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Introduction 

Ozone (O3) is a toxic air pollutant and one of main 
components inhibiting growth and photosynthetic activities of 
plants inducing defoliation and reduction of biomass. In Japan, 
some of highly populated cities, such as Tokyo, Osaka and 
those metropolis, are indicating high concentration of O3 over 
40 ppb in the atmosphere. In addition, it would exceed the 
threshold of toxic concentration over those metropolitan cities 
and industrial regions (7). 

Given the importance and menace of O3 to plants, edaphic 
condition in forest is vital to encourage larch as suitable species. 
Most lands in northern Japan are composed with immature 
volcanic soil. In terms of nutrient uptake mechanism, plants are 
easily exposed to poor nutrient condition (6). With this point, 
we should know effects of nitrogen (N) deposition to the 
growth of both larch species. By anthropogenic activities since 
The Industrial Revolution, N deposition has exceeded the 
threshold of N load, 10-30 kg N ha-1 yr-1, in Europe. And it is 
considered that it would be excessive over 50 kg N ha-1 yr-1 (5). 
But, deposited N is expected to play a role as a kind of 
fertilizers during initial stage of N saturation. 

Larch species are broadly distributed and they are main 
components in boreal forests in Northern Hemisphere. Larch 
species acclimate effectively to low nutrient in the soil, short 
summers for growth and photosynthetic activities, and low 
temperature (8). Hence, Japanese larch was introduced in the 
northern region of Japan from the central subalpine region as a 
trial species for afforestation, because it can grow under to low 
temperature and poor nutrient soil (i.e. immature volcanic ash 
soil). On the other hand, Japanese larch suffers from the shoot 
blight disease and grazing by voles. In order to improve these 
difficulties of Japanese larch, Hybrid larch F1 was developed 
and considered as a promising species. Hybrid larch F1 showed 
rapid growth rate at the early growth phase, and also, it had 
shown the tolerance to low temperature and to above 
mentioned weakness of Japanese larch (4, 9). 

Thus, to elucidate Hybrid larch F1 on environmental changes, 
we should know interactive effects of O3 and N load to both 
larch species, because both O3 emission and N deposition are 
projected to increase consistently in the future (1). Under high 
N condition, foliar organs usually increase (2). However, 
longevity of foliar organ is diminished by elevated O3. 
Therefore, we would like to know foliar efficiency of biomass 
production (FPE) in two larch species. In this study, we 
evaluated FPE in larch species grown under elevated O3 with 
nitrogen loading. 

 
Materials and methods 

1. Plant materials and treatments 
Two-year-old seedlings of Japanese larch and Hybrid larch 

F1 were planted on 15 L pots filled with Kanuma pumice and 
Akadama soil, in 1:1 volume, to simulate well-weathered 
immature volcanic ash soil with matched tray at late May, 2013. 
We gained seedlings of Japanese larch from Naganuma near 
Sapporo and Hybrid larch F1 was obtained from Hokkaido 
Forestry Research Institute, HRO in Bibai, also near Sapporo. 
We planted 32 seedlings for each ambient and O3 treatment in 
May, 2013. 

 
 
 
 
 
 
 
 
 

 
 
For O3 treatment, we used a free air O3 fumigation system 

and the detail description was made by Watanabe et al. (11) 
(Figure 1). Ozone concentration of 60 nmol mol-1 was treated 
during daytime-regulated photo-sensors detecting 60 μmol m-

2s-1 as of light compensation point of larch species from June to 
October (8).  

For N treatment, NH4NO3 solution was supplied to the 
potted soil. Total amount of N treatment was 50 kg N ha-1 year-

1 and the supply was divided into 4 times with the order of 15, 
20, 10 and 5 kg N ha-1 year-1 from June to late September 
according to seasonal N accumulation pattern (2). For these 
treatments, we set 4 platforms with 4 potted plants with water 
trap to catch leaching water. Trapped water was re-irritated to 
keep the total amount of N to seedlings 

 
2. Measurements  

The diameter and height of seedling in each treatment had 
measured in 4 times at one-month interval from July to October, 
2013. This enabled us to monitor consistently plant growth. We 
assessed the stem biomass based on estimated volume by 
diameter and height. 

For dry mass of litterfall needles, 2/3 lower part of the 
seedlings was wrapped with 2 mm mesh clothes (Krary, Osaka, 
Japan) from mid-October to late November, 2013. The litterfall 
was dried at 80℃ in an oven during 10 days. Based on dry 
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Figure 1 Ambient treatment (left) and Elevated O3

treatment (right) with a free-air O3 fumigation system 

ていることによる可能性が考えられた。葉を乾燥や食害

から守るためにクチクラが発達する(6)ため，シラカンバ

では気温が高く，乾燥する夏に展開される夏葉ではこの

クチクラが発達，この結果，植食性昆虫に対する物理的

防御が向上すると考えられる。 
以上のように成虫と幼虫で食害する葉の嗜好性に違い

が見られた。これは，食害様式の違いによると考えられ

る。幼虫の顎は小さく，成虫に比べて葉の硬さによる物

理的防御に対して弱いと考えられる。ハムシの成虫は葉

に穴を空けるように食害するのに対し，幼虫は葉肉摂食

性と呼ばれ，葉脈を避け，葉肉のみを食害する。幼虫は

成虫に比べクチクラの発達による葉の硬さの影響を受け

やすいと考えられる。また，成虫と幼虫の食害様式の違

いは，オゾン処理に対する反応の違いにも関係する可能

性がある。樹木では植食性昆虫に対して効率良く防御す

るために，葉内の被食防衛物質を維管束部分などに局在

させている(3)。幼虫が成虫と異なり，オゾン処理の影響

を顕著に受けなかったことは，被食防衛物質が局在して

いる維管束部分などを避けるように摂食している可能性

を示唆する。これらから，成虫と幼虫では嗜好する葉が

異なったと考えられる。 
本研究の結果から，ハンノキハムシによるシラカンバ

葉の食害に対する O3の影響は，ハンノキハムシの生育段

階，春葉と夏葉で異なることが示された。今後は葉の被

食防衛物質や窒素の定量を行い，さらに検証する必要が

ある。 
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図-1. 成虫への摂食実験(n=6)，選択摂食実験(n=3) 

エラーバーは標準誤差を示す。 
 
 
 
 
 
 
 
 
 
 
図-2. 幼虫 摂食実験(n=6)，選択摂食実験(n=6) 

エラーバーは標準誤差を示す。 
 

表-1. 摂食実験と選択摂食実験の統計結果 
 

 
 
 
 
 
 
 

*: p<0.05 
n.s: 有意差なし 
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土壌を介した Ethylenediurea (EDU) のオノエヤナギ挿し木に対するオゾン影響の緩和、―予報― 

Ethylenediurea (EDU) as a soil drench to reduce O3 impact on willow (Salix sachalinensis) cuttings: 
A preliminary observation using a free-air O3 fumigation system 

 
 

Introduction 

Ground-surface ozone (O3) is a gaseous, anthropogenic air 
pollutant widespread at elevated concentrations (1, 2). O3 has 
the potential to impact living organisms, including plants and 
ecosystems (3, 4, 5, 6, 7). More than 370 wild plant species are 
known to be impacted by O3, and the situation is expected to 
worsen by increasing O3 concentrations (3). In Asia, O3 levels 
were increasing rapidly due to anthropogenic factors (8, 9), 
and they are expected to reach up to higher levels as the 
precursors will continue increasing (10). How can all these 
species facing the O3 “nightmare” (3) to be protected?   

The antiozonant Ethylenediurea (EDU) (11, 12) is the most 
effective protectant against O3 phytotoxicity (13, 14, 15). 
Although many studies have been conducted to EDU through 
the decades, there is a big gap in understanding its mode of 
action (13, 14, 15). It is extensively applied on crop plants (13), 
mainly in Europe and U.S.A. (15, 16), but its application of 
forest species is limited. Hitherto, there is no evidence on 
EDU applications to woody species in Asia.  

Taking into account the above, we established a 
free-air-O3-fumigation experiment with willow (Onoe-yanagi, 
Salix sachalinensis) individuals subjected to elevated O3 and 3 
levels of EDU. This is an important species to Japan, suitable 
for energy production. Willows are considered as fast-growing 
species and usually can be found in places with high soil water 
content (17). Thus, we hypothesized that this species has a 
high O3 uptake and may be damaged by chronic elevated O3.  

This preliminary research a part of a dose – response study 
aimed to find an effectiveness of EDU to protect this species 
against O3.  

 

Materials and methods 
1. Experimental area 

The experiment was conducted in 2014 at Sapporo 

Experimental Forest of Hokkaido University, Japan (43o.04’ N, 
141o.20’ E, 15 m a.s.l.). The snow-free period in this area is 
usually from early-May to mid November.  
2. Plant materials 

Current-year clonal cuttings of Salix sachalinensis in the 
river basin of Ebetsu City, near Sapporo, were obtained from 
Hokkaido Horti-Tree Planting Center, Co. Ltd. The length and 
basal diameter of the cuttings were 12.09 ±0.25 (SE) and 1.90 
±0.05 cm, respectively. The cuttings were stored in an 
incubator at 0-4 ℃ for one month to break their dormancy. On 
May 13th containers were filled with a mixture (1:1) of 
Akadama (well-weathered volcanic ash) and Kanuma 
(well-weathered pumice) soils – free of organic matter-. 
Afterwards, the cuttings were planted for rooting, and they 
were kept on the field, under ambient conditions. Volcanic ash 
soils are phosphorus deficient; commonly found in Hokkaido 
(18). Willows are regarded as energy trees (19) and are also 
common pioneer tree species in contaminated soils of Central 
Europe (20).  

 
Table 1. The major composition (%) of the two types of soil 

used as a substrate, according to the producing company. 
Element Composition (%) 

 Kanuma Akadama 
SiO2 58.6 39.5 
Al2O3 17.1 24.6 
Fe2O3 1.93 9 
MgO 0.076 2.2 
CaO 0.044 0.88 
MnO 0.041 0.14 

More information on the soils nutrient content is given in 
Table 1. When the plants were well established each clonal 
plant was transplanted in a 15 L pot filled with the same 
substrate mixture. This was done on 9th June, when the plants 
had 39 ±4 leaves, and the 72 pots were randomly placed in six 

Graduate School  of Agriculture, Hokkaido University AGATHOKLEOUS，Evgenios 
Institute of Sustainable Plant Protection , National Council Research (NCR)  

Department of Plant, Soil and Insect Sciences, University of  Massachusetts 
Hokkaido University Forests,  

Research Faculty of Agriculture, Hokkaido University

PAOLETTI, Elena 
MANNING, J. William 
SATOH, Fuyuki 
KOIKE, Takayoshi  

 

 

mass of needle litter, the estimated stem mass (g) via 
multiplication by volume (cm3) and specific gravity of stem (JL 
= 0.44, HL = 0.50), followed by HRO (3), per needle-litter 
mass (g) was estimated as foliar production efficiency (FPE): 

 
FPE= Stem mass per dry mass of needle-litter 
 
3. Statistical analysis 
The interactive effects of O3 and N on production efficiency 

were tested by two-way analysis of variance (ANOVA). 
Statistical analyses was performed with PASW software (18.0, 
SPSS Inc., USA. 

 
Result and discussion 

Effects of O3 and N loading on FPE are indicated on Figure 2 
(A = JL, B = HL). At elevated O3 treatment, foliar production 
efficiency of Japanese larch and Hybrid larch F1 were higher 
than them at ambient treatment. Small amounts of needles in 
both of species led to efficient aboveground production more 
than needles at ambient air treatment. However, there was no 
effect of N loading of 50 kg N ha-1 year-1 on FPE at high O3 in 
both larch species. 

 

Figure 2 Foliar production efficiency of aboveground 
volume to the dry mass of needle litter, collected in November, 
2013. Note: AMB=ambient, O3=Ozone fumigation, LN= no 
nitrogen application, HN= 50 kgNha-1yr-1. 

Compared with elevated O3 and ambient treatment, FPE in 
both of Japanese larch and Hybrid larch F1 was significantly 
increased by the O3 effect. Both larches produced aboveground 
biomass with limited amounts of needle litter. This may be 
related to restore the damage by O3 with high photosynthetic 
activities utilizing nitrogen. Hence, to elucidate interactive 
effects of Japanese larch and Hybrid larch F1, we should further 
discuss more plausible understanding on O3 and N loading and 
know more detailed points over several years, because of 
perennial traits of larch species. 
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