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I. Introduction 

The present study is part of a comprehensi~ e investigation concerning 
microbial attack on pulpwood of birch and aspen. The climate of storage 
places, the fungus flora, and the changes in moisture content, dry 
density and chemical coinposition of the stored wood will be described 
and discussed. Changes in pulp yield, pulp quality, strength of the 
wood, etc., will be reported in further papers. 

The damage caused to pulpivood by micro-organisms lias usually 
been reported in terms of a decrease in pulp jield as  compared to thc 
yield from sound wood. This decrease mainly reflects the lomer 
quality of the decayed wood. During storage, honever, there is a loss of 
cellulose, caused by the more or less complete microbial decoinposition 
and nletabolisnl of this substance. This loss is not apparent in pulp 
yield measurements unless the losses of wood substance and the 
changes in chemical composition during storage are known. One of the 
main objects of the present paper is to describe h o ~  some of these 
factors may change during storage in different parts of Smeden. 



C O N T E N T S  

I . Inlroductio~l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 

I1 . Materials and methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 

111 . Results 

X . The climates of the storage places . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 

B . Sporophorcs of decay fungi on the  logs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  C . Observations on the  microflora in the wood 17  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  D . Changes in moisture content during storage 19 

E . Changes in dry density during storage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19 

F . Cellulose and lignin content . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27 

IY . Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28 

Y . Surnmary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30 

TI . References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31 

1.11 . Sammanfattning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  32 



11. Materials and methods 

The experimental material was stored from May 1963 to October 
1965 in five places in Sweden, viz. Kyd, Bjorneborg, Sliinnskatteberg, 
Njurunda and JTuolleriin (Fig. 1).  

The experimental material consisted of P o p ~ z l n s  trenzzzla L. and 
Betzzla pzrbescens Ehrh., except in Ryd, where the birch species was 
Betrzla uerrzzcosa Ehrh.  

Iininediately after felling, the trees were cut into logs about 2.3 m 
long. In addition frorn each tree species 20 logs intended for pulp and 
chemical analysis were cut to a length of about 3.3 in. On the day of 
stacking (usually from two to four days after felling) the logs mere 
cut according to the schedule in  Fig. 2, and the disks representing the 
original nood ne re  debarked and weighed. Each log was numbered, 
the diinensioils and the number of branch scars being recorded. Close 
stacks of about 1.5 n~ in height, oriented in an  east-west direction 
and containing SO unpeeled pulpwood logs of each nood species, were 
built up. On each side of the staclis a protective stack about 0.5 n~ broad 
was built in order to obtain conditions as  uniform as possible for the 
experimental material. 

The disks representing the sound wood were placed in plastic bags 
and transported iinmediately to Sliogshogsliolan in Stoclihol~n, \\here 
the n e t  and dry \oluine and the dry weight of the dislis mere measured 
according 10 a method described by PETEKSOX & ~ ' I \ Q Y I S T  (1960). 
The wood samples intended for pulp and chenzical analysis were 
debarlied and dried. They were then transported to Sliogshogsltolan and 
kept in a dry condition until the analyses were performed. 

At i n t e r ~ a l s  of three or six months, ten logs of each tree species, 
representing all layers of the stack, were mithdrawn and cut according 
to Fig. 2. The dislis and the wood samples intended for analysis were 
treated in the same may as those talien at the beginning of the 
experiment. From the results of weighing, the moisture contents and 
the dry densities were calculated. 

On every sampling occasion, each log was examined for sporophores 
of decay fungi, in order to compare the outer appearance of the logs 
with the internal wood destruction. By means of an  increment borer, 
sterilised in ethanol, cores were taken from each of the vi thdrawn logs. 



Fig. 1. RIap showing the geographical location of the five storage places. 

The cores were treated according to H E ~ N I N G S S O N  (19651, and the 
micro-organisms growing out were isolated. Some of the mycelia were 
kindly identified by Dr. A. K X X R I I I  a t  Sltogshogsltolan, Stocltholm. 
Some of the identified fungal strains were used in  physiological and 
other experiments (HENNINGSSON 1967 j . 

The disks from each log intended for chemical analysis were ground 
up together to give one sample. A Whiley mill with a 1.5 m m  sieve was 
used. After 1 gm wood meal and 20 ml redistilled water had been 
shaken together for 20-24 hours at  room temperature, the pH was 
determined on the filtrate. The  lignin analyses were performed 
according to a method described in  Technical Information CCA2 from 
Swedish Association of Pulp and Paper Engineers, employing sulphuric 
acid hydrolysis. The cellulose content was determined by a method 



< in the p i l e  2000 rnm z 

Fig. 2. Cutting schedule for the  experimental material. The upper figure schernatical1~- 
represents a log intended for pulp and chemical analysis and the lower figure a 10% 
not intended for pulp and chemical analysis. The numbered wood samples \\.ere 
used as follows: 
1 ancl 15: pulp and chemical analysis of the sound wood. 
2 and 14: measurements of density and moisture content of the  souncl wood. 
4, 6, 8, 10, and 12: measurements of density and moisture content of tlle stored 
\Vood. 
5, 7, 9, and 11: pulp and chen~ical analysis of the  storecl wood. 
Streaked parts of the  ~ o o d  vcre  discarded. In order t o  avoid branches in the 
disks intended for density measurements, the positions of these sometimes had 
to  be moved a few centimetres. 

described by SEIFERT (1956). This method employs tlle use of acetyl- 
acetone and hydrochloric acid and gives a cellulose completely free 
from hemicelluloses, the yield being n f e v  per cent lower than that 
of the Cross-Beran method. 



111. Results 

A. The climates of the storage places 

The climatic factors of the storage place are of great importance to 
the activities of the microflora which are infecting and which have 
already infected stored pulpmood. The development of spores and 
germ tubes is, for instance, affected by temperature, relative humidity 
and moisture of wood surface (IIOPP 1938, H a v i s ~ r  1932, I ~ A ~ R I I L  
1960, R ~ O R T O N  $ FRENCH 1966); the last factor being influenced in 
its turn by the precipitation. The growth and decay a c t i ~ i t y  of the 
wood-inhabiting microbes and the interactions between them are 
influenced by the temperature and the moisture of the wood (cf.  
HUMPHRCI cf! SIGGCKS 1933, B~0~1 ih l  in 1946, A M ~ R  1964, HE\AI\GSSO,\T 
1967). 

X coinparison between the monthly average temperatures during the 
experimental period at the meteorological stations nearest lo the five 
storage places is shonn in  Fig. 3. The underlying data have been 
taken from ShlHI Yearbooks (Nos. 45, 46 and 47). E ~ e n  if certain 
blue stain fungi h a ~ e  been shown to gron7 slowly at  temperatures 
belov 0 °  C (von P E C I I ~ I A X N  et al. 19641, it might be convenient here 
to describe the microbial groning, season as that period of the year 
during which the average daily tenlperature is abo\-e 0°C. It is e ~ i d e n t  
from Fig. 3 that the temperatures at  Iiarlstad (Bjorneborg) and 
\'aster& (Skinnsltatteberg) were greatly similar. Fig. 3 also demon- 
strates that the groving season in Iiarlsharnn (Ryd) extended two 
to three months longer in both spring and autumn than in  Joltltrnoklt 
(Puollerirn); 1.5 lo 2.5 months longer than in  Sunds~a l l  (Kjurunda) 
and 0.5 to 2 inontlls longer than in Iiarlstad (Bjijrneborg) and ViisterAs 
(Skinnskatteberg). The summer temperatures were highest in Sltinn- 
skatteberg and lowest in Vuollerim. These differences in length of 
growing season must have had a decisive influence on the microbial 
decomposition of the wood. 

Fig. 4 demonstrates the daily maximuin and minimum tempera- 
tures on the shade side of the pile in  Kyd, recorded from May 1963 to 
February 1964. The daily temperature-range was higher during 
summer than during, autumn and winter, sometimes amounting to 



Fig. 3,  Mean monthly temperatures during the  expcriinental period a t  the meteorological 
stations nearest Lhe five storage places. 
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-64 

Fig. 4 .  Daily maxiinunl (upper curve) and rninilnurn (lolver curve) tenlperatures recorded 
froin May 1963 to  Feb. 1964 011 the shade (north) side of the stack in Kyd. 

20-25°C. Such a temperature-range greatly influences microbial inter- 
relationships, e.g. the antagonism bet~veen microbes in  the wood 
(HENNINGSSON 1067) .  Furthermore, the long period in autumn when 
the temperature was l o v  and the variations slight might have 

1 * 



Tab. 1. Monthly precipitation (mm) during the storage period at the meteorological stations 
nearest the five storage places. 

Year 

31 
J 
J 
A 
S 
0 
N 
D 

Sum 

.J 
I: 
RI 
A 
11 
J 
J 
A 
S 
0 
S 
D 

Sum 

J 
I: 
11 
-4 
JI 
J 
J 
X 
S 
0 

Sum 

Precipitation durin 
the whole storage 
period 

Taster As Sundsvall 

favoured the development of certain microbes, e.g. certain decay fungi 
at the expense of certain bacteria ( H ~ s s r s ~ s s o ~  1967).  It  is also of 
importance to note that even during winter the temperature on many 
days was high enough to allow activity by the decay fungi. 

The precipitation figures in  Tab. 1 show that in 1963 Karlstad 
(Bjorneborg) was the place with the highest precipitation-mainly 
because of heavy rainfall in  Awgust, October and Sovemher. In 1964 



Snnds\ all and Karlstad r e c e i ~  ed most precipitation. August \\-as 
generally the month with highest precipitation during 1963 and 1964. 
In 1965 precipitation was highest in Sundsvall. July and September were 
the rainiest months in 1965 for most stations concerned. As the experi- 
mental material consisted of ~mpeeled pulpwood logs, it is not realistic 
to assign too much importance to the precipitation as regards the 
~nicrobial wood decomposition itself. Its n o s t  important effect is 
certainly to na l ie  end surfaces and other exposed parts of the wood 
rnoist enough to allow germination of spores and gron-th of g e r n  
tubes-especially during the initial period of storage and during 
early autumn, when the ainount of spores in  the air is usually at its 
highest (cf. RCUNEIIFEI.~ 1947, IC'L~RIIC 1955). Spores of many wood- 
destroying fungi require free water for germination. The fact that  July, 
Angust and September were generally the rainiest months during the 
storage period, must thus h a ~ e  favoured infection. 

The relative humidity influences spore germination (ICdBRIIi 1960). 
hleasurements of relative humidity on the shade side of the pile in  Ryd 
showed that the daily rnaxiinu~n relative humidity during the 1963 
growing season ranged between 60 and 90 per cent. These values were 
reached early in the morning, when the temperature was at its lowest. 
At the warmest tirne of the day, air humidity was usually at its lowest- 
23 lo  80 per cent. However, owing to evaporation from the logs, the 
humidity near the exposed wood surfaces might be expected to be 
higher than the general humidity. Since the daily temperature during 
the growing season varied considerably (Fig. 4 ) ,  the formation of dew 
on the logs n a s  not unusual n h e n  humidity was high. 

B. Sporophores of decay fungi on the logs 
At every sampling, the sporophores of decay fungi occurring on the 

logs were recorded. Sporophores developed both on end surfaces and 
on the bark. Generally, sporophore frequency was lower on aspen than 
on birch, lower on the sunny (south) side than on the shade (north) 
side of the piles and low in Vuollerim compared with the other 
storage places. The sporophore records are presented in Tab. 2 a, 2 b, 
2 c, 2 d and I! e. It is evident that there was a certain sequence in  
sporophore development. On birch wood the Corticirzm species-mainly 
Corticirlrn laeme Pers. but sometimes also Corticizznz conf luens  Fr.- 
de~eloped during the first growing season. In some places S tereum 
pzzrpzzrerzrn Fr .  and Peniophora incarnata (Pers.) Karst., too, were 
obserwd tovards the end of the first, but usually did not become 



Tab. 2. Occurrence of sporophores of decay fungi on the experimental material in: a)  Ryd, b) Bjorneborg, c) Skinnskatteberg, d) Njurunda and 
e) Vuollerim. 

Exp1anation:single = observed on a single log; few = observed on upto 10 per cent of the logs; common = observed on 10-50 per cent 6 
of the logs; general = observed on more than 50 per cent of the logs. 

Date 

Ocl. -63 

RIay 64 

Oct. 64 

May 6.5 

Oct. h5 

Oct. 6 3  

May -64 
Oct. -64 

May -65 

Oct. -65 

Type 
of 

wood 

I~reqnency ol' logs with sporophores of thc most conrrnorr decay fungi 

general 
(covering 
great arcas) 
general 
(covering 
great areas) 
general 
(old) 
gcneral 
(fragmcnls) 
common 
(hagmrn ts) 

gencral 

gencral 
general 
(covering 
great areas) 
general 
(old a n d  new 
general 
(old and ncw 

common 
(small) 
gencral 
general 
(covering 
great areas) 
general 
(fragments) 
co111111011 
(old) 

Slrrrurn 
hirsutum 

Po/lJp(lru: 
sonutus 
group 

0 

single 
(small) 

common 

conl~non 

cornrnon 

0 

0 
single 

Notes 

Triehodt~rncr sp.  observed. 

Phlebia radiata, Slereum rugosum, Schizophyl- 
lurn commune and Il'remella foliucetr observed. 
Polyporus aduslus, Lenzites hetulinu, Slereum 
rugosunr and Il'remella foliucea observed. 
I,rnri/es hetulinci and Po1ypor~l.s hirsntus com- 
mon in the  nppcr parts of the staclts. HI]- 
poxylon multiforrne, Puntls stipficus, Polypo- 
rus adu.slus, Sch i~ophy l lum commune, Sfereum 
ruqosum and Tremellu lolicrcea obscrved. 

Most of the  bark still alive. Scl~izophyl lum 
cornrnme observed. 
Areas with living bark occurring. 
I.ogs shedding their bark. Corficiaceae sp., 
Polyporus sp. and Schizophyll~cm commune 
ohscrved. 
Polyporus l~ i r su tus  observed in the  upper 
parts of the stacks. 
Polyporus hirsulus in the upper parts of Lhc 
stacks. Corficnrrt sp., Hyporglon concelltri- 
cum, M!yxom!ycefes sp. (ycllow), Polyporus 
udusfus and Schiziophyllurn commune obscr- 
vcd. 



Frequency of logs with sporophores of the rnosl common decay fungi 
Type 

of 
wood 

Corlicium 
SPP. 

Liherlellrr 
befulina 

Stereurn 
hirsulum 

Pol~lpo'u" 
zonatus 
group 

Pen io- 
phorn 

incarnafr~ 

Date 

Oct. 4 3  

May -64 

Ocl. -64 

May -65 

Oct. -65 

Notes 

general 
(small) 
gcneral 
(old) 
general 
(old) 

single 
(sn~all) 
single 

ColnInoIl 

comn~on 
(old) 
few 
(old) 

0 

0 

30LllI11011 

'ommon 

qeneral 

0 

0 

cew 

common 

general 

0 

0 

few 

gcncral 

general 

Arcas with living bark occurring. 

Trzchodermct sp. common in t he  middle par t  
of the  stacks. 
Coryue snrcoider, Pholzota hrteroclifa, Polypo- 
rus uduslus, Polyporus betnlznus, Sfereum 
rcrgosurn and Tremella foliacea observed. 
Coryne snrcozdes, Polyporus ndustns, Sterrurn 
rugosum and Trernelln fol~ctcca observed. 
Polyporus adusfus, Polyporus hetulmus, SIP- 
rcum ruqosum and Hypoxylon multrforme ob- 
served. 

general 
(old and new 
conlmon 

Oct. -63 

May -64 

Oct. -64 

May -65 

Ocl. -65 

aspen 

D 

i) 

0 

n 

few 
(small) 
few 
(small) 
common 

0 

0 

few 

few 

co~~ l inon  

Most of the bark still alive. 

Areas with living bark common. 

Coriiciucear sp. (grey) and Myxomgceles sp. 
(red) observed. 
Corticiucene sp. (grey) observed. 

few 

general 
(old) 
gcncral 
[old and new 

Corticiuceae sp. (grey) and M~~xornyceles sp. 
(red) observed. 







Oct. -63 

June  -64 
Oct. -64 

May -65 

Oct. -63 
June  -63 
Oct. -64 
May -65 

Type 
ol  

wood 

l:requency of logs with sporophores of thc rnosl common decay fungi I 
Corticiurn 

SPP. 

few 

few 
common 

common 
(covering 
great areas) 

0 
0 

few 
common 

Sfereum Liberklln 
purpureum betulinn 

0 common 
0 common 

(fragm.) 
0 0 

Notes 

0 0 0 Areas of living bark occurring. Trichodermn 
sp. observed. 

0 0 0 
few 0 0 
(small) 

- - - 

0 0 0 Most of the  bark slill alive. 
0 0 0 Areas with living bark occurred. 
0 0 0 Areas with living bark occurred. 
0 0 0 



frequent until the second, growing season. A t  the beginning of 
the second growing season, orange-coloured spore masses, cirri, 
of Libertella betrllina Desm. began to develop. During the second 
growing season cirri of this fungus were observed ernerging 
from lenticels on almost every birch log. Libertella betalina, which 
has proved capable of deconlposing birch wood in laboratory decay 
tests (HENNINGSSON 1967), has hitherto been neglected in  Scandi- 
navian literature on stored pulpwood. It has, however, been reported 
as very common on unpeeled birch wood in  Russia ( V A I ~ I N  1964), and 
recently in Norway (personal communication from Dr. F. ROLL-HANSEY 
at  the Norwegian Forest Research Institute). Towards the end of the 
second and during the third growing season, slm-ophores of Stereurn 
Izirsufum (W7illd.) F r .  and the Polyporrzs zonatus (Nees) Fr .  group 
developed. Because of variations in sporophore appearance the term 
"Polyporus zonatus gronp" has been preferred, involving sporophores 
ranging from a Polyporrrs uersicolor-like appearance to typical Poly- 
porus zonafns sporophores. 

On the aspen wood, too, the Corticiurn species developed first of 
the decay fungi. Later, during the second season, Stereunz purpureum 
formed sporophores which were especially conlrnon on the aspen wood 
in Ryd and Skinnskatteberg. Polyporus zonatus and Peniophora 
incarnata formed sporophores on some logs during the second and 
third growing seasons. According to H ~ s x ~ s ~ s s o s  (1967), the early- 
occurring species-Corticirznz spp, Stereum purprzreum and Libertella 
betulina-decompose mood only slowly, whereas Stererrrn hirsutum, 
Polyporus zonafzzs and several other fungi which appeared relatively 
late on the wood, arc much more active vood destroyers. 

C. Observations on the microflora in the wood. 

After isolation of the micro-organisms growing out from the wood 
cores, it becarne evident that in  addition to decay f~ulgi,  a number of 
non-Basidion~ycetes and bacteria had invaded the stored logs. It was 
not possible to identify all these microbes, other than the most common 
Basidiornycetes and a few com~llon dscornycetes. Since the micro- 
scopical characteristics of the mycelia of Polyporrrs zonatus and 
Polyporus uersicolor are most identical, such nlycelia have been 
reported as belonging to the Polyporrzs zonatas group. 

hlycelia of decay fungi were often isolated from the wood after only 
three months' storage, and generally several months before sporophores 
of these species were observed on the logs (Fig. 5 ) .  The decay fungi 
occurred in the logs in a sequence similar to that of the occurrence of 



Stereum Libertella Stereum Polyporus Peniophora 
Corticium spp purpureurn b e t u l ~ n a  hirsuturn zonatus group incarnata 

Jan. July Dec. Jon. July Dec. Jan. July Dec. Jan. July Dec. Jan. July Dec. Jan. July Dec. 

Fig. 5. Approximate t ime of t he  first recording of m j  celia (h1) and  sporophores (S) of the  
illost common decay f u n g ~  on the  birch 1ogq. 

Tab. 3. Moisture content of the stored wood and of the corresponding sound wood. 

-\yerag( 
ariginal 
nolsturc 
content 
~ e r  cent 

1Ioisturc content of logs in per cent of the  
dry   eight 

Storage place 

Ryd  

Bjornehorg 

Sliinnslratteberg 

Njuruncla 

Yuollerim 

- 
Oct. 
-65 

- 
Oct. 
-63 

- 
July 
-64 

Feb. 
-64 

Birch 

oligiaal 
stored 

original 
stored 

original 
storcd 

original 
stored 

original 
storcd 

Aspen 

original 
stored 

original 
stored 

original 
stored 

original 
stored 

original 
stored 

R ycl 

Bjorneborg 

Sliinnskatteberg 

Yjurunda 

\'uollerim 



sporophores on the logs. The Corticizznz species, Stererun pzzrpzzrezun 
and Libertella befzzlina were usually isolated from the birch wood 
during the first storage season. Later, snycelia of Sferezzm h i r s u f u m  
and PoZyporzzs zorzafzzs were found. Towards the end of the storage 
period these latter species became very common, whereas the early- 
occurring fungi were rarely isolated. It is interesting to note that 
neither snycelia nor sporophores of Stererrm prrrpzzrezrm and Peniophora 
incarnata were found in the Vuollerim material. 

D. Changes in moisture content during storage. 

By \veighing the disks wet and dry, their moisture content in per 
cent of the dry  weight mas determined. Tab. 3 shons  that the average 
original moisture content of the wood ~ a r i e d  between the storage 
places. This was especially pronounced for aspen ~ o o d .  Tab. 3 also 
shows that there was some \ariation in the average original moisture 
content of the ten logs withdrann from any one storage place on each 
sampling occasion. I'l'hen comparing the changes in moisture content 
of the t x o  species and the f i le  storage places, these variations in 
the original moisture content were avoided by using the r e l a t i ~ e  
moisture content, i.e. the moisture content of the logs xi thdrawn at 
each sampling, expressed in per cent of the moisture content of the 
original sound wood of the logs. 'The results are presented in Fig. 6. It 
is evident that the birch and aspen wood dried about equally rapidly 
during the first summer's storage. During the first winter there mas 
~ ~ s u a l l y  an  increase in the moisture (uptake of water) of the wood, 
except in the aspen nood stored in Kyd and Bjorneborg, where a 
slow decrease was recorded. From the beginning of the second 
suinrner (the third summer in Vuollerim) the drying curies for birch 
and aspen diverged considerably. IVhilst the aspen mood dried 
rapidly, the birch wood dried ~ e r y  s l o ~ l y  during the second summer. 
This  difference certainly resulted from tlie general shedding of bark, 
~vh ich  began on the aspen logs during the second year of storage. 
Fig. G also shows that the birch wood dried most rapidly in  Ryd and 
Njurunda and that the aspen wood dried much faster in  Ryd than in  
any other of tlie storage places. 

E. Changes in dry density during storage. 

In calculating the dry densities, each of the five disks taken from a 
log was treated separately. The dry density of a whole log was assumed 
to be the average of the dry densities of each disk. The relative dry 
density of a stored log was determined in  per cent of the average dry 
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Fig. 6. Changes in moisture content of the  birch (0) and aspen(.) logs during storage. 
The moisture content v a s  calculated in per cent of the original moisture content of 
the  log. 



Tab. 4. Decrease in dry density of the logs. Each value was calculated on the basis of the 
dry density of the original sound wood samples. 

Birch 

Average decrease in dry density, per cent Average 
original 

dry 
density 
g/cm3 

Storage 
place 

- 
Sum- 
mer 
-63 

1.4 6.0 
0.6 3.0 
0.8 5.6 
- - 

0.0 2.7 

Aspen 
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R> d 
Bjorneborg 
Skinnskatteberg 
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densities of the t n o  disks talien from the log at the beginning of the 
experiment. The values reported in Tab. 4 and Fig. 7 are the average 
of the ten logs withdrawn at  each sampling. Disregarding a slight 
change in the shrinkage properties of the heavily attaclied wood, the 
percentage decrease in dry density can be used as a crude measure 
of the percentage loss of wood substance caused by the metabolic 
act i~i t ies  of the micro-organisms. Fig. 7 and Tab. 4 clearly deinon- 
strate that there was a decrease in the dry density of the pulpwood 
during storage. This decrease in dry density generally proceeded at  a 
rate which increased with increasing storage time. It appears also 
%at the rate of mood-deconlposition, measured as a decrease in dry 
density, was higher for birch than for aspen and higher in Ryd than 
in any other of the storage places. Furthermore, the decrease in dry 
density was usually least in the nortlierninost storage place, Puolle- 
rim. 
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Fig, 7. Dry densities of the birch ( @ )  and aspen (9) logs ~ ~ i t h d r a w n  on the various sampling 
occasions. The dry density of the corresponding sound ~ o o d  samples was assumed 
to  be 100 per cent. 
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Fis. 8. Dry densities in different parts of the birch loss on three sampling occasions. The 

dry density of the  sound vood n a s  assumed to  he 100 per cent. 

Fig. 8 shows the average relative dry densities of the five disks 
taken from each birch log'. It is evident that the wood decomposition 
mainly advanced from the end surfaces of the logs inmards, since 
the decrease in dry density was always most pronounced near the end 
surfaces, and least in the middle. This was less frequently the case 
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Fig. 9. Relative reduction in dry clensity of logs with ( 0 )  and without ( 0) branch scars. 
Birch logs withdrawn on the three last sampling occasions in Ryd, Bjorneborg and 
Skinnskatteberg are shown. The relative decrease in dry density of a log was 
calculated in per cent of the arerage for the logs withdrawn on each sampling 
occasion. 



Tab. 5. Cellulose and lignin contents (wlw) of the stored wood and of the corresponding 
sound wood. Figures within parantheses show the average decrease in dry density - - 

of the stored wood. 

Cellulose content, per cent 

Autumn Spring 
-63 1 -61  

Type of 
wood and 

Storage 
place 

Autumn 
-64 

Spring 
-65 

Autumn 
-65 

- 
#tore( 
wood 

- 
jtorec 
wood 
- 

39.6 
(27.8) 
40.6 

(15.6) 
40.3 

(19.5) 
41.2 

(10.9) 
42.0 

(11.7) - 

45.3 
(10.7) 
47.1 
(8.4) 
44.6 

(14.3) 
45.5 
(5.5) 
45.6 
(3.6) 

- 

20.0 

20.3 

20.3 

20.0 

18.9 

- 
;ound 
wood 

ound 
,I oocl 

;tore[ 
wood 

sound 
wood 
- 

10.3 

40.9 

40.5 

41.6 

41.2 

ionnd 
wood 

Birch 
Ryd 

Bjorneborg 

Sliinn- 
sliatteberg 
Sjnrunda 

Vuollerim 

A s p e n  
Ryd 

Bjorneborg 

Sk im-  
sliatteberg 
Njurunda 

Yuollerim 

Lignin content, per cent 

Birch 
R>- (1 

Bjorneborg 

Sliinn- 
sltattehcrg 
Xjurunda 

Tuollerim 

Aspen 
R y l  

Rjdrneborg 

Sliinn- 
sliatlcberg 
Sjnrunda 

Vuollerirn 



Cellulose 

0 10 20 30% 
Decrease in dry density 

Lignin 
'1. 

lwe~ght lossl 

80- 

70- 

I 
0 10 20 'I* 

Decrease in dry density 
(weight lossl 

Lignin 

90 

D 

I I 
0 10 20 30% 0 10 20 % 

Decrease in dry density Decrease in dry density 
(weight loss1 (weight loss1 

Fig. 10. Relative liynin and cellulose contents of the stored nood, based on the  contents 
in original sound 75 ood. All five storage places included. The lines corresponding 
to  the  theoretical deconiposition rate of lignin and cellulose for a complete corre- 
lation with total n ood deconiposition are d rann .  



wit11 aspen wood, probably as  a result of the large number of branch 
scars and the general shedding of bark during the second year of 
storage. - 

The importance of branch scars as  gatewags for infection by wood- 
destroying micro-organisms is demonstrated in  Fig. 9. Birch logs 
taken only from the piles in  Kyd, Bjorneborg och Skinnskatteherg on 
the last three sampling occasions have been considered. The reduction 
in dry density was generally greater in  logs with branch scars than in 
logs without branch scars. 

F. Cellulose and lignin content. 

The cellulose and lignin contents of the logs before (sound wood) 
and after storage are reported in  Tah. 5. The values given in the table 
are the average of the five logs withdrawn on each sampling 
occasion. The results show that the cellulose and lignin content 
changed very little during the period of storage. In the first two years 
of storage, however, the cellulose content of the stored birch wood was 
often slightly higher than that of the corresponding original sound 
wood. This indicates that cellulose and lignin were decomposed about 
equally rapidly by the micro-organisms in the wood. 

Assuming that  the decrease in  dry  density corresponds to an  equal 
loss of wood substance (weight loss), it is possible to calculate the 
loss of cellulose and lignin during storage. This was done for each 
sampling occasion at  each storage place and the values were plotted 
against the decrease in dry density (weight loss) in  Fig. 10. The line 
corresponding to the theoretical decomposition rate of lignin and 
cellulose for a complete correlation with total wood decomposition 
was drawn. The rate of decomposition of lignin and cellulose roughly 
follows this line, although the rate of early cellulose decon~position 
seems to be somewhat lower than the rate of total wood decomposition. 
Fig. 10 thus demonstrates that if the percentage decrease in  dry density 
of stored unpeeled birch and aspen pulpwood is knom-n, one has also 
a crude measure of the loss of cellulose and lignin from the wood, 
caused by micro-organisn~s, independent of storage conditions (1 iz. 
climate, and geographical location of the storage place). 



Discussion 

The snbstantial differences in the rate of wood decomposition 
between the storage places, as measured in terms of decrease in dry  
density, reported in Tab. 4 and Fig. 7, are no doubt caused by climatic 
factors, the length of the growing season being most important. The 
rate of decon~position of birch mood during the period hlay 1963 to 
October 1964 in Ryd was, for instance, two to three times faster than 
in Bjorneborg and Sliinnskatteberg and two to four times faster than 
in Vuollerim. These results should be considered in relation to the 
finding that in Ryd the growing season was about two months longer 
than that in Bjorneborg and Skinnsltatteberg and nearly four months 
longer than that in T'uollerim (Fig. 3 ) .  

The results of the moistnre content nleasurements on birch wood, 
reported in Tab. 3 and Fig. 6, indicate that the differences in rate 
of seasoning between the storage places were too small to exert more 
than a minor influence on tlle rate of nood decomposition (cf. HEX- 
NIKGSSON 1967 b) .  I11 aspen wwd,  h o v e ~ e r ,  the differences in  rate 
of seasoning were greater, and might have influenced the rate of 
decomposition, especially in  Ryd, mhere the moisture content towards 
the end of the storage pcriod approached the fibre saturation point. 

Contributary causes to the slower decomposition of aspen ~ o o d  
compared with birch wood (Fig. 7 and Tab. 4)  were that the aspen bark 
remained alive, for tlle most part, during the first summer of storage 
and that aspen heartwood is naturally decay-resistant (HENNINGSSOS 
1967 b ) .  

Taking into account that the decay mainly advanced from the log 
ends, the length of the log plays an  important part as regards the rate 
of wood decomposition. The longer is the log, the less decay there will 
be. This was also realised by BJORILMAN 1933 and HEISII.\\ER. 1959. 

The effect of felling time on the amount of storage decay has been 
studied earlier (cf. BJORKMAS 1953 and H E I S I ~ A ~ E N  1939) and fo~ lnd  
to be of very little importance, prohided that the logs felled at different 
times are stored equally long; and that this storage exceeds one year. 
Further research would, ho\vevcr, be of n l u e  for determining the 
effect of felling time on the development of decay, since factors like 
the annual fluctuations in  moisture and nutrient content of the trees 



(PETERSOY 6t T~TIXQVIST  1960) and in the amount of spores in the 
air (cf. M A ~ H I E S E A - ~ < A ~ R I I  1955) might be expected have some 
influence. 

The obser\ations of the fungus flora in the logs shomed clearly that 
the wood was inladed initially by fungi with low wood-destroying 
ac t i~ i ty ,  and that severe wood destroyers did not inlade until a 
certain period of storage had passed. This leads to very slow ~ o o d  
decomposition in the early stages of storage (Fig. 7 ) .  

Even if the biochemical activity in wood of some only of the decay 
fungi listed in Tab. 2 has been tlmroughly inrwiigated, most o f  them 
ha\e been reported to possess polyphenol oxidising ferments (I<.~ARIK 
1965), said to be a characteristic of the uhi te  rot fungi. 

Thus allnost all decay fungi found in the stored birch and aspen mood 
can be r3ferrcd to a4 nhi te  rots. The species Sound in the present 
material ve re  much the same as those found earlier in stored birch and 
aspen by, amongst others, B J O R I ~ ~ I \ N  (1933 and 193S), ~ I O R D ~ ; \ O  

et al. (1963) and HESAIKG~SOA (1962). It is \\ell l inonn that typical 
vihite-rot fungi attack cellalose and lignin in the x\ood simultaneously 
icf. COTVI,IYG 1961, SI:ITEKI. 1966) ni thout  signii'icantly changing their 
proportions. 

Considering the kilonil composition of the f ~ m g u s  flora and the type 
of chemical mood decomposition typical of the ind i~ idua l  fungi, it is 
not surprising that the proportions of lignin and cellulose changed 
very little during storage (Tab. 5 ) ,  and that the loss of lignin and 
cellulose proceeded at  the same rate as the total loss of wood substance 
(decrease in dry density). Thus, since the figures for decrease in dry 
density reported in Tab. 4 are valid on the \%hole for the loss of 
cellulose, too, it may be concluded that substantial amounts of the 
original cellulose might be lost during storage of unpeeled birch and 
aspen pulpwood, and that proper management and wood preservation 
must be of great econon~ic importance. 



Summary 

Unpeeled birch and aspen pulpwood logs t ~ o  metres in length were 
stored in five places in Sweden in close stacks from May 1963 to Oct. 
1965. The micro-flora invading the logs, changes in moisture content, 
decrease in  dry density and the lignin and cellulose content of the 
wood were followed during storage. Owing to the presence of bark, 
seasoning of the birch wood was slow, whereas, as  a result of bark- 
shedding, the seasoning of aspen wood was faster. The wood decom- 
position, measured in terms of the decrease in dry density, was 
greatly influenced by the length of the annual microbial growing 
season, wood decomposition being two to four times faster in the 
southern than in the northern part of Sweden. Decay advanced 
mainly from the end surfaces of a log inwards, indicating that, from 
the storage point of view, long logs are to be preferred to shorter ones. 

The decay fungi attacking both types of wood were almost exclusively 
of the white rot type, resulting in  a decomposition of cellulose and 
lignin which proceeded at  the same rate as the total wood decompo- 
sition, measured as a decrease in dry density. This indicates that by 
knowing the decrease in dry density of birch and aspen pulpwood, one 
has also a crude measure of the loss of cellulose caused by the micro- 
organisms during storage. 
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Mikrobiell nedbrytning av obarkad bjork- och aqnnassaved under lagring 

Obarkad t v h e t e r s  bjork- och aspmassaved lagrades 115 fern olika platser i 
Sverige i klosslagda travar frBn inaj 1963 till oktober 1964. RIikroflora, fukt- 
halt, torrdensitet samt cellulosa- ocll ligninhalt 110s virket studerades under 
lagringsperioden. Eftersom forsoks~naterialet lagrades obarkat, torkade 
bjorkvirltet inycket I5ngsanlt, meclan aspveden, vars bark ofta lossnade och 
fo11 av under andra och tredje lagringsaret, torkade snabbare. Veclnedbryt- 
ningen matt son1 sankning av torrdensiteten p8verkades i stor utstrackning 
av den Brliga mikrobiella vegetationsperioden. I sodra Sverige fortsltred 
vednedbrytningen tv5 till fyra g h g e r  snahhare an i nordligaste delen av 
landet. Rotan avanceracle huvudsakligen f r h  iindytorna och in5t i for- 
soksbitarna, vilket tyder p2 att u r  virkesv5rclssynpunkt l h g a  massaved- 
bitar a r  att foredra frainfor korta. 

BBda vedslagen angreps niistan uteslutande av s. k,  vitrotesvampar, 
vilket resulterade i en procentuell forlust av vedens lignin och cellulosa av 
ungefar samnia storlek soin den totala vednedbrytni~lgen iniitt som siink- 
ning av torrdensiteten. Detta innebiir, att om man kanner den procentuella 
sankningen av torrdensiteten, sg ha r  inan ocks5 grovt m5tt pa den cellulosa- 
forlust so111 orsakats av mikroorganismerna under lagringen. 
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