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ABSTRACT 

Sinker heart\vood dries inore slowly than nornlal heartwood of western hemlock. Extrac- 
tion with ethanol or acetone and presteaming improved the rate of drying of sinker heart- 
wood. Electron nlicroscopy was used to examine bordered pits in normal and sinker 
heartwood and extracted specin1~:ns of sinker heartwood. Parallel capacitance was lowest 
in sapwood, higher in normal htmtwood, and highest in sinker heartwood. The range in 
capacitance was related to total extractive content at similar moisture contents. 

INTRODUCTION MATERIAL AND METHODS 

Western hemlock, Tsuga hc.terophylla 
(Kaf.) Sarg., is a major saw tirnber and 
pulping species from southern Alaska to 
northern California and east into the Inland 
Empire region. In processing we\tern hem- 
lock lumber, a major problem is the large 
variation in moisture content after kiln dry- 
ing. This problem has been discussed by 
Kozlik (1970) and is attributed directly to 
heartwood, which often includes zones of 
wood termed "wetwood," "sinher heart- 
wood," or "heavywood" becauscs of their 
very high moisture contents. Sinker heart- 
wood in unseasoned material has a distinc- 
tive odor, is characteristically darker, and 
appears wetter than adjaccnt normal heart- 
wood. Ring shake often is associated with 
sinker heartwood. 

This study was initiated to examine dry- 
ing characteristics, anatomy, and dielectric 
properties of sinker heartwood. I%esults re- 
ported in this paper include initial moisture 
conte~lts, specific gravities, drying rates, 
anatomical obscrvations, and dielectric 
properties. 
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The timber was from the Snow Peak area, 
which is east of Albany, Oregon, in the 
Cascade Range. Two-inch dimension and 
shop lumber were collected from the green 
sorting chain and pieces 2 ft long were 
sawed from the end of cach piece of lumber. 
Pieces with vertical or near-vertical grain 
were selected because wet zones would 
occur as well-defined strips along the grain 
and a rapid visual assessment of the area of 
sinker and normal heartwood in each piece 
could be made. A time-and-count \ystem 
was used to select lumber so that each 
piece would come from a different log. No 
effort, however, was made to insure that 
each piece was from a different tree. 

A total of 54 pieces of western hcmlock 
heartwood were sampled. During sampling, 
storage, and handling, care was taken to 
insure against moisture loss. 

Specific gravity and initial moisture con- 
tent were measured on a specimen cut 2 
inches from the freshly sawed end of each 
piece. For each specimen, the zones of 
sinker heartwood were separated from the 
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nornlal heartwood zones, and the moisturc 
content 'ind specific gravity of e x h  zone 
were determined. 

Ilrying rates, dielectric properties, and 
anato~ily were compared for several types of 
sample\. 

Drying rates 

Matched specimens of sinker and normal 
heartwood were compared for dr),ing rates. 

IGfteen of the pieces sampled at- the mill 
llad a strip of sinker heartwood at lcast 2.5 
iliclrcs wide immediately adjacent to a strip 
of normal heartwood at least 2.5 inches 
Ivicle. One specimen each of sinker heart- 
wood and normal heartwood w;is sawed 
from these adjacent zoncs in each piece and 
surfaced to :Yi by 2 by 18 inches (k  0.003 
inch). These matched specinlens \vc.re placed 
in a drying chamber controllrd at 100 F and 
ail ccl~iilil~rium moisturc content ( EMC ) of 
3.8% for 190 hr, or until the specimens 
nearly reached equilibrium. Sixtecm weigh- 
i n g ~  were made during the drying time, fol- 
lo\\7ed by oven-drying for rnoisturc content 
calculations. 

Matched specimens of sinker l~eart\vood 
unextractetl (control), extracted with 
ethanol or acetone, and prcsteai-iled were 
compared. 

Adjacent specimr~ns of sinker lieartwood 
were sawed across the thickneis of the 
original sample and surfaccd to 41 by 2 by 
18 inches (2 0.003 inch ) .  Tu enty-nine 
slwcimens were extracted with etlranol in a 
pressure vessel held at 125-130 I' at atmo- 
spheric pressure for 140 hr. T1-~irty-sevcn 
speciinens were extracted with acc:tone in a 
prcssure vcsscl at 145 F at 4 to 5 psi for 
168 hr. The solver~t changed after 80 
hr in each c,xtraction process. After each 
estraction, specimens \yere stickered and 
fan-dried for 10 days to remove excess 
solvent. Thirty-seven specimens were 
stc~amcd in a sinall kiln held at 212 F and 
99% relative humidity. A fourth specimen 
was cut as the control. Steamed and control 
specimens were fan-dried for 10 days with 
the extracted specimens to ensure similar 
trc\atments to all specimens. Thc moisture 

contcnt of the specimens, however, was not 
calculated after fan-drying. One ivould 
expect the moisture content of the extracted 
and steamed specimens to be lower than 
that of the control specimens, because dry- 
ing would occur during extracting and 
steaming. 

To restorc thc extracted and steamed 
specimens to their original unseasoned 
moisture content, all specimens including 
the controls were placed in water and 
treated at a vacuum of 29.9 inches of iner- 
cury for 3 hr, followed by 100 psi air pres- 
sure for 18 hr. The average green weight 
of all specimens before any extraction or 
steaming and after the water treatment 
tested not significantly different at the 5% 
levcl of probability. 

For o~ le  comparison, the drying rates of 
29 specimens that had been ethanol-ex- 
tracted were compared with the tlrying 
rates of the unextracted ( control ) speci- 
mens. Drying conditions were 70 F at 11% 
EMC for 94 hr, followed by oven-drying. 
The specimens were weighed six tirnes duF- 
ing the drying period. 

For another comparison, the drying rates 
of 37 matched sets of three s~ecirncns were 
comparcd. The comparison was for speci- 
mens that had been acetone-extracted, 
steamed, and unextracted (control ) . Dry- 
ing conclitions were 70 F at 11.3% E'MC 
for 64 hr, follo\ved by oven-drying. Five 
weighings were made during the tlrying 
period. 

Drying rates of matched specimens were 
compared by calculating moisture content, 
based on oven-dry weight, and expressing 
average drying rates as (1 )  moisture con- 
tent over time; as ( 2 )  E-value over time, 
where E is the fraction of evaporable water 
remaining in the specimen at any given time 
d and is calculated from the eauation E = 
( ~ c ; - c ~  ) / ( c0-c1 ) , where t~ is the moisture 
content of the specimen at time 8, cl is the 
cquilibrium moisture content for the tlrying 
conditions used, and co is the original mois- 
ture content of the specimen; or as ( 3 )  a 
diffusion coefficient calculated from the 
straight-line segment of the plot of loga- 
rithm of E and time (Lin and Kozlik 1971 ). 
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Dielectric properties 

Capacitance ( dielectric prope~ty ) at 1 
kHz was illeasured to examine the pos- 
sibility of characterizing western hemlock 
sapwood, normal heartwood, a l ~ d  sinker 
heartwood. The effect of moisture content 
above the fiber saturation point 011 dielectric 
behavior also was studied. 

Specimens were cut from u~~seasoiled 
pieces sampled at the mill. Fi.om each 
piece, many specimens :3 inches ( longitudi- 
nal) by 2 inches (radial) by 'A inch 
(tangential) were prepared and character- 
ized visually as sapwood, norn~al heart- 
wood, or sinker heartwood. Sapwood speci- 
mens were cut from those pieces that con- 
taincd thc cainbium zonc by having obvious 
\vane. A total of 658 specimens were pre- 
pared for dielectric measurements. 

The four-pin electrodes of a Ilelmhorst 
moisturc detector were con11ectt.d to the 
input terminals of a General R;idio 1650 
1nipcd:lncr Bridge. Increase. in R-C parallel 
capacitance (AC) was measured 'ifter elec- 
trodes had been inserted ?h inch into the 
green specimens. 

Moisture contents of all specirl~e~ls were 
determined by the oven-drying method. The 
extractive content also was determined for 
17 sapwood, 17 normal heartwood, and 23 
sinker heartwood specimens that had been 
selected randomly from those specimens 
with moisture contents l~etwee~l  90 and 
110% and used for dielectric measurements. 
These specimeils were ground ill a IViley 
mill to pass a 2-mm screen, extracted for 48 
hr in cold water (23 C ) ,  for 48 hr in hot 
water (70 C ) ,  and finally for 48 hr in 
benzene-alcohol (1:2 mix) in a soxhlet 
extractor. 

Anatomical studies 

Bordc~red pit membranes from normal 
heartwood and sinker heartwootl were ex- 
amined with the transmissior~ electron 
microscope, by the direct carbon replica 
technique (CBt6, et al. 1964) ant1 with the 
scanning electron microscope bj the tech- 
nique outlined by Collett ( 1970 ). Speci- 
mens uscd in electron microscop!- were cut 

M O I S T U R E  CONTENT, P E R C E N l  

FIG. 1. Distrib~~tion of unseasoned moisture 
contents in nor~iial and sinker heartwood. 

froill the oven-dried controls used for com- 
parison of drying rates of acetone-extracted, 
steamed, and control specimens. 

RESULTS AND 1)ISCUSSION 

Thc initial moisture content averaged 
66.1% (range, 32.9 to 152.4%) for normal 
heartwood and 153.0% (range, 108.4 to 
185.7% ) for sinker heartwood ( Fig. 1 ) . The 
high initial moisture content for some nor- 
rnal heartwood zones might be attributed 
to the presence of sapwood. Only five 
specimens of the normal heartwood out of 
54 had moisture contents above loo%, how- 
ever. 

Average specific gravities, based on green 
volume anti oven-dry weight, were 0.426 for 

FIG. 2. Drying curves for nornlal and sinker 
heartwood. 
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]?I(:. 3 .  Colrlparison of ev;lporabl(> water in 
normal and sinker heart~vood. 

normal heartwood and 0.443 for sinker 
heartwood. This differenct. was significant 
at the 5% level of probability, and Schroeder 
and Kozlik (1972) concluded that the 
higher specific gravity for sinker l~eartwood 
could be accountcd for fully by a higher 
content of extractives. 

Drying rates 

The relation of moisture content and 
time for sinker and normal hea~twood is 
shown in Fig. 2. A large difference exists 
between the two curves because the normal 
heartwood reached a lowcr moisture con- 
tent in the shortest time. There Xvas a sig- 
nificant diffcrence (a t  the 1% levrl of prob- 
ability) between the average moi\ture con- 
tents for normal ancl sinker heartwood speci- 

mens at each of the 16 times during the 
drying period when the specimens were 
weighed. 

The E-time relation for sinker and nor- 
mal heartwood is shown in Fig. 3. Normal 
heartwood again exhibits faster drying. 
Analysis of average E-values for sinker and 
normal heartwood at each of the 16 weigh- 
ing periods throughout the drying cycles 
was significantly different at the 1% level 
of probability. 

Thc average diffusion coefficient for nor- 
mal heartwood was 1.3891 cmvhr with a 
standard deviation of 0.20 cm2/hr, and for 
sinker heartwood 1.1688 cm2/hr with a 
standard deviation of 0.26 cmvhr. Analysis 
of variance for difference between the aver- 
age diffusion coefficients of normal heart- 
wood specimens and sinker heartwood 
specimens was significant at the 1% level of 
probability. Therefore, the three methods 
of calculating moisture loss showed that 
sinker heartwood reaches a lower moisture 
content significantly more slowly than nor- 
mal hcartwood. Because the movemcnt of 
water from wet pockets in hemlock during 
initial stages of drying possibly is depen- 
dent on liquid flow through openings in the 
cell wall, the lack of much drying of these 
wet pockets could indicate that deposits 
of extractives and other encrusting materials 
are blocking these openings. The primary 
openings between contiguous tracheids are 
bordered pit pairs, and deposits on the pit 
membranes have been shown to reduct, the 
porosity and permeability of wood ( Seba- 
stian et al., 1965). 

Bordered pit membranes were examined 
from both the air-dried sinker heartwood 
and the normal heartwood cells by the 
clirect carbon technique for electron micros- 
copy. Differences in the amount of ma- 
terials deposited on the membranes from 
each zone were quite noticeable, as shown 
in Figs. 4, 5, and 6. 

Pit membranes such as the one shown in 
Fig. 4 were observed in the heartwood 
zones. The incrustation of this pit mem- 
brane is typical for pits found in normal 
heartwood of western hemlock (Krahmer 
and C8t6 1963). Openings are still evident 
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FIG. 4. Bordered pit membrane irl normal heartn~ood of wertern hemlock. Incrustation ot the pit 
n ~ r ~ m l , ~ , ~ n r  i5 typical of tli,tt ol,5er\ed In nonnal hea~t\\,ood. 7 5 0 0 ~ .  

1)etwerrl the s t r a~~d ,  in the m a ~ g o  of the 
a~cmbrane. It pit aspiration ha\ not com- 
pletely scaled the aperture because of sur- 
face irregularities of thc torus ;~nd  surface 
irregularities of the pit borcler cmsed by a 
warty layer, fluid movcrlient wo111d be pos- 
sible through this pit pair. 

In tho sinker heart\vood, pit inembranes 
such a, those shown in Fig. 5 WCI e observed. 
The mernl~r~~nes are coated corn] ~letely with 
depos~tecl lllateiials and a rninirllal 'mount 
of licluid flow would I,(, cxpectc.d through 

tllesc pits. Diffusion through the cell wall 
could be reduced because of the heavy de- 
posits '1150 observed on the surface of the 
cell wall adjacent to the lumcn (Fig. 6).  

If the deposits were re~lloved from pit 
areas and cell walls, an improved drying 
rate in sinker heartwood might be expected. 
This was examined by compari~lg the dry- 
ing iates for unextracted, extracted, and 
stcarnccl sinker heartwood. 

A different drying schedule was ~ised to 
coinpare the drying rates of- cthanol-cu- 
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FIG. 5 .  Heavily encrusted bordered pit membrane observed in sinker heartwood of western helnlock. 
7 5 0 0 ~ .  

tracted and unedracted specimeils than was 
used for acetone-extracted and steamed 
specimens. Therefore, matched pairs of 
ethanol-extracted and unextracted speci- 
mens of sinker heartwood were prepared 
and a statistical analysis of drying rates was 
made for this comparison alone. Figure 7 
shows the E-time relationship, and Fig. 8 
shows the moisture content-time curve. 
These results show the extracted specimens 
reached EMC sooner than the unextracted 
or control specimens. Analysis of variance 

for difference in average E-values and rnois- 
ture contents at the six weighing periods 
was significant at some of the weighing 
times, as shown in Table 1. 

Average diffusion coefficient for unex- 
tracted specimens was 0.3981 cmvhr, with 
a standard deviation of 0.06 cm2/hr, and for 
extracted specimens 0.3761 cm2/hr, with a 
standard deviation of 0.08 cm2/hr. No sig- 
nificant difference (a t  the 5% level of 
probability) was found, however, between 
the average diffusion coefficients of un- 
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Frc:. (3. Deposits of encrusting rnatcrials on the cell wall in sinker heartwood of western h(~in1ock. 
3000 x . 

extracted and extracted specin~eils and, 
therefore, no difference in drying rates, at 
least during the drying time between 
about 20 and 45 hr, where the E-time 
curve is a straight line. Altho~igh there 
wcre significailt differences in moisture 
conteilts and E-values during the 46- 
to 70-hr drying period, these actual dif- 
ferences are small and ethanol extrac- 
tion of sinker heartwood appearc d to have 
o n l y  a s l igh t  i n f l u e n c e  o n  the d r y i n g  p r o p -  

erties. Thc total amount of extr,ictives re- 

moved by ethanol was not calculatctl, but 
complete extraction of the individual speci- 
mens might not have been accomplished 
and longer extraction times possibly would 
change these results. In a study by lleycr 
and Barton ( 1971 ) , the difficulty of totally 
extracting solid wood was illustrated for 
western red cedar. 

A group of :37 matched sets of threc speci- 
inens of sinker heartwood was used to com- 
p a r e  d r y i n g  r a t e s  of ace tone -ex t r ac t ed ,  
steamed, and control specimens. The E- 
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8, HOURS 

Frc:. 7. Coinparison of c:vaporal)le water in 
ethanol-extractt.tl ant1 control speciincn!; of sinker 
heartwood. 

time relation is illustrated in Fig. !I and the 
moisture content-tirne curve is shown in 
Fig. 10. 

Drying tirne was reduced by act:tone ex- 
traction and stearning of sinker hem-twood. 
Past studies (Ellwood and Erickson 1962; 
EIl\voocl and Renveiluti 1964) ha\.e shown 
increased permeability in redwood and 
southern pine by prestoaming. Kernoval of 
extractive, materials with acetone and hot 
\t8:iter from stealnilkg perhaps ca~ised sig- 
nificant removal of extractives Froin pit 
areas to provide frcw mo\-emcnt of mois- 

5 140 [ E X T R A C T E D  

- 
'0 2 0  4 0  60 80 100 

D R Y I N G  T I M E ,  HOURS 

FIG. 8. Drying cnrvcs for ethanol-extracted and 
control spt.cimcns of sinker heartwood. 

ture. Figures 11 and 12 arc scailni~lg elec- 
tron micrographs of bordered pits in ace- 
tone-extr'icted specimens. Some renlo! a1 of 
incrustations, along with actual rupt~~r ing  
of the ineinbr;~ne, would appear to make 
these pits more permeable. Analys~s of 
variance of E-values and moisture (.ontents 
at the five weighing periods had signiticant - - 

differences when comparing acctoilth-ex- 

- -- . . -- - .- - 
F-value at each \rrighinq period' 

Control and I'xtrk~cted 
E-value 1.821 5.499" 12.14*" 13.63** --. " el** 0.256 
bloistt~rr Content 0.2-!5 2.682 8.570*" 9.881"* 14.88** 6.400* 

IF-distrihr~tion with 1 ;~n( l  56 drsr r rs  of freerlom; * indic;~trs sisnific;~ncr at the 0.05 level and * *  nt thr 0.01 
lv..c.l of pr~~lxll~il i ty.  
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8 ,  HOURS 

FIG. 9. Conlparison of aceton,.-extracted, 
steamed, and control specimens of siliker heart- 
wood. 

tracted, steamed, and unextracted (control) 
specimens, as shown in Table 2. A her about 
10 hr of drying, the extracted ant1 steamed 
specimens averaged lower moisture con- 
tents than the control specimens, and the 
extracted specimens approached EMC 
sooner than did the steamed specimens. 

Average diffusion coefficient for unex- 
tracted specimens was 0.4716 cm2/hr, with 
a standard deviation of 0.04 cm2/hr; for 
extracted specimens was 0.4949 cm2/hr, 

2 
O 0 20 40 60 

D R Y I N G  TIME,  HOURS 

FIG. 10. Drying curves for acetone-extracted, 
steamed, and control specimens of sinker heart- 
wood. 

with a standard deviation of 0.03 cn12/hr; 
and for steamed specimens was 0.5082 
cmvhr, with a standard deviation of 0.05 
cm2/hr. Results of analysis of variance for 
differences in averages of diffusion coef- 
ficients were: control and acetone-t:xtracted 
specimens were significantly different at the 

T A ~ L E  2. 4nalysi~ of cariance of E-zrc~~zres and moisture content oj acetone-extracted, rteanrc~rl, and 
coiltr ol specimnls of sinker heartuoocl 

Source 

Control and Extracted 
E-value 
Moisture Content 

Control and Steamed 
E-value 
AIoisture Co~rtent 

Extracted and Steanled 
E-value 
hloisture Content 

F-value at each weirhing prriodl 

IF-distribution with 1 and 72 degrees cl t  freedom; * indicates significance at the 0.05 level and * *  at  the 0.01 
Icvel of pr~hahility. 
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FI~:. 11. Scanning electron n ~ i c r o g r a ~ ) ] ~  of a bordered pit nlelcll~rane in acetone-extracted sinker Ilcnrt- 
\\ood. Re~~lo\. ;~l of some encrusting m;iti~ri;~l.s appeared to occi~r in t h i  c,xtr.:lcted wood. 8 0 0 0 ~ .  

5% level of probability; control ant1 steamed cocfficicrrt was measured. Duriqg thc first 
specimens were significantly different at 30 hr of drying, the extracted specimens 
the 1% lcvel of probability; and extracted have a steeper of line on the E-tilne 
and steamed specimens had no significant curve, but after 30 hr the steamed speci- 
difference. The moisture content-time and have a slope, which illdicates 
E-time curves (Figs. 9 and LO) indicate that that ill the initial part of dryillg the ex- 
the extracted specimens dried faster than 
the stealned specimens. The average diffu- tracted specimens had a higher diffi~sion 

sion coeffic.ellt for specin-le,,s, how- coefficient than the steamed specimens, but 

ever, was greater than that for extracted after approxin1atel~ 30 hr of drying the 

specimells merely because of tht.  position steamed specimens had a higher diffusion 
of the E-time curve whew the diffusion cocfficient than the extracted specimens. 
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Frc:. 12. Scanning electron microprap11 of ruptured bordered pit nlernbrane in acetone-extracted 
sinker heartwood. 13,000X. 

Dielectric properties 
The effect of moisture content of parallel 

capacitancc was observed to detc rmine the 
possibility of characterizing sapwood, nor- 
mal heartwood, and sinker Ilcartwood. 
Moisture contents of test specimcwi ranged 
from 25 to 204% and the parallel capaci- 
tance ( h C )  ranged from 190 to :i,560 pico- 
farads ( p F ) .  The parallel capacitance was 
plotted agaimt those moisture contents 
above the fiber-saturation poi~lt, where 
point5 on the graph \vercx quitc scattered 

and were not significantly different ;it the 
5% level of probability for sapwood, heart- 
wood, and wetwood. Scattering of points 
was greater at higher moisture levels; how- 
ever, parallel capacitance at a given mois- 
ture content was highest for wetwood and 
lowest for sapwood. 

The parallel capacitance of wood is in 
part attributable to a complex rnotle of 
polarization, which includes ionic and 
dipolar polarization. These two ]nodes of 
polarization are a function of the number 
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TABLE 3. Extractive conteiltr of wester11 hemlock of different tlielectric behavior at moisture range of 
90-110 % 

Extraction' 
Capacitance Number of - 

Groun range ( pf i Tyr~e speclniens Part Range ( % Average ( % ) 
- - 

I 300-600 Sap 15 
Avg 504 Heart 3 

I1 600-900 Sap 2 
Avg 793 Heart 12 

Wet 1 

111 900-1,300 Heart 2 
Avg 1,135 Wct 11 

Cold 
Hot 
B-a 
Total 

Cold 
Hot 
B-a 
Total 

Cold 
Hot 
B-a 
Total 

1V 1,300 and up \\Jet 11 Colt1 1.6874.974 3.166 
Avg 2,750 Hot 0.932-3.787 2.368 

B-a 0.905-2.906 1.776 
Total 4.862-10.938 7.310 

' Percentage of extractives based on oven-dry weight. Cold-cold water ( 2 3  C )  extraction for 48 hr. Hot-hot water 
(70 C:) extraction for 48 hr. B-a-Benzene-;11coho1 (1:2 mix) for 48 hours. Total-total extracted contents. 

of polar substances and their degree of 
freedom. Ionic polarization also depends 
on the co~~centration and typei of ions 
present in the solution. Increast: in con- 
ductivity ok wood because of illcrease in 
the number of ions also would (contribute 
to a higher parallel capacitance. 'This num- 
ber of ions in wood might be 'lssociated 
with the amount of water-soluble c~xtractives 
present. Table 3 shows the extractive con- 
tents of four groups of specimen\ arranged 
,~ccording to increasing parallel capacitance. 
These specimens were those with moisture 
contents between 90 and 110%. Group I, 
with a capacitance range from 300 to 600 
pF, contains 15 sapwood and 3 lieartwood 
specimens and has an average total extrac- 
tives content of 1.73%. Group I1 contains 2 
sapwood, 12 heartwood, and 1 wetwood 
specirneil and has an average total extrac- 
t i ve~  content of S.:34%. Groups I I1 and IV 
contain mostly wetwood specimens and 
have the highest extractives content of 9.08 
and 7.3%, respectively. The extractives con- 
tent of illdividual specimens ovel laps some- 
what from group to group, although the in- 
crease in capacitance and extractilres content 

from sapwood to heartwood to wet- 
wood is evident from the data. Classifica- 
tion of hemlock wood into sapwood, heart- 
wood, and wetwood can be difficult and 
was done here by visual observation, which 
might account for some of the variation in 
the types of samples found in each group. 

CONCLUSIONS 

Sinker heartwood of western hemlock has 
a higher specific gravity and initial moisture 
content than normal heartwood. 

Drying of sinker heartwood is much 
slower than normal heartwood. Extraction 
with ethanol or acetone and steaming of 
sinker heartwood before drying improved 
the rate of drying or equalization to a ~ i v e n  
condition of EMC over matched control or 
untreated specimens of sinker heartwood. 

Parallel capacitance of green wcstem 
hemlock was highest in wetwood, some- 
what lower in normal heartwood, and lowest 
in sapwood at a given moisture content. 
The range in capacitance was related 
closely to the total extractives content of 
specimens from the different zones that had 
similar moisture contents. 
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