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SUMMARY
Trembling aspen and ponderosa pine sapwood treated with 
sulphonated wattle tannins or cashew nut shell liquid and with 
or without copper chloride using either the single or double 
treatment were evaluated for durability against a white- and 
brown-rot fungi using the standard soil block method.
Two treatments, 5% sulphonated wattle tannin + 2.5% copper 
chloride (retentions/m3 : 36.39 + 7.16) and 2% wattle tannin + 
1% copper chloride (14.58 + 4.84) provided protection of test 
sapwood against decay by both fungi.
Particleboards treated with three formulations, PB49 (new 
resin formulation + 6% CNSL in surface), PB27 (new tannin 
formulation with oil component replaced by CNSL) and PB62 (new 
resin formulation + 3% CNSL in core + 6% CNSL in surface) 
exhibited appreciable durability against only the test white- 
rot fungus.
Compatibility of other boron derivatives like phenylboric acid 
with wattle-tannin based resin should be explored.



1.0. OBJECTIVES
1.0 To evaluate the durability of solid wood treated with 

formulations of sulphonated wattle tannins or cashew nut 
shell liquid (CNSL) with or without copper salts when 
exposed to white- and brown-rot fungus.

2.0 To evaluate the durability of particleboard treated with 
different loadings of CNSL when exposed to white- and 
brown-rot fungus.

2.0. BACKGROUND
Wood used in bio-hazard environments is susceptible to 
degradation by several biological agents including fungi and 
termites. In Tanzania, the average service life of a non
durable wood species is about 3 years (Mûrira, 1989) . To 
extend the service life of non-durable wood, the latter is 
treated with chemicals called wood preservatives. The major 
wood preservatives used in Tanzania are creosote, 
pentachlorophenol and copper chrome arsenate (CCA). In 1989, 
it was estimated that out of 800 000 poles in service, 60% of 
them were treated with creosote, 20% with pentachlorophenol 
and 20% with CCA (Mûrira, 1989). The rising cost of fuel oil 
and creosote has led to increasing use of CCA.
A local company in Tanzania is producing particleboards using 
wattle tannin-based resin formulated at Forintek. 
Particleboards in this country are currently used as sheeting 
material for house ceilings. Under such conditions, 
particleboards are exposed to ocassional wetting with 
attendant fungal attack and also to termite attack. There is 
therefore a need to provide particleboards with some 
protection against such biodeterioration agents. In these 
environments, soft-rot is much less of a problem and less 
toxic preservatives can and should be used.
All such preservatives currently in use in Tanzania 
unfortunately exert a major negative impact on the environment 
and their purchase involve the use of scarce foreign exchange. 
There is therefore a great need to find and develop 
alternative preservatives using local materials that are also 
environmentally friendly. Two such materials with potential as 
environmentally benign wood preservatives are wattle tannins 
and cashew nut shell liquid (CNSL).
In Tanzania, wattle tannins are produced from the bark of two 
local species Acacia mearnsii and Acacia mollissima by two 
companies, Giraffe Extract Co. Ltd at Lushoto and Tanwatt Co. 
Ltd at Njombe. Another potential local natural preservative is 
cashew nut shell liquid (CNSL). The latter is obtained when 
the coats obtained from decoating the nut of the cashew tree 
(Anarcardium occidentale) is boiled. CNSL has been reported to 
protect wood against dry-wood termites (Lepage and de Lelis,
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1980).
In this phase, we report the ability of sulphonated wattle 
tannins and cashew nut shell liquid alone and in combination 
with a copper salt as a wood preservative against white and 
brown-rot fungi isolated from east Africa. We also report the 
durability of particleboards treated with CNSL against wood 
decay fungi.

3.0. MATERIALS AND METHODS
3.1. TEST DECAY FUNGI
The test decay fungi used were obtained from Dr.Janice Carey, 
British Research Establishment in U.K. They were originally 
isolated from decayed wood from Tanzania and Kenya, a 
neighbouring East African country. These test decay fungi, 
indicated below, are stored in Forintek's Collection of wood 
inhabiting fungi.

1. White-rot fungus: (Coriolus) Trametes versicolor
FPRL 28D - Forintek: Trametes versicolor 105C.

2. Brown-rot fungus: Gloeophlum trabeum FPRL 108E - 
Forintek Gloeophylum trabeum 47AE.

3.2. TEST WOOD SAMPLES
The sapwood of two types of wood species: a softwood: 
ponderosa pine (Pinus ponderosa) and a hardwood, trembling 
aspen (Populus tremuloides) were used in this study. Seven 
hundred and twenty nine (729) and seven hundred and seventy 
(770) sapwood blocks of size 14X14X14 mm each respectively 
were cut from air-dry sapwood of trembling aspen and ponderosa 
pine respectively. The sapwood blocks were labelled and 
conditioned at 50 % relative humidity 
and constant temperature (70 °F) to a constant weight.

3.3. TEST PARTICLEBOARD SAMPLES
Particleboards treated with test preservatives that showed 
superior mechanical properties were selected for durability 
assessment.
Two resin formulations, H.Tannin-UF(BA-245)-F-OIL and 
H.Tannin-UF-BA-245)-F-CNSL (new formulation), were used. With 
oil-based formulation, CNSL was either mixed with resin or 
sprayed on the chips (Tables 6 & 8). In the case of the CNSL 
based formulation, CNSL was added either to the core or 
surface wood chips or to both (Tables 6 & 8).
Selected particleboards were cut into 20 X 20 X 11.1 mm test 
samples. Four of the latter were used in the fungal durability 
test and the rest for the termite test in Tanzania or other 
East African country.
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3.3. PRESERVATIVE TREATMENT OF TEST WOOD BLOCKS
Preservative treatments used in this study were formulated 
from sulphonated wattle tannins, CNLS and copper salts (Table 
1). Control treatments included CCA-C, copper chloride, 
dimethyl sulfoxide (DMSO) and distilled water. The conditioned 
test wood blocks were randomly assigned to the various 
treatments. For each treatment, the conditioned test wood 
blocks in 1 L beaker were placed in a specially fitted 
desiccator connected to a vacuum pump. A vacuum of 69 cm was 
pulled for 30 minutes, then without breaking vacuum, treatment 
solution was introduced into treatment beaker until all the 
test wood blocks were covered with the treatment solution 
(AWPA standard E10-91, 1992). Vacuum was then gradually 
released and the test wood blocks allowed to soak in the 
treatment solution for an hour. Excess treatment solution was 
quickly blotted off and weighed to enable solution uptake and 
retention to be finally computed. In the case of double 
treatment, test wood blocks were conditioned after sulphonated 
wattle tannin treatment and then retreated with copper 
chloride solution giving two retentions.
Copper chloride was not very soluble in DMSO containing 
copper chloride and the latter tended to settle out. A more 
effective solvent system preferably aqueous based for CNSL 
containing copper chloride must be sought and this might 
considerably improve the efficacy of CNSL + CuCl2 as a wood 
preservative.

3.4. DECAY TEST of SOLID WOOD
The durability of the treated wood blocks including the 
controls were tested using the standard soil-block method 
(AWPA standard E10-91, 1992). Six hundred jars of 500 ml 
capacity were half-filled with air-dried soil of known water
holding capacity. Then 90 ml of distilled water was added to 
each jar to attain the desired soil moisture content 
favourable for fungal growth. Two aspen feeder strips were 
each placed on the wet soil in each of the 300 jars containing 
wet soil. Ponderosa pine feeder strips were likewise placed on 
top of the soil in the remaining 300 jars. The jars and their 
contents were sterilised by twice steam sterilising in an 
autoclave at 121 °C and an interval of 24 hours. The sterile 
ponderosa pine wood strips were then inoculated with G. 
trabeum and the aspen feeder strips with T. versicolor 
(white-rot fungus). The inoculated jars were incubated at 
constant temperature and relative humidity for three weeks. At 
the end of this period, the feeder strips were thoroughly 
colonized.
Conditioned, pre-weighed sterile ponderosa and aspen wood test 
sapwwod blocks were transferred into soil-jars containing 
respectively G. trabeum and T. versicolor and incubated at
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constant temperature and relative humidity.
At the end of eight weeks incubation period, the test wood 
blocks were harvested; cleaned of fungal mycelia; conditioned 
as done previously and weighed to determine weight loss.

3.5. DECAY TEST OF PARTICLEBOARDS

The procedure used were those specified in the proposed AWPA 
standard laboratory test method to evaluate preservatives in 
non-soil contact use (Morris and Parker,1988). The following 
modification were made: Four slots measuring 18 mm side, were 
cut in each aspen and ponderosa pine decay racks to allow for 
expansion of test particleboards. The racks were infected by 
incubation, individually supported on plastic mesh over 
cultures of the test fungi on 2% malt agar in 1 L french 
square bottles fitted with filters (0.22 pm) to allow air 
exchange. Since any lignocellulosic material with moisture 
content less than fiber saturation point will not be subject 
to biodeterioration and degradation, the test particleboard 
samples were immersed in distilled water for 24 hours to bring 
their moisture content to 80%. They were then wrapped in 
aluminium foil and sterilised by autoclaving at 121° C for 30 
minutes.

4.0. RESULTS AND DISCUSSION
4.1. SOLID WOOD
The results of soil block tests on treated and control 
trembling aspen and ponderosa pine test blocks together with 
their statistical analysis are shown in Table 2 through 5. All 
the two test fungi grew well on the feeder strips with no 
contamination. The untreated control samples, both DMSO and 
water, demonstrated good weight loss (greater than 30%) 
although a much greater weight loss (64.86%) was recorded by 
brown-rot gainst water control test wood blocks (Table 3).
Analysis of variance indicated effect of exposure of treated 
and untreated test wood samples to T. versicolor for eight 
weeks was significant at a=0.0001. Comparison of mean weight 
loss of various treatments by Duncan's multiple range test 
showed test wood blocks that received 5% wattle tannin + 2.5% 
CuCl2(retention, kg/m3: 31.84 + 7.26) and 2% wattle tannin + 1% 
CuCl2 (retention, kg/m3: 14.12 + 4.84) were not significantly 
different (<x=0.05) from treated controls CCA (retentions, 
kg/m3: 3.83, 10.75 and 21.83)and CuCl2 (retentions,kg/m3: 7.46,
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15.82 and 18.11). The latter treatments also gave the lowest 
wood weight loss and therefore the best treatments.
Against brown-rot fungus, G. trabeum, 5% sulphonated wattle 
tannin (retention, kg/m3: 33.22) was effective as the treated 
controls (Table 3). 5% wattle tannin (retention, kg/m3: 31.39) 
did not provide adequate protection against the white-rot 
fungus, T. versicolor.
It has been reported earlier on by Laks and McKaig (1988) that 
pine tannins, without fixation in wood and augmentation by a 
metal ions like Cu2+, were not effective preservatives. Laks 
(1988) however also demonstrated that southern pine sapwood 
wafers pressure treated with pine tannins to 2% retention 
showed only 9% wood weight loss after exposure to G. trabeum 
as compared to the controls with 24% wood weight loss. Thus 
wood treated to high retentions of tannins exhibit appreciable 
resistance to decay by wood rotting fungi including the brown- 
rot fungus G. trabeum. Condensed tannins are natural 
preservatives and anti-fungal compounds (Zucker, 1983). Thus 
these results indicate that wattle tannins are biocidal 
against some wood rooting fungi but require augmentation to 
enhance its spectrum of biocidal activities.
Sulfited tannin is considered the component of pine bark 
extract contributing most to its efficacy as a wood 
preservative when combined with copper ions (Laks, 1988) . 
Comparing means of weight loss of various treatments by 
Duncan's multiple range test showed test wood blocks that 
contained sulphonated wattle tannin-copper complexes formed 
in-situ in wood blocks were not significantly different from 
treated controls (Table 3). The most effective treatments 
against G. trabeum were 5% tannin (retention, kg/m3: 33.22); 5% 
tannin + 2.5% CuCl2 (retention, kg/m3: 36.13 + 7.16) and 2% 
tannin + 1% CuCl2 (retention, kg/m3: 14.58 + 4.16). CNSL, 
either alone or when combined with copper ions proved not be 
an effective preservative against G. trabeum.
Cashew nut shell liquid at all the retentions either alone or 
in combination with copper chloride was less effective as wood 
preservatives (Tables 2 and 3). CNSL has been reported to be 
possess termiticidal properties against subterranean termites 
(Lepage and de Lelis, 1980). Indian fishermen are reported to 
use this for protection of boats and fishing nets (Cecily and 
Kunjappan, 1973). However most phenolic compounds have some 
fungicidal properties.

4.2. PARTICLEBOARD
All test racks were overgrown with two test fungi. The latter 
also showed growth on most of the test particleboard panels. 
Substantial weight loss (54.57%) for aspen control sapwood 
blocks when exposed to the white-rot fungus, T. versicolor, 
proved that the test conditions were correct for rapid decay. 
Particleboards which did not contain CNSL, PBl and PB33, 
exhibited the highest weight loss when exposed to T. 
versicolor. Comparison of the means of weight loss of test
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particleboards exposed to the white-rot fungus, T. versicolor 
showed that treatments PB49, PB27 and PB62 were significantly 
different from the boards, PB1 and PB33, not treated with 
CNSL. PB27 was the new resin formulation in which the oil 
component had been replaced with CNSL. Consequently, the 
replacement of the oil component of the old formulation not 
only provides savings in foreign exchange but also improved 
protection from biodegradation against the test brown-rot 
fungus, G. trabeum.
On exposure to the brown-rot fungus, G. trabeum, all the test 
particleboards except PB31, exhibited substantially greater 
weight loss than the ponderosa pine solid wood controls (Table 
8). Comparison of means of weight loss of particleboards and 

ponderosa pine solid wood controls showed PB31 not be 
significantly different from the ponderosa pine solid controls 
but significantly different from the remaining particleboards 
at a=0.05. These results indicate that CNSL in general was not 
an effective preservative against the test brown-rot fungus. 
Earlier attempts to include copper( chloride) and boron salts 
(borax, zinc borate, anhydrous borax) as a preservative in 
the particleboards resulted in substantial loss in strength 
properties of boards. Zinc borate and anhydrous borax have 
been reported to be compatible with some resins, and provide 
protection from fungal biodegradation.

6.0. CONCLUSIONS
5% sulphonated tannin + 2.5% copper chloride and 2% 
tannin + 1% copper chloride provided protection of test 
solid wood against both T. versicolor and G. trabeum.

Particleboards, PB49 (new resin formulation + 6% CNS1 in 
surface), PB27 (new resin formulation) and PB62 (new 
resin formulation + 3% CNSL in Core + 6% CNSL in surface) 
were appreciable durable against white-rot fungus, T. 
versicolor.
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7.0. RECOMENDAT ION S
Double treat stake size (3/4 X 3/4"), 2 X4" and post of 
local Tanzania wood preferably, Eucalyptus saligna with 
5% and 2% sulphonated tannin and 2.5% and 1% copper 
chloride solution respectively to the following 
retentions five retention levels. Two retention levels 
above, one at and two below the levels indicated below:

5% wattle tannin + 2.5% copper chloride 
(retention, kg/m3: 36.39 + 7.16)
2% wattle tannin + 1% copper chloride 
(retention, kg/m3: 14.58 + 4.84)

Install them at two or three test sites representing 
three different climatic regions in Tanzania.

Develop a qualitative and quantitative analytical method 
for determining penetration and concentration (retention) 
of wattle tannin and cashew nut shell liquid in treated 
wood.
Leach remaining of treated test wood samples as per AWPA 
standard (Ell-87) and repeat soil block test.
Develop aqueous based solvent for CNSL and copper 
chloride systems and repeat soil block test.

Investigate the compatibility of other boron systems 
(phenylboric acid) with the tannin-based resin.
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Table 1: Preservative treatments used in study.

TREATMENT CONC. IN SOLUTION %
ORGANIC INORGANIC

CONTROL-WATER - -
CONTROL-DMSO - -
WATTLE TANNIN 5 -
WATTLE TANNIN 2 -
WATTLE TANNIN+CuCl2 5 2.5
WATTLE TANNIN+CuCl2 2 1
CNSL 40 -
CNSL 25 -
CNSL+CuC12 40 2
CNSL+CuC12 40 1
CNSL+NaOH 40 -
CNSL+CuC12 25 1
CNSL+CuC12 2
CCA 3 -
CCA 1.5 -
CCA 0.5 -
CuCl2 2.5 -
CuCl2 2.0 -
CuCl2 1.0 -
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Table 2: Unleached treated and untreated test aspen wood 
blocks exposed to white-rot fungus (Trametes versicolor) for 8 
weeks.

Treatment Solution Cone. (% ) Mean retention Wt. Loss
organic inorgan organic inorgan Mean S.D

Control-
water

- - - - 41.42 16.32
Control-
DMSO

- - - - 43.39 4.6
*Tannin 5 - 31.39 - 41.09 9.8'
*Tannin 2 - 13.61 - 34.27 15.36
*Tan+Cu 5 2.5 31.84 7.26 3.92 0.18
*Tan+Cu 2 1 14.12 4.84 2.41 0.37
CNSL 40 - 249.36 - 26.24 5.23
CNSL 25 - 176.83 - 33.54 3.92
CNSL+Cu 40 2 239.90 11.99 20.38 1.51
CNSL+NaO
H

40 - 260.64 - 27.65 5.34
CNSL+Cu 25 1 172.22 7.11 29.52 2.47
CNSL+Cu 25 2 173.92 13.92 28.32 1.53
CCA 3 - - 21.83 1.80 0.23
CCA 1.5 - - 10.75 0.88 0.21
CCA 0.5 - - 3.83 1.04 0.21
CuC l 2 2.5 - - 18.11 5.68 1.84
CuC l 2 2.0 - - 15.82 5.20 0.91
CuC l 2 1 . 0 - - 7.46 5.18 2.70

*Tannin = Sulphonated wattle tannin 
Cu = CuCl2
DMSO = Dimethyl sulfoxide 
inorgan = inorganic
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Table 3: Unleached treated and untreated test ponderosa pine 
wood blocks exposed to brown-rot fungus (Gloeophyllum trabeum) 
for 8 weeks.

Treatment Solution Cone. (%) Mean retention Wt. Loss
organic inorgan organic inorgan Mean S.D

Control-
water

- - - - 64.86 1.28
Control-
DMSO

- - - - 30.70 4.23
*Tannin 5 - 33.22 - 1.77 0.42
*Tannin 2 - 15.02 - 15.92 6.98
*Tan+Cu 5 2.5 36.13 7.16 2.82 0.98
*Tan+Cu 2 1 14.58 4.16 1.77 1.52
CNSL 40 - 1961.71 - 13.24 2.38
CNSL 25 - 140.58 - 18.32 3.63
CNSL+Cu 40 2 210.11 10.51 16.48 1.08
CNSL+Cu 40 1 191.71 4.79 13.86 2.37
CNSL+NaO
H

40 - 216.87 - 19.07 3.97
CNSL+Cu 25 1 144.33 5.77 23.84 2.03
CNSL+Cu 25 2 137.17 10.98 18.26 3.56
C C A 3 - - 2.20 0.28
C C A 1.5 - - 12.12 1.43 1.72
CCA 0.5 - - 3.87 1.12 0.19
C u C l 2 2.5 - - 18.86 2.12 1.03
C u C l 2 2.0 - - 15.92 5.26 0.55
C u C l 2 1 . 0 - - 7.63 2.91 0.31

*Tannin = sulphonated wattle tannin 
Cu = CuCl2
DMSO = Dimethyl sulfoxide 
inorgan = inorganic
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Table 4: Duncan's multiple range test for the effect of
treatment type on weight loss of trembling aspen blocks
exposed to Trametes versicolor for eight weeks.

Treatment Mean Weight Loss Duncan Grouping*
DMSO 43.39 A
WATER 41.42 AB
5% *WATTLE TANNIN 41.09 AB
2% *WATTLE TANNIN 34.27 BC
25% CNSL 33.54 DC
25% CNSL + 1% CuCl2 29.52 DC
25% CNSL + 2% CuCl2 28.32 DC
40% CNSL + 2% NaOH 27.65 DCE
40% CNSL 26.24 DE
40% CNSL + 2% CuCl2 20.38 E
2.5% CuCl2 5.67 F
2% CuCl2 5.21 F
1% CuCl2 5.18 F
5% *WATTLE TANNIN 
+ 2.5% CuCl2

3.92 F

2 % WATTLE TANNIN 
+ 1% CuCl2

2.41 F

3% CCA 1.80 F
0.5% CCA 1.04 F
1.5% CCA 0.88 F

* Means with the same letter are not significantly different 
at a=0.05
* Sulphonated wattle tannin
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Table 5: Duncan's multiple range test for the effect of
treatment type on weight loss of ponderosa pine test blocks
exposed to Gloeophyllum trabeum for eight weeks.

Treatment Mean Weight Loss | Duncan Grouping*
WATER 64.86 A
DMSO 30.70 B
25% CNSL + 1% CuCl2 23.84 C
40% CNSL + 2% NaOH 19.07 D
25% CNSL 18.32 D
25% CNSL + 2% CuCl2 18.26 D
40% CNSL + 2% CuCl2 16.48 DE
2% **WATTLE TANNIN 15.92 DE
40% CNSL + 1% CuCl2 13.86 E
40% CNSL 13.25 E
2% CuCl2 5.26 F
1% CuCl2 2.91 FG
5% **WATTLE TANNIN 
+ 2.5% CuCl2

2.81 FG

3% CCA 2.20 FG
2.5% CuCl2 2.12 FG
2% **WATTLE TANNIN 
+ 1% CuCl2

1.77 FG

5% **WATTLE TANNIN 1.76 FG
1.5% CCA 1.43 G
0.5% CCA 1.12 G

* Means with the same letter are not significantly different 
at a=0.05
** Sulphonated wattle tannin
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Table 6: Mean weight loss for unleached particleboard 
(treated and untreated with CNSL) exposed to white-rot fungus 
(Trametes versicolor) for 12 weeks.

Ptrtieltfeoardl Treatment Wtight loss
Moan

PBl H.Tannin-UF(BA-245)-F-OIL 21.40 2.92
PB7 H.Tannin-UF(BA-245)-F-OIL 

(5.6% CNSL not mixed)
17.11 1.12

PBl 0 H .Tannin-UF(BA-245)-F-OIL 
(3% CNSL mixed)

18.17 1.55

PB13 H.Tannin-UF(BA-245)-F-OIL 
(3% CNSL not mixed)

18.29 1.14

PB27 H.Tannin-UF(BA-245)-F-CNSL 14.74 3.08
PB33 H.Tannin-UF(BA-245)-F-OIL 24.07 2.08
PB49 H.Tannin-UF(BA-245)-F-CNSL 

(Core 0%, Surface 6% CNSL)
12.25 1.39

PB62 H.Tannin-UF(BA-245)-F-CNSL 
(Core 3%, surface 6%)

16.71 0.85

*AS Trembling aspen controls 54.56 4.94

* Aspen sapwood controls
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Table 7: Duncan's multiple range test for the effect of
treatment type on weight loss of particle boards exposed to
Trametes versicolor for 12 weeks.

Treatment Mean weight Loss Duncan grouping*
**Aspen Controls 54.57 A
PB33 24.07 B
PBl 21.40 BC
PB13 18.29 DC
PB10 18.17 DC
PB7 17.11 DC
PB62 16.71 D
PB27 14.74 DE
PB4 9 12.25 E

* Means with same letter are not significantly different at 
a=0.05
** Aspen sapwood controls
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Table 8: Mean weight loss of unleached particle (treated and 
untreated with CNSL) exposed to test brown-rot fungus 
(Gloeophyllum trabeum) for 12 weeks.

Treatment
SxD»

PB2 H.Tannin-UF(BA-245)-F-OIL 51.52 1.99
PB8 H.Tannin-UF(BA-245)-F-OIL 

(5.6% CNSL not mixed)
47.66 3.17

PB11 H.Tannin-UF(BA-245)-F-OIL 
(3% CNSL mixed)

56.25 1.99

PB 14 H.Tannin-UF(BA-245)-F-OIL 
(3% not mixed)

41.75 10.59

PB31 H.Tannin-UF(BA-245)-F-CNSL 26.62 20.34
PB34 H.Tannin-UF(BA-245)-F-OIL 47.82 1.32
PB50 H.Tannin-UF(BA-245)-F-CNSL 

(Core 0%, surface 6% CNSL)
40.94 10.43

PB63 H.Tannin-UF(BA-245)-F-CNSL 
(core 3%, surface 6%)

44.28 7.94

*PP Ponderosa pine controls 29.68 5.78

* PP = Ponderosa sapwood controls
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*

Table 9: Duncan's multiple range test for the effect of 
treatment type on weight loss of ponderosa pine test blocks 
exposed to brown-rot fungus (Gloeophyllum trabeum) for 12
weeks.

Treatment Mean weight loss Duncan grouping
PBl 1 56.25 A
PB2 51.52 AB
PB34 47.82 AB
PB8 47.66 AB
PB63 44.28 AB
PBl 4 41.75 BC
PB50 40.94 BC
Ponderosa pine 
sapwood controls

29.68 DC

PB31 26.62 D
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