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The terpene tolerance of 16 species of Hymenomyc etes occurring in nature in coniferous 
wood and that of 22 species growmg in the wood of deciduous trees was studied by 
growing these on 1 % malt agar in closed desiccators into which measured amounts of the 
following terpenes were pipetted: a-pinene, B-pinene, limonene, camphene, or 3-carene. 
The corculation of the air within the desiccator was effected by means of a propeller. 
Most of the conifer species investigated were able to grow in the saturated atmospheres of 
these terpenes. In contrast, smal'l amounts of terpenes a lready present in the air inhibited 
the growth of species occurring in the wood of deciduous trees. Judging from a survey of 
pertinent literature, the amount of terpenes in conifer wood is enough to saturate at least 
part of the atmosphere within living tree trunks . Evidently the terpenes in conifer wood 
have a selective effect on invading fungus populations through a l> ciaustrogaseous effect)) 
owing to the dense structure of the wood. 

Introduction 

One of the most conspicuous and constant 
phenomena in the biology of wood-decom­
posing basidiomycetes is the restriction of 
some species exclusively to the wood of coni­
fers and of other species to the wood of 
deciduous trees, a fact which is often used 
as an important taxonomic characteristic of 
the species. In explaining this type of distri­
bution, one must know the actual conditions 
prevailing within the wood of different trees 
at the time of fungus penetration as well 
as their effects on the physiology of the 
fungus. If we ignore the anatomical structure 
of wood, one of the major differences be­
tween coniferous wood and that of deciduous 
trees lies in the presence of oleoresins in the 
coniferous wood. 

Since the last century resins have been 
regarded as important in the tree :decay fun­
gus interactions which were recently especial­
ly emphasized by GIBBS ( 1968 ) . Resin, which 
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consists of resin acids and different terpenes, 
is exuded in resin ducts, which are distri­
buted as a more or less interconnected net­
work throughout the whole tree although 
there is a great variety of differences in 
distribution between the tree species. Ac­
cording to MuRTO (1951 ) and JuvoNEN 
( 1966) pine wood contains up to 20 o/o resin 
depending upon the part of the tree. The 
content of pathological resin is much higher 
in the wood cavities and around wounds. In 
resin tapping, a pine tree of 30- 40 em d.b .h . 
may produce 4 kg of resin a year (KALELA 
1946). The oleoresin of Finnish pine con­
tains up to 20 o/o terpenes, the most im­
portant of which are alpha pinene, beta 
pinene, 3-carene, camphene, beta phellandre­
ne, limonene and myrcene, which make up 
about 70-80 % of the pine oil (JuvoNEN 
1966) . The composition of terpenes varies to 
some extent with regard to seasons, different 



parts of the tree, weather conditions and 
different pine populations, but in general the 
same components are dominant. In other spe­
cies of Pinus these same compounds are com­
monly met with ( MIRov 1961) . 

The stem wood of Picea abies contains ca. 
0.3 % oil per dry weight of the wood, and 
the main components are limonene ( 33 %) , 
alpha pinene ( 25 %) , beta pinene and beta 
phellandrene · roots contain, in addition, san­
tene and bornylacetate (ScHANTZ & JuvoNEN 
1966 ). 

According to CoBB et al. ( 1968) air saturat­
ed with alpha pinene contains approxi-

mately 18 mg/1, ~-pinene L', 3-carene and 
limonene 6- 8 mg/l. If we calculate the 
actual content of terpenes in pine and 
spruce wood from the above values, we find 
that there is enough to saturate the gas phase 
of the tree with these substances, providing 
we allow for diffusion across cell walls 
(KrssER 1958). At least the air below wound 
surfaces covered with resin would be saturat­
ed with terpenes. Thus fungi . which in na­
ture grow within tree trunks or penetrate 
through wounds or conifer bark, should be 
able to tolerate high concentrations of ter­
penes in the gas phase. 

Methods 

Fungus strains c11ltured in the Forest Biology 
Laboratories of the Finnish Forest Research Insti­
tute were used in this investigation. The strains 
were isolated in Finland during the years 1965-
69 and were kept on agar slants at +5° C with 
approximately two transfers a year. The strains 
were inoculated into 9 em or 6 em petri dishes on 
1.5 o/o Difco malt extract agar, and the dishes 
were placed, without Ji.ds , upside down in empty 
10 I desiccators. Measured amounts of terpenes 
were pipetted into ~he desiccator and the desicca­
tor was immediately dosed. Preliminary experi­
ments indicated that circulation of the air within 
the desiccator was necessary and this was effected 
by an iron propeller driven by a magnetic stirrer 
(Fig. 1) for approximately two hours a day at ca. 
200-300 rotations per minute. The experiments 

lasted for 8- 10 days. The desiccators were kept 
at room temperature in a room whithout win­
dows. When the amount of terpenes needed to 
saturate the air in the desiccator with a propeller 
was determined, values were obtained that were 
about 4 times higher than those given by CoBB 

et a!. ( 1968). Although small changes in tempera­
ture could not be avoided, condensation of terpenes 
on the mycelium was not observed. The following 
monoterpenes were used: ( + ) camphene ( Fiuka 
AG., techn.), ~3-carene (Koch-Light Lab. Ltd., 
pract.) , ( + )-limonene (Fluka AG., purum), a-pi­

nene (Fluka AG., pract.) and ~-pinene (Fluka AG., 
pract.) . Table 1 shows the radial growth of the 
strains in mm. The concentrations are given in '7o 
(ml liquid pinene/ml air). 

Results and Discussion 

In general, fungi from coniferous wood 
proved to be tolerant to high concentrations 
of terpenes in the gas phase. This is especially 
true with regard to species which in nature 
grow within conifer stems, e.g. Fomitopsis 
annosa, (causes heart rot in spruces), Phelli­
nus pini (in pine heart wood), Stereum san­
guinolentum (causes top rot in spruce), and 
Fomitopsis pinicola. Coriolellus serialis, 
Gloeophyllum (Lenzites) sepiarium, and Fo­
mitopsis rosea, which often grow on dead and 
weathered wood, showed a slightly lower tol­
erance. X eromphalina campanella, Gym no­
pilus penetrans and Coriolus vaporarius, 

which are met with on wood in a;dvanced 
decay, had a considerably lower tolerance 
than the species just mentioned. It is inter­
esting to note that L entinus lepideus, which 
is otherwise highly tolerant to e.g. creosote, 
proves to be more sensitive to terpenes than 
the parasitic species. 

Among species which in nature grow in 
the wood of deciduous trees there were prac­
tically none which were able to stand up to 
atmospheres saturated with terpenes, and a 
total inhibition set in at definitely lower con­
centrations than in the case of typical coni­
ferous wood species. The most tolerant ones 
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were Flammulina velutipes, which grew very 
slowly in atmospheres saturated with a_ and 
~-pinene and Daedalea quercina. 

In Table 1 the species are divided into two 
groups depending upon whether they grow 
in Finland mainly on the wood of deciduous 
trees or on coniferous wood. However, in 
Central Europe many species have a greater 
variety of hosts than in Finland. E.g. Laeti­
porus sulphureus, which is found mostly on 
oak wood Finland, is met with in Central Eu­
rope on coniferous wood too (KREISEL 1961 ) . 
On the basis of this study it is not possible 
to conclude whether this phenomenon is due 
to different physiological strains of the fungus 
or to different substrates. 

Of the species listed in Table 1, Fomitopsis 
pinicola, although a typical coniferous wood 
species, also often grows on the wood of 
deciduous trees. This may be due to different 
physiological strains. In order to study this 
phenomenon, F. pinicola was isolated from 
pine, spruce, Tilia, Betula, and Alnus incana, 
and tested for tolerance to a-pinene, but no 
significant differences were found. In the 
Soviet Union, SuvoRov (1967) has not been 
able to find different strains of this fungus, 
either. 

When the effects of different terpenes were 
compared, limonene proved to be the most 
toxic to fungal growth. According to AsPLUND 
( 1968) limonene is more toxic to germinating 
seeds of higher plants than pinenes. None 
of the terpenes investigated inhibites comple­
tely the growth of Fomitopsis annosa, which 
is an extremely harmful tree parasite in Fin­
land. As there are many other terpenes and 
volatile compounds present in the oleoresin 
of conifers, it would be interesting to investi­
gate whether there are more fungistatic com­
pounds among these compounds. 

The concept of gaseous inhibition, as well 
as that of stimulation, is well established 
m fungal ecology (NoRRMAN & FRIES 
1967) . Volatile plant substances affect 
the micro-organisms in the soil (RoBIN­
SON & PARK 1966, MENZIES & GILBERT 1967, 
GILBERT et al. 1969 ) and the bacteria found 
on leaves (SMIRNOFF 1968). Among wood­
inhabiting fungi, the well-known investiga­
tions of SuoLAHTI ( 1951) suggest gaseous 
stimulants in fresh wood. SHRIMPTON & 
WHITNEY (1968) have found that volatile 
extracts of resinous wood inhibit the growth 
of blue stain fungi. CoBB et al. ( 1968) have 
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Fig. 1. Layout of the experiment. 

studied the response of Fomitopsis annosa as 
well as of three blue stain fungi to atmosphe­
res saturated with different terpenes occurring 
in coniferous wood. Especially among the 
latter, the tolerance was correlated with the 
habitat, the saprophytic species being the most 
tolerant, and species inhabiting the burrows of 
bark beetles the least tolerant. F. annosa pro­
ved, just as it did in the present investigation, 
capable of growing in saturated atmospheres. 

In general the ventilation of the soil seems 
to be considerably greater than that of wood, 
which is evident e.g. in the accumulation of 
carbon dioxide in wood (THACKER & Goon 
1952, JENSEN 1969, HINTIKKA & KoRHONEN 
1970) . In volatile inhibition, RoBINSON & 
PARK (1966) have emphasized the importan­
ce of »sealed conditions». Accordingly, in the 
distribution of fungi a kind of »claustrogaseous 
effect» seems present to some extent. This 
means that in wood and other compact 
structures volatile metabolites and excretions 
may accumulate in toxic concentrations, 
although the actual quantities may be ex­
tremely small. In more loose substrates, like 
forest humus and litter, ventilation and diffu­
sion prevent accumulation. In sterilization by 
heat or volatile chemicals the terpenes are 
easily lost, thus changing the properties of 
the wood for invading micro-organisms. 



w 

Table 1. The effect of diffe rent terpenes on th e radial growth of wood-decomposing H ymenomycetes. 

Species growing in conifer 
wood 

Coriolellus serialis 
Coriolus vaporarius 
Fomitopsis annosa 
F. pinicola 
F. rosea 
Gloeophyllum sepi arium 
Gymnopilus penetrans 
Hirschioporus abietinus 

Hypholoma capno i des 
Ischnoderma resinosum 
Lentinus lepideus 
Panellus mitis 
Phellinus pini 
Polystictus circinatus 
Stereum sanguinolentum 
Xeromphalina campanella 

Species growing in wood 
of deciduous trees 

Armillariella mellea 
Coriolus hirsutus 
Daedalea quercina 
Flammulina velutipes 
Fames fomentarius 
Inonotus rheades 
I. radiatus 
Kuehneromyces mutabilis 
Laetiporus sulphureus 
Lenzites betulina 
Panellus serotinus 

Panellu s stypticus 
Fanus conchatus 
·Phellinus igniarius 
P. tremulae 
Pholiota alnicola 
P. squarrose 
Piptoporus betulinus 
Pleurotus ostreatus 
Polypilus frondosus 
Polyporus brumalis 
Pycnoporus cinnabarinus 

o(- PINENE 

"" ' (\J "" "" 0 0 0 ' 
(\J 

0 0 0 0 0 

0 0 0 0 0 0 

16 14 15 4 3 2 
33 28 11 3 0 0 
44 45 20 20 20 11 
25 33 17 14 13 3 
- - - - - -

23 23 18 10 10 + 
14 10 4 2 0 0 
16 23 20 9 8 3 

12 11 7 3 3 2 
- - - - - -

24 20 17 14 13 7 
- - - - - -
8 8 10 8 8 5 
- - - - - -

37 14 11 9 8 4 
8 8 6 3 + 0 

2 3 1 0 0 0 
36 23 9 1 1 0 
14 13 8 3 3 + 
2 3 15 15 3 3 + 
21 6 1 0 0 0 

6 7 7 + + 0 
25 11 7 2 + + 
15 11 7 1 - 0 
28 8 3 + + 0 
45 45 25 22 0 0 
3? 37 20 8 2 + 

14 11 7 1 0 0 
15 3 1 0 0 0 
1 7 14 6 + + 0 

1 4 6 0 0 0 
18 12 10 3 1 0 
18 17 1 3 7 1 + 
28 25 8 + + 0 
37 36 23 9 0 0 
25 2 0 0 0 0 
32 23 13 0 0 0 
2 3 17 2 0 0 0 

(3- PINENE 

"" (\J 
) 0 

0 ) 0 

16 16 11 1 + 0 
- 21 6 0 0 0 

45 19 18 13 13 6 
25 20 16 5 3 3 

- 16 9 + 0 0 
20 17 18 2 2 2 
10 7 1 0 0 0 
17 18 16 2 1 1 

11 10 5 2 0 0 
46 45 40 35 7 7 
24 17 13 7 3 0 
12 10 5 1 0 0 

8 10 8 5 4 4 
1 2 12 10 10 9 9 
14 8 5 4 2 2 

8 5 2 0 0 0 

2 2 + 0 0 0 
35 18 10 0 0 0 
16 11 7 0 0 0 
42 20 17 1 + + 
27 6 4 0 0 0 

8 8 7 0 0 0 
23 11 3 0 0 0 
27 16 13 1 + 0 
30 20 6 0 0 0 
50 50 29 0 0 0 
32 31 20 1 + 0 

11 7 2 0 0 0 
10 3 1 0 0 0 
17 12 4 + 0 0 

2 7 6 0 0 0 
15 10 7 0 0 0 
17 17 8 2 0 0 
32 20 7 0 0 0 
30 30 7 0 0 0 
23 10 0 0 0 0 
34 20 10 0 0 0 
23 14 1 0 0 0 

CAl'!PHENE Ll 3-CARENE 

"" 
(\J "" "" ' "" "" ' 0 0 (\J 0 0 0 .. (\J 0 
0 0 0 0 0: 0 0 0 0 0: 

0 0 0 0 0 0 0 
0 0 0 0 0 0 0 

10 10 + 0 0 0 16 6 2 2 0 1 
35 9 0 0 0 0 25 22 0 0 0 0 
45 45 20 14 10 8 45 43 20 9 5 -
26 24 4 5 2 1 28 10 7 2 0 2 
20 13 0 0 0 0 20 14 0 0 0 0 
24 21 3 2 0 0 25 20 6 4 - 1 
16 3 0 0 0 0 15 13 0 0 0 0 
16 13 2 1 1 0 21 17 3 2 2 1 

1 0 10 4 2 1 13 9 3 0 0 0 
44 37 22 8 5 5 44 40 20 10 3 2 
26 26 13 11 4 4 22 22 0 5 0 0 
17 3 1 0 0 0 9 7 0 0 0 0 
10 9 5 3 2 1 9 7 5 5 5 5 
13 8 7 7 5 4 13 11 10 8 6 1 
26 7 3 3 1 1 1 0 7 3 2 3 1 
1 2 5 0 0 0 0 10 6 0 0 0 0 

5 + 0 0 0 0 3 0 0 0 0 0 
38 9 0 0 0 0 37 2 0 0 0 0 
1 7 7 0 0 0 0 15 3 0 0 0 0 
15 8 + + 0 0 30 8 0 0 0 0 
29 10 0 0 0 0 28 0 + 0 + 0 

7 + 0 0 0 0 8 1 0 0 0 0 
23 4 0 0 0 0 20 8 0 0 0 0 
19 7 0 0 0 0 24 12 1 + 0 0 
17 3 0 0 0 0 28 0 0 0 0 0 
45 24 0 0 0 0 40 25 0 0 0 0 
40 14 1 0 0 0 30 16 0 0 0 0 

20 3 0 0 0 0 19 9 0 0 0 0 
17 1 0 0 0 0 21 2 0 0 0 0 
18 2 0 0 0 0 20 2 + 0 0 0 

3 1 0 0 0 0 1 1 0 0 0 0 
18 5 0 0 0 0 20 20 0 0 0 0 
18 11 + 0 0 0 18 15 1 0 0 0 
25 1 0 0 0 0 34 1 0 0 + 0 
43 21 3 0 0 0 30 11 0 0 0 0 
30 0 0 0 0 0 30 0 0 0 0 0 
36 3 0 0 0 0 36 1 0 0 0 0 
25 1 0 0 0 0 25 13 0 0 0 0 

LIMONENE 

"" "" ,; 0 ' (\J "" 0 0 0 0 0: 

0 0 0 
0 0 0 0 

13 0 0 0 0 0 
26 0 0 0 0 0 
45 12 5 3 3 2 
30 3 2 1 + + 

8 0 0 0 0 0 
26 0 0 0 0 0 
14 0 0 0 0 0 
26 + 0 0 0 0 

1 2 0 0 0 0 0 
46 8 - 1 1 2 
23 8 4 + 1 0 
12 0 + 0 0 0 

8 1 0 0 0 0 
12 8 7 5 4 4 
10 1 + + + + 

9 0 0 0 0 0 

3 0 0 0 0 0 
38 0 0 0 0 0 
18 0 0 0 0 0 
24 0 0 0 0 0 
30 0 0 0 0 0 
10 0 0 0 0 0 
27 0 0 0 0 0 
22 0 0 0 0 0 
26 0 0 0 0 0 
45 0 0 0 0 0 
45 0 0 0 0 0 

13 0 0 0 0 0 
7 0 0 0 0 0 

20 0 0 0 0 0 
3 0 0 0 0 0 

45 0 0 0 0 0 
17 0 0 0 0 0 
25 0 0 0 0 0 
50 0 0 0 0 0 
28 0 0 0 0 0 
38 0 0 0 0 0 
27 0 0 0 0 0 
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