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INTRODUCTION 

At the meeting of the wood protection sub-group in Abijan in 1975 it was 

decided to forma working party within sub-group 5 to consider in more detail 

the fundamental problems concerned with the biodeterioration of wood by micro­

organisms. 

Dr. J.F. Levy was invited to chair the group and to decide within sub-group 

5 the aims and objectives of the new working party. It was decided that the 

main objective of the group should be to provide an open forum for discussion 

of all aspects of the biology of wood invading micro-organisms in an attempt 

to create interest, stimulate research and identify areas of importance. It is 

considered that this is primarily an ecological situation rather than a patho­

logical one involving the interactions of the organisms with each other and 

within different species of timber. 

Any study of the ecology of wood colonising micro-organisms must involve a 

study of their interactions with their habitat, the wood itself. Mast woods 

can be distinguished on the basis of their anatomy, which implies that each 

species forms a different habitat. Wood anatomy is therefore an increasingly 

important area of study in relation to the behavior of microorganisms in wood. 

This particularly applies to the fine structure of the cell wall since evidence 

is accumulating that the microdistribution of wood preservatives within the 

cell wall differs greatly in the different wood species and may therefore 

interact differently with the fungal enzyme systems of the different woods. 

It was decided that each meeting of the group should attempt to discuss a main 

theme with the majority of papers concerned with one subject area together with 

one or two papers of general interest. The Chairman of the group will welcome 

any suggestions for the theme of future meetings, particularly those connected 

with the areas outlined. 
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The theme for the 1st meeting was suggested by four papers at the Inter­

national Symposium in Berlin "organisms and Wood" in May 1975. The four 

papers came from four different parts of the world from workers who had 

reached their conclusions quite independent of each other. 

M. Fougerousse in Tropical Africa reported untreated woods attacked by 

many fungi and destroyed primarily by Basidiomycetes. Treated softwood 

endured, whilst treated hardwood was failing to soft rot fungi. 

T. Nilsson in Scandinavia reported similar findings. 

R.S. Smith in Canada reported similar findings in untreated durable western 

red cedar roofing shingles (or shakes). 

N.A.A.H. Sorkhoh reported a model laboratory system which showed similar 

results. 

The co-incidence of these reports seemed to be too important to overlook 

and this meeting offered an ideal opportunity to discuss the matter further 

to stimulate observation in this field. Recent reports show that major 

problems are occurring in several parts of the world and it is important to 

1. Examine the problem 

2. Define the problem 

3. Find the answer 

Otherwise wood could lose its place fora number of major end uses. 

This report contains five papers by members of the Sub-group presented at 

the 16th IUFRO World-Congress in Oslo 1976. The theme for the meeting was 

"The Performance of Treated Wood and Untreated Durable Species". 
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ASPECTS OF THE PERFORMANCE OF TREATED WOOOO IN NORTHERN EUROPE 

Introduction 

With the exception of a very few timber species such as oak heartwood and 

juniper, the supply of which is highly limited, Northern European timbers 

are susceptible to biodegradation. A certain degree of durability is exhi­

bited by the heartwood of Scots pine (Pinus sylvestris) and European larch 

(Larix decidua). However, this limited durability will not permit their use 

in direct contact with soil or the sea. Thus, if our timbers are to be used 

under severe conditions, a thorough preservative treatment is necessary. 

From the second half of the 19th century to the beginning of World War 11, 

wood preservation was mainly concerned with the impregnation of railway 

sleepers, electricity poles and telegraph poles. Various vacuum/pressure or 

sap-displacement methods were used for impregnation with coal tar creosote 

or copper sulphate. 

The development and use of water-borne salt preservatives started in the 

1940s. Scots pine has been the dominant wood species for preservative treat­

ment in Finland, Norway and Sweden, while in Denmark a significant quantity 

of spruce, mainly Norway spruce (Picea abies), has been treated using the 

Gewecke process. 

In Denmark and Sweden beech (Fagus silvatica) sleepers are still treated 

with creosote, even though trees of the required dimensions cannot be found 

insufficient quantities within the Nordic countries. However, the quantities 

of treated spruce and beech are small today compared with the quantities of 

treated Scots pine. 

In recent years the developpment of new v/p-preservatives has intensified. 

A number of promising new wood preservatives are undergoing testing in 

terrestial and marine environments within the framework of the Nordic Wood 

Preservation Council. 

Field trials (ground contact) 

Field trials with wood preservatives have been conducted continuously in the 

Nordic countries since 1940. These trials have almost entirely been made with 
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Scots pine and include stake tests as well as tests with fence posts and 

poles. The stake tests have been carried out using the same sample size and 

approximately the same standard procedure for 35 years. In addition, some of 

the test sites have been used during the whole period. This allows us to 

compare test results. The procedure was originally developed by E. Rennerfelt 

and was published in 1964. Since then it has been modified slightly by 

Birkner in 1969 and the Nordic Wood Preservation Council specified certain 

details in 1971. 

The stakes under testare buried in the ground to half their length and are 

usually inspected once every year. A grading of the decay thereby takes place 

in the field. An index of decay is then calculated for each series tested 

(Bergman & Henningsson 1974). To facilitate the grading a small bending 

apparatus is used in which a stake breaks when approximately 75 per cent of 

its original strength is lost due to decay. 

5 
3-

50-1---4---4-----+------+---~---~ 

4 
75-+----1---+-----+----+-t-----,-------, 

100-&-----:::!0,._-+----+----+------+--------t 
5 10 15 20 25 

Years 

Fig. 1. Development of the index of decay for pine (Pinu~ sylvestris) stakes, 
vacuum/pressure treated with Boliden K33 and exposed to the ground 
at Simlångsdalen test field (south western Sweden). 

3 3 
Retentions: 1 = 20.1 kg/m 2 = 11.7 kg/m 

3 3 
3 = 8.7 kg/m ; 4 = 5.6 kg/m 

5 = untreated 

(From Bergman & Henningsson 1974). 
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A typical example of the results that can be obtained using a stake test 

is shown in fig. 1. With sufficiently long experience from tests conducted 

at a certain test site, it is possible to determine the performance required 

from a good preservative. In Simlångsdalen we expect stakes treated with the 

intended normal retention of a good preservative to be free from attack, or 

to sustain only slight attack, during the first five-year period. 

in oi l 

nt reat ed UA-Reform 

5 10 15 20 25 
Years 

Fig. 2. Development of the index of decay for pine stakes vacuum/pressure 
treated with "normal" concentrations of various preservatives 
and exposed to the ground at Simlångsdalen test field. 

It is also possible to campare the effectiveness of different preservatives. 

An example of results from a running test with different preservatives is 

demonstrated in fig. 2. The preservatives are here compared at their so-called 

normal retention. Of course it is necessary to test different retentions if 

recommendations with regard to retention are aimed at. Based mainly on results 

from stake tests, identical minimum retentions fora number of v/p preservatives 

have been recommended in the Nordic countries. 

It has proved valuable to conduct tests with roundwood, posts as well as 

poles, since a relation between the performance of small stakes in accele­

rated tests and timber of greater dimensions is obtained in this way. 



7 

The inspections are more complicated for poles since they cannot be strength­

tested like the stakes. Fig. 3 shows a test of poles treated with various 

preservatives. It can be seen that, even though the rate of decay varies 

between the two test sites of Simlångsdalen and Lunnaby åker, the preser­

vatives rank in the same order. This is generally the case when identical 

test series are placed indifferent test fields. 

Simlångsdal 
100~---+~.._-+-------4-----+----._----+---~ 

5 10 15 20 25 30 35 
Yurs 

Lll'lnabyåker 
100 .J__-----+.-~~-1----:__:__-+---+---------l----+---~35 

5 10 15 20 25 30 
Years 

Fig. 3. Development of the index of decay for pine posts vacuum/pressure 
treated with various preservatives and exposed to the ground at 
two different test fields, Simlångsdalen and Lunnaby åker. 

3 3 
l = Basilit UA 13.5 kg/m ; 2 = Boliden BIS 9.7 kg/m 

3 3 
3 = Boliden fluorine salt 10.1 kg/m ; 4 = Creosote 97 kg/m 

5 = untreated 

(From Bergman & Henningsson 1974). 
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Another very important observation can be made from the results shown fig. 3. 

The creosote-treated timber is very resistant to decay compared with the 

salt-treated timber. Creosote does not give the same protection in stake 

tests. The extraordinarily good preservative effect of creosote seems to 

be related to the dimension of the treated timber. 

Varying climatic and soil conditions influence the rate of decay. However, it 

is often difficult to analyse the factors that influence the results, especially 

since the various factors sometimes interact strongly. Climatic factors such 

as temperature, the length of the vegetation period and rainfall must be 

considered as well as factors related to the soil, such as pH, nutrient status 

and water-holding capacity. The flora of wood-destroying fungi and its activity 

is highly influenced by the factors mentioned. 

Tables la to l d illustrate the differences between the four Nordic test 

fields with regard to biodeterioration activity. It can be seen that the three 

fields in Denmark, Norway and Sweden give very similar results and rank the 

preservatives almost identically. The experiences from tests in the four 

Table la. 

PRESERVATIVE 

BAS! LIT CFK 

BOLIDEN K33 

BP-HYLOSAN 

CELCURE A 

RETEN310N 
KGIM 

ScoTS PINE BEECH 

6,6 6,4 
9,9 9,5 

13,5 12,4 
20,2 19,0 
27.1 25,3 

6,6 6,3 
9.9 9 ,5 

13,3 12,9 
20,0 18,8 
26,li 25,4 

71 59 
106 87 
126 121 
215 181 
305 245 

7.7 
11,6 
15,4 
23,4 
31.6 

7.7 
11.5 
15,l 
23,l 
30,8 

SIMLÅNGSDALEN 8 YEARS 

INDEX OF DECAY RETENT!ON 
PRESERVATIVE ~K-G/~H~---

INDEX OF DECAY 

SCOTS PINE BEECH 

6,3 100(4,6) CREOSOTE 
2, 5 98.8 
0 87 ,5 
0 53,8 
0 26,3 

6,3 100(4,6) KP-CUPRINOL 
0 100(5 ,0) 

0 98,8 
0 85,0 
0 66,3 

60,0 100(5,7) TANALITH 
30,0 91.3 
25.0 80,0 
11,3 68.8 

0 53 ,8 

1.3 
0 
0 
0 
0 

100(4,1) 
100(4 ,2) 
100(5 ,2) 
100(6,0) 
100(5,8) 

WOLMANIT CB 

UNTREATED 

SCOTS PINE BEECH SCOTS PINE BEECH 

73 60 86.3 98,8 
112 90 72.5 97,5 
141 119 51.3 96.3 
185 199 22,5 72,5 
232 282 18,8 53,8 

9.0 8.7 13 ,8 100(4 .5) 
13,6 12,8 3,8 98,8 
18,0 17,4 0 80,0 
26,6 26.2 0 55,0 
36,2 36,2 0 21,3 

8,2 7 ,6 1.3 100(4,5) 
12 ,l 11.6 1.3 95,0 
15,8 15,2 0 97 ,5 
24 ,3 23 ,1 0 75,0 
32 ,8 31.4 0 46,3 

10,0 
15,l 
20,0 
30,9 
41.6 

9,6 0 98,8 
14,3 0 78,8 
18.9 0 48,8 
28.7 0 23.8 
38,6 0 7,5 

0 0 100 100 
(3,4 YEARS)(2,3YEARS) 

Table la - l d. lndices of decay for test stakes (20x5x500 mm) of Scots 
pine, Beech, Alder and Birch, vacuum/pressure treated with various 
preservatives and exposed to the ground for 8 years at four different 
test fields in the Nordic countries. 
(Published with the permission of the Nordic Wood Preservation Council). 
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Table 1 b. 

SÖRKEDALEN 8 YEARS 

PRESERVATIVE RETEN!ION INDEX OF DECAY PRESERVATIVE RETEN!ION INDEX OF DECAY 
KC.Lt! KCilt! 

SCOTS PINE ALDER SCOTS PINE ALDER SCOTS PINE ALDER SCOTS PINE ALDER 
BASILIT CFK 6.7 8,0 42,5 72,5 CREOSOTE 75 94 42,5 92,5 

10,l 11.9 5,0 50,0 108 143 20.0 75,0 
13.4 15,8 0 40.0 141 198 10.0 57,5 
20,2 23,6 0 12,5 210 315 0 12.5 
27,3 31.5 0 0 217 428 0 0 

BOLIDEN K33 6.5 7.8 2,5 72,5 KP-CUPRINOL 9.0 10.8 25,0 100(6 .ll 
10.0 11.9 2,5 35,0 13,6 16,3 12.5 80,0 
13.5 15,9 0 22,5 17,8 21.8 7,5 65,0 
19.7 24,0 0 2.5 26,8 32.5 0 37,5 
26.9 31.5 0 0 35.9 44.1 0 17,5 

BP-HYLOSAN o9 91 22,5 77,5 TANALITH 7.9 9,5 2.5 75,0 
105 140 5,0 35,0 12,0 14.2 0 40,0 
128 187 7,5 22,5 16,0 19.2 0 30,0 
218 268 0 0 24,0 28,8 0 2,5 
305 376 0 0 32 .7 38,9 0 0 

CELCURE A 7.7 9,4 2.5 97 ,5 WOLMANIT CiJ 10,l 11.8 17,5 55.0 
11.7 14.2 0 90,0 15.1 17,6 7.5 30,0 
15,8 18.9 0 82.5 20,3 23.7 5,0 17,5 
23.l 28,2 0 32,5 30.8 35,8 0 10,0 
31.7 38,5 0 5,0 41.2 48.2 0 2.5 

UNTREATED 0 0 100 100 
(4 .7 YEARs)(2 ,8 YtARS) 

Table 1 c. 

TÅSTRUP (HILLER~D) 8 YEARS 

PRESERVAT I VE SCOTS PINE SCOTS PINE 
RETENTION INDEX OF DECAY PRESERVATI VE RETENTION INDEX OF DECAY 

KG/M3 KG/M3 

BASILIT CFK 6.7 7,5 CREOSOTE 72 60.0 
10,2 0 111 52.5 
13 ,5 0 150 40,0 
20,0 0 191 22,5 
27,l 0 244 22.5 

BOLIDEN K33 6,8 2.5 KP-CUPRINOL 8,9 15,0 
10.1 0 13,4 0 
13.1 0 17,9 0 
19,9 0 27 .0 0 
26.7 0 33,6 0 

BP-HYLOSAN 70 42,5 TANALI TH C 8,1 0 
102 27.5 11,8 0 
124 20,0 15,8 0 
221 10.0 24,3 0 
305 0 32,9 0 

CELCURE A 7,6 2.5 WOLMANIT CB 10,0 12,5 
11.8 0 15,1 0 
15,5 0 19,8 0 
23.4 0 30,5 0 
32.2 0 4~,7 100°c5,l) UNTREATED 
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Table l d • 

VASA 7,5 YEARS 

PRESERVAT!VE RETENTION INDEX OF DECAY RETENT! DN INDEX OF DECAY 
KG/M3 PRESERVATIVE KG/M3 

SCOTS PINE BIRCH SCOTS PINE BIRCH SCOTS PINE BIRCH SCOTS PINE BIRCH 

BASILIT CFK b.7 5,9 100 92.5 CREOSOTE 74 69 17.5 35,0 
10.2 8,9 75,0 50.0 99 109 2.5 45,0 
13.5 11.8 52.5 30,0 142 147 10.0 27 ,5 
20,0 17.7 37.5 20,0 198 221 0 7 ,5 
27.1 24.3 5,0 7.5 230 314 0 5,0 

BOLIDEN K33 6.7 6,1 30,0 57,5 KP-CUPRINOL 9.0 8.2 97.5 100 
9,3 9.1 0 55,0 13,5 12.3 77 ,5 80,0 

13,3 12.4 0 50.0 17.8 16.2 65,0 65.0 
20.1 18.2 0 17,5 26.4 24.5 10.0 37 .5 
2b,6 24,3 0 15.0 35,8 33,0 7,5 30.0 

BP-HYLOSAN il 66 5,0 22.5 TANALITH C 8,2 7,3 35,0 82.5 
98 105 2.5 17.5 12.1 10,6 12.5 22 .5 

12b 137 0 0 15,9 14.2 2.5 25,0 
215 208 0 2.5 24.2 21.0 0 5,0 
305 275 2.5 0 32.4 29,7 0 2.5 

CELCURE Ä 7.7 7.1 30,0 100 WOLMANIT CB 10,0 8,8 100 72.5 
11.6 10,3 2.5 80.0 15.3 13,4 60.0 12 .5 
15.7 14.5 2.5 75.0 20.1 18.1 22.5 2.5 
23,8 21.3 5,0 27,5 30.7 27.1 20,0 7 ,5 
31.9 29.4 0 2.5 41.2 35.7 5,0 2 ,5 

UNTREATED 0 0 100 100 

official fields in Sweden are the same: the rate of attack may vary from one 

field to the next but the ranking of the preservatives is usually very similar. 

The deviating results in Vasa (Finland) have been discussed intensively anda 

number of soil analyses and other comparisons have been made. They indicate 

that the higher water-holding capacity (WHC), nitrogen content and phosphorus 

content in Vasa may be the underlying causes. 

Only a few tests comparing different wood species have been organized in the 

Nordic countries. Preservative-treated Scots pine and Norway spruce were 

compared in a test in which fresh wood was treated according to the oscillating 

pressure method (O:RJI). Posts (roundwood) and stakes were treated with two preser­

vatives with and without copper respectively. The result for the posts can be seen 

in fig. 4. It is quite clear that when treated to similar retentions, spruce and 

pine roundwood behave identically. The stake tests indicate a slightly better 

performance (= longer life) for treated pine sapwood than for treated spruce 

sapwood. The service life of spruce heartwood, however, did not improve 

significantly through treatment, mainly as a result of poor and uneven reten­

tion. 
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' 50t---t.--t----t-----1----~~------J 

\ 
Simlångsdalen 

75-r-----t-,lt------1.------+-------+-------1 

100+------+---=:::::::~------+---_J_ __ _J 

0..--------..-----------------'---------

25 2, 
~ 

::,.... 

50 
Bogesund 

75 

10 H-----+------4----+-------+----~ 

5 10 15 20 25 
Years 

Fig. 4. Development of the index of decay for pine and spruce posts treated 
according to the oscillating pressure method (OIM) and exposed to 
the ground at two different test fields, Simlångsdalen and Bogesund. 

1 = spruce, untreated 

2 = spruce, treated with TV, a copper-free salt 

3 = spruce, treated with TV 50, a copper-containing salt 

4 = pine, untreated 

5 = pine, treated with TV 

6 = pine, treated with TV 50 

(From Bergman & Henningsson 1974). 
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The common hardwoods (Angiosperms) have been included in a few stake tests. 

The main results from a testat Simlångsdalen with beech (Fagus silvatica), 

birch (Betula sp) and Scots pine are shown in fig. 5. Three preservatives 

of very different types were used. KP-Cuprinol is an ammoniacal copper 

polychlorophenol preservative and Boliden K33 isa CCA-preservative. In 

addition, creosote was included. It is quite clear that treated beech and 

birch did not perform as well as treated pine. This is especially true for the 

two water-borne salt preservatives. 

51 MLlNGSllo\ LEN 12 YEARS 

INDEX OF 
DECAY 

100 100 

l\\ 
100 

80 80 p B F 80 

60 ·~ 60 60 ' p 

40 40 40 \ 
20 20 20 

KP-CUPRINOL BOLIDEN K33 CREOSOTE 

0 0 ---.- 0 

1 e 20 30 10 20 30 100 200 300 1<%,3 

Fig. 5. The index of decay at increasing retentions in v/p-treated 
stakes of pine (P), beech (F) and birch (B) after 12 years 
of exposure to the ground at Simlångsdalen. 

The most extensive test with hardwoods, however, was initiated by the Nordic 

Wood Preservation Council in 1968. The first report from this trial was 

presented in 1974 (Henningsson 1974). Beech, birch, alder (Alnus incana) and 

Scots pine were included. Tests are run simultaneously at four test fields in 

the four Nordic countries. No less than 8 different preservatives, all already 

on the market, were selected for the test. The results, which are shown in 

Tables 1 a to 1 d and fig. 6, demonstrate very clearly that the Angiosperm 

woods (hardwoods) were inferior to pine when tested and used in ground contact. 

In Vasa there are two "exeeptions" to the general rule (Basilit CFK and 

Wolmanit CB). However, these "exceptions" seem to be caused by the extremely 

poor performance of the tested pine stakes. 
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Index of decay 

100 
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20 
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10 20 30 
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60 
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20 

200 300 

Index of decay 
100 

80 

60 F'--. 
40 

p~ 20 
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100 

1 00 -...:;::,--....__ 

80 

60 

40 

20 
TC 

10 

200 300 

20 30 

20 30 kg/m3 

f--e 

B Ä 

p 

~-I I 
10 20 30 kg/m3 

A 
F 

KP-C 

10 20 30 kg/m 3 

WCB 
10 20 30 kg/m3 

Fig. 6. The index of decay at increasing retentions in v/p-treated stakes 
of pine (P), beech (F), birch (B) and alder (A) after 8 years of 
exposure. The curves are based on results obtained at four different 
test fields in the Nordic countries. 
BCFK = Basilit CFK; BK 33 = Boliden K33; BPH = BP-Hylosan; CELC = 
= Celcure (old); CREO = Creosote; KP-C = KP-Cuprinol; TC = Tanalith C; 
WCB = Wolmanit CB. Published with the permission of the Nordic Wood 
Preservation Council. 
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When the failed hardwood stakes were examined, it was apparent that the attack 

was of the soft-rot type. Unlike the treated pine stakes, which usually fail 

after a soft-rot attack progressing inwards from the surface of the stake, the 

treated hardwood stakes exhibited a brittle failure. The soft rot was 

distributed evenly through the whole stake in the ground-line zone. Even stakes 

treated with creosote or pentachlorophenol in oil were often heavily attacked 

by soft rot. Soft rot also occurred in creosoted pine stakes. 

The fungus flora present in preservative-treated timber in ground contact in the 

Nordic countries has been studied by, among others, Henningsson & Nilsson (1976). 

Tabel 2 shows a summary of some of their data. Samples treated with a total of 

9 different preservative types were studied. It is obvious that most of the 

fungi, which were frequently found in preserved wood in contact with the ground, 

were capable of causing soft rot. 

SPECIES NUMBER OF TYPE OF 
SAMPLES WHERE ATTACK NOTES 

THE ORGAN I SM 
WAS FOUND AND 
ISOLATED 

ACREMONIUM SPP, 20 c+E 

BASIDIOMYCETES 13 w+B FIBROPORIA 
VAILLANTI I 
CU-TOLERANT 

CHAETOMIUM SPP, 3 c+E 

CHRYSOSPORIUM PANNORUM 10 c+E 

CLADOSPORIUM SPP, 7 

CONIOTHYRIUM SPP, 9 c+E CU-TOLERANT 
STRAINS 

FUSARIUM SPP, 7 E 
FUNGUS B 77-A-23 21 c+E 

PENICILLIUM SPP, 26 E CU-TOLERANT 
STRA I NS 

PHIALOPHORA HOFFMANNI I 27 c+E TOLERANT TO CU 
AS AND ZN 

PHIALOPHORA MUTABILIS 6 c+E 

PHIALOPHORA SP, A 44 c+E TOLERANT TO CU 
AS AND ZN 

PHIALOPHORA SPP, 25 c+E 

PHOMA SPP, 6 c+E 

RHINOCLADIELLA ANCEPS 17 E 

RHINOCLADJELLA MANSONII 18 0 

SCYTALIDIUM LIGNICOLA 6 E 

TRICHODERMA VIRIDE 19 E 

SUM 284 

Table 2. The most frequently isolated fungi from preservative-treated 
timber in contact with the ground; mainly poles in service and 
test stakes. (From Henningsson & Nilsson 1974). 
C = cavities in the secondary cell wall 
E = erosion of the cell wall from the cell lumen 
W = white rot 
B = brown rot 
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Acremonium, Phialophora and Rhinocladiella were the most frequently occurring 

genera. Of these, the Phialophora in particular contain species with an unusal 

tolerance for the toxic compounds contained in the preservatives used. This 

means that soft-rot fungi are not only capable of growing within the secondary 

cell wall where the amount of preservative is low, but they also have a pro­

nounced tolerance for certain common fungicides used in wood preservatives. 

Field trials (above ground) 

Preservatives used for surface application have been tested on samples exposed 

above the ground as well as on samples exposed in the ground (stakes and posts). 

The results of an extensive trial involving 12 preservatives have been published 

(Johansson 1966, Henningsson 1970). It was shown that thorough treatment (im­

mersion for several hours) with a good preservative could yield good results. 

However, the variation between preservatives was great, as was the variation in 

performance between individual samples within the same series. A comparison 

between Scots pine and Norway spruce showed that pine sapwood absorbs compara­

tively more preservative and, in the case of ground contact, the best treatments 

increased the life of spruce twice and pine three times as compared to untreated 

stakes. 

Marine trials 

Marine trials with preservative-treated timber were started already in the 1930s. 

Official tests under more controlled conditions began in 1940. One of the most 

striking results of these early tests was that treated wood in direct contact 

with untreated wood fails much quicker than treated wood without such contact. 

This is shown in table 3. This is probably due to the fact that the larval stage 

APPROX, SERVICE LJFE, YEARS 

RETENTION SAMPLES NOT IN SAMPLES NAILED TO 

~~ CONTACT WJTH UNTREATED WOOD 
UNTREATED WOOD 

65 27 10 
50 26 10 
35 12 7 
22 9 6 
13 6 5 

7 4 4 

0 2 2 

Table 3. Samples of Scots pine sapwood treated with the Boliden BIS-salt 
and exposed to the sea at Kristineberg Marine Biology Station 
for 33 years. 
(From Nylinder-Norman et al. 1974). 
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of shipworms is more sensitive to toxic material than the adult stage. When 

the metamorphosis has passed in the untreated wood, the animal can bare on 

inta the treated wood. 

Trials with same softwoods (Gymnosperms) were also started at an early stage. 

The results presented in table 4 show that the service life is more closely 

related to the retention of preservative than to the individual timber species. 

Douglas fir performs badly and the retentions are also poor. 

WOOD SPECIES RETENJION SERVICE LIFE 
KG/M YEARS 

SOUTHERN YELLOW 46 17 
PINE 29 19 
(PINUS PALUSTRIS) 

19 13 

0 1 

DOUGLAS FIR 10 8 
(PSEuDOTSUGA) 9 s 
MENSIESII 8 9 

0 1 

RED PINE 38 18 
(PINUS RESINOSA) 25 13 

20 13 
0 1 

SCOTS PINE 32 16 
(PINUS SILVESTRIS) 28 15 

18 11 
0 1 

Table 4. Service life of sapwood samples of four softwood (Gymnosperms) 
species treated with Boliden BIS-salt (solution strengths 6.7 
per cent, 4.8 per cent and 3.2 per cent) after exposure to the 
sea at Kristineberg Marine Biology Station. 
(From E. Nylinder-Norman et al. 1974). 

The results presented in table 5 show the effect of copper in improving the 

performance of preservative-treated wood exposed to the sea. The preservatives 

BIS and S are copper-free, S25 hasa certain copper content. K33, finally, 

contains about twice as much copper as S25. 

Recently (1972) new tests with preservative-treated wood were initiated at 

Kristineberg Marine Biology Station on the Swedish West Coast. Beech and birch 

treated with two different preservatives were also included in the test. X-ray 

analyses after 3 years showed that beech treated with a CCA-preservative was 

already attacked in the lower retentions, whereas corresponding pine samples 

were sound. See Norman & Henningsson (1975). 
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PRESERVATIVE RETENTION DEGREE OF SERVICE L!FI 

KGh13 ATTACK VEARS 
( 0 - 6 l 

BIS 30 6 10 

50 6 111 
- - - - - - - - - - - --

s 25 6 111 
35 Il 

525 25 - 17ll 

-------~ 
,k33 

UNTREATED 

30 

33 
38 

32 

37 
53 

0 

1) SAMPLES LOST EFTER 17 VEARS 

2 

1 

0 

D 

0 

1 

6 1 

Table 5. Degree of attack of Scots pine after 20 year's exposure to the 
sea (Kristineberg Marine Biology Station). Samples treated 
with four different Boliden preservatives. 
(From E. Nylinder-Norman et al. 1974). 

Service records 

An extensive study of decay in old salt-treated poles in service was carried 

out in Sweden between 1972 and 1974. From the results, which were presented 

in a joint report in 1976, three details will be examined which verify obser­

vations from the stake tests. 

All poles (Scots pine) were more or less attacked by saft rot. 745 of these 

poles, representing approximately the same classes of diameter, installation 

year, geographical location, etc., were divided inta three groups with respect 

to the type of soil in which they had been installed. The degree of saft rot 

was expressed as the average diameter reduction of the poles (See table 6). 

The big differences between poles standing in agricultural (arable and pasture) 

ENVI RONMENT NUMBER OF AVERAGE AVERAGE 

POLES DIAMETER DIAMETER 

MM REDUCTION 
MM 

AGRICULTURE LAND 236 226 119 
FOREST LAND 3117 228 22 

PEATMOSS 160 224 111 

Table 6. Average diameter reduction (mm) caused by saft rot in utility 
poles treated between 1944 and 1946 with water-borne salt 
preservatives of the types chrome/zinc/arsenic, fluor/chrome 
and fluor/chrome/arsenic. The poles were inspected in 1974. 
(Compiled from H. Friis-Hansen 1976). 
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soil and the other two types of soil is obvious. Fertilized agricultural soils 

accelerate the soft-rot activity significantly. Poles in poor forest soils or 

in peat-moss will last two to three times linger (H. Friis-Hansen 1976). 

Another interesting detailed investigation resulted in the map shown in fig. 

7. This map shows zones representing different percentages of rejected poles 

for inspections carried out in recent years. These zones correspond closely 

to certain climatic regions in the country. The development of saft rot in 

poles in service is evidently closely related to different climates. 
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Fig., 7. A division of Sweden into different zones representing different 
percentages of rejected poles after the inspection of a large 
number of salt-treated utility poles installed in the period 
1940 - 1954. The poles were mainly v/p-treated with salts of the 
types chrome/zinc/arsenic, fluor/chrome and fluor/chrome/arsenic. 

(From Friis-Hansen 1976). 
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The location of the zone that is most susceptible to soft-rot attack was 

briefly discussed earlier. A detailed study of approximately 700 poles 

conducted by Schmidt & Jacobsson in 1976 shows that in arable land the 

attack is highly concentrated at the ground line. In other soils (forest, 

peat-moss, etc), the soft-rot zone extends somewhat deeper. However, more than 

90 per cent of severe soft-rot attacks are within 150 mm of the soil surface, 

irrespective of the type of soil. A summary of the results of Schmidt & 

Jacobsson is presented in tabel 7. 

GROUND 
LINE 

- - - -0- - - -

50 
100 

150 
200 
250 
300 
400 
MM 

ROM THE GROUND 
LINE 

PER CENT POLES WITH THE MOST SEVERE 
SOFT ROT DAMAGE AT DIFFERENT DISTANCES 
FROM THE GROUND LINE 

77 ,4 32,l 
3,6 6,8 

14.2 37,3 
2,9 16.4 

1.0 4 .7 

0,3 1.8 
0,3 0,5 
0,3 0,3 

ARABLE AND OTHER TYPES OF 
PASTURE LAND ENVIRONMENT (FOREST 

LAND, PEAT MOSS ETC,) 

Tabel 7. A study of the position of the most severe soft-rot attack 
in salt-treated poles installed in the period 1940 - 1946. 
A total of 693 poles was investigated. 
(Compiled from Schmidt & Jacobsson 1975). 

Railway sleepers constitute a special problem. Normally there isa signal 

current in the rails. This makes it almost impossible to use sleepers 

treated with water-borne preservatives; not because of problems with the 

signal current itself, but because of decay. During extensive trials with 

treated pine and beech sleepers in service a combination of chemical and 

biological decay in the wood around spikes was detected on the positive 

side. This type of decay ultimately leads to complete destruction of the 

wood. The phenomenon is more pronounced in salt-treated beech sleepers than 

in correspondingly-treated pine sleepers. 
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Even though creosote-treated beech stakes perform relatively poorly in 

ground contact, creosoted beech sleepers have a very long life. They usually 

last longer than creosoted pine sleepers. This is believed to result from 

the large volume of the sleeper - campare stake tests and tests with round­

wood - and also from the extremely good ballast that nowadays surrounds a 

sleeper in the railway line. The ballast consists of coarse gravel which 

permits the immediate passage of rain water. It also keeps the sleeper out 

of contact with the underlying ground. 
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PRESERVATION OF ROUND EUCALYPT POLES IN AUSTRALIA 

Pressure treatment of round eucalypt transmission poles with creosote began 

in Victoria and New South Wales in 1957, after tests set up by the Division 

of Forest Products of CSIRO from 1934 to 1937 had shown that treatment of the 

sapwood of less durable (class 3) species with creosote or copper-chrome­

arsenic (CCA) would probably give average lives of 30 years or more in South­

Eastern Australia. Until that time untreated poles of class 1 and class 2 

durability were preferred as untreated poles of class 3 durability would 

only give about 15 years service (1), Treatment was begun in Tasmania in 

1958 and in Queensland in 1961 using CCA instead of creosote, 

Since then about 2,4 million poles comprising same 20 species, in lengths 

up to 25 m have been treated with creosote or CCA and now represent about 

one third of the total telecommunication and power pole population, 

3 
Poles are treated toa minimum charge retention in the sapwood of 192 kg/m 

(12 pcf) of creosote or 20 kg/m
3 

(1.25 pcf) of commercial CCA, Weighing of 

individual poles in a charge of creosoted poles, which has been regularly 

carried out at the largest Victorian plant since 1960, has shown that the 

minimum charge retention would have to be raised to 272 kg/m
3 

(17 pcf) to 
3 

ensure that no single pole in a charge hasa retention less than 160 kg/m 

(10 pcf) which was considered a reasonable minimum to prevent premature 

failure. In spite of the proportion of lightly treated poles that must be 

in service, however, remarkably few poles have been removed because of 

basidiomycetous fungal attack in the treated sapwood, The same Victorian 

plant, as a precaution, has been treating toa minimum charge retention of 
3 

about 224 kg/m (14 pcf) for 10 years or so, The species involved are mainly 

E. obliqua and E. cypellocarpa with sapwood thickness ranging from 13 to 

25 mm. 

Same attack in the relatively large untreated heartwood of these class 3 

durability poles by termites has occurred in dry areas, but this has been 

easily controlled by "puddling" or intimate mixing of the soil around the 

pole with dieldrin emulsion, The only attack causing serious cancern in these 
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poles is that of interna! decay or centre rot, typically extending from 15 

cm below ground to 100 cm above. The State Electricity Commission of Victoria 

expects 2-4% failure of poles in the 15-20 year age class from this cause but 

this figure is admittedly based on limited evidence. Even allowing for this 

there is no reason to suppose that an average life of at least 30 years will 

not be obtained from these poles. The original alIRO test poles have now 

reached an average age of 42 years (2). In Tasmania, where untreated poles 

had an average life of less than 15 years, CCA treated poles of the same 

species are expected to give at least double this life, in spite of centre 

rots in a small percentage of poles. 

The danger with centre rots is that they sometimes remain undetected until 

the poles are close to -failtire, which has led toa number of sound poles being 

prematurely condemned by inexperienced or over-zealous inspectors. This can be 

overcome by proper training. In the writer's belief the simplest and mast 

reliable inspection method is the boring of two or more small holes (8-9 mm) 

at right angles to allow the centre of the pole to be probed, the resistance 

to drilling assessed and the borings examined for evidence of decay. The 

presence of a cavity alone does no mean that decay is present, as interna! 

collapse often causes the formation of large interna! checks in sound poles. 

For this reason also sonic detection tends to be unreliable in these poles. 

The Shigometer resistance method (3) has yet to be evaluated in hardwood 

poles and as it also involves drilling holes it appears to offer little advan­

tage in reducing inspection time. 

Centre rots in standing eucalypt poles can probably be controlled with fumi­

gants such as chloropicrin as suggested by Graham (4). Slow release cartridges 

might prove to be essential in Australia because of high summer temperatures 

and the open checks which develop in same poles. These could allow toa rapid 

dissipation of toxic vapour from injected liquid. 

Another method, developed by Johanson (5) involves the drilling of three 

or four downward slanting holes around the pole, through the outer heartwood. 

These are then filled with Blue 7, a highly concentrated ammoniacal copper­

fluorine-boron complex which diffuses inta the wood. The holes are then 

plugged but can be refilled at long intervals if required. 
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This method is also being applied to some new poles to try to immunize 

the heartwood against future attack by fungi or termites. 

An alternative method for new poles, devised by the writer, consists of 

boring a central hole up from the bottom of the green pole, using a water­

cooled drill, toa point about 50 cm further than the planned depth of 

embedment. The end of this hole is then plugged with a cartridge of diffusing 

salts which move into the heartwood during the drying period before pressure 

treatment. A small hole drilled into the cavity from above ground allows the 

salts to be replenished in service. 

In New South Wales and Queensland the main species treated are spotted gwn 

(E.maculata) and blackbutt (E.pilularis), both of durability class 2-3, with 

a nwnber of others including the 11 Royal
11 

species of class 1 durability. 

Because of its relatively high density (820 kg/m
3 

air dry) and perhaps for 

other reasons spotted gum is difficult to impregnate with creosote anda 
3 

minimwn charge retention of only 160 kg/m (10 pcf) has sometimes to be 

accepted. With CCA treatment the required retention can be obtained with 

more concentrated solution but penetration is largely confined to the vessels. 

A major problem has arisen in Queensland with these timbers due to soft rot 

attack in the treated sapwood (6) (7). Here again it is difficult to obtain 

accurate figures hutat least 17% of the 28,000 electricity poles already 

inspected have been affected toa depth of at least 1.5 mm radially and in 

some the treated sapwood has been entirely destroyed. Only a few poles have 

so far been condemned and the indications are that the treated poles may well 

reach an average life of 20 years or more which is of the same order as that 

obtained from untreated poles of class 1 durability, but is substantially less 

than that expected when these treatments were introduced. It is therefore 

essential that a solution to the problem must be found, both for poles in service 

and for poles yet to be treated. 

Får standing poles treatments so far in test include:-

(1) Removal of the affected sapwood followed by charring of the surface 

with an oxy-acetylene flame and spraying the hot surface liberally 

with creosote. 

(2) Dressing the surface after removing affected wood with a "mayonnaise" 

emulsion containing pentachlorophenol, creosote and/or diffusable 

toxic salts. 
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(3) Applying a preservative bandage containing diffusable salts inside 

an impervious protective wrapping thoroughly sealed at the top and 

bottom. 

There is some doubt at present as to whether treatments (1) and (2) will deal 

with incipient soft rot deep in the sapwood. The more rapidly diffusing 

fungicides used in the bandage treatment are more likely to give reliable 

in situ treatment. Work at this Division is concentrated on the bandage 

treatment. 

Pentachlorophenol in oil might be more effective than creosote in (1) or it 

could be used to fortify the creosote. 

A major part of the co~t of treating a pole in service is that of getting 

a crew to the pole, opening it up and inspecting it. The treatment applied 

should therefore be the best obtainable, particularly if later inspections 

show that it is still effective. Any treatment is cheaper than replacing a 

condemned pole. 

The protection of new poles before erection offers greater possibilities 

than treatment in situ. The most attractive of these is modification of the 

preservative and/or the treating process. The micro-distribution of the 

preservative is critical in view of the fact that soft rots appear to pene­

trate freely into untreated wood tissue between the vessels (8)(9)(10). 

The Division of Building Research is experimenting with a number of new 

preservatives which might provide an answer. Ammoniacal copper arsenic 

preservatives may be worth trying. Also pentachlorophenol may be more effec­

tive against soft-rot fungi as ra!ent inspection of a test installed in North 

Queensland in 1958 suggests (11). 

A newly treated pole could also be protected with a complete adhering wrap 

or coating below ground to reduce the loss of preservative components by 

leaching and to restrict the movement of oxygen through the wood soil inter­

face. Good progress in the development of such a coating has already been 

made. 
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Another possibility is that of a rigid sleeve around the pole at and below 

the groundline, filled with fine gravel, which would be periodically 

saturated with toxic material, ideally an emulsion with diffusing compound(s) 

in the water phase. 

The cost of opening up a pole in hard ground should be reduced. Mechanical 

spades have already appeared, one of which can apply a dressing of preserva­

tive grease to the pole as it jacks itself out of the ground (12). 

Solutions must be found to the problem of soft rot in treated round hard­

woods, in the short term because electricity authorities very largely prefer 

wooden poles and in the long term to enable many developing countries to make 

use of these timbers as their cheapest and most readily available structural 

material. 
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THE MICRODISTRIBUTION OF A WOOD PRESERVATIVE WITHIN THE 

CELL WALL OF TREATED WOODS 

1. Introduction 

In recent years many hardwood species have been used as transmission poles, 

often from fast-grown plantation trees. These hardwood species have been 

treated with wood preservatives at retentions that have been based on the 

accumulated knowledge from field trials and data from service records of 

other pole species, principally softwoods with a wide permeable sapwood 

band. Unexpected failures in many parts of the world of such treated hard­

woods have caused considerable concern and forced the appropriate authorities 

to examine the situation very carefully in order to eliminate the possibility 

that the failures have been due to poor treatment. 

Where failure has occurred in properly treated poles it has invariably been 

shown to be due to soft rot of the treated sapwood at the ground line. 

Several authors have previously commented that there appears to be a marked 

difference in the performance of treated hardwoods and treated softwoods; 

(International Research Group on Wood Preservation, 1974 and 1975; Greaves 

and Savory, 1965; Levy, 1971; Greaves, 1972 a; and Dickinson, 1974). 

The full significance of this difference is only just beginning to emerge. 

Dickinson, 1974 and Greaves, 1972 b indicated that the microdistribution of 

the preservative components could explain their recorded failures in Euca­

lyptus spp. and Acer pseudoplatanus. 

Although this recent attention has been focused on Copper Chrome Arsenic 

(CCA) preservatives there are indications that it is common to all preser­

vatives and that the key to the problem lies with the timber species rather 

than the type of preservative used. 

In order to attempt to understand these differences Sorkhoh and Dickinson 

(1976) carried out a laboratory investigation with sapwood of a hardwood 

(Betula sp.) anda softwood (Pinus sylvestris). They attempted to make a 

comparative assessment of the differences in the performance of CCA treated 
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blocks of the two timber species when subjected to attack by monocultures 

of a white rot, a brown rot and two saft rot fungi. 

The blocks were treated with 2.5% and 5.0% solutions and subjected to mono­

cultures of the test fungi. In both timber species there was no attack by 

the white and brown rots, however the saft rot fungi caused decay of the 

hardwood fibres leaving the ray parenchyma unattacked and had no effect on 

the saft wood. This occurred at both preservative levels and closely paralleled 

the field experience. The authors then went on to study the microdistribution 

of the preservative components in similar test blocks (Dickinson and Sorkhoh, 

1976). Using energy-dispersive x-ray analysis coupled with scanning electron 

microscopy they showed considerable differences between the distribution of 

the preservative in the softwood and the hardwood. In the Pinus sylvestris 

blocks a very even distribution was achieved across the tissues of the timber, 

whereas in the Betula sp. test blocks an uneven distribution with accumula­

tions in the rays and vessels was recorded. The authors considered that this 

was only part of the distribution picture and went on to establish the distri­

bution of preservative within the different cell wall layers by using electron­

probe microanalysis in conjunction with high resolution transmission electron 

microscopy. The work reported here is concerned with this part of the investi­

gation. 

2. Materials and methods 

2.1. Specimen treatment 

The blocks used in this study were replicates of those used in the biological 

investigation referred to (Sorkhoh and Dickinson, 1976). Seven millimetre 

cubes orientated as described by Corbett (1965) were treated with 5% CCA 

solution using a conventional vacuum pressure cycle to achieve through and 

through penetration and treatment to refusal which achieved a dry salt reten­

tion of approximately 25 kg/m
3

• The blocks were stowed wet for 2 weeks in a 

sealed container containing a little xylene to prevent mould growth. They were 

then dried in the laboratory and leached in demineralised water for 2 weeks 

in order to remove any unfixed preservative and so limit the investigation to 

the highly fixed material. 
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2. 2. Sectioning 

Previous workers, Dickinson (1974) and Bravery, Parameswaran and Liese (1974) 

used embedding techniques with an eponepoxy resin. This involved prolonged 

impregnation with the resin and allowed sections to be cut relatively easily. 

These embedding techniques could possibly redistribute the preservative and 

so methods of cutting without embedding were investigated. A technique using 

dried wood, trimmed in a similar way to resin blocks and sectioned with a 

specially selected diamond knife, yielded suitable sections. These were never 

complete but contained sufficient material that remained intact to allow 

analysis of the cell walls to be made. No differences were found between the 

embedded and dry wood sections as regards microdistribution but where possible 

dry wood sections were used. This was not possible with the ray parenchyma 

cells of the Betula blocks, where embedded material had to be used to obtain 

suitable material for analysis. The sections were mounted on palladium grids 

and coated with carbon under vacuum. 

2.3. Method of analysis 

The mast suitable method available for analysis at the cell wall level was 

considered to be high resolution transmission electron microscopy coupled with 

electron probe microanalysis. The instrument used was the EMMA 4 and consisted 

of a conventional electron microscope with the addition of an extra minilens 

which focused the electron beam toa small enough spot (c.a. 200 nm) to permit 

analysis to be made of the individual wall layers. The x-rays generated by the 

bombardment of the specimen with the incident electron beam focused by the 

minilens are diffracted, according to Bragg's law, by LiF (420) crystals, the 

"d" spacing of these crystals enables wavelengths of lÅ to be accepted. The 

diffracted x-rays characteristic of the element present enter agas flow counter 

and are finally fed toa scaler/timer where the x-rays collected are displayed 

as accumulated counts. The "EMMA 4" is also fitted with a nondispersive de­

tector (NDD) mounted on the front of the column close to the specimen. This is 

agas flow proportional counter which received the complete wavelength spec­

trum of x-rays generated. The output from the non-dispersive detector is fed 

to its own scaler/timer. The counts recorded give an indication of the mass 

thickness of the sample being analysed. This is very useful information for the 

comparison of a number of characteristic counts fora particular element from 

similar areas of the same or different specimens where the only variable is the 

specimen thickness. Two fully focusing spectrophotometers, one on each side of 
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the specimen stage, detected the characteristic x-rays emitted from the area 

of the specimen irradiated by the focused beam. This enabled relative counts 

to be made for copper, chromium and arsenic at any one spot across the cell 

wall. In order to minimise interference with the copper analysis a special 

grid holder with carbon inserts was used. 

2.4. Processing of data 

Relative counts per second were obtained by counting over a ten second time 

period. Although each spectrophotometer could have been used fora separate 

element, thus considerably speeding up the analysis, it was decided to use 

each for the same element to eliminate possible problems with shadowing due 

to grid bars of the holder on one side or the other. In such cases only counts 

from the unobscured spectrophotometer were used. All the counts were taken 

under identical conditions and corrected for background. The NDD counts were 

taken as an indication of section thickness and obviously varied consider­

ably. All the figures were therefore corrected toa standard NDD in order to 

give relative comparative counts, and not quantitative counts of the preser­

vative components. Although the data was collected from various parts of the 

cell wall layer, it was averaged for each of the 3 layers; (a) lumen inter­

face/S3, (b) S2 and (c) middle lamella/Sl. This enabled a simple comparison 

to be made between the two timbers particularly with the S2 layer which was 

the region where attack by the saft rot fungi occurs to degrade the hardwood 

fibres. 

3. Results 

3.1. Pinus sylvestris 

Table 1. Average relative counts per seconct for copper, chromium and 
arsenic in wall layers of a tracheid of Scots pine. 
(Pinus sylvestris) 

Wall layer Copper Chromium Arsenic 

s3 238.8 178.6 o.o 

s2 222.1 284.6 21.5 

Sl 224.2 195.6 o.o 

Cpd. Mid. lamella 182.9 251.3 48.5 
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Table 1 and fig. 1. clearly show that the preservative components are distri­

buted throughout the tracheid wall. The counts for arsenic were very low and 

are thought to be erroneous as arsenic detection was very unreliable in com­

parison with the copper and chromium. 

3.2. Betula sp. 

Table 2. 

Table 3. 

Average relative counts per second for copper, chromium and 
arsenic in wall layers of a fibre of birch (Betula sp.) 

Wall layer Copper Chromium Arsenic 

s3 6.8 9.3 4.7 

s2 4.9 3.4 0.1 

Sl 6.1 2.0 0.7 

Cpd. Mid. lamella 5.4 4.5 4.1 

Average relative counts per second for copper, chromium and 
arsenic in wall layers of a ray parenchyma cell of birch 
(Betula sp.) 

Wall layer Copper Chromium Arsenic 

s3 50.5 90.7 47.4 

s2 23.5 27.2 8.5 

s
1
/Cpd. mid. lamella 20.3 33.2 12.0 

Low levels of the preservative components were detected in the fibre wall with 

higher levels in the ray parenchyma. The arsenic results were again considered 

unreliable. 

4. Discussion 

The treatment in the softwood campares well with the reported observations of 

Petty and Preston (1968) who concluded that CCA preservative penetrated deeply 

inta the tracheid wall. Table 1 shows that this is also the case with the Pinus 

sylvestris blocks used in this investigation. The s
2 

layer was well treated 

which explains the lack of attack by all test fungi in that region as recorded 

earlier (Sorkhoh and Dickinson, 1976). 



35 

The level of treatment in the birch fibre was generally very low. All the wall 

layers were poorly treated which agrees with previous observations on Sycamore 

and Eucalyptus (Dickinson, 1974) apart from the s
3 

lumen interface. In Sycamore 

and Eucalyptus much higher levels were present in relation to the rest of the 

wall. Bravery, Parameswaran and Liese (1973) found a similar situation with 

tributyl tin oxide in treated birch blocks. In the present investigation, as 

can be seen from table 2, this was not the case. The low levels of treatment 

for the rest of the wall campare closely. It is difficult to explain why there 

should be such a difference at the s
3

/lumen interface. It could be due to slight 

differences in the experimental procedure, namely: 

(a) the investigation was carried out on leached blocks, wheareas the 

previous work did not include leaching; 

(b) much thicker sections were used in the Eucalyptus and Sycamore 

investigations but were not found necessary in the current 

investigation. This may have lead to the loss of material from 

the wall of lumen; 

(c) in the earlier investigations small cubes were embedded whereas 50µ 

sections were used in the current investigation. This again could 

have resulted in loss of material from the lumen/s
3 

interface. 

(d) the possible breaking away of the accumulated material in dry 

sectioning technique. 

However, the important factor as regards soft-rot activity was the low level 

of treatment recorded in the s
2 

layer in the original and present work. 

The ray parenchyma cell walls were generally treated much better than the 

fibre walls but not so well as the soft wood tracheid walls. Nevertheless, 

this level of treatment was apparently high enough to protect the parenchyma 

from the soft rot fungi (Sorkhoh and Dickinson, 1976). 

The most significant factor of these observations is the dramatic differences 

between the treated hardwood fibre and the softwood tracheid, particularly in 

the s
2 

region. These differences are almost certainly involved in the suscep­

tibility of the s
2 

layer in the fibres to soft rot as demonstrated (Sorkhoh 

and Dickinson, 1976). 



36 

Further work is in progress to establish the reason for the differences noted 

at the lumen/S
3 

interface as is work on a range of wood species, preservatives 

and preservative application methods. 

The evidence suggests a correlation between the microdistribution of preser­

vative in birch and Scots pine in the laboratory and treated hardwood and saft 

poles in service. Much remains to be done, but, for the time being this seems 

to be a reasonable working hypothesis. The problem that now has to be faced 

is how to impregnate the s
2 

layer of the hardwood fibre wall with an adequate 

loading comparable to that normally obtained in the s
2 

layer of the softwood 

tracheid. 

5. Summary 

Results of laboratory experiments have shown that sapwood of a hardwood 

(Betula sp.) anda softwood (Pinus sylvestris) treated with a copper chrome 

arsenate wood preservative show different durabilities when subjected to 

attack by monocultures of a white rot, a brown rot and two saft rot fungi. 

With both timber species, treated timber showed no attack by white rotor 

brown rot fungi. The two saft rot fungi caused no degrade of the softwood but 

in the case of the hardwood, the fibres were decayed and the ray parenchyma 

unattacked. Subsequent analysis using energy-dispersive x-ray analysis coupled 

with scanning electron microscopy showed an even distribution of CCA throughout 

the softwood, but in the hardwood uneven distribution occurred, with concen­

trations in vessels and ray parenchyma. 

This paper extends the analysis of the micro-distribution of the wood pre­

servative to the individual cell wall layers of softwood tracheids and hard­

wood fibres and ray parenchyma. The method used was high resolution transmis­

sion electron microscopy combined with electron probe micro-analysis. The 

preparation of samples, the method of analysis and the processing of the data 

are described. The results showed the amount of CCA present in the softwood 

tracheid wall layers to be fifty times greater than that in the hardwood fibre 

wall layers. The hardwood ray parenchyma cell walls contained about four times 

the amount of the hardwood fibres. 

Keywords: Micro-distribution wood preservatives softwood hardwood. 
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THE PATTERN OF SURFACE DETERIORATION IN WEATHERED PINUS RADIATA SAPWOOD 

Pinus radiata D. Don is becoming increasingly important to the timber industry 

of Australia fora wide range o uses. One use which is of interest is external 

cladding. It has been found however that in service cladding of P. radiata 

sapwood is prone to develop extensive surface checks.x 

Aspects of surface checking of P. radiata after accelerated weathering have been 

investigated by Coupe and Watson (1967). They found that checking developed 

principally from the axial resin canals. Checking was also related to the rays. 

Mackay (1973) investigated the surface behaviour of P. radiata after treatment 

with CCA salts and subsequent drying. He confirmed that surface checking was 

related to the axial resin canals. 

In this investigation the pattern of surface deterioration in weathered P. 

radiata sapwood has been studied using both light and scanning electron micro­

scopy. To test the effect of weathering, air-dry panels were machine-dressed 
0 

and their tangential-longitudinal surfaces exposed in Sydney, Australia at 45 

facing north for six months. A similarly prepared panel which was not exposed, 

was retained as a control. These surfaces were compared to the microtomed, 

tangential-longitudinal surface of green sapwood. The green specimen was dehyd­

rated gradually in a graded series of ethanol, the ethanol replaced with solvent 

ether and then allowed to dry in air. The green specimen was solvent-dried so as 

to minimise collapse in the unthickened and unlignified ray and resin canal 

tissue known to occur in this species (Bamber and Johnstone; 1968, Bamber, 1972). 

The surfaces were examined with a stereo-microscope and incident light without 
2 

further treatment. For scanning electron microscopy blocks ca 4 mm x l mm 

thick were removed from the surfaces and fixed to specimen holders with silver 

adhesive and then coated with carbon and gold/palladium. 

The microtomed surface of the green specimen was generally free of artifacts 

and checks (fig. 1). The cells were not distorted and the parenchyma of the 

rays and resin canals were not collapsed. 

X 
Longitudinal fissures caused by separation of tracheids along the grain 
and not extending from one surface to another 
(Ford-Robertson, 1971). 
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The unexposed machine-dressed surface of the air-dried specimen was badly 

distorted as compared with the microtomed surface. Anatomical features such 

as pits and parenchyma cells were not clearly detectable (fig. 2). Small spiral 

checking in the tracheid walls was observed. The surface characteristics were si­

milar to those described by Borgin (1975) for surfaces produced by rapid shear 

failure. 

The weathered surfaces showed significant differences to both the control 

(unexposed, air-dried) and the ideal (microtomed, green) surfaces. The mast 

obvious difference was the abundance of checks in the weathered surface. These 
2 

numbered ca 1.5/mm and were very varied in size. The checks were mast frequently 

observed to occur at the extremities of the rays and the radial resin canals and 

to propagate between the axial tracheids (fig. 3). Checks also occurred between 

the axial tracheids in regions where radial tissue was not present. As well as 

failure between the tracheids, splits were also observed in the tracheid walls. 

These were in the main, spiral splits which appeared to be parallel with the 

microfibrils of the middle secondary wall (s
2

) (fig. 4). Splits were also obser­

ved to be initiated in the margin of the bordered pit apertures (figs. 5, 6). 

Of less frequency were minute cracks in the walls of the axial tracheids at 

about right angles to the axis of the tracheids and delamination in the primary 

wall/outer secondary wall zone (PW/S
1

) (figs. 5, 6). 

The parenchyma cells of the rays and the radial resin canals were not observed 

on the surfaces of the weathered wood and it is presumed that this tissue was 

last. It can be observed (fig. 3) that the loss of this tissue has resulted in 

the formation of cavities extending inta the interior of the wood. The tori of 

the bordered pits also appeared to be last (figs. 4, 5). 

A very characteristic feature of the surface of the weathered wood was the 

extensive colonisation by fungi (fig. 3). This fungi appeared to be of a sap 

stain or surface mould type. 

It is obvious that the structural integrity of the cells which makeup the sur­

face of P. radiata sapwood is reduced after 6 months exposure to the weather. 

This loss of integrity is made up of inter- and intracellular failure and loss 

of tissue. While the intercellular failure (checks) appears the mast significant, 
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the loss of the parenchyma cells from the radial resin canals and the rays 

may also be significant as such a loss of tissue creates cavities allowing 

free ingress and egress of water and water vapour. Thus the wood adjacent to 

the rays and canals could be expected to expand and contract more than other 

regions of the surface and more likely to fail. Failure in this zone would 

also be encouraged by the loss of tissue as this would leave the tracheids 

separated in regions adjacent to rays and resin canals. 

The preferential loss of the parenchyma cells of the resin canals and rays is 

considered to be related ta the structure of their walls. In P. radiata sap­

wood the cell walls of this tissue are generally unthickened and unlignified 

(Balatinecz and Kennedy, 1967; Bamber and Davies, 1969; Bamber, 1972; Bamber, 

1976) and are thus made up PW only. 

The PW of fibres contains less cellulose (Preston, 1974) and has microfibrils 

which are more dispersed (Wardrop and Bland, 1959) than the secondary wall 

(SW). Assuming that the PW of parenchyma cells hasa similar texture to fibres 

it can be concluded that these walls are more easily decomposed than thickened 

and lignified sw. Agencies which could be responsible for the rapid breakdown 

of PW are ultraviolet light, fungi, bacteria and atmospheric pollutants such 

as sulphur dioxide. The lack of lignin and the pectinous nature of the bordered 

pit membranes (Bamber, 1961; Bauch et al. 1968; Bauch et al. 1974) may similarly 

explain the rapid loss of the pit membranes. 

The relationship between checking and the axial resin canals described by Coupe 

and Watson (1967) and Mackay (1973) was not observed in this study. While some 

large longitudinal checks were present in the samples, such areas were delibe­

rately excluded from this study. 

In a study of the mechanism of the breakdown of wood Borgin (1971) found that 

the middle lamella was the region most vulnerable to breakdown and the micro­

fibrillar bundles, particularly of the s
2

, the most stable. Comparison of 

Borgin's study with the work described here is however difficult as he examined 

wood which had been exposed for 300 years. In addition it is likely that the 

wood studied by Borgin (P. sylvestris from a stave church in Norway) was heart­

wood. The parenchyma cells of P. sylvestris heartwood have lignified walls 
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(Balatinecz and Kennedy, 1967; Bamber, 1976). Comparison with Borgin's obser­

vations is also difficult because of the markedly different climates of 

Norway and eastern Australia. 

The pattern of surface deterioration in the sapwood of P. radiata suggests that 

the durability of the surface could be improved by the prevention of cavity 

formation in the radial tissue. Experiments are to be undertaken to test the 

effects of various surface treatments on this aspect. 



Figs. 1-6 
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Scanning electron micrographs of t angential l ongitudinal 

surfaces of Pinus radiata sapwood. C, radial resin canal; 

F, fungal spore; P, bordered pit; R, ray parenchyma; T, 

axial tracheid. 

hg. 1 

Green, s urface microtomed. S tructure of cells not distorted . 

X320. 

Fig. 2 

Ai r-dried , ma chine-dressed . Structure of cells distorted. 

Small splits present in the wall of one tracheid . X450 . 
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Fig. 3 

Ai r-dried, machine-dressed, 6 months exposure to the weather , 

The tissue of the radial resin canal is lost and has left a 

radial cavity. Checking is present at the ends of the cavity . 

Fungal spores are abundant on the surface and in the resin 

canal cavity. X300. 

Fig. 4 

As in fig. 3, The trache id s walls have separa ted in some 

areas (arrowed ). Split s are present in the walls of t he 

tracheids . X600. 
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Fig. 5 

Centre area of fig . 4. enlarged. The lumen surface of a 

tracheid is shown. The torus of the bordered pi t is lost. 

Splits have developed from the aperture o f t h e pit. Splits 

and cracks are present in the tracheid wall. X2600. 

Fig. 6 

As in fi g . 3. Shows middle lamella surface o f a tracheid. 

The initiation of splits in the wall from t h e pit aperture 

and delamination of the PN/S layer can be obse rved. X5000 . 
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THE COLLECTION OF DATA ON THE NATURAL DURABILITY OF WOOD SPECIES 

1. Scope 

The natural durability of wood is considered one of its most important pro­

perties since it isa measure of its susceptibility to biological degradation 

during transport, storage and service life, factors which determine the economic 

value of wood. The selection of timber species for particular end uses, such as 

municipal and rural construction, electrification and railroad systems, depends 

toa greater or lesser extent on its natural durability. 

Therefore forest research institutes all over the world are continously working 

on the determination and classification of timber species with respect to this 

important property. The investigations are mostly carried out as field (
11
grave­

yard11) tests using different methods for installation and evaluation of the 

test specimens. In order to make the results more comparable in the f4ture, 

IUFRO Subject Group S 5. 03 Wood Protection 1971 has suggested a "standard Method 

for Field Tests with Wooden Stakes" Results from tests installed according to 

this procedure will not be available for several years due to the long period 

of time which the tests require. Already a large amount of information from 

earlier and current investigations has been accumulated hut unfortunately it 

is recorded in widely scattered publications, internal reports or files and 

is often not available or inaccessible. With the exception of a few national or 

regional surveys no coordinated collection of these data on a worldwide basis 

has so far been undertaken. However, rapid and complete access to all informa­

tion is needed especially in view of the increased utilization of tropical 

species. In particular, the availability of traditional woods, often originally 

selected because of their high natural durability, is rapidly decreasing in 

many parts of the world and their substitution by secondary, lesser known 

species is, unfortunately, based mostly on superficial similarities (colour, 

grain etc.). Such secondary species, while they are often adequate physically, 

generally lack the natural durability of their predecessors and detailed 

information on this subject will be essential. 

For all these reasons work an an information system on the natural durability 

of wood has been initiated by the authors. 



50 

2. Procedure 

In order to obtain information in the natural durability of as many timber 

species as possible all the availble literature is being evaluated. Furthermore, 

in December 1975 same 75 institutes and colleagues in 58 countries were asked 

to cooperate by making available their published and unpublished results. So 

far the response has been rather satisfactory. Nearly all institutes expressed 

their great interest. About 30 institutes have already made their information 

available whereas a number of others could not supply their own data. Since the 

intended information system will only be reliable if almost all the existing data 

can be collected and evaluated, the institutes which have not yet answered have 

been asked to do so. 

2.1. Recording 

The information is first stored on punch-cards according to wood species. 

These cards contain: 

General data: Botanical name, Author, Family 

- trade name - density - colour 

- distribution 

Specific data: 

- test procedure (field, laboratory) 

- test organisms 

- durability class (according to the source) 

- source of information (publication). 

Abbreviations are being used for the test organisms and the durability classes, 

Until now about 6.700 pieces of information on 2.800 wood species have been 

registred. According to the material already available and still to be consicle­

red, data a total of 4.000 wood species with more than 10,000 individual 

pieces of information can be expected. l) 

l) The authors greatly appreciate the valuable cooperation of Mr, G.A. Peters 
and Miss w. Tiedemann 
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2.2. Evaluation 

In the second stage all registered data will be evaluated. "Durability" itself 

is defined quite differently by the various sources. In addition, the results 

originate from rather different procedures and methods of evaluation. This 

naturally leads to considerable problems and difficulties. Same results are 

based on intensive biological and chemical investigations while others are 

merely observations of the behaviour of a few samples exposed to unspecified 

test field conditions (soil type, moisture, micro- and macro-climates, organisms 

present, etc.). Both have to be adjusted to make them compatible with one common 

and realiable standard. Therefore it will be necessary to develop a special 
11
Durability Scale" to which all the existing classifications can be adjusted 

while still retaining the meaning and value of the original information. So far 

seven classes seem to be adequate for this purpose. 

Test results from different sources on a single species or species group also 

have to be compared and the mast appropriate value for characteristing the 

durability of this particular species must be determined. 

2.3. Punch-cards 

Finally the natural durability of all timber species included in the survey 

will be recorded on the punch-cards according to their ranking in the uniform 

classification system. 

3. Presentation 

In order to make available the results of the survey to all interested 

individuals and institutions the publication of a report is planned. This report 

will contain: 

- general background information 

- an alphabetical list of the species, each accompanied by the basic 

information contained on the punch-card 

- durability data with regard to the organisms tested 

- a listing of the literature references and other information evaluated. 
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Example of a punch-card with data on Terminalia superba from 
8 different sources 

top 
below 

general data 
specific data 

1st Column 
current number of source 

2nd Column 
test-type 

L = Laboratory test 
? = unknown 
F = Field test 
p = fungi (German: Pilze) -i = insects 
Ly = Lyctus 

3rd Column 
durability according to the 
classification of the 
respective source 

nd = not durable 
V = perishable (German: 

~ergänglich) 
d = durable 
C durabili ty Il short" = very 

(A = best ="5 years 
and more") 

wd = low cturabi li ty 
(German:wenig dauer-

iiaft) 

4th Column 
source: author, year of 

publication 


