
1

WOOD RESEARCH
 53 (3): 2008

 1-8

BIOTREATMENT OF SPRUCE WOOD FOR IMPROVING 

OF ITS PERMEABILITY AND SOAKING 

PART 2: DIRECT TREATMENT WITH THE FUNGUS 

TRICHODERMA VIRIDE

Ladislav Reinprecht, Miloš Pánek 
Faculty of Wood Sciences and Technology, Technical University in Zvolen, 

Slovak Republic

ABSTRACT

Poor impregnability of spruce wood can be improved by selected microscopic fungi 
which destroy the toruses in pits. In this experiment, from one healthy green spruce log were 
immediately prepared sap- and heartwood specimens which were treated in Kolle´s fl asks with 
the microscopic fungus Trichoderma viride at a temperature of 20 °C, during 1, 3, 6 and 9 
weeks. After bio-treatment an increase of the axial permeability and kinetics of water soaking 
of spruce sap zones was observed, however, the impregnability of its heart-zones remained 
unchanged. 
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INTRODUCTION

Th e depth of impregnation of dry spruce wood is only small because the system of pits 
in its tracheids is closed. One way of how to keep the pits permanently in an open state is to 
bio-degrade the toruses using selected species of fungi or bacteria. Suitable are species which 
produce only hydrolase type of enzymes (such as pectinases), and do not destroy the structure 
of cell walls (Liese et al. 1995). In the part 1 of this work we opened the system of pits in spruce 
wood with the bacterium Bacillus subtilis, or by means of an undefi ned microorganism in non-
sterile water (Pánek and Reinprecht 2007). Biological pretreatments of wood were examined 
in many works which proved the suitability of these processes for improving the impregnability 
of less permeable wood species.

One of the most suitable microorganism for coniferous bio-treatment is a microscopic 
fungus Trichoderma viride. It has also antagonist eff ect against growth of wood destroying 
fungi (Score et al. 1998, Tichý 1975). Lindgren (1952) researched colonisation of pine wood 
by microscopic fungi Trichoderma sp. during few months. He observed better impregnability 
of sapwood zone but changes in heartwood zone were only minimal. Freitas and Erickson 
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(1969) analysed infl uence of some species of microscopic fungi for increasing the permeability 
of alder wood for creosote oil. Th ey used these four species of fungi isolated from the surface of 
wooden boles: Trichoderma sp., Gliocladium roseum, Fusarium sp. and Chaetomium conchlioides. 

Microscopic fungi were sprayed to circumference zone of boles at which after four weeks of 
bio-treatment the hyphae were found out in the depth of 20 mm. Impregnability of boles 
increased at cold soaking and mainly at vacuum impregnation. Th e best results were achieved 
with using of the microscopic fungi Trichoderma sp. and Gliocladium roseum. Th e infl uence of 
bio-treatment of spruce wood by various fungi species was researched by Rosner et al. (1998). 
Th e work was focused on the improving of spruce impregnability caused by the following 
fungi species: Phanerochaete chrysosporium, Dichomitus squalens, Trichoderma aureoviride 

and Trichoderma viride. Th e green logs were pretreated during the period of 1 – 4 weeks 
and subsequently impregnated with the creosote oil. Colonisation of samples by fungi was 
observed by light microscope and electron microscope, at which the quantifi cation was done by 
ergosterol method. After about one week the entire sapwood zone was colonised. Dichomitus 

squalens colonised also the heartwood. Th e depth of penetration of creosote oil corresponded 
to the depth of colonisation of samples by fungi. Th e observation by electron microscope has 
shown that the increase of permeability was caused more by enzymatic opening of pits then 
by physical penetration of hyphae through the membranes. Fojutowski (2005) observed the 
infl uence of fungi causing blue-stain on absorptiveness of Scots pine wood. Th e wet sapwood 
samples of freshly cut pine were infected with pure culture of fungi: Ceratocystis penicillata, 

Cladosporium herbarum, Discula pinicola, or with their mixture. Action of the fungi lasted 1, 3 
or 12 months and the ability of the blue-stained wood to impregnation increased particularly 
after 3 and 12 months. More researches demonstrated that selected fungi are able to increase 
the permeability of spruce wood mainly in its sapwood zone and to cause only minimum 
decrease of its mechanical properties.

MATERIAL AND METHODS

In the previous experiment “combined ponding – bio-treatment with fungus” the green 
spruce logs were primarily ponded in non-sterile water during 16 weeks, and then the individual 
sapwood and heartwood specimens prepared from the ponded logs were subsequently exposed 
to the fungus Trichoderma viride (Pánek et al. 2005). 

In this experiment the green spruce specimens were directly exposed to the microscopic 
fungus Trichoderma viride (Pers.) 1402. Specimens (a/ 30x30x15 mm for the coeffi  cient of axial 
permeability testing (n = 90), b/ 20x20x30 mm for the kinetics of water soaking testing (n = 
50)) were prepared from one healthy spruce log (Picea abies Karst. L.) and then immediately 
exposed to the bio-treatment process (Fig. 1). Medium density of the sapwood specimens was 
421.2 kg/m3, and that of the heartwood ones was 359.8 kg/m3. 

Attack of the sapwood and heartwood specimens by the fungus T. viride was accomplished 
in ½ liter Kolle’s fl asks. All surfaces of these specimens were fi rst sterilized with UV radiation 
and then contacted with the fungus mycelium growth already 4 weeks on the Czapek-Dox agar 
medium in fl asks. Th e contact of specimens with T. viride mycelia lasted 1, 3, 6 or 9 weeks at a 
temperature of 20 ± 2 °C. After the bio-attack all specimens were sterilized for 5 hours at 90 °C.

Specimens for the determination of the coeffi  cient of permeability were then conditioned 
to a moisture content of 12 %, and those for the determination of the kinetics of water soaking 
were dried to a moisture content of 0 %. Microscopic analyses were carried out at selected 
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specimens with the aim to study changes in the structure of pit membranes and in cell walls. 
Th e coeffi  cient of permeability in axial direction was determined on the basis of the Darcy 

low:
          K = (V . η . L) : (A . τ . Δp)             (m2) 

where: V – transported volume of distilled water (m3), η – dynamic viscosity of distilled 
water at 20 °C (Pa.s), L – specimen length in axial direction = 0.015 m, A – axial surface 
allocated for the fl ow transport (m2), τ - time of fl ow (s), Δp – pressure diff erence (Pa).

Fig. 1: Scheme of samples preparation from the green spruce log 

(Note: T.v.-1 = Sample exposed to the fungus T. viride during 1 week) 

Th e kinetics of soaking in distilled water was determined in the interval from 15 minutes 
to 21 days in these times: 15 min, 30 min, 45 min, 1 h, 2 h, 4 h, 8 h, 1 day, 2 days, 3 days, 6 
days, 8 days, 10 days, 16 days, and 21 days.

RESULTS AND DISCUSSION

Results of this work are presented in the Tab. 1, Fig. 2-5.
Bio-treatment of spruce sapwood with the microscopic fungus Trichoderma viride had a 

positive eff ect on its impregnability. Th e coeffi  cients of permeability of dry (w~12%)sapwood 
specimens increased after 1 week of exposure to T. viride by 1.8 times, after 3 weeks by 5.5 
times, after 6 weeks by 7.1 times, and after 9 weeks by 8.7 times (Tab. 1). Th e permeability of 
6 or 9-week bio-treated and then dried sap zones (K = 3.20.10-12 or 3.92.10-12 m2) was even 
comparable with the permeability of green sap zones of spruce having originally opened pits 
(K = 3.85.10-12 m2). Permanent increase of the permeability of sapwood specimens treated 
with T. viride was caused by destroying the pits between tracheids (Fig. 5B and 5C).
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Tab. 1: The coefficients of the axial permeability (K) of spruce sapwood in the natural state (green wet 

state w >> 30 %), in untreated state – control (dried at w = 12 %), and after bio-treatment with the 

fungus Trichoderma viride during 1, 3, 6 or 9 weeks (dried at w = 12 %)

Note: v – coefficient of variability, n – number of specimens at each group = 15 

When measuring the kinetics of water soaking of spruce sapwood, there an increase of 
water uptake by about 82.3 % (1 week of bio-treatment with T. viride) to by about 145.8 % 
(6 weeks of bio-treatment with T. viride) was observed during the fi rst 15 minutes. Further 
prolongation of the bio-treatment process to 9 weeks did not have any greater eff ect on the 
speed of soaking (increase by about 144.7 % in comparison with soaking of untreated spruce 
sapwood) (Fig. 2 and 3). 

Fig. 2: Two side confidence intervals of water soaking of untreated spruce sapwood (O) and spruce 

sapwood bio-treated for 1, 3, 6 and 9 weeks with the microscopic fungus Trichoderma viride (T/1, T/3, 

T/6 and T/9) – soaking in distilled water measured after 15 minutes, 1 hour, 1 day and 21 days

Note: n – number of specimens at each group = 5

Diff erences in the water uptake of both the bio-treaded and untreated specimens were 
successively smaller during a longer time of soaking. After 1 hour of soaking the water uptake 

 
COEFFICIENT OF PERMEABILITY OF SPRUCE SAPWOOD 

Time of bio-treatment with the fungus Trichoderma viride 

1 week 3 weeks 6 weeks 9 weeks 
Kind of bio-
treatment 

K.1012 (m2)   v (%) K.1012 (m2)   v (%) K.1012 (m2)   v (%) K.1012 (m2)   v (%) 
T. viride 0.82              28.4    2.49             57.2  3.20              51.7  3.92              42.7   
Control - untreated  K = 0.45.10-12 m2    (v = 34.2 %) 
Green wet state  K = 3.85.10-12 m2    (v = 21.7 %) 
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of bio-treated sap zones was higher from 30.3 % to 69.4 %, after 1 day of soaking from 18.6 
% to 41.9 %, at which after 21 days of soaking there were not observed any relevant changes 
(Fig. 2 and 3). 

For the bio-treated spruce heartwood there was not determined a more signifi cant increase 
of water uptake in the initial periods of soaking (Fig. 4). Th is result can be explained by diff erent 
anatomical and chemical structure of pit membranes in sapwood and heartwood (Côte 1963), 
e.g. T. viride does not create suitable enzymes for heartwood pits decomposition (Fig. 5D). 
Lesser changes of water uptake after longer periods of soaking were caused only by the density 
variation between sets of specimens (Fig. 4). 

Fig. 3: The kinetics of water soaking of spruce sapwood specimens bio-treated with Trichoderma viride 

(1, 3, 6, or 9 weeks) in comparison with control sapwood specimens 

Note: Soaking was measured in these times: 15 min, 30 min, 45 min, 1 h, 2 h, 4 h, 8 h, 1 day, 2 days, 3 

days, 6 days, 8 days, 10 days, 16 days, 21 days.

n – number of specimens at each group (for each curve line) = 5

Fig. 4: The kinetics of water soaking of spruce heartwood specimens bio-treated with Trichoderma viride 

(1, 3, 6, or 9 weeks) in comparison with control heartwood specimens 

Note: Soaking was measured in these times: 15 min, 30 min, 45 min, 1 h, 2 h, 4 h, 8 h, 1 day, 2 days, 

3 days, 6 days, 8 days, 10 days, 16 days, 21 days.

n – number of specimens at each group (for each curve line) = 5
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Fig. 5: Changes in the structure of spruce wood after bio-treatment with the fungus Trichoderma 

viride

A – closed pits in the tracheids of untreated spruce sapwood – control specimen, 

B - detail on the liberated torus in spring tracheid of spruce sapwood after 1 week of bio-treatment 

with T. viride, 

C – total degradation of toruses of the pits of spruce sapwood tracheids after 3 weeks of bio-treatment 

with T. viride, 

D – closed pits in the tracheids of spruce heartwood after 6 weeks of bio-treatment with T. viride. 

CONCLUSIONS

Bio-treatment of spruce wood with the microscopic fungus Trichoderma viride has resulted 
into the following conclusions:

- the bio-attack of pit membranes was observed only in sap zones,
- the permeability of sap zones improved 2-9 times (in dry state at w = 12 %) with the bio-

attack prolongation, at which after 6-9 weeks of T. viride action it was already similar to the 
permeability of green sap zones,

- the kinetics of water soaking of bio-treated sap zones evidently increased mainly in the first 
periods of dipping, 
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C         D 
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- the pit membranes in spruce heartwood zones were closed also after all bio-attack processes, 
and as a result the kinetics of heartwood soaking was not improved, 

- the bio-treatment of spruce wood with T. viride, which coincides well with the opinions of 
other researchers, could be convenient for improving the impregnability of sap zones of poles 
and other structural products for their 3rd and 4th hazard classes of exposure (EN 335-1).
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