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TEMPERATURES NECESSARY TO KILL FUNGI IN ﬂOODl

By
MAE SPRADLING CHIDESTERS
Junior Pathologist, Division of Forest Pathologyﬁ
Bureau of Plant Industry, U, S. Department of Agriculture

INTRODUCTION

Because incipient decay in wood is frequently difficult to
detect, poles, piling, cross ties, and heavy structural timbers which con-
tain decay organisms are often considered sound. Operators of wood-pre-
serving plants as well as the people who use treated materials frequently
inquire whether the temperatures employed during treating processes are
sufficient to kill any fungi that might be iﬂ the wood. Slmélar questions
arise in connection with kiln drying. Hoxie— Hubert2 , Long2, and Snelll
reported the temperatures to which wood was subgcﬂted 1n order to kill
fungi in it, but their dataare of limited applicatiog, g}nis nglrecord vias
made of the internal temperatures obtained, MacLsz recently
showed that the internal temperature attained by wood under heat treatment

lPresented before the 33rd annual meeting of the American Wood-Preservers'
Association, New Orleans, La., January 26-28, 1937.

gThe author wishes to express her appreciation to C, A, Richards and J. D,
MacLean for their helpful suggestions and criticisms during the investi-
gation reported in this paper, and to M. E. Dunlap and R. C. Rietz for
their assistance in the construction of some of the apparatus used in
the experiments,

}Maintainad at Madison, Wis., in cooperation with the Forest Products
Laboratory,

&beie, F. J. Dry rot in factory timbers., Inspection Dept., Associated
Factory Mutual Fire Insurance Companies, Boston, pp. 23-38. 1930,

5Hubert, E. E, The heat treatment of infected wood, Hardwood Record /7
(12): 15, 18, 20, Oct. 10, 1924; 58(1): 18, 20, Oct, 25, 1924,

émong, W. Ho When is rot not rot? Amer. Wood-Preservers' Assn. Proc.
1925, pp. 202-219; and 1927, pp. 70-77.

1Snell, W. H. The effect of heat upon the mycelium of certain structural
timbér-destroying fungi within wood, Amer, Jour, Bot. 10:399-411,
Qct. 1923%.

(Footnotes &, 9, 10, 11 on page 2.)
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depends upon the species of wood wsed, the dimensions and moisture content
of the materials, as well as the temperature and time to which the wood is

exposed.

The purpose of the investigations reported here was to determine
the internal temperatures and their durations necessary to kill certain
fungi in wood.

METHODS

Sapwood sticks cut from green loblolly pine (Pinus taeda Linn.)
1 by 1 by 10 inches, were placed in 500 by 50 mm test tubes containing 50
ce of distilled water. Each stick was supported on glass so that its lower
end came within 1/2 inch of the surface of the water. The tubes were then
plugged with cotton and sterilized by steaming for 30 minutes at 212° F.
After the wood cooled it was inoculated with either Poria incrassata (B.
& C.) Burt., Lenzites sepiaria Fr., or Lentinus lepideus Fr. The first
named is the most common building rot fungus in the South, and the others
are common decay fungi in pine products. These sticks were incubated at
room temperature (72° to 90° F.) until they were thoroughly infected with
the fungus. This usually required a period of 4 to 6 weeks, In order to
determine whether the sticks were thoroughly infected, 1 out of each 10
(sclected at random) was split and 12 bits of wood (about 1/8-inch cubes)
were cut from the interior and planted on malt agar. Any fungi living in
the sticks grew out on the agar.

When the sticks were thoroughly infected, they were removed from
the tubes and the surface fungous growth was removed by scraping. One inch
was sawed from each end of the sticks for moisture determinations. These
moisture samples were weighed immediately and dried in a drying oven (212°
F.) for 24 hours or more and weighed. The moisture content was determined
by the following formula:

Moisture percentage = (original weight - oven-dry weight) 100
( oven~dry weight )

The sticks werc heated either in steam, between hot plates, or in
hot air. A record was kept of the internal temperatures in the wood and

EMa.cLean, Je D. Studies of heat conduction in wood. Results of steaming
green round southern pine timbers. American Wood~Preservers' Assn.
Proe. 1930, pp. 197-219.

2 Studies of heat conduction in wood. Pt. II. Results of
steaming green sawed southern pine timbers. Amer., Wood-Preservers!'
ASSI’I. PI‘OC. 1932, ppo 303“’330-

= Temperatures in green southern pine timbers after various
steaming periods. Amer. Wood-Preservers' Assn. Proc, 1934, pp.355-373.

T Temperature and moisture changes in Coast Douglas fir.
Amer. Wood-Preservers' Assn. Proc. 1935, pp. 77-103.
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the temperatures applied at the surfaces of these sticks. MacLean's
method of measuring internal temperatures was followed. A thermocouple
was inserted in a 1/16-inch hole that extended approximately to the center
of the stick (Fig. 1). A white pine peg was used to plug the hole and
hold the thermocouple in place during heating. Care was taken not to
bind the thermocouple with the peg.

The methods of heating the sticks were as follows: In an auio—
clave at 212° F.; between two heated plates at 212°, 194°,185°, 167°,
149° F.; and in an electric drying oven at 194°, 185° 16?° and th° F.
with relative humidities ranging from 35 to 40 percent and 90 to 97 percent.

Preliminary tests were run with each heat treatment to narrow
the range of temperature and heating periods that would kill the fungi.
More extensive tests were then run using these eritical ranges.

Sticks to be heated with steam (212° F.) were placed on a wire
rack in a preheated autoclave (26 by 36 inches). Two records of the
temperature within the autoclave were taken: one with a thermocouple lead-
ing from near the stick (about 1 inch away) through a rubber stopper in
an opening at the top of the autoclave to a potentiometer indicator; and
one taken with a thermometer built into the autoclave so that it measured
the temperature 3 inches from the top. The internal temperature of the
stick was measured with a thermocouple placed inside the stick, as
already explained (Fig. 1).

Sticks heated by the plate mcthod were placed between hollow cast
iron baffle plates (3 by 18 by 18 inches), which were heated by hot circu-
lating motor oil (Pig. 2). The oil, heated in a tank by an eleciric
heater, was circulated through the plates as indicated in the diagram.

The temperature of the oil, and,consequently, the temperature of the
plates, was held constant while the specimens were heated. The tempera-
ture of the plates was measured on the top and bottom by thermocouples.
A specimen heated between the plates was flanked on the sides with two
pieces of wood the same size as the specimen to prevent evaporation of
moisture.

The use of heated plates for temperature studies on wood was
initiated by MacLean of the Forest Products Laboratory. The hot-plate
method was adopted in order to heat wood specimens below the temperature
of steam (212° F.) and yet cmploy 2 method of heating similar to steam in
its effect on green wood,

The apparatus used to heat the wood specimens in moist air was
a constant temperature drying oven with an automatic humidifier. In brief,
the humidifying system congisted of a wood-element hygrostatlg set on the

12
— Loughborough, W. K., and Rietz, R. C. A sensitive wood element hygrostat.
Instruments 5(6):143-14k, Al5, June 1932.
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ingide of the oven, which, through an clectrically controlled circuit,
operated a water evaporator. The relative humidity was determined by

the dew point methodl3 and the wet and dry bulb method. An electric fan
was used to circulate the air in order to maintain a uniform temperature
and humidity within the oven. The internal temperature of the sticks

and the temperature of the oven were recorded as described for the
steaming experiments.

As soon as the heated sticks were cooled they wére split. From
6 to 8 small pieces were taken from the radial face of oné of the sections
of the stick, as shown in Figure 1, and planted on sterile mal® agar.
These transplants were kept at room temperature for at least 3 weeks
before records were taken on the presence or absence of fungous grewth.
If no growth occurred it was concluded that the fungus had been killed
by the heat to which the piece had been exposed.

RESULTS AND RECOMMENDATIONS

The resultes obtained from heating sticks infected with
Lentinus lepideus, Lenzites sepiaria, or Poria incressata at different
temperatures applied at the surface for different lengths of time are
recorded in Table 1. Table 2 shows, for the external temperatures applied,
the minimum duration of heating required to kell the fungi, and the average
internal temperatures of the sticks at intervals during the heating, for
each of the heating methods., Fach temperature shown in Table 2 is an
average of 8 or more determinations., Table 2 also shows, for sticks
heated in air with a relative humidity of 35 to 40 percent, the internal
temperatures at intervals during a 12-hour period for an external tempera-
ture that failed to kell the fungus during the period. Lentinus lepideus
and L, sepiaria were consistently more resistant to heat than P. incrassata.

Of the three fungi tested, L. sepiaria was the most resistant
to heat; however, there was not a great deal of difference between the
resistances of this fungus and L. lepideus. The results obtained from
heating sticks infected with L. sepiaria were used to plot the curves
shown in Figure 3.

! 4 given internal temperature required a longer period to kill
fungl-when the sticks were in an atmosphere of 35 tonﬁo percent relative
hum:.dlt;!r then when in one of 90 to 97 percent (Fig. 3). Since the atmos-
phere within the sticks heated between plates was almost saturated, one
would expect the length of time required to kill at a given temperature in
the case 9f sticks heated between plates would be little different from
tha? ?equlred in air at 90 to 97 percent relative humidity. This is
verified by results shown in Figure 3. In two out of three comparable
temperatures in these two treatments the duration required to kill was the
same, In one case, 149° ¥., the duration required to kill was somewhat
‘Tonger in the moist air, 90 to 97 percent relative humidity.

13

Marvin ?. F. Vapor pressure, relative humidity, and temperature of the
dew point. U, S. Dept. Agr. Weather Bureau, No. 235, p. 11. 1915.
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There seemed to be no difference in the effect of moisture con-
tent of sticks from 30 to 100 percent on the killing of the fungi.

On the basis of the results shown in Figure 3, recommendations
on the length of time wood must be heated at certain temperatures in order
to kill fungi may be made. The recommended heoating periods given in
Table 3 werc based on the time of heating after the temperature reached
approximately 150° F. For instance, the data showed that Lenzites sepiaria
was killed after it was heated by the plate method 51 minutes at 1HG° F.;
however, 60 minutes at 150° F. was considered a desirable time-temperaturec
to be rocommended in order to be on the safe side., Information regarding
the length of time a given temperature must be applied to the surface of
wood of different sizes in order for the wood to reach a certain internal
temEeratﬁre at a given point in the wood may be secured from MacLean's=’
2, 10, I} charts. The information in these charts applies to wood heated
either in steam or hot oil. As yet no work has been published showing the
conduction of heat in wood heated in air., The results of experiments
reported here show that temperature rise in sticks heated in air with a
relative humidity of 90 to 97 percent was just as rapid as the rise in
sticks heated between plates, and much more rapid than the rise in
temperature within sticks heated in air with a relative humidity of only
35 to U0 percent., All sticks treated had a moisture content above fiber
saturation, which meant that unless the relative humidity of the air in
which they werec heated was neor saturation, moisture would evaporate from
the sticks. The temperature within a stick would not rise to the tempera-
ture applied at the surface of the wood until eveporation no longer took
place, because of the cooling effect of the evaporation.

CONCLUSIONS

The results indicate that any of the three fungi tested will be
killed if the temperature in the wood is maintained for 60 minutes at 150°
F., 30 minutes at 170° F., 20 minutes at 180° F,, 10 minutes at 200° F,, or
5 minutes at 212° F., providing the moisture content of the wood remains
above fiber saturation during treatment. This condition will exist as long
as the medium through which heat is appliedat the surface of wood (for
example, steam or oil) allows little water loss.

The results obtained from heating infected wood in air with 35
to 4O percent relative humidity indicate that higher tomperatures or longer
periods of exposure than thosc mentioned above are required to kill fungi
within wood where conditions surrounding the wood allow it to dry out dur-
ing treatment.

14
—MacLean, J, D, Menual on preservative trcatment of wood by pressure,

U. S. Dept. Agr. Misc., Pub, No. 224. Aug. 1935.
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Table 1.--The results obtained from heatinz 1 by 1 by & inch Pinus taeda sticks
infected with fungi at various temperatures for different lengths

of time
149° ¥, Applied at Surface of Sticks
$ Mcthod of heating
: : : Moist ailr
:Length: Hot plate e e e
Tanges @clief 4 : Relative humidity --
: time : : 90 to 97 pereent ¢ 35 to 4O percent
heatedi~vem—memae e o e L =
. :Number of:Percent of :Number of:Percent of :Number of:Percent of
- : sticks :sticks with: sticks :sticks with: sticks :sticks with
Minutes: treated :fungus dead: treated :fungus dead: treated :fungus dead
Poria in- : 6 3 : 67 : - g $
érassata : 20 3 : 100 : : : 9 : 100
30 10 : 100 : g : 100 : EE : 100
v B8 g 3 - : : : 100
: 120 : : Y : 100
Lentinus : 20 : 2 2 0 - : :
lepideus : 30 2 : EO : : : :
IR G Bt R 7 : : :
60 : 10 : G v : : 4y 0
75 10 66 ¢ 10 : Lo : -
g 90 ¢ - : 7 : 86 : :
2 320 3 ; : 8 . 100 L 0
: 180 : : : 4 : 25
s A0 2 : g : 6 : 0
BN & . : ¥ > 5 100
¢ el % : : - $ oAy : g8
Lenzites : 20 e : 0 : $ : 3
sepiaria : 0 2 : 0 : ; : :
B & i B | 3 ? : !
: 60 9 3 g? $ : 3 L : 0
¢ o5 29 H 100 : g : 67 : :
¥ HO 3 : : ¥ : il .
: 120 : : g 100 : L : G
: 180 : : : : L - o)
: 300 ¢ : : : : 6 : 17
: 420 : : : 5 : 60
VR § : : SR 7 : &2

(continued on next page)

R1148




Table 1 (continued)
i 167° F. Applied at Surface of Sticks

3 Method of heating

Length’ : Moist air

: tgie : b N3 Relative humidity —-
: ’heated : 90 to 97 percent : 35 to 4O percent
] : :Namber of:Percent of :Number of:Percent of :Number of:Percent of

: sticks :sticks with:; sticks :sticks with: sticks :sticks with

hinutes: treated ffungus deadf treated fungus dead' treated fungus dead

P+ in- = S 10 3 100 10 : 100 s 16 100

crassata : 60 : : : : s b : 100
L. s 20k 3 : 67 : : ; :
legpideus : 30 @ 10 2 100 i ED s 100 : -
! I 1 : 100 : ¢ : !

: 60 ¢ : : 100 : : : L ; 50

m : : : : 5 : 50

¢ 90 2 : : : : b : 75

0 i B H : : : 6 X Ty

: 180 r 4 § : 11 : 100

2ho : : : s 10 : 100
L, IO Sl 3 I 100 : : : :
sepiaria : 30 : 10 ! 100 § 10 . 100 ; :
: Boes 1 3 100 : . : H

S R SR : s 50

B 3 : : : ! L : 25

r L8R g : : : : b : 25

: 120 : : : 6 : 0

v k2@ ¢ : : : A I | 3 g1

: 240 : : : D : 100

35°F.£@plied at Surfaca of Sticka

P. in- too ey 30 : 20 : ! : 2

crassata : 10 10 : 100 > 10 : 100 H 22 3 100

xRl 0 : : : 1. 2l $ 100

= O : : 5 ' Vi : 100

: wy 3 : : ! : L : 100

L. Y 80 5. 1D : 80 : $ ? 2 $ 0
leptdeus ¢ 25 : 10 $ 100 s 10 : 100 : :

0 8a a 1 3 100 : ; ., 1D : 70

58 L : 100 : 3 s 10 : 90

: 60 : : : S SR 92

{5 1 : : i : g TR0 : 100

: : : ¢ : 6 : 100

. (contiﬁued on next page)
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. Table 1 (continued)
185° ¥, Applied at Surface of Sticks (continued)

e

sepiaria

P. in-

crassata :

lepideus

LI
sepiaria

RrR1148

H

Minutes

e =

10
20
0

60

" se s4 w= ws sm se

e Bs e wm e4

e o e e e e e o e | e e

Method of heating

Relative homidity --

e s i e e e

90 to 97 percen's : 35 to 40 percent

Number of 1:Percent of :Number of .Percent of :Number of:Percent of

sticks

treated

P e e e ey I i e e i U it et R e S

1.91.4»0 F. Applied

10
10

1sticks with: sticks
:fungus dea.d treated

#4 s 68 ee ws ww A= =8 we

#s v e e=

50
100
100
100

90
100

33
100

100
100
100

"

3
"

:sticks with: sticks
fungus dead: treated

e

2

T

100
10
10
13
10

6

& W 4e 88 sw as
e wa

s we

at Surface of Sticks

ss ss =as

as

. me

28
l

: 3

se ae s wme as

: 2 .
5 10 !
: 9
4 12 -
- i

2
10
9
: 13
: 11

s ma €8 =8 sz =

t

{continued on nex

:sticks with

:fungus dead

20
50
100
100
100

160
100
100

&9
100
100

10

33
69
100

page)



.Ia‘ble 1 (continued)

212° F, Applied at Surface of Sticks

e o O

2, in-

crassata :

L.

LI

lepideus :

sepiaria :

Method of heating

e e T o o o T o o et e ot e o o o o o o

L L T ——

Relative humidity --
35 to 40 percent

90 to 97 percent

—— e e o

tsticks with: sticks
:fungus dead:

W8 S8 wa % ss w4 Ss S8 =8 sm we

. as we =s

100
100
100
100

50
100
50
100

treated

* 7

;o

T-\*J**
Hl O~ O Huw O

* *

s ®8 == w® as

e se =

——— e e ¥ ———

s as ss ss

e

"8 as =% =8 sm wm

sticks
treated

te se sm WS s am e ws ws w8

Bs se s ss #E me 4= =

sticks with
fungus dead

*Heated in steam.
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Table 2.--Tem

HEATED IN MDIST AIR - 35 TO 40 PERCENT RELATIVE HUMLDITY

Results

90:100:130:180:!&0:“0:7”:

Internal temperaturess at various intervals

Ea‘g 35 334 344

o 23

%-un..”.‘-.u............ ERTRT

A% bm e 46 e ke b s ee EE AR 4R 44 4R 56 48 se 4e ad

4 5% 33

% BE 4 b3 B9 SE BB BB BB B8 44 8 au e wa e se 04 ol

ﬂ 32 23

0] =~

|!u". A BB A SR BE B8 B8 BE eE GE B8 aE e aE 8 .1

| 3% 43
] 3% 8

Has i3

6 B4 4a bu BB MR 4e B A8 06 48 68 Re 66 48 A8 04 0e o

ﬂ g3

o
o| 2% X4

qas 33 sz

4 4% 4% B8 48 48 44 48 48 T8 0 4E an a aw s .....1

H38 24 23 ss
ez sz 23 33
288 31z 38 83 |
H 38 32 82 28
M adg 33 8% 83

4 Be 4R ES me 4 68 BA as m 4e #E 48 ew 48 43 00 46 an)

S ags 238 33 33
ﬁ 288 838 i3 33

e e e ]

348 RA8 23 33

e S P e
o e - - el (% -]
:1§ﬂa 887 333 353
AN Mz, i
ﬁ 222 338 823 33
e e Heled e

01t ki |
et 0 1 ohﬂ
252 223 88 388

LR S8l s A )
~| 225 332 223 sas
-, e A

.‘“I‘lll BE e BE AR S S8 48 B8 B G4 R a0 06 08 w8
Sre Pur oed fad

o an 4% B8 44 EN w8 8 56 G5 Bp Ge B0 08 am 44 0 0 el

L]
g§83 3g% mes

5=

283

s SR8 G5 0% AN 43 68 B4 EW AR 0N 40 a6 on be ws en dof

§

HEATED IN MOIST AIR - €0 TO 97 PERCENT RELATIVE HUMIDITY

4
B
Es’é 348 348

P T R TR

o TR
-1
-
el
WL
3%
el
P AT o
o
Sw
R ALY
e
e R e
30
-
e
i

1=
-

ot ad e aa wn es v ee we s sa vu el

23S %S
=y < e
ono ot
ed ©
25305
N 0

L Lol
E*: os

b

38 58

a5 4% em ee 44 48 b 9u wk we e e 0
o

ep
e

B L LR

15 552 =2
338 885 55
o veinh a4
HQH N0 doo
$i+d COH OO
I T T B e
e
g8n ﬂ 5o
Ben ngs
A b
PO R
a0 -
AN 88 82
M ArA A
o onienlod 0 00 uh on varence sk
-I‘ -1 -
438 35
59 A58 830

“gas 333 233

o6 44 ke se an en wm owa wm oAb be 48 88

838 238
e

283

W6 4w we B8 an A 48 B0 08 dE AN b aa

HEATED BETWEEN FLATES

wth

645 gid ids 4dd 4dd

« as we 0n ve vel

W en 4h 68 6 S8 Ea bm B4 84 sa 48 s e

W ek ek we e 6 Ew 5e s 08 48 48 B8 BEAE ek ge b 48 0e dof

B L L

B4 oh 44 48 6 BB 58 s ad a8 88 B8 An a% s e 4e e ek e 66

AN B owr g 4e 86 EE B8 EE SS UR 4R B4 4% 48 56 G4 m mE Sn de)

Sh ek w48 84 B6 BB 48 5A 48 48 48 48 44 se G% 4e be e du el
4% 44 4% G6 BB SR 38 sm N8 =8 08 88 B S3 e% 28 an 8 s e el

B T T s w

o
23
T o B b
-
. 4.

Bh 4% 4% e B4 Sh 46 48 4R B8 64 S 08 S ES 8 B e ve o4 e

oo
-
23

wa SF b6 #R ok W6 EE B BE A% 4B 48 S8 a4 48 44 a6 4e se ad A

W = O ST W
B [~
333 32 &8
Ey il - (E R
(-3 om o
3%3 85 =R
Bt Theu e
=1 d
%24 222 5 =8 'gg
iatataiiiate . SRAAINT: - S
893 984 22 28
alal et et .l

il i 30 L A, |

o 0 o [++]
898 333 35 8§ 88
T T i sasrichd

234 282 38 3235

el n‘* bs

SR e e ] AL

- - 0o o
383 338 Aa3 993 35
el W Lo

o 1] o1 W =

£d3 287 88% 83% 233
a4 4% Bu Gk e se S8 LN 48 48 44 S8 a8 @8 @8 48 ae se be se eaf
228 8§32 832 Sg2 32
R ERIRIEL O .

un on oA Mm Nno

P T
o 0o

2R BR8 413

L=
T I ]
e
Hh
I!l
big

)

3

HEATED WITH STEAM (212° F.)

8

=

&-Q
1]
=

——
s el
82
8

PR
283
e

R
aad
et et

ae an e 0e

Lsurrace temperature applied 20 minutes.

Bgurface temperature applied 10 minutes.

SWet-bulb reading.

Agurface temperature applied 25 minutes.

Bgyrface temperature spplied 5 minutes.



. Table 3.--Time~temperatures recommended to kill fungi in woodl

=]
g
&
&
B
H

Heated in steam - —— e e
or equivalent : 90 to 97 percent : 35 to 40 percent
relative humidity

Temperature : Time Temperature ; Time Temperature : Time
o TS w. i mstes + | SE. ¢ Mimites :  OF. : Mimstes
150 : 60 : 150 : 100 : ;
: : : i 160 i 190
165 60
170 : 30 ; 170 ; 30 ; 170 : 50
180 ; 20 : 180 ; 20 ; :
200 ; 10 : : : :
212 ; 5 : : :

i.
=The temperature is the temperature of the wood and not the temperature
applied at the surface of the wood.
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Figure 3.--Temperature changes within 1 x 1 x & inch
Pinus teeda sticks infected with Lenzites
sepiaria. Points on curves represent
the time intervals at which internal
temperatures were recorded. The last
point on curves (except curve represent-
ing 12 hours at 149° F. in moist air --
see Table 1) represents the time required
to kill fungi within the sticks. The
numbers inserted on the curves represent

the temperatures applied at surface of
sticks.
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