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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 

d e t e c t i o n . 

But, because 

of the bark 

structure and 

the internal 

mechanical 

d e s i g n  o f 

palms, only 

gz v t gog n{"
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 

wuwcnn{"fgvgev"cpf"ogcuwtg"vjg"crrctgpv"urggf"qh"vjg"Ýtuv"
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 

qdugtxgf"*Tkpp"3;:;+0"Vjg"Ýtuv"ugtkgu"qh"fgxkegu"ycu"
uqnf" vq" uekgpvkuvu" cpf" vtgg/" cpf" vkodgt" gzrgtvu" hqt"
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 

vq"tgnkcdn{"ogcuwtg"yqqf"fgpukv{<"vjg"rtqÝngu"fkf"gkvjgt"
qxgt/vwpg"kp"tguqpcpeg"qt"ygtg"Þcv/fcorgf"cpf"fkf"pqv"
show both the real levels and the real variation of the 

wood density. In the naturally soft center of conifers 

qt" rcnou." uwej" rtqÝngu" qhvgp" ftqrrgf" fqyp" vq" ¦gtq"
although the wood was intact. In the soft sapwood of 

dtqcf"ngcxg"vtggu"vjg{"qhvgp"ujqygf"cp"gzrtguukqpnguu"
plateau that is often misinterpreted as sapwood-decay. 

Kp" pcttqy" vtgg" tkpiu." vjg" rtqÝngu" qhvgp" xctkgf" htqo"
¦gtq"vq"oczkowo"uecng."qxgt/"cpf"wpfgt/guvkocvkpi"vjg"
real values making it impossible to interpret the result. 

Vjwu."dqvj"ugpukvkxkv{"cpf"tguqnwvkqp"fkf"pqv"hwnÝnn"dcuke"
requirements a reliable measurement tool has to meet. 

Consequently, electronic regulation and recording was 

developed and shown to be critical and mandatory for 

qdvckpkpi"rtqÝngu"vjcv"ecp"tgnkcdn{"dg"kpvgtrtgvgf"kp"vgtou"
of wood condition (Rinn 1990). Because of that, only 

resistance drills with electronic regulation and recording 

ygtg"qhÝekcnn{"cnnqygf"vq"dg"ncdgngf"ykvj"vjg"vtcfgoctm"
ÐTGUKUVQITCRJÑ."rtqxkfkpi"c"nkpgctn{"uecngf"rtqÝng."
revealing wood density 

and its changes correctly 

(for details see: Basics of 

typical resistance-drilling 

rtqÝngu0"Yguvgtp"Ctdqtkuv."
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 

ftknn0"Vjg"rtqÝng"ku"rtkpvgf"ukownvcpgqwun{"kp"3<3/uecng"
on a mobile printer, automatically connected to the 

machine via Bluetooth. Because of several reasons, it 

ku"xgt{"korqtvcpv"vq"koogfkcvgn{"kpvgtrtgv"vjg"rtqÝng"qp"
the spot and determine its meaning for the evaluation 

qh"vjg"uvcdknkv{"qh"vjg"rcno<"ncvgt"kp"vjg"qhÝeg."cnn" vjg"
uwttqwpfkpi"rctcogvgtu"vjcv"oc{"kpÞwgpeg"vjg"rtqÝng"
are not present. And: if the interpretation is not clear, an 

additional drilling may be required. All this can only be 

fqpg"ghÝekgpvn{"qp"vjg"urqv0"

Tgukuvcpeg"ftknnkpi"rtqÝng"qh"c"eqeqpwv"rcno"uvgo"fkum"
showing incipient decay in the center.

Tgukuvcpeg"ftknnkpi"rtqÝngu"ctg"oquvn{"ujqykpi"tgncvkxg"
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
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TRI"Itqygtu"ctg"eqookvvgf"vq"gpjcpekpi"vjg"kocig"cpf"swcnkv{"
qh"hkgnf/itqyp"vtggu"vjtqwij"vjg"jctfgpkpi/qhh"rtqeguu0""

Tgugctej eqpvkpwgu vq ujqy vjcv jctfgpgf/qhh hkgnf/itqyp vtggu

Vq"Uwduetkdg"vq"vjg"TRI"Vkogu"Pgyungvvgt"qt"vq"tgswguv"
eqrkgu"qh"vjg"Vtgg"Itcfkpi."Rncpvkpi"qt"Rtwpkpi"Ewg"Ectfu"
eqpvcev"cp"TRI"ogodgt"qt"xkukv"yyy0tqqvurnwuitqygtu0qti

Tgugctej"eqpvkpwgu"vq"ujqy"vjcv"jctfgpgf/qhh"hkgnf/itqyp"vtggu"
ctg"oqtg"ykpf"tgukuvcpv."wug"ycvgt"oqtg"ghhkekgpvn{"cv"rncpvkpi."
guvcdnkuj"hcuvgt"chvgt"rncpvkpi."cpf"yjgp"rncpvgf"ykvj"eqpvckpgt"

vtggu"kp"c"ukvwcvkqp"qh"nkokvgf"ycvgt"qt"kttkicvkqp"yknn"jcxg"
ftcocvkecnn{"jkijgt"uwtxkxcn"tcvgu0
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V{rkecn"tgukuvcpeg"ftknnkpi"rtqÝng"qh"cp"kpvcev"eqeqpwv"rcno"*Eqequ"pwekhgtc+0"Kpvcev"rctvu"ctg"octmgf"itggp."vjg"
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
Cu"vtggu."rcnou"ecp"fgvgtkqtcvg"kpvgtpcnn{"cv"vjg"uvgo"dcug"d{"
hwpicn"fgec{."eqokpi"htqo"vjg"tqqvu0"Dwv."xkuwcn"fgvgevkqp"
is much more limited because palms do not show secondary 

growth and hence there is no outer response wood indicating 

eqorgpucvkqp"qh"uvtgpivj"nquu"fwg"vq"kpvgtpcn"fgec{0"Vcrrkpi"
ykvj"c"ocnngv" vjwu" ku" vjg"Ýtuv"qrvkqp" vq"gpjcpeg" vjg"fghgev"
fgvgevkqp0"Dwv."dgecwug"qh"vjg"dctm"uvtwevwtg"cpf"vjg"kpvgtpcn"
mechanical design of palms, only extremely hollow stages 

*oqtg" vjcp";2'+"oc{"dg"fgvgevgf" vjtqwij" tguqpcpv" uqwpf"
tgcevkqp"qh"vjg"uvgo"d{"vcrrkpi0

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 

rtqÝngu"htqo"rcnou"gpcdng"vjg"vtckpgf"wugt"vq"tgnkcdn{"kfgpvk-
fy even early stages of fungal decay with a measurement that 

qpn{"vcmgu"uqog"ugeqpfu0"Vjku"fqgu"pqv"crrn{"vq"ogejcpkecn"
tgukuvcpeg"ftknnu"ykvj"urtkpi/tgeqtfkpi"ogejcpkuou0

Typical resistance drilling pro!les of palms
Kpvgtguvkpin{." kp"eqeqpwv"rcnou"*Eqequ"pwekhgtc+."qhvgp"cr-

rtqzkocvgn{"315"qh" vjg" tcfkwu" ujqyu" c" ukipkÝecpvn{"jkijgt"
fgpukv{0"Vjku"uggou"vq"dg"c"ogejcpkecn"fgukip"twng"hqt"rncpvu"
of this architecture, weight distribution and wind load pat-

vgtp0"Tgcn"fcvg"rcnou"*Rjqgpkz"fcev{nkhgtc+"qhvgp"qpn{"ujqy"
3132"qh"vjg"tcfkwu"ykvj"c"ukipkÝecpvn{"jkijgt"fgpukv{0"Qvjgt"
Rjqgpkz" rcnou" oc{" ujqy" c" pgctn{" eqpuvcpv" fgpukv{" ngxgn"
cetquu"vjg"yjqng"fkcogvgt"qh"vjg"uvgo0

Uqogvkogu." vjg" rtqÝngu" ctg" u{oogvtkecnn{" ujcrgf." uqog-
vkogu"qpg"ukfg"qh"vjg"uvgo"ku"jkijgt"kp"fgpukv{"vjcp"vjg"qvjgt0"
Vjg"tgcuqpu"hqt"vjcv"ctg"pqv"{gv"hwnn{"wpfgtuvqqf"dwv"oc{"dg"
eqttgncvgf"vq"ngcp"qh"vjg"uvgo"cpf"rtgxcknkpi"ykpf"fktgevkqpu0"
Kp"cnn"rtqÝngu"htqo"kpvcev"rcnou."vjg"ewtxgu"ygtg"hqwpf"vq"qu-
cillate along the whole drilling path, however the magnitude 

qh"vjg"fgpukv{"xctkcvkqpu"ecp"dg"unkijvn{"uocnngt"kp"vjg"egpvgt0"
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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
Fgec{"ku"fgvgevgf"ockpn{"d{"kfgpvkh{kpi"rtqÝng"ejcpigu"kp"eqo-

rctkuqp"vq"vjg"v{rkecn"rcvvgtp0"Kh"vjg"fgpukv{"xctkcvkqpu"ctg"ukipkh-
icantly smaller, this indicates incipient decay, if they are absent 

cpf" vjg"rtqÝng" ngxgn" ku" nqygt." vjg"fgec{" ku" cfxcpegf0"C"Þcv" cpf"
ukipkÝecpvn{"nqygt"nkpg"oquvn{"kpfkecvgu"c"xqkf"qt"eqorngvgn{"fg-

eqorqugf"yqqf0

Kh"cp" kpurgevqt" ku"wpuwtg"yjgvjgt"c"rtqÝng"cv" vjg"dcug"qh"c"rcno"
shows decay, a reference drilling further up the stem (in the same 

fktgevkqp"cpf"cping+"jgnru"Ýpfkpi"vjg"pcvwtcn"fgpukv{"xctkcvkqp"rcv-
vgtp"vq"eqorctg"ykvj0

Egpvtcn"hwpicn"fgec{"kp"rcno"uvgou"oquvn{"ngcfu"vq"rtqÝngu"ykvj"
ukipkÝecpvn{"uocnngt"queknncvkqpu"cpf"c" nqygt"ogcp"rtqÝng" ngxgn0"
Vqvcn"fgeqorqukvkqp"yqwnf"ngcf"vq"c"ugxgtg"ftqr"qh"vjg"rtqÝng"cpf"
c"pgctn{"Þcv"nkpg0

Detecting Fungal Decay continued on page 12

Detecting Fungal Decay continued from page 7
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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 (“>>>”):

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

Future extension of decay
Rcnou" fq" pqv" ujqy" vjg" ucog" tgcevkqp" rcvvgtp" vq" fgec{" cu"
vtggu."fguetkdgf"d{"Ujkiq"kp"vjg"EQFKV"oqfgn"*Ujkiq"3;9;+0"
Dwv."gzrgtkgpegu"htqo"tgrgcvgf"ogcuwtgogpvu"kpfkecvg"vjcv"

vjg"unqrg"qh"vjg"ftknnkpi"tgukuvcpeg"rtqÝng"htqo"fgec{"vq"kp-

tact sections seems to represent the radial extension rate of 

the internal deterioration: the steeper the slope from decay to 

kpvcev."vjg"unqygt"vjg"tcfkcn"gzvgpukqp"tcvg0

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!

Vjg" vjkempguu" qh" vjg"dctm" ecp"xct{" uvtqpin{." gxgp"qp"
vjg"ucog"rcno0"Uq"kv"jcu"vq"dg"ectghwnn{"fkuvkpiwkujgf"
dgvyggp"dctm"cpf"rqvgpvkcn"*gzvgtpcn+"fgec{0"Vjg"rtq-

Ýngu"ujqyp"jgtg"ygtg"ogcuwtgf"qp"qpg"ukping"Rjqgpkz"
palm that was not pruned for many years, thus in some 

ctgcu"vjgtg"ygtg"ocp{"qnf"htqpfu"vq"ftknn"vjtqwij0"Kv"ku"
korqtvcpv"vjcv"uwej"rtqÝngu"ctg"pqv"okukpvgtrtgvgf"cu"kh"
ujqykpi"fgec{0"Vjku"hcev"gorjcuk¦gu"vjg"pggf"hqt"fktgev"
kpvgtrtgvcvkqp"qh"vjg"qdvckpgf"rtqÝngu"qp"vjg"urqv0"Ncvgt."
dcem"kp"qhÝeg."vjg"mpqyngfig"cdqwv"vjg"vjkempguu"qh"vjg"
dctm"qt"htqpfu"ku"fkhÝewnv"qt"korquukdng"vq"tgeqpuvtwev0"
Dwv."ykvjqwv"vjku"mpqyngfig."kv"ku"korquukdng"vq"tgnkcdn{"
kpvgtrtgv"uwej"rtqÝngu0

References on page 17

Detecting Fungal Decay continued from page 12
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Ykvj"vjg"fgxcuvcvkqp"vq"vtggu"kp"Hnqtkfc"d{"jwttkecpgu."uvqtou"cpf"Ýtgu."oknnkqpu"qh"fqnnctu"kp"xcnwcdng"vtgg"
tguqwtegu"jcxg"dggp"nquv."rctvkewnctn{"ykvjkp"vjg"rcuv"ugxgtcn"{gctu0""Lqkpvn{."vjg"Hnqtkfc"Wtdcp"Hqtguvt{"Eqwpekn"
*HWHE+"cpf"vjg"Hnqtkfc"Ejcrvgt"qh"vjg"Kpvgtpcvkqpcn"Uqekgv{"qh"Ctdqtkewnvwtg"*HE/KUC+"fgxgnqrgf"vjg"Vtggu-
6Hnqtkfc"rtqitco"yjkej"hqewugu"qp"ocmkpi"vjg"rwdnke"oqtg"cyctg"qh"vjg"pggf"vq"dg"xkikncpv"kp"uchgiwctfkpi"qwt"
vtggu"cpf"rtgugtxkpi"HnqtkfcÓu"itgcvguv"itggp"tguqwteg0""

Vjg"Vtggu"6"Hnqtkfc"rtqitco"jcu"rtqfwegf"c"xctkgv{"qh"Rwdnke"Ugtxkeg"Cppqwpegogpvu"*RUCu+"cxckncdng"hqt"
cp{qpg"vq"htgg"qh"ejctig0"Kpenwfgf"kp"vjg"ecorckip"ctg"Gpinkuj"cpf"Urcpkuj"rtkpv/swcnkv{"cpf"dtqcfecuv/swcnkv{"
RUC"cfu"cpf"urqvu0""Kpenwfg"vjgo"qp"{qwt"ygdukvg."Þ{gtu"qt"cp{"rtqoqvkqpcn"ocvgtkcn0

Ceeguu"vjgug"HTGG"RUCu"d{"xkukvkpi www.treesarecool.com="jqxgt"qp"ÒVtggu6HnqtkfcÓ"kp"vjg"ogpw"dqz"vq"vjg"
nghv"vq"ocmg"{qwt"ejqkeg"qh"cf"uv{ng0

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

Resistograph R650 https://www.arbor.tools




