�U�R�S���R�I���W�K�H���S�U�R�¿�O�H���D�Q�G��
�D���Q�H�D�U�O�\���À�D�W���O�L�Q�H��

Detecting Fungal Decay continued on page 12

Detecting Fungal Decay continued from page 7
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Contact your Nelson representative today 
to discuss your vegetation management needs:

Bob Turner Jr. at 1-856-694-4100
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equipment resources

Nationwide 24/7 crisis  
response

Unmatched safety recordIndustry leading
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If the pro•le arises slowly from the decayed area to the intact part, this mostly is related 
to a relatively rapid radial extension of the decay (ª>>>º):

If the pro•le drops down from intact into the decay, this mostly indicates that the decay 
stopped extending radially in this area (ª->|º):

Future extension of decay
�3�D�O�P�V�� �G�R�� �Q�R�W�� �V�K�R�Z�� �W�K�H�� �V�D�P�H�� �U�H�D�F�W�L�R�Q�� �S�D�W�W�H�U�Q�� �W�R�� �G�H�F�D�\�� �D�V��
�W�U�H�H�V�����G�H�V�F�U�L�E�H�G���E�\���6�K�L�J�R���L�Q���W�K�H���&�2�'�,�7���P�R�G�H�O�����6�K�L�J�R����������������
�%�X�W�����H�[�S�H�U�L�H�Q�F�H�V���I�U�R�P���U�H�S�H�D�W�H�G���P�H�D�V�X�U�H�P�H�Q�W�V���L�Q�G�L�F�D�W�H���W�K�D�W��

�W�K�H���V�O�R�S�H���R�I���W�K�H���G�U�L�O�O�L�Q�J���U�H�V�L�V�W�D�Q�F�H���S�U�R�¿�O�H���I�U�R�P���G�H�F�D�\���W�R���L�Q-
tact sections seems to represent the radial extension rate of 
the internal deterioration: the steeper the slope from decay to 
�L�Q�W�D�F�W�����W�K�H���V�O�R�Z�H�U���W�K�H���U�D�G�L�D�O���H�[�W�H�Q�V�L�R�Q���U�D�W�H��

Detecting Fungal Decay continued from page 8

Detecting Fungal Decay continued on page 15

Follow FL ISA on Facebook
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Some pro•les with bark (marked brown) in di€erent thicknesses:

Thick bark is not decay!
�7�K�H�� �W�K�L�F�N�Q�H�V�V�� �R�I�� �W�K�H�� �E�D�U�N�� �F�D�Q�� �Y�D�U�\�� �V�W�U�R�Q�J�O�\���� �H�Y�H�Q�� �R�Q��
�W�K�H���V�D�P�H���S�D�O�P�����6�R���L�W���K�D�V���W�R���E�H���F�D�U�H�I�X�O�O�\���G�L�V�W�L�Q�J�X�L�V�K�H�G��
�E�H�W�Z�H�H�Q���E�D�U�N���D�Q�G���S�R�W�H�Q�W�L�D�O�����H�[�W�H�U�Q�D�O���� �G�H�F�D�\�����7�K�H���S�U�R-
�¿�O�H�V���V�K�R�Z�Q���K�H�U�H���Z�H�U�H���P�H�D�V�X�U�H�G���R�Q���R�Q�H���V�L�Q�J�O�H���3�K�R�H�Q�L�[��
palm that was not pruned for many years, thus in some 

�D�U�H�D�V���W�K�H�U�H���Z�H�U�H���P�D�Q�\���R�O�G���I�U�R�Q�G�V���W�R���G�U�L�O�O���W�K�U�R�X�J�K�����,�W���L�V��
�L�P�S�R�U�W�D�Q�W���W�K�D�W���V�X�F�K���S�U�R�¿�O�H�V���D�U�H���Q�R�W���P�L�V�L�Q�W�H�U�S�U�H�W�H�G���D�V���L�I��
�V�K�R�Z�L�Q�J���G�H�F�D�\�����7�K�L�V���I�D�F�W���H�P�S�K�D�V�L�]�H�V���W�K�H���Q�H�H�G���I�R�U���G�L�U�H�F�W��
�L�Q�W�H�U�S�U�H�W�D�W�L�R�Q���R�I���W�K�H���R�E�W�D�L�Q�H�G���S�U�R�¿�O�H�V���R�Q���W�K�H���V�S�R�W�����/�D�W�H�U����
�E�D�F�N���L�Q���R�I�¿�F�H�����W�K�H���N�Q�R�Z�O�H�G�J�H���D�E�R�X�W���W�K�H���W�K�L�F�N�Q�H�V�V���R�I���W�K�H��
�E�D�U�N���R�U���I�U�R�Q�G�V���L�V���G�L�I�¿�F�X�O�W���R�U���L�P�S�R�V�V�L�E�O�H���W�R���U�H�F�R�Q�V�W�U�X�F�W����
�%�X�W�����Z�L�W�K�R�X�W���W�K�L�V���N�Q�R�Z�O�H�G�J�H�����L�W���L�V���L�P�S�R�V�V�L�E�O�H���W�R���U�H�O�L�D�E�O�\��
�L�Q�W�H�U�S�U�H�W���V�X�F�K���S�U�R�¿�O�H�V��

References on page 17

Detecting Fungal Decay continued from page 12
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References for Detecting Fungal in Palm Stems by Resistance Drilling from page 15


