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Naturally durable wood species such as western juniper (Juniperus 
occidentalis) are a potential source of bio-based wood preservatives for 
the improvement of non-durable timber species. This research 
investigated the durability of southern yellow pine (Pinus sp.) and western 
juniper lumber or strandboard. Single layer panels were made with six 
different types of wood or wood treatments: southern yellow pine, mixed 
juniper sapwood and heartwood, sapwood, heartwood, sapwood strands 
impregnated with juniper oil prior to and after panel manufacturing. Panels 
were fabricated with 560 kg/m3 oven-dry density with 5% of PF resin and 
0.5% of wax. Durability testing was performed with the brown rot fungi 
Gloeophyllum trabeum and Rhodonia placenta and the white rot fungus 
Trametes versicolor. Internal bond as a crucial parameter of OSB was 
measured. Tests revealed that juniper heartwood and juniper heartwood 
strandboards were highly decay resistant, and juniper oil pre- and post-
impregnation strandboard manufacture imparted increased resistance to 
decay against one brown rot fungus, Gloeophyllum trabeum. Juniper 
strandboard manufactured from non-impregnated strands showed 
significantly higher internal bond than pine. These results suggest there is 
excellent potential for manufacturing highly decay-resistant OSB from 
juniper, especially from heartwood and that juniper oil can increase the 
durability of juniper sapwood strandboard. 
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INTRODUCTION 
 

Western juniper (Juniperus occidentalis Hook.) is an invasive tree species that is 

widespread in the western United States including Oregon, California, Washington, Idaho, 

and Nevada (Bedell et al. 1993; Swan 1995; Gedney et al. 1999). The wood has an average 

density of 497 kg/m3, with yellow sapwood and aromatic rose-red heartwood that is 

commonly used to manufacture posts, poles, fencing, decking, and other products (Panshin 

and Zeeuw 1980; Swan and Connolly 1998). The heartwood is highly decay-resistant and 

can remain in-service for 56 years or more without preservative treatment (Hemmerly 

1970; Highley 1995; Swan 1995; Morrell and Schneider 1999; Morrell 2011; Kirker et al. 

2013; Adams 2014). The durability of juniper heartwood is attributed to the high lignin 

content and presence of the cedrol and other terpenes that can be extracted by steam 

distillation (Kurth and Ross 1954; Adams 1987; Highley 1995). Sapwood has little inherent 
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durability, but some data suggest that juniper sapwood adjacent to heartwood is more 

durable than sapwood further removed from the heartwood (Morrell 2011). 

Manufacturing lumber from these highly tapered trees with many small branches 

results in extensive waste material as low-quality logs, slabs, branches, and foliage. In 

addition to low-value uses like firewood, waste materials may be used to manufacture 

strandboard with high decay-resistance. Developing higher value end-uses for juniper 

processing wastes would help improve the economic viability of lumber production for this 

species. 

Substantial residual juniper foliage can be generated during harvesting with little 

utilizable value; however, juniper foliage is a rich source of biocidal terpenes, some of 

which impart durability to juniper heartwood (Acda et al. 1998). Extracts of juniper foliage 

and heartwood have activity against fungi and subterranean termites (Adams et al. 1988; 

Sichamba et al. 2012; Ateş et al. 2015; Scouse et al. 2015; Lipeh et al. 2020). Impregnating 

juniper wood with juniper essential oil diluted in a solvent to improve the decay-resistance 

of slabs/branches (primarily sapwood) can be an avenue to utilize the entire tree in the 

manufacture of a highly decay-resistant strandboard.  

Wood decay that leads to strength loss is predominantly caused by basidiomycete 

fungi, which can be grouped into two main categories, lignin-degrading white-rot and 

carbohydrate-selective brown-rot (Zabel and Morrell 2020). These two types of fungi differ 

in what components they are able to degrade in wood, which stems from a difference in 

the genetic and enzymatic profiles (Floudas et al. 2012). The physiology of these two 

groups of fungi is different enough for them to both be included in standard durability 

testing protocols. White rot fungi are capable of depolymerizing all major cell wall 

components (lignin, cellulose, and hemicelluloses), primarily attack hardwoods, and the 

resultant wood tends to be spongy. Brown rot fungi mainly depolymerize cellulose and 

hemicelluloses, primarily attack softwoods, and leave decayed wood looking brown, brittle 

and fractured into distinct zones (Goodell et al. 2020; Zabel and Morrell 2020).  

Natural durability (decay resistance) is defined here as “the inherent resistance of 

wood to fungal attack” (Scheffer and Morrell 1998). The utilization of naturally occurring 

wood extractives/oils from unused harvest residues to enhance the durability of the less 

decay-resistant sapwood is a bio-based alternative to other chemical treatment methods. 

Treatment with juniper oil may potentially redistribute the natural durability, thereby 

generating a greater amount of durable wood from western juniper harvest. This study 

explored ways in which the whole juniper tree (foliage, branches, logs) could be utilized 

to enhance the natural durability of engineered juniper strandboard for use in highly 

exposed applications. Therefore, the specific research objectives were: (1) to assess the 

durability of five strandboard panel types against decay fungi in laboratory microcosms 

measured by weight loss, and (2) to assess possible impacts of juniper oil impregnation on 

the internal bond properties of the strandboard.  

 
 
EXPERIMENTAL 
 

Manufacturing 
Slabs containing sapwood and heartwood of western juniper were obtained from 

two different locations in Oregon. Materials were cut to the length 117 mm and submerged 

in water at 30 °C for 72 h as a plasticization step before cutting strands. Juniper blocks 

were cut into strands varying in thickness from 0.6 to 0.9 mm using a veneer slicer. Strands 
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were dried in a rotary drier at 50 °C until they reached a moisture content of 4 ± 1%. 

Southern yellow pine strands were obtained from an OSB mill in Alabama with average 

dimensions of 0.6 × 25 × 117 mm (thickness × width × length).  

Solid wood and a variety of strandboard specimens were milled and are described 

in Table 1. Seven control/baseline treatments were included to assess the ability of each 

test fungus to decay untreated southern yellow pine (Pine-W), the inherent decay resistance 

of natural juniper sapwood (Sap-W) and heartwood (Heart-W), and the inherent decay 

resistance of each type of untreated strandboard, including southern yellow pine (Pine-S), 

mixed juniper sapwood and heartwood (Mix-S), juniper sapwood (Sap-S), and juniper 

heartwood (Heart-S). The final two treatments were assessed to measure the durability of 

sapwood juniper strandboards impregnated with juniper oil in strands prior to panel 

pressing (Pre-S) and panels after pressing (Post-S). The Pre-S and Post-S samples were of 

interest to explore whether juniper oil would be volatilized by the high pressing 

temperatures. 

 

Impregnation 
Impregnation processes were made on both the juniper strands and strandboard. 

Strands and panels were oven-dried at 103 °C for 24 h, cooled in a desiccator, and weighed. 

Western juniper oil (High Country Essential Oils, Fort Jones, CA) was diluted to 10% 

(vol/vol) in 95% ethanol. Specimens were soaked in the dilute oil solution and kept under 

vacuum (70 kPa) for 30 min. Afterward, the vacuum was released, and the specimens 

remained submerged in solution for an additional 30 min. Then they were removed and 

weighed. Strands were oven-dried at 90 °C for 60 min, and strandboard was dried in the 

hot press at 0.5 MPa and 90 °C for 60 min.  

Panels were made using liquid phenol formaldehyde (PF) resin (GP 265C08 with 

49% resin solids, Georgia Pacific Chemicals, Atlanta, GA) with 5% resin solids by weight 

and 0.5% wax added. Resin was sprayed with a spinning disk atomizer (Model EL-4, Coil 

Manufacturing, Surrey, Canada) at 10,000 rpm. Three panels with an average density 560 

kg/m3 and dimensions 8 × 254 × 254 mm (thickness × width × length) were fabricated in 

each group. Single layer strandboard panels were formed on wire mesh without any attempt 

to orient strands. Panels were pressed at 120 °C with 30 seconds of closing, 240 seconds at 

position, and 40 seconds to vent. Following panel preparation, decay tests were performed 

similarly for all solid wood samples and panels. 

 

Testing Procedures 
Decay test 

Ten replicates per treatment were oven-dried at 50 °C for 48 h and weighed to the 

nearest 0.001 g. Samples were soaked in distilled water until their moisture contents 

reached 30% to 40%, placed into individual plastic bags, and sterilized by exposure to 2.5 

mrad of ionizing gamma radiation from a cobalt 60 source at the Oregon State University 

Radiation Center (Corvallis, OR). Resistance to fungal decay was assessed according to 

procedures described in the American Wood Protection Association (AWPA) Standard 

E10-16 (2020).  

Briefly, decay chambers (473 mL French squares) were half-filled with a custom 

soil blend of 45% sandy loam soil (40% sand, 40% silt, and 20% clay), 42% organic 

amendments (∼14% each of composted dairy manure, horse manure, and Douglas-fir bark) 

and ∼13% organic soil building conditioner (Gardner and Bloome®, Carson, CA, USA). 

Strips of western hemlock (Tsuga heterophylla (Raf) Sarg.) for brown rot or red alder 
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(Alnus rubra Bong) for white rot test fungi were placed on the soil surface, and the bottles 

were autoclave sterilized at 121 °C for 100 min. The bottles were inoculated with 5 mm 

malt agar disks from the actively growing edges of cultures for the two brown rot fungi 

Gloeophyllum trabeum (Pers.: Fr.) Murr. (isolate # Madison 617) and Rhodonia placenta 

(Fr) Niemela, Larss, and Schagel (Isolate No. Mad 698) or the white rot fungus Trametes 

versicolor (L. ex Fr.) Pilát (Isolate # R-105). Inoculated bottles were incubated at 28 °C 

until test fungi completely covered the feeder strips (~10 days). Sterile test samples were 

then placed on the surfaces of the feeder strips. The bottles were loosely capped and 

incubated at 28 °C for 12 or 16 weeks for blocks exposed to brown or white rot fungi, 

respectively. Non-fungal exposed controls were included to provide a measure of mass 

losses that occur from block handling. 

At the end of the incubation period, samples were removed, scraped clean of 

adhering mycelium, and weighed to determine moisture content at harvest. The samples 

were then oven-dried at 50 °C for 72 h and reweighed to determine mass loss. The 

difference between initial and final oven-dry weight was used as a measure of the decay 

resistance of each material. The degree of resistance to fungal attack was assessed using 

the scale described in ASTM D2017-05 (2014), where 0 to 10% weight loss is considered 

highly resistant to decay, 11 to 24% weight loss is resistant, 25 to 44% is moderately 

resistant, and >45% is slightly or non-resistant. 

 

Table 1. Specimens for Testing Resistance to Brown and White Rot Fungi 

Sample Type Treatment Description 
Sample 

Dimensions 
Identifier 

Natural wood 

Southern yellow pine 19 mm3 Pine-W 

Juniper sapwood 19 mm3 Sap-W 

Juniper heartwood 19 mm3 Heart-W 

Strandboard 

Southern yellow pine 19 x 19 x 9 mm Pine-S 

Juniper (sap/heart mixed) 19 x 19 x 9 mm Mix-S 

Juniper sapwood 19 x 19 x 12 mm Sap-S 

Juniper heartwood 19 x 19 x 12 mm Heart-S 

Pre impregnated sapwood strands 19 x 19 x 9 mm Pre-S 

Post Impregnated sapwood panel 19 x 19 x 9 mm Post-S 

 

Mechanical properties 

Internal bond strength (IB) was measured on an Instron 5582 universal testing 

machine with a 100 kN load cell (Waltham, MA, USA) for ten strandboard specimens with 

dimensions 50 × 50 mm following ASTM D1037-12 (2020). 

 

Statistical Analysis 
The data were processed in STATISTICA 10 software (StatSoft Inc., Tulsa, OK, 

USA) and evaluated using a one-factor analysis of variance (ANOVA) and Tukey's honest 

significance test (HSD test) to explore differences in weight loss and internal bond strength. 
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RESULTS AND DISCUSSION 
 

Weight percent gain (WPG) of strands and strandboards treated with the essential 

oil diluted in the ethanol was 147.2% and 59.3% for strands and strandboards after soaking. 

Final WPG of the essential oil was 3.1% and 3.3% for strands and strandboards after 

drying, respectively.  

Southern yellow pine strandboards exposed to R. placenta experienced average 

weight losses of 40.8% and weight losses for juniper strandboards were about 2.5%. Based 

on these results, the former were moderately resistant to decay, and the latter were highly 

resistant, according to the guidelines in the ASTM D2017-05 (2014). The heartwood of 

juniper contains cedrol, widdrol, and other sesquiterpene alcohol compounds that show 

strong termiticidal and antifungal properties (Orejuela 1995; Craig et al. 2004; Mun and 

Prewitt 2011). The presence of biocidal terpenes in the wood, along with other properties, 

such as high lignin content, were likely major contributors to the high decay resistance of 

juniper strandboards.  

Wood samples exposed to G. trabeum showed higher weight losses in comparison 

to the other fungi. Pine-W and Sap-W showed comparable weight losses of about 44%, 

which is also comparable with the results of Miyamoto et al. (2019), where southern pine 

wood lost 42.6% of its mass exposed to G. trabeum. The highest weight loss, 64.3%, was 

seen in the southern yellow pine strandboards, which is about 21 times higher than weight 

loss on the heartwood strandboards, in line with previous observations for similar materials 

(Wan et al. 2007). All of the juniper strandboards had significantly lower weight loss for 

G. trabeum than the southern yellow pine strandboards.  

Weight loss for T. versicolor on the Pine-W was 26.2% and on juniper heartwood 

(Heart-W) was 0.2%, which is comparable with the results of Miyamoto et al. (2019), 

32.2% and 1.2% for pine and juniper respectively. Juniper heartwood strandboards exposed 

to T. versicolor showed an average weight loss of 1.1%, which was the lowest value for 

strandboards. Other strandboards made from juniper and pine had statistically similar 

results, with higher average values for impregnated specimens (Pre-S, Post-S). Wan et al. 

(2007) reported strandboards with surface layers of the eastern white-cedar and aspen core 

layer showed weight losses of about 18.5% under T. versicolor, which is slightly lower 

than results here.  

Impregnation of strands with juniper oil before and after pressing resulted in 

variable performance among the different decay fungi. The addition of oil appeared to be 

more effective at inhibiting the growth of brown rot fungi than white rot fungi, as shown 

by the mass losses near the uninoculated control for oil impregnated panels for Rhodonia 

placenta. The white rot fungus Trametes versicolor caused greater weight loss on 

impregnated panels than juniper sapwood alone. White rot fungi differ from brown rot 

fungi in that they produce lignin-degrading peroxidases which utilize a non-specific free 

radical mechanism to oxidize a wide variety of structural moieties in lignin (Kues 2015). 

This non-specificity enables white rot fungi to chemically modify a variety of xenobiotic 

compounds, including plant-based terpenes (Lee et al. 2015). This ability may have led to 

the higher mass losses for impregnated panels for Trametes versicolor than the brown rot 

species.   
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Fig. 1. Weight loss of the wood and strandboard exposed to the different fungi after 12 or 16 
weeks for blocks exposed to brown or white rot fungi, respectively 

 

The average internal bond strength values for strandboards are shown in Table 2. 

The previously reported average internal bond strength for strandboard (624 kg/m3), with 

surface layer of eastern white-cedar and aspen core layer (2.4% powdered PF), was 0.36 

MPa (Wan et al. 2007), which is slightly lower than the IB of the pine (Pine-S) in this 

research. Pre-impregnation of the strands before manufacturing of the panels compared to 

post-impregnation resulted in a significant (p<0.05) decrease of the IB from an average 

value of 0.70 to 0.50 MPa. Internal bond strength of Pre-S strandboard was not significantly 

different than Pine-S strandboard. Internal bond strength for post-impregnated panels 

(Post-S) was greater than the results for pine (Pine-S). The other strandboards made from 

juniper strands reached significantly higher IB in comparison to the pine strandboard. In 

all cases, the juniper strandboards had equal or greater internal bond strength than the pine 

strandboard. 

 

Table 2. Average Values of Internal Bond Strength of Strandboard at 20 °C and 
65% RH 

Types of Strandboard Internal Bond (MPa) 

Pine-S 0.42 (0.14) A 

Mix-S 0.60 (0.14) B, C 

Sap-S 0.90 (0.12) E 

Heart-S 0.85 (0.14) D, E 

Pre-S 0.50 (0.12) A, B 

Post-S 0.70 (0.12) C, D 

Means with the same letter in column do not differ statistically by the Tukey’s test (α = 0.05). 
Numbers in parentheses represent standard deviation 
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CONCLUSIONS 
 

1. Juniper heartwood has long been recognized as highly durable. Results from this 

research indicate that strandboard made from juniper heartwood is also highly decay 

resistant. There appears to be very good potential for manufacturing juniper OSB, 

especially from heartwood, as a highly decay resistant product. Further, with respect to 

bond integrity, the findings indicate that impregnating juniper strands with juniper oil 

prior to pressing results in a significant reduction in internal bond strength compared 

to panels impregnated after pressing. However, the resulting average IB values for 

panels made from pre-impregnated strands are similar to those for southern yellow pine 

panels. Also, juniper strandboard manufactured from non-impregnated strands showed 

significantly higher internal bond values than pine.  

2. One limitation of the research is that the amount of the sapwood in the manufacturing 

of the strandboards with mixed heartwood and sapwood was not measured. It seems 

that this is also very important and it can be a next step for better utilization of the 

juniper wood.  
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