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The interest in the decay of wood in water  has greatly increased since 
the cause of the so called "soft ro t"  has been better  known. This type of 
rot is found on the surface of wood which has been in contact with water 
for a long time. Soft rot  is a fungal decay caused by  other microorganisms 
than Basidiomycetes. The fungi involved in this type of decay are certain 
Ascomycetes and Fungi Imper/ecti. Soft rot decay is characterized by  
predominantly longitudinal growth of the fungi within the secondary 
cell-wall. The hyphae of rot  causing Basidiomycete fungi, on the other 
hand, penetrate the cell-wall ra ther  transversely through pits or bore 
holes and they are frequently visible in the cell-lumen. For a more 
detailed description of soft rot  we refer to the work of FI~DLAY and 
SAVORY (1950), SAVORY (1954), and SAVORY and PINIon- (1958). For the 
authors of this paper  the salvage of the wreck of H.M.S. "Wasa"  and 
the problems connected with its preservation were an extra incentive 
to t ry  to gain more knowledge about  wood-decaying micro-organisms in 
water. The oak wood investigated comes from "I~iks~pplet" and "Gr6ne 
Jggaren"  two Swedish ships which sank in the neighbourhood of Dalar6 
(east coast of Sweden, about  25 km south of Stockholm) at  the beginning 
of the 17th century. The depth of the Baltic a t  the places where the finds 
were made is about  25 m and the salinity is about  0.60/0 . 

Oak wood which has been lying in water  for a long time seems to be 
more liable to decay during the drying period than other oak wood. 
Fig. 1 shows a cross section of a plank from "t~ikss with three 
different zones of decay. Tiffs wood was brought ashore about a year  be- 
fore it  was investigated. Fig.2 shows the damage in the microscopic 
structure of the wood in zone 2 (see also Fig. 1). Very few hyphae were 
observed in zone 2 (Fig.2). Zone 3, however, which probably represents a 
type of deterioration similar to soft rot, contained somewhat larger 
amounts of visible hyphae. In  the "charred" zone 1, no hyphae at all 
could be detected. In  this par t  nothing more than middle lamellae and 
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some doub t fu l  remains  of the  p r i m a r y  wall  were left.  The inf requent  
occurrence of h y p h a e  migh t  be due to  autolysis  b u t  i t  m a y  also depend  on 
the  fact  t h a t  bac te r ia  are involved  in the  de ter iora t ion .  

Oxygen  is r e s t r i c t ed  as t he  sea 
b o t t o m  b u t  i t  is no t  cer ta in  t h a t  such 
a s i tua t ion  hinders  the  fungi  f rom 
migra t ing  inwards  in the  logs 
(TtrACK~a and  G o o d  1952). However ,  
de te r io ra t ion  b y  soft ro t  occurs no t  
more  t h a n  a few mi l l imeters  f rom 
the  wood surface. Repor t s  on decay  
of  wood b y  bac te r i a  are  ra re  (ELL- 
WOOD and  ECKLV:ND 1959; K~UTIt 
and  )/[cCou 1962). Therefore  i t  was 
decided to  inves t iga te  how deep in 
the  t imbe r  of  the  wrecks fungi  and  
bac te r ia  occurred and  to  wha t  degree 
and  under  w h a t  c i rcumstances  t h e y  
migh t  develop and  decay  wood. 

The expe r imen ta l  work  can be 
subd iv ided  as follows : 1. I so la t ion  of 
fungi  t a k e n  f rom different  places in 
cross sections of logs f rom "Gr6ne  
Ji~garen" and  "R iks~pp le t . "  2. In-  
ves t iga t ion  of  the  wood-decaying  
effect under  aerobic  condi t ions  of  
some of these  fungi. 3. Investigations 
of the wood-decaying effect of bac- 
teria and fungi in near anaerobic 
culture solutions inoculated with 
serapings from timber of the "Gr6ne 
Jagaren." 

Experimental 
Isolation o//ungi 

The first investigations were performed 
Fig.1. Plank from the "Riks~pplet" in cross on logs which had  been soaked in water  

section with three zones of decay after removal  f rom the Baltic. As there 
was a risk in these eases of obtaining false 

results by secondary infections other isolations were made on material which 
immediately after removal from the sea was wrapped in sterile aluminium foil and 
polyethylene sheets. They were stored at -t-4~ until the investigation was made. 

The pieces of timber had an approximate size of 20 • 20 • 70 cm. A 5 cm thick 
section was taken out of the middle of each piece. This section was cut under 
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sterite conditions 10 cm, 5 cm, 2 era, 0.5 cm inwards and just  benea th  the surface. 
Scrapings were taken  from these cuttings. The scrapings were suspended in sterile, 
distilled water and subsequent dilutions were made. Malt agar plates were seeded 
with these dilutions. Other serapings were placed directly on mal t  agar. The plates 
were incubated at  26~ and inspected after about  a week and if  necessary the colo- 
nies were further  purified. 

Fig.2. Fragment of a mierotome section of wood from zone II (see Fig. 1) with decayed_cells 

Aerobic wood-decaying capacity 
Shavings of sound oak wood were dried at  100 ~ C. Previously weighed amounts  

(Table 3) of the shavings were put  in flasks together with  a culture solution. The 
flasks were sterilized a t  120~ for 20 min. The composition of the sohtior~ was 
2 .0g  NaNO~, 1.0 g X H y P Q ,  0 .5g  I~C], 0.2 g MgSQ,  0.i  g CaCI~, 0.5 g yeast, 
1 mg aneurin per  litre water. The flasks were inoculated with those cultures men- 
t ioned in Table 3 (among them a species of Phoma). After shaking at  q- 26 o C for two 
months  the shavings were separated by filtration, dried and weighed. Shavings 
decayed by  the  species of Photon and controls were microscopically investigated. 

Cultivation under conditions o/oxygen restriction 
Two types of culture solutions were used. One of them (I)ISCHE~EZt~I I959) 

contains only peptone and CaCO s. The other (ENEBO 1954) is more complex (base 
solution @ s tandard  medium I according to E~EBO'S terminology). Test tubes 
(1 • 18 cm) are filled with 10 m] of these solutions. Cellulose powder or sound oak 
wood pieces are suspended in the culture solutions. After sterilisation the tubes 
were inoculated with scrapings from "Gr6ne J/~garen" taken from different depths  
in  the  logs (see before). I n  order to get anaerobic conditions the tes t  tubes 

21" 
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were placed in a vacuum desiccator and the air was replaced by carbon dioxide. 
Subsequently the test tubes were taken out and sealed immediately by melting. An 
initial oxygen content of less than 1 mg per 1 was determined by the Winkler 
method (Standard methods 1960). As the Winkler method cart give false results 
when mercapto groups are present the initial oxyge~x determinations were per- 
formed on test tubes containing wat~r instead of culture solution. Some of the 
tubes were stored at ~-4~ and others at d-37~ They were inspected now and 
then. After 19 months storage they were opened and the solutions and the oak 
pieces were investigated microscopically. 

Sectioning o] incubated wood 
The pieces of oak were sectioned in an ordinary sliding mierotome. Most pieces 

were embedded in Durcupaa and sectioned with glass knives (BovTELJE and IS~Z])A 
1963). 

Results and Discussion 

l~ost  of  the fungi  isolated appeared  to be species of  Penicillium. 
Table 1 and 2 show t h a t  fungi  were found th rough  the  whole t imber .  

Table 1. Isolation o//ungi/tom the "GrSne Jggaren" 
The wood had not been soaked in water after removal from the Baltic 

Place where Dilution 
scrapings were 

taken 1:1 1:t0 1:100 1:1000 

:Beneath surface 

0,5 cmbeneath 
snr~ace 

2 cm beneath 
surface 

5 cm beneath 
surface 

10 cm beneath 
surface 

Greasy fungus White fluffy 
fungus 

Penicillium 
sp. 

Phialophora 
sp. 

Penicillium 

Penicillium Penicillium 

Penicillium 
sp. 
White fungus 

Penicillium 
sp. 

Penicillium 
sp. 

sp. 

Penicillium 
sp. 

sp. 
PhiaIophora 

sp. 
Penicillium 

sp. 

Penicillium 
sp. 

Phialophora 
]astigiata, 

Phialophora 
sp. 

Penicillium 
sp. 

sp. 

Penicillium 
sp. 

Oidiodendrum 
griseum 

I f  no synonyms are overlooked, Phialophora ]astigiata, Oidiodendron gri- 
scum, Penicillium /uniculosum and Verticillium malthousei are not  

recorded earlier f rom mar ine  sources. 
Other  samples of t imber  f rom the "GrSne J~ga ren"  and "R iks~pp le t "  

showed a similar fungal  distr ibut ion,  i.e. fungi  were found th roughou t  
the  whole log. F r o m  one of  these series Penicillium lilucinum, Penicillium 
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Table 2. Isolation o//ungi ]rom the "GrSne Jdigaren" 
The timber had not been soaked in water after removal from the Baltic. Scrapings 

were placed directly on the agar plates 

Place  where scrapings  were t aken  F u n g u s  

At the surface 
0,5 cm beneath surface 
2 cm beneath surface 
5 cm beneath surface 

10 cm beneath surface 

Grey and white fluffy fungus 
Verticillium malthousei, Penicillium sp. 
Penieillium sp., pinkish fungus 
Penicillium sp., yellow fungus 
Penicillium sp., grey fungus, yellow fungus 

Table 3. Deterioration o/oak shavings in shake cultures 
The fungi were isolated from logs which had been soaked in water after removal 

from the Baltic 

Source of  inoculum 

W e i g h t  of  
shav ings  before 

au toc lav ing  

g 

W e i g h t  a f te r  
2 mon ths  

cu l t iva t ion  

g 

W e i g h t  
loss 

% 

"GrSne J~garen" 
PeniciUium lilacinum, 
from 10 cm inwards from the 

surface of the timber 
"Riksgpplet" 
Penieillium lilaeinum, 
from the surface of the timber 

"Riks~pplet" 
Penicillium /unieulosum, 
from 5 cm inwards from the 
surface of the timber 

"GrSne Jiigaren" 
Photon sp., f?om 10 cm inwards 

from the surface of the timber 
Controls, no inoculation 

1.0380 
1.0272 

1.0170 
1.0190 
1.0246 
0.9735 

1.0300 
1.0280 

1.0450 
1.0322 
1.0056 
1.0158 
1.0180 
0.9964 
1.0414 

0.9768 
0.8845 

0.9181 
0.8811 
0.8987 
0.8807 

0.8963 
0.8732 

0.8742 
0.7621 
0.7979 
0.7654 
0.8640 
0.8419 
0.8890 

5.9 
13.9 

9.8 
13.5 
12.3 
9.5 

13.0 
13.1 

16.4 
21.3 
20.7 
24.8 
15.2 
15.5 
14.7 

/uniculosum and  a species of Phoma were isolated. Da ta  about  the wood- 
decaying capaci ty of these fungi are given in  Table 3. The values indicate 
t ha t  Phoma possesses capaci ty  for decaying oak wood. The other two 
species show no dis t inct  decaying effect. Figs. 3 and  4 i l lustrate  clearly 
t ha t  the above species of Phoma has cellu]olytic properties. The fungus 
finally leaves only the  middle  lamella (Fig.3). The typical  longi tudinal  
growth in  the cell-wMls resembles the growth described for soft rot  
(Fig.4) bu t  also t ransverse  growth of hyphae  can be detected. A cross 
section of an un inocu la ted  control is shown in  Fig. 5. 

I n  the sealed test  tubes no growth could be detected by  visual  inspec- 
t ion  after two months .  After  19 months  slime had developed in  some 
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tubes and often the cellulose powder or the oak pieces were stained a 
dark eolour. Because the growth in those tubes containing the culture 
solution according to E ~ B o  (E~EBo 1954) seemed to be small, only 
those tubes containing the Imsehenezki medium (IMSCItENEZKI 1959) 

Fig.3. Cross section of oak shaving showing tissue severely decayed by Phoma sp. 280 • 

Fig. 4. Cross section of oak shaving decayed by.Phoma sp. Holes in the cell-walls caused by longitudinal 
growth of hYl)hac. Striped appearance of background caused by folds in embedding agent. Phase 

contrast. 410 • 

were investigated. The solutions smelled distinctly of hydrogen sulfide. 
Bacteria could be detected in all tubes. Mostly they were short gram 
negative rod-shaped bacteria. In  some tubes, stored at  ~-4 ~ C, fungi were 
found (Figs.6 and 7). I t  seems odd to get fungi under near anaerobic 
conditions. There are, however, cases described when fungi grew in 
extremely low oxygen concentrations (TtIACKE~ and Good 1952 ; D E ~ Y  
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1933). Apparently minimal traces of oxygen are sufficient for the fungus 
observed. I ts  brown, rather coarse, hyphae penetrated the wood like a 

:Fig. 5. Uninocula ted  cot  troI. Oak  shav ing  subjec ted  to same t r e a t m e n t  as shav ings  in flasks inoculated 
wi th  Phoma sp. Backg round  of  figure shows folds in the  embedd ing  substance .  140 x 

F ig .6 .  Deve lopmen t  of  fungi  in a near  anaerobic  culture solution a t  + 4  ~ C, p repared  according 
to I~ISCttENEZKI (see text) .  400 • 

sap stain, i~adial walls of the fibres were mainly penetrated through the 
pores. Often its hyphae were found in the parenehyma cells but they 
were also present in other tissue elements. 



312 J.B. BOUT~LJE and H. KlXSSLIXG: 

In  wood sections prepared directly after the opening of the test  tubes 
(stored at  q-4 ~ C) it seemed tha t  bacteria were concentratedin parenchyma 
cells. In  other pieces of wood which were embedded in Durcupan before 

Fig.  7. Pene t r a t ion  of  fungi  into wood in a near  anaerobic  
cul ture solution (see Fig .  6). 720 x 

F ig .8 .  Sapwood of  oak  deter iorated by  bac te r ia  in a nea r  
anaerobic  cul ture solut ion a t  + 3 7 ~  (see text) .  Stail~ed 

wi th  safranin .  1200 • 

sectioning the micro- 
scopic structure appear- 
ed to be rather  well pre- 
served. In  sections of 
wood (stored at  -ff37~ 
the fibres were damaged 
in some places in a 
peculiar way (Fig. 8). 
This damage was con- 
sidered by  us to be due 
to bacteria. Secondary 
walls of peripheral fi- 
bres of pieces of wood, 
kept at  -~4~ showed 
in some cases a turbid 
appearance. This phe- 
nomenon might also 
be due to bacterial 
decay. Walls of par- 
enchyma cells were 
damaged to some ex- 
tent  in a few sections. 
Since this damage was 
not found persistently 
and might have been 
due to sectioning it was 
not considered as con- 
vincing proof of bac- 
terial a t tack on the 
walls of the paren- 
chyma cells. As the 
parenchyma cells of 
the sapwood were al- 
most  completely empty  
the bacteria had prob- 
ably metabolished their 
contents. For pine 
wood logs stored under 
anaerobic conditions 
in ponds it has been 
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shown (ELLwOOD and EC~LUND 1959; KNUT~ and iVfcCoY 1962) that 

Bacillus polymyxa causes removal of the ray cell contents and in extreme 
cases destruction of the thin walls of the ray parenchyma cells. 

The timber was once air-dry, thus when the ships sank the fungi and 
bacteria, may  have penetrated the wood via microscopic and macroscopic 
drying cracks. This would mean that ff there is no exchange of micro- 
organisms at the bottom the isolated species have survived more than 
300 years in the water-saturated wood. I t  would in this connection 
be interesting to get comparable data on fungi and bacteria in fresh 
submerged timber. Such data might give additional h~formation on the 
penetration of wood by micro-organisms. 

Photon and Phialophora are often isolated from wood submerged in 
water (Dtr~cAz~ 1960; S I~P~A~ and JoH~so~ 1960; GoLD 1959). These 
genera contain species with considerable wood-decaying capacity (Dt~- 
CA~ 1960) and are probably an important cause of soft rot in water- 
stored timber. 0nly  a few fungi isolated from the submerged oak timber 
were investigated in respect of their capacity to decay wood. At least one 
of them (Photon sp.) isolated from the interior of the timber has a distinct 
wood-decaying effect. I t  seems therefore that  when c~reumstances become 
favourable decay may occur even if secondary infections arc avoided. 
Since also slight deterioration was caused by bacteria it is recommendable 
also to take bacteria into consideration when the preservation of pre- 
viously submerged wood is carried out. 

Summary 
A number of fungi were isolated from oak timber from two ships which 

sank in the Baltic at the beginning of the 17th century. Fungi were found 
throughout the timber. One of the isolates, a species of Photon isolated 
from the central parts of the timber, showed a distinct wood-decaying 
capacity, causing a kind of rot resembling soft rot. Bacterial deterioration 
of oak wood in aerobic culture solutions inoculated with scrapings from 
the submerged oak timber was observed. 

Acknowledgements : Identification of some of the fungi was performed at 
the "Centraalbureau veer Schimmelcultures" in ]3aarn, Holland. The authors 
express their sincere thanks to Mrs. A. C. S~OL~Z and Dr. Sc~oL-Sc~twA~z for 
their assistance in this connection. The authors are indebted to Mr. I~u 
ill. lie., at the "Skogsindustriernas Vattenlaboratorium" for oxygen determination, 
to Cir. Ing. L. G. ]3A~KMA~ of the "Vasan~mnden" and to Captain B. CAss~L of the 
Royal Swedish l~avy for assistance in supplying the timber from the ]3altic, to 
Dr. G6s~A F3_~E~s at the "Lantbruksh6gskolan" in Ultuna for valuable critic/sins 
and to Prof. J. ](ISS]~I~ for permission to publish Figs. 4 and 5 which were taken from 
a publication of BOUT~LJ~ and IsmnA (1963). 



314 J .B.  Bov~v.IzE and H. KIV, SSLI~Q: Water-stored oak timber and its decay 

Literature 

BouT~LJE, J. B., and S. IS~tlDA: Notes on the preparation of thin wood sections 
for ordinary light microscopy with help of some techniques from the field of 
ultra-microscopy. Mikroskopie 18, 133--144 (1963). 

DENNY, F. E.: Oxygen requirements of Neurospora eitophila for formation of 
perithecia and growth of mycelium. Contribs. Boyce Thompson Inst. 5, 95--102 
(1933). 

D v ~ c ~ ,  C. G.: Wood attacking capacities and physiology of soft rot fungi. For. 
Prod. Lab. Mad. Report 2173 (1960). 

ELLWOOn, E. L., and B. A. ]~OKLUND : Bacterial attack of pine logs in pond storage. 
For. Prod. J. 9, 283--292 (1959). 

E~Bo,  L.E. :  Studies in cellulose decomposition by an anaerobic thermophflic 
bacterium and two associated non-cellulolytie species Diss. K. T. H., Stock- 
holm 1954. 

FI:NDLAY, W. P. K., and J, G. SAYOI~Y." Breakdown of timber in water cooling 
towers. Int. Bot. Congr. Proc. 7, 315--316 (1950). 

GOLD, S. : Distribution of some lignicolous Ascomycetes and Fungi Imper/ecti in an 
estuary. J. Elisha Mitchell Sci. Soc. 75, 25--28 (1959). 

IhlSCKEI~EZKI, A. A. : Mikrobiologie der Cellulose, p. 168. Berlin: Akademie Verlag 
1959. 

K~VT]t, D. T., and E. McCoY: Bacterial deterioration of pine logs in pond storage. 
For. Prod. J. 12, 437--442 (1962). 

SAYOI~Y, J. G. : Breakdown of timber by Ascomycete8 and Fungi Imper]sctl. Ann. 
~ppl. Biol. 41, 336--347 (1954). 

--, and L. C. PI~uo~: Chemical aspects of decay of beech wood by Chaetomium 
globosum. Holzforschung 12, 99--103 (1958). 

SI~V~A~, R., and T. W. Jo~a~so~ jr. : Isolation and culture of fungi from wood 
submerged in saline and fresh waters. J. Elisha Mitchell Sci. Soc. 76, 150--154 
(1960). 

Standards methods for examination of water and waste water. American Public 
Health Assoc. Inc. New York, l l t h  ed. (1960). 

TI~ACK~, D. G., and H. M. GOOD : The composition of air in trunks of sugar maple 
fll relation to decay. Canad. J. Bot. 30, 475--485 (1952). 

J. B. BOUTELJE, ill. lie., Svenska Trs 
Tratekniska Avdelningen, Drottning Kristinas v~Lg 67, 

Stockholm ~), Sweden 

H. KIESSLING, ill. lie., Astra AB, SSdert~lje, Sweden 


