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ABSTRACT 13 

Because invasive tree species are being suppressed all over the world, there is a lack of basic 14 

information needed for their use in the processing industry. One piece of important information 15 

for woodworking applications is the air-dry density, which is 653 kg/m3 in the case of tree of 16 

heaven (Ailanthus altissima), 536 kg/m3 for box elder (Acer negundo), and 702 kg/m3 for green 17 

ash (Fraxinus pennsylvanica). The order of the 3 species is the same for oven-dry and basic 18 

density. In terms of compression and bending, tree of heaven has higher values than green ash. 19 

Because the strength of the tree of heaven and the green ash are largely the same as the common 20 

ash (Fraxinus excelsior), it can be replaced by these tree species. The properties of box elder 21 

wood are significantly different from those of sycamore (Acer pseudoplatanus), so this tree 22 

species is not suitable for replacement. 23 

Keywords: Box elder, green ash, invasive species, strength, tree of heaven. 24 
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INTRODUCTION 26 

Climate change influences the range and occurrence patterns of both native and non-native 27 

species. The spread of invasive plant species and their habitat conversion effects are a major 28 

environmental problem. A significant proportion of these species are woody plants (Ónodi 29 

2016). The term invasive species has various meanings. By the most common definition, 30 

biological invasion means the spread of a non-native (alien) species. For example, according to 31 

the International Union for Conservation of Nature (IUCN) definition, only non-native species 32 

that endanger the biodiversity of natural areas are included in this group (Csiszár 2012). 33 

With regard to species invasiveness, the success of invasive species is largely due to their 34 

superiority over native species in terms of growth rate and spread into recipient ecosystems. 35 

This superiority is related to higher values of traits related to fitness such as growth rate, 36 

maturity age, fecundity, and seed dispersal (Porté et al. 2011). Beside climatic changes, invasive 37 

species are currently considered one of the biggest threats to biodiversity. The ease of travel 38 

and the nature of global economy have been the major drivers of species introductions. This is 39 

unlikely to change as there do not appear to be any realistic scenarios that would reduce 40 

activities related to travelling and trade, which could consequently result in a decreased number 41 

of new introductions (Krumm and Vitková 2016). 42 

Density is an important physical property of the usability of the wood. From it one can also 43 

infer the strength properties (Kiaei 2013). There is typically a very strong relationship between 44 

density and modulus of rupture (MOR) and modulus of elasticity (MOE) as shown in Zhang’s 45 

study (1997). Additionally, basic density is closely related to end-use quality parameters, such 46 

as cellulose yield and strength of building materials (Harvald and Olesen 1987). Higher density 47 

species of wood usually have more solid wood than lower density species. Knowing the value 48 

of basic density is important, especially regarding the determination of wood-chip bulk density, 49 

pulp production, or in particleboard manufacturing. The specific gravity (SG) of wood is a 50 
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measure of the amount of structural material a tree species allocates to support and strength. In 51 

recent years, wood specific gravity, traditionally a forester’s variable, has become the domain 52 

of ecologists exploring the universality of plant functional traits and conservationists estimating 53 

global carbon stocks (Williamson and Wiemann 2010). 54 

Information about the feature of the wood is important in regards usage of invasive tree species. 55 

Therefore, the main purpose of this study is to explore the basic woody properties of the 3 56 

invasive tree species found worldwide. 57 

Tree of heaven (Ailanthus altissima) 58 

Tree of heaven was originally introduced in Europe (18th century) as an amenity tree and as 59 

forage for silk worms. Its use as an ornamental and shade tree however continues today in 60 

Europe. Further uses include plantations for erosion control on slopes, verges of traffic lanes, 61 

dunes on the coast, afforestation or reforestation, reclamation of landfill sites, and mine spoils 62 

(Kowarik and Säumel 2007). It grows on a wide range of soils, from poor to rich and from dry 63 

to moist. Tree of Heaven tolerates relatively high levels of air pollution and may be able to 64 

sequester some pollutants. For this reason, it has been widely planted in urban areas worldwide 65 

to reduce environmental pollution (Baptista et al. 2014). 66 

Tree of heaven has been used also for the biomass production of fuel wood and for the 67 

production of fodder for goats and cattle (Feret 1985; Baptista et al. 2014), making it a 68 

promising alternative to cellulose in papermaking. 69 

Green ash (Fraxinus pennsylvanica)  70 

Green ash is one among the most rapidly spreading woody non-native species in Central Europe 71 

during the past 25 years (Drescher and Prots 2016). The green ash is early- to late-succession 72 

species of riparian forests, adapted to survive in flooded soils through a variety of physiological 73 

and morphological traits. In Central Europe, it is mainly observed in riparian mixed forests of 74 
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Quercus robur, Ulmus spp. and Fraxinus excelsior, along the great rivers (Branquart et al. 75 

2010). 76 

Green ash wood is strong, durable, and shock-resistant. As such, it is valuable for making 77 

specialty items, like tool handles and baseball bats. Its appropriate form and suitability as a 78 

shade tree have made green ash a popular ornamental tree and it is widely planted as a parkway-79 

and street tree in urban and suburban areas throughout the US and abroad (Kovacs et al. 2010). 80 

The wood has lower quality in comparison with the common ash, and especially timber 81 

plantations rarely can be found. Higher wood quality, compared to common ash, can be found 82 

on drier sites where tree growth is slower. In the north-west of Turkey, where narrow-leaved 83 

ash is more widespread in fast-growing plantations on swampy lowlands, the wood quality is 84 

more similar to one of the poplars and is suitable for pulpwood and bonded wood products, 85 

such as plywood, laminated veneer lumber and glued laminated timber. Leaves are eatable 86 

regarding livestock, and in southern Europe, this ash was traditionally used as a fodder tree. It 87 

is also widely used as an ornamental tree in cities and along roads (Caudullo and Houston 2016). 88 

Box elder (Acer negundo) 89 

Box elder was brought to Europe in the ХVII century as a decorative tree.  Currently, it is widely 90 

spread and belongs to serious invasive-type species (Ednich et al. 2015). 91 

Box elder is used as timber to produce boxes, furniture of low quality and fencing, as its wood 92 

is of no high commercial value and is relatively infirm. It can also be used to create horticultural 93 

plantations and landscape plantings. This species was previously used in the US to control wind 94 

erosion and it is mainly used for this purpose across the globe. Like other maple species, its sap 95 

can be used as a raw material for producing a syrup, known as 'mountain molasses'. The species 96 

is more considered as firewood but is still occasionally used as fuel (Barstow et al. 2017). 97 

 98 
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MATERIALS AND METHODS 99 

The specimens used for the study were cut from 3 trunks per tree species. Tree of heaven 100 

(Ailanthus Altissima (Mill.) Swingle) were 41 years old, box elder (Acer negundo L.) were 45 101 

years old, the green ash (Fraxinus pennsylvanica Marsh.) were 48 years old. Mixed samples 102 

were taken from the sapwood and heartwood in order to represent the average species features. 103 

From the examined trunk the following properties were defined based on the relevant standards: 104 

density (DIN 68364 2003), compression strength (DIN 52185 1976), tensile strength (DIN 105 

52188 1979), static bending strength (DIN 52186 1978), modulus of elasticity (DIN 68364 106 

2003), and impact bending strength (DIN 52189 1981). 107 

The tests were carried out on specimens stored under normal climate conditions (T= 20 °C; φ= 108 

65 %) until equilibrium moisture was reached. Storage time lasted till the samples has reached 109 

constant weight.  The strength tests were performed using the Instron 4208 universal material 110 

tester (Norwood, USA)  and Charpy impact tester (Leominster, England). 25 pcs of test samples 111 

were used in each and every examination cases. 112 

A one-way analysis of variance (ANOVA) of the strengths was performed with the SPSS (IBM, 113 

Armonk, NY, USA) software. The statistical significance was set at P < 0,05. 114 

RESULTS AND DISCUSSION 115 

The average density values of the 3 tree species were distinct (Table 1). Regardless of the 116 

density type green ash had the highest density among the species followed by the tree of heaven 117 

then the box elder. It is worth to compare the values within the species with same genus and 118 

also which are more frequently used in the wood industry. Following this principle box elder 119 

was compared to sycamore (Acer pseudoplatanus), green ash was compared to common ash 120 

(Fraxinus excelsior) . As the tree of heaven's wood is most closely related to ash, common ash 121 

were chosen in its case too. 122 
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One of the most important characteristics when selecting wood species for wood-paper and 123 

energy purposes is knowing the different types of densities. Green ash has an air dry density of 124 

702 kg/m3, it is almost 10 % higher than those mentioned by Meier (2015), while having nearly 125 

the same basic density. The test results correspond to the density of the common ash 126 

(Wagenführ 2007; Sopushynskyy and Teischinger 2013; Meier 2015; Diler 2017; Giagli et al. 127 

2018), making the wood characteristics very similar. 128 

The air-dry density of the tree of heaven is the same as reported by Požgaj et al. (1997) and 129 

Surmiński (1995), but is significantly higher than that reported by Wagenführ (2007). The 130 

values of basic and oven-dry density are significantly below those measured by Miao et al. 131 

(2014), while exceeding those published by Kúdela and Mamonova (2006). Compared to 132 

common ash, regarding all three densities, it is less.  133 

Table 1. Density values of the examined tree species. 134 

Density 
type 

Green ash Box elder Tree of heaven 

Avg Min. Max. St. Dev. Avg. Min. Max. St. Dev. Avg. Min. Max. St. Dev. 

Oven-dry 
u = 0 % 

(kg/m3) 

628 562 685 34 495 459 541 21 608 545 652 29 

Air-dry     
u = 12 % 
(kg/m3) 

702 647 756 31 536 501 579 22 653 611 695 21 

Basic 

(kg/m3) 
550 510 593 20 444 412 474 19 531 497 571 20 

 135 

In the case of the box elder, the test results are the same as the literature average (Gilman 2006; 136 

Meier 2015). According to the processed literature (Wagenführ 2007; Meier 2015; Hassan and 137 

Tippner 2019), however, the value of air-dry density may be up to 15 % lower than that of 138 

sycamore. A smaller difference can be observed for the basic density and a larger difference for 139 

the oven-dry density. 140 



Maderas-Cienc Tecnol 23(2021):1-16 
Ahead of Print: Accepted Authors Version 

7 

 

The order of density values between the three species varies slightly in the case of compressive 141 

strength (Figure 1). With the lowest density, the box elder also has the lowest compression 142 

strength of 37,1 MPa, which corresponds to what Meier (2015) mentioned. However, it is 143 

significantly lower than the value of sycamore (Wagenführ 2007; Meier 2015). The highest 144 

density green ash has a compressive strength of 46,2 MPa, lower than that of the tree of heaven 145 

(53,4 MPa), which has a lower density. In the case of green ash, the value obtained is the same 146 

as that reported by Alden (1995), while it is much higher than that of Meiere (2015). The same 147 

can be said of the tree of heaven, where the measured value is almost identical to Berkie's 148 

(2014), but exceeds that of Alden (1995). The compressive strength of common ash (Wagenführ 149 

2007; Meier 2015) is virtually identical to that of the tree of heaven. 150 

Figure 1. Compressive strength of the species tested. 151 

The order of species for the MOR (Figure 2) is the same as that of compressive strength. The 152 

highest of these is the tree of heaven (111,7 MPa), which is 25 % higher than previously 153 

reported (Alden 1995; Berki 2014; Meier 2015). With a value of 75,4 MPa, the box elder has 154 
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the smallest MOR, which in turn is also 25 % higher than what Meier mentions. Green ash is 155 

located between the two species with a value of 97,9 MPa, which is in complete agreement with 156 

Meier (2015) and Alden (1995). The bending strength of the box elder does not reach the value 157 

of sycamore. The green ash’s is just below, while the tree of heaven’s is just above the value of 158 

the common ash. 159 

Figure 2. Modulus of rupture of the examined tree species. 160 

For MOE, the order is as follows (Figure 3): tree of heaven (11665 MPa), green ash (9546 161 

MPa), and box elder (6989 MPa). The tree of heaven and box elder values do not differ 162 

significantly from those given by the literature (Meier 2015; Alden 1995). Green ash, on the 163 

other hand, has a value more than 15 % higher than those reported. In terms of MOE, wood 164 

from tree of heaven and green ash is virtually equivalent to common ash, whereas the value of 165 

the box elder was more than 20 % lower than Wagenführ (2007), Meier (2015), Hassan and 166 

Tippner (2019) reported. 167 
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The impact bending strength of the 3 tree species (Figure 4) follows the order of density. The 168 

highest value was the green ash (7,97 J/cm2), followed by the tree of heaven (6,11 J/cm2) and 169 

box elder (2,78 J/cm2). Regarding the test results, it should be noted that the standard deviation 170 

values are highest for this strength type. This characteristic is rarely determined when testing 171 

the basic strength properties, so it is difficult to compare it with other literature values. Only 172 

Berki (2014) mentions this in the case of tree of heaven, compared to which the test results were 173 

25 % lower. Green ash exceeded impact bending strength of common ash, while tree of heaven 174 

was below it. For the box elder, this feature was less than half that of a sycamore. 175 

Figure 3. Modulus of elasticity of the examined tree species. 176 

The tensile strength was determined for 2 species (Figure 5), which also had high variance 177 

values. Similar to impact bending strength, very few studies report this strength characteristic. 178 

The tensile value is 122,6 MPa for green ash and 71,3 MPa for box elder. Compared to Berki's 179 

(2014) common ash value, green ash is about 25 % lower. 180 

 181 
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Figure 4. The impact bending strength of the examined tree species. 182 

Figure 5. The tensile strength of the examined tree species. 183 
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CONCLUSIONS 184 

Regardless of the density type, green ash has the highest value among the invasive tree species 185 

examined, followed by the tree of heaven and then box elder. In terms of air-dry density, green 186 

ash wood is the same as common ash’s, while the tree of heaven is less. Box elder wood, in 187 

terms of density, is below that of sycamore. 188 

Despite the fact that green ash has a higher density, regarding MOR, MOE, and compression 189 

strength, tree of heaven has higher strength values. 190 

Green ash for density regarding MOE and impact bending strength, while tree of heaven 191 

regarding MOR, MOE, and compression have values approximately equal to common ash. 192 

Therefore, regarding these characteristics, the common ash can be replaced by the studied tree 193 

species. 194 

The box elder lags behind the sycamore for all strength characteristics and is therefore not a 195 

substitute for this type of stress.  196 

 197 
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