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Abstract 

 

Nitrogen (N) dynamics are important regulators of N availability in soil. Although there have 

been many studies of N dynamics, remain unclear due to large spatial and temporal variations. 

Miyakejima volcanic island, Japan, provided a unique chance to explore N dynamics during 

ecosystem development. This island was erupted in 2000, deposition of volcanic ash and 

poisonous gas caused a severe damage to vegetation and soil in limited area around the crater. 

So, we can see various ecosystems from bare land to matured forest in the small island. The 

purpose of this study was to understand N dynamics (Net N mineralization, N input and N 

output) at different ecosystems development stage after the 2000 eruption on Miyakejima. 

The study was conducted in 10 sites which represent different vegetation characteristics and 

soil prosperities. Net N mineralization, N input and N output were measured in field for annual 

period (2013 to 2014) on Miyakejima. 

Results showed that N dynamics were varied widely among 10 sites on Miyakejima. Annual 

N mineralization rates (ANMR) were ranged from 0.9 to 52.5 kg N ha-1 yr-1 and were higher in 

the presence of the N-fixing plant Alnus sieboldiana (alder). Our data together with other in 

situ observation data suggested that soil C/N ratio can be a good indicator of ANMR as many 

previous studies pointed out; however, the relationship between the rate and soil C/N ratio was 

complicated probably due to other factors, such as existence of N-fixing plant and high SO2 gas 

exposure. N input were ranged from 1.4 to 27.6 kg N ha –1 yr –1 and were much higher in sites 

under alder. This N-fixing vegetation can add high-quality (e.g., low C/N ratios) N to 

microorganisms, thus promote N input. Although such N inputs on Miyakejima were 
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moderately higher than Japanese forest, N inputs on Miyakejima were within the range of 

European, Chinese and American forest and grassland. Net N output were ranged from 0.61 to 

45.9 kg N ha –1 yr –1 and gross N output were ranged from 2.4 to 78.6 kg N ha –1 yr –1, respectively. 

Similar with previous studies, this study also suggested the higher N input will cause higher N 

output. Moreover, the gross N output in Miyakejima were higher when compared with most 

other ecosystems. Additionally, by converted the 10 sites to various successional stages, this 

study indicated the general N dynamics patterns during ecosystem development from bara land 

to forest after volcanic eruptions. 
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Chapter 1 General Introduction 

 

1.1 Background of the study 

Nitrogen (N) often limits primary production in terrestrial ecosystems (LeBauer and Treseder, 

2008; Vitousek and Howarth, 1991). Available soil N is defined as N in forms that can be readily 

absorbed by plant roots (Scarsbrook, 1965). However, only a small proportion of total soil N, 

including that in ammonium (NH + 
4 ) and nitrite (NO3

−) forms, is available to vegetation. 

Atmospheric dinitrogen gas (N2) can be converted into plant-available forms by lighting and 

biological N fixation (BNF). N input through atmospheric deposition is the only N source 

available to most initial ecosystems, and it thus plays a crucial role for early colonists and 

continuing ecosystem development (Brankatschk et al., 2012; Vitousek, 2004). On the other 

hand, N input through BNF is generally greater than atmospheric deposition in natural 

ecosystems, and it is a key factor determining changes in vegetation during succession 

(Vitousek et al., 2013). More importantly, according to Almaraz and Porder (2016), the N 

mineralization rate is considered a primary indicator of potential N availability in soil. A high 

rate of N mineralization and large N input are beneficial to increase soil N availability (Köchy 

and Wilson, 2005; Yan et al., 2009). However, higher N input may cause higher N output from 

soil though leaching in disturbed ecosystems (Vitousek et al., 1982). Increased N output may 

restrict the accumulation and availability of soil N in terrestrial ecosystems (Braakhekke et al., 
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2017). In summary, N input, N output, and N mineralization are considered important for 

determining N availability (Hungate et al., 2014; Vitousek, 2004). Furthermore, both 

quantitative and qualitative variations in soil N availability strongly affect the composition and 

productivity of vegetation during succession (Tilman, 1987; Zak et al., 1990). Therefore, 

understanding these N dynamics is essential to ecological research. 

Numerous studies have been conducted on the N dynamics of mineralization, input, and 

output in various ecosystems including grassland, forest, agricultural land, and plantation 

(Davis, 2014; Uri et al., 2003; Takakai et al., 2017). These studies illustrate the magnitude and 

spatial heterogeneity of N dynamics among ecosystems. Moreover, chronosequence studies 

indicate that not only spatial but also temporal trends exist in N dynamics during ecosystem 

development (Menge et al., 2012; Vitousek, 2004; Riley and Vitousek, 1995). Vitousek (2004), 

and Riley and Vitousek (1995) noted that N is often absent at the beginning of soil formation 

and the subsequent N pools may be deficient for a long time during primary succession on 

Hawaii. The N mineralization will rapidly if N fixing plant are abundant, and otherwise will 

become slowly during the early stages of succession (Vitousek et al., 1993). Vitousek et al. 

(1989) summarized changes in soil N dynamics during succession and showed diverse patterns 

of N mineralization in various seres. Therefore, although there have also been studies focusing 

on N dynamics across different successional stages, these dynamics remain unclear due to 

conflicting results during succession, especially the early successional stage (Amazonas et al., 

2011; Ui et al., 2003). 

Throughout succession, N dynamics may be strongly influenced by many environmental 
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factors (Lichter, 1998; Pastor and Post, 1986; Robertson, 1984). Changes in plant species 

composition and structure are the most visible expressions of ecosystem development and have 

significant impacts on N dynamics (Wedin and Tilman, 1990; Tateno and Hirose, 1987; 

Vitousek et al., 1989). For example, during early succession, tree mortality can lead to increased 

rates of soil N mineralization and loss (Gross et al., 1995; Nave et al., 2014). The invasion of 

N-fixing plants (e.g., alder) that is often observed can markedly accelerate soil N mineralization 

and alter N leaching rates compared to other stages of successional vegetation (Clein and 

Schimel, 1995; Hart et al., 1997; Van Miegroet et al., 1992). Furthermore, because soil N 

transformations begin with decomposition processes of soil organic matter (SOM) carried out 

by microbes (Schimel and Bennett, 2004), soil N mineralization is significantly connected to 

changes in SOM composition, quantity, and quality as well as microbial community 

composition (Balser and Firestone, 2005; Booth et al., 2005; Compton and Boone, 2002; 

Figueiredo et al., 2016; Van Vuuren and Berendse, 1993). The N mineralization rate may 

increase during succession due to increased soil organic matter in various ecosystems (Gerlach 

et al., 1994; Nave et al., 2014). Furthermore, numerous studies have suggested that changes in 

soil temperature, soil water, and other soil properties (including physical, chemical, and 

biological properties) also play important roles in regulating N dynamics in soil (Bengtsson et 

al., 2003; Dessureault-Rompré et al., 2011; Gundersen et al., 1998; Schütt et al., 2014). 

Therefore, N dynamics are expected to change dramatically over time during ecosystem 

development when rapid changes in vegetation composition and soil properties occur. 

Miyakejima, one of the Izu islands in Japan, provides a unique setting for exploration of N 
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dynamics through various ecosystem development stages from the immature stage created by 

the recent volcanic eruption in the year 2000 to the mature stage. Miyakejima is about 180 km 

south of Tokyo, Japan (Fig. 1-1A). Several studies have been conducted or are ongoing on this 

island to elucidate ecosystem structure and functions. For example, Kamijo et al. (2002) 

suggested that N-fixing vegetation could facilitate vegetation development and increase the 

inorganic N concentration in soil. Guo et al. (2014) demonstrated that the microbial community 

was correlated with plant species during early ecosystem development after the 2000 eruption. 

Moreover, the initial soil formation process and the damage caused to forests by volcanic ash 

were investigated after the eruption (Kato et al., 2005; Yoshinaga et al., 2005). However, no 

studies to date have detailed N dynamics across various vegetation development stages on 

Miyakejima. 

 

1.2 Objectives of the study 

Catastrophic disturbance events such as volcanic eruption, glacial recession, and sand dune 

movement may have immense effects on the subsequent vegetation community, as well as soil 

physical and chemical properties. These ecosystems, disturbed in the process of vegetation and 

soil development, provide opportunities for studying many ecological topics across various 

spatial and temporal scales for which the understanding of N dynamics remains limited 

(Butterbach-Bahl et al., 2011; Prach and Walker, 2011; Walker et al., 2010). This study focused 

on N dynamics during different ecosystem development stages after the volcanic eruption in 
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2000 on Miyakejima. The objectives of this study were (1) to describe the vegetation 

distribution, structure, and soil properties and to examine their interactions; (2) to determine 

the soil net N mineralization rates of different ecosystem development stages and their  

relationships with environmental factors; (3) to estimate N input and output and clarify the key 

factors driving them during different ecosystem development stages; and (4) to understand the 

overall pattern of N dynamics since the 2000 eruption on Miyakejima Island. 

 

1.3 Composition of the thesis 

Chapter 1 a review on background of this research and summarizes the objectives of this study. 

 

Chapter 2 descriptions of vegetation characteristics and soil properties of the study area. First, 

the general information about geographic location and disturbance of 2000 eruption for the 

study area are given in this chapter. Then, vegetation characteristics such as species, height, 

cover and tree basal area are described; soil properties of physical, content of C and N, and soil 

microbial characters are also described. Moreover, this chapter given an evaluation of the 

relationships between vegetation and soil. 

 

Chapter 3 this chapter clarifies the in situ soil nitrogen mineralization rate at a series of sites 

that were disturbed to various extents by the latest 2000 eruption. In addition, the potential 

factors of responsible for this mineralization rate were also discussed here. This chapter 
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attempts to document the characteristics of soil nitrogen mineralization in this study by compare 

it to previous studies. 

 

Chapter 4 this chapter clarifies the nitrogen input and output, their interactions and, moreover, 

attempt to clarify the potential factors contribute to these N dynamics. Meanwhile, I compare 

my results with those of previous studies to see the characteristics of nitrogen input and output 

on Miyakejima. 

 

Chapter 5 general discussion of this study. 
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Box 1.1 N input, N output and N transformation processes in the surface soil. 

N input, N output and soil N transformation processes include: N fixation, litter 

decomposition, mineralization, nitrification, denitrification, N gases emission, N leaching, 

microbial immobilization and plant uptake are showed in Fig. 1-2. Major inputs for atmospheric 

N into terrestrial ecosystems are via biological fixation (Figure 1-2 ① and ②), lighting fixation 

and subsequently fixed N deposition (Figure 1-2 ③	and	④) (Zhu et al., 2015). Previous studies 

have demonstrated that N inputs by deposition from 1989 to 2012 in Japanese forest ranged from 

2.1 to 13.9 kg N ha–1 yr–1 (Ban et al., 2016; Fukushima et al., 2011; Nakaji and Izuta, 2004). 

However, no clear trend and common factors affecting N deposition were found in their studies. 

N inputs can be a major driver of plant diversity (Stevens et al., 2004), plant species shift 

(Kimball et al., 2014), and ecosystem functions (Hurkuck et al., 2014). It is therefore highlighted 

the importance of exploring N inputs during ecosystem development. The increase of N 

deposition in the recent decade may induced ecosystem reach N saturation, which mean N input 

excess its demand and thus cannot be accumulated. N will loss from surface soil to deep soil by 

leaching (Figure 1-2 ⑤) and gases emissions (denitrification) (Figure 1-2 ⑥). Moreover, N 

leaching and denitrification are the main pathways of N outputs from terrestrial ecosystems 

(McNeill and Unkovich, 2007). In Japan, the N output in drainage waters of forest ecosystems 

was ranged from 0.6 to 28 kg N ha–1 yr–1 (Mitchell et al., 1997). Similar with Japan, the measured 

N output were ranged from 0.3 to 36.5 kg N ha–1 yr–1 for Chinese forest sites (Fang et al., 2011) 

and ranged 0 to 36 kg N ha–1 yr–1 for European forest sites (Dise et al., 2009).   
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Box 1.1 Continued. 

N inputs and outputs from terrestrial ecosystems determine ecosystem N pool size and N 

availability (Hungate et al., 2014) and in turn influence potential for C uptake for plant growth 

(Du et al., 2014), thus N inputs and outputs needs to be considered when assessing the ecosystem 

development. Soil N mineralization is the process of organic N is converted to inorganic N form 

of ammonium (NH + 
4 ) by microbial activity (Figure 1-2 ⑦) in soil. NH + 

4 may be oxidized to 

nitrite (NO –
2 ) and then to nitrate (NO –

3 ) by oxidizing bacteria (Nitrification) (Figure 1-2 ⑧). 

These inorganic N are considered the main available N form that can be uptake by vegetation 

for growth (Figure 1-2 ⑨). N mineralization is therefore a very important process in supplying 

available N to plant (Vitousek and Howarth, 1991). In contrast, inorganic N (NH + 
4 and NO –

3 ) can 

be immobilized and converted to organic N forms by microorganisms (Immobilization, Figure 

1-2 ⑩) which can reduce the inorganic N concentration in soil. The difference between soil 

mineralization and immobilization determine a large part of the plant available N pools in soil. 

Thus, the net N mineralization, by measure the temporal changes in inorganic N over defined 

periods, often be take into account in when determine N availability (McNeill and Unkovich, 

2007). 
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Fig. 1-1 Location of Miyakejima (A) and the ten study sites (B). 
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Fig. 1-2 Processes of nitrogen transformations. 
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Chapter 2 Vegetation Characteristics and Soil Properties 

after the 2000 Eruption on Miyakejima Island 

 

2.1 Introduction and objectives 

Vegetation, soil and their interactions play important roles in the nutrients dynamics (Ostle 

et al., 2009). Nitrogen (N) dynamics are controlled by many environmental factors such as plant 

species, soil temperature, soil water, soil organic matter (SOM) and other soil properties (Wedin 

and Tilman, 1990; Bengtsson et al., 2003; Dessureault-Rompré et al., 2011; Gundersen et al., 

1998). Furthermore, soil microorganisms play central roles in most processes of N cycle in 

various ecosystems (Hayatsu et al., 2008; McNeill and Unkovich, 2007). For instance, soil�

microbes can break down organic matter and release inorganic N (NH + 
4 and NO –

3 ) into soil. 

Therefore, to better understanding N dynamics, it firstly requires to illustrating the 

characteristics of vegetation, soil, microbial communities and their relationships. However, 

there is still limited information for soil properties at the early successional stage on 

Miyakejima (Kato et al., 2005). Moreover, although some studies had tracked vegetation 

change (Kamijo et al., 2002; Kamijo and Hashiba, 2003), very little research had demonstrated 

the results of soil properties such as SOM, soil Carbon (C) and N in various ecosystems on 

Miyakejima after 2000 eruption. 

The objectives of this chapter are (1) to describe characteristics of vegetation, soil and 

microbial communities and (2) to examine their interactions at different ecosystems 
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development stages on Miyakejima. These information should be useful for the following 

research of this thesis. 

 

2.2 General information on the study area 

The study was conducted on Miyakejima (about 800 m above sea level, 34°05′N, 139°31′E) 

near the western rim of the Pacific Ocean, about 180 km south of Tokyo, Japan. (Fig. 1-1A). 

The climate of Miyakejima is characterized by humid warm temperate. The mean annual 

temperature and precipitation from 2005 to 2014 were 17.7°C and 2980 mm, respectively. 

(Japan Meteorological Agency, 2014). From 2005 to 2014, the annual mean minimum and 

maximum temperatures were 16.8°C and 18.2°C, respectively; the annual minimum and 

maximum precipitations were 2337.0 mm and 3915.5 mm, respectively (Fig. 2-1).  

Miyakejima is an active volcano that has erupted four times since 1900 (Japan 

Meteorological Agency). These eruptions were characterized by ejection of basaltic scoria and 

outflows of aa lava (Kamijo and Hashiba, 2003). The most recent eruption was in 2000; in the 

summer of that year, the eruption at the summit of Mt. Oyama produced total 9.3 × 106 m3 

(dense-rock equivalent) deposits, then formed a new collapsed crater (Nakada et al., 2005; 

Geshi et al., 2002). Volcanic degassing and volcanic ash deposition from the 2000 eruption 

severely damaged vegetation, especially around the crater (Kamijo and Hashiba, 2003). 

Yamanishi et al. (2003) quantified the vegetation damage by analyzing satellite images for 2000 

to 2003. Their study showed that prime ecosystems were completely destroyed around the 

crater areas, where almost all plant was damaged by ash deposition and volcanic toxic gas from 
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the crater. Poisonous gas emission and volcanic ash deposition from the 2000 eruption severely 

damaged plant, especially around the crater (Kamijo and Hashiba, 2003). Although the volcanic 

activity has continued and poisonous gases, such as sulfur dioxide (SO2), are still being emitted, 

ecosystems damaged by the 2000 eruption have been undergoing restoration succession. Since 

the type and degree of damage differed among areas, the various ecosystems on Miyakejima 

contain plant of various types. 

We selected ten sites having various vegetation composition and coverage (Fig. 1-1B). All 

the study sites were located on the western half of Miyakejima to avoid high SO2 gas 

concentrations to the east. In each site, a 10 m × 10 m permanent plot was established in 2011, 

and this study was conducted in these plots. These sites are different in vegetation type, altitude, 

slope and SO2 concentration (Table 2-1). 

 

2.3 Methods 

2.3.1 Vegetation survey 

Field survey of vegetation was conducted by co-researchers at the 10 sites (area of 100 m2) 

during 2013 and 2014 (Kamijo et al., unpublished data). Vegetation characters, such as 

vegetation coverage (VC), vegetation height (VH), basal area (BA), tree density (TD) and 

species richness (SR) were calculated from these data.  
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2.3.2 Soil physical and chemical properties measurements 

Soil properties of temperature and water content were measured in situ with different sensors 

for each site. Soil temperature at 5 cm depth was monitored hourly by temperature data loggers 

(TidbiT v2, Onset Computer Corporation, Bourne, USA). Soil moisture content (volume) at 10 

cm depth was recorded at every 15 min with soil moisture sensors (Delta-T Devices Ltd, USA). 

Soil moisture and temperature (ST) were monitored for 1 year from 2013 to 2014. To measure 

soil three-phase, soil porosity (SP), SOM, soil total C (TC) and soil total N (TN), three intact 

soil cores were collected at 5 cm soil depth by cylinder for each site on the end of Aug 2013. 

The air (VA), water (VW) and solid (VS) volume of each soil core was determined using a three-

phase meter (DIK-1130, Daiki Rika Kogyo Co., Ltd, JPN). Once the soil three-phase are known, 

SP can be calculated by equation: 

SP (%) =	 VA	+	VW

VA+	VW	+	VS
 × 100 

The SOM content was determined by loss on ignition (LOI) method. Soil samples were oven 

dried at 105 °C for 24 h and weighed, then placed in a muffle furnace to heating at temperature 

of 550 °C for 4 h. After heating, soil samples were cooled to room temperature in desiccators, 

and weighed. LOI was measured as the difference between the mass of oven dry soil and after 

heating to 550 °C, divided by the oven dry soil mass. The LOI is then calculated as the following 

equation: 

LOI550 (%) = (DW105 - DW550)
DW105

 × 100 

where LOI550 represents LOI at 550°C, DW105 represents the dry weight of the sample after 

oven dried, DW550 represents the dry weight of the sample after combustion (Heiri and others 

(2-1) 

(2-2) 
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2001).  

Total C and N contents in soil were determined by combustion method using a fully 

automatic NC analyzer (SUMIGRAPH NC-900, SCAS, Ltd, Tokyo, Japan). In addition, data 

of SO2 concentration at 1 m height and volcanic ash depth (VAD) from 2000 eruption were 

obtained from co-researchers (Kamijo et al., unpublished data). 

 

2.3.3 Microbial community functional analysis 

 The determinations of microbial community characters were carried out using Biolog 

EcoPlate method (Garland, 1996). The Biolog EcoPlate (Biolog, Inc, Hayward, CA, USA) had 

96 wells containing 31 different carbon sources (e.g., carbohydrates, carboxylic acids, polymers, 

amino acids, amines and miscellaneous substrates) and one control well (without carbon 

source), replicated three times. The procedure of Biolog EcoPlate method is showed in Fig. 2-

2. EcoPlate was prepared in the following way: 1 g of soil sample was mixed with 10 ml PBS 

(phosphate buffer saline) and shaken for 10 min and centrifuged for 3 min. Then, 0.5 ml of 

suspension was diluted to 10-2 level. The 150 µl of diluted soil suspensions were poured to each 

of the 96 wells on the EcoPlate, then plate was incubated at 22oC for 192 h. Absorbance value 

of each well was measured at 600 nm on Microplate reader (Bio-Rad, Richmond, USA) every 

24 h over the incubation period. Overall colour development, expressed as average well colour 

development (AWCD) of each plate per reading time can reflect the metabolic activity of 
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microbial community during incubation period (Garland, 1996). The AWCD was calculated as 

the following equation: 

AWCD = 0 ( Ri − C )  n⁄
n

i = 1

 

Where C is the absorbance value of control well (water), Ri is the absorbance value of the 

response ith well. n is the number of carbon sources on EcoPlate (n = 31).  

The absorbance values at 72 h were analyzed for calculating microbial community functional 

diversity (carbon sources utilization diversity) and principal components analysis (PCA). The 

microbial community diversity was determined by the Shannon’s diversity index (H') as the 

following equation: 

H '=  −02 pi ln pi3
n

i = 1

 

Where pi is the ratio of the absorbance value of ith well to the sum of absorbance values of all 

the EcoPlate wells. n is the number of carbon sources on EcoPlate (n = 31).  

In addition to analyze microbial community functional diversity, the carbon sources 

utilization pattern of each site was analyzed using PCA. 

 

2.3.4 Statistical analysis 

Comparisons of soil properties were assessed by one-way ANOVA among different sites. 

The relationships between vegetation characters and soil properties were tested with Pearson's 

correlation analysis. These statistical analyses were performed with SPSS Statistics (IBM Corp, 

(2-4) 

(2-3) 
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Armonk, NY, USA). The PCA was performed with the R statistical software, version 3.3.3. 

 

2.4 Results 

2.4.1 Vegetation characteristics 

Details of the vegetation species and its coverage of each site were showed in Table 2-2. The 

total 62 plant species were recoded among the ten sites. Overall, the ten sites can be divided to 

three vegetation types of grassland, shrubland and forest. Sites OY8, IG7 and OY2 were 

grassland dominant by grass of Miscanthus condensatus. Vegetation at sites IG8, N1, IG9 were 

composed of Miscanthus condensatus grass and alder Alnus sieboldiana shrub, thus, these sites 

were present as shrubland. Sites IZ2, N4, T1 and IZ1 were forest dominant by Machilus 

thunbergii and Castanopsis sieboldii trees (Table 2-1). As showed in Table 2-3, both the VC 

and VH were increased from grassland to forest, from site OY8 to IZ1. TD were higher at IZ2 

and N4, and BA were higher at sites T1 and IZ1. As Fig. 2-3 showed, subtree layer was 

distributed almost all the 10 sites except OY8 and IG7, and showed greater distribution at sites 

N1 and IG9 (coverage > 60% and height > 10 m, respectively) than other sites. Shrub layer was 

most distribution in sites IG8, N1 and IG9 (coverage > 60% and height > 6 m, respectively). 

Herb layer was widely distributed in all sites and higher at sites IG7, N4 and IZ1 (coverage > 

60%). 

 



� !(�

2.4.2 Soil properties and SO2 concentrations 

On Miyakejima, sites were in relatively close or far distance (Fig. 1-1B), showing various 

conditions of altitude, slope and position (Table 2-1). Soil properties were varied widely among 

sites. The experimental data collected in the field for one year do show only slightly varied in 

patterns of soil temperature among sites (Fig. 2-4A). The monthly mean soil temperature ranged 

between 14.4oC and 16.3oC among 10 sites. On the other hand, because of the large part of soil 

moisture sensors were damaged due to harsh conditions in the field, only a small portion of the 

water content data were available. The soil water content was showed in Fig. 2-4B, and showed 

similar seasonal change patterns among sites. As showed in Table 2-4, the depth of volcanic 

ash (VAD) varied greatly from 0 cm at sites T1 and IZ1 to 43 cm at site IG7. The SP were lower 

at sites OY8, IG7 and IG9 compared with the other sites. Other soil properties, such as SOM, 

TC, TN, and soil C to N ratio (C/N ratio) also varied greatly among sites. SOM were highest at 

sites T1 and IZ1 and lowest at sites OY8 and IG7.�The patterns of TC and TN were similar to 

that of SOM. Soil C/N ratios were quite low at sites OY8 and IG7. Among sites, SO2 

concentrations were more frequently greater than 1 ppm at sites OY8 and OY2 than at other 

sites; consequently, these two sites were more disturbed by the poison gas (Table 2-1) 

The correlation matrix calculated indicates how the analysed parameters are linked to each 

other (Table 2-5). This matrix highlighted strong positive or negative correlations with the 

parameters of vegetation characteristics and soil properties. SOM, TN, TC, C/N ratio and SP 

were positive related to most vegetation and soil parameters. VAD were negative correlated 

with almost all the analysed parameters. Whereas, ST showed no significant correlation with 
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any analysed vegetation and soil parameters. VC, VH and SR were significant correlated with 

all the soil parameters and most of vegetation parameters. BA was significant correlated with 

SOM, TN, TC, VAD, VC and VH. TD showed only significant correlation with C/N ratio and 

SP.  

 

2.4.3 Soil microbial characteristics 

The AWCD were increased along time and varied among sites (Fig. 2-5). The sites OY8 and 

IG7 had lower AWCD values than other sites during all incubation period. The H' at the 

incubation time of 72 h among different sites are showed in Fig. 2-6. There were significant 

differences in H' across sites. The H' were significant lower at sites OY8 and IG7 but higher at 

site T1. Result of PCA was showed in Fig. 2-7, the first and second principal components (PC1 

and PC2) explained 47.27% of the total data variance and clearly separated 10 sites. Overall, 

the PCA indicated that the carbon resources utilization pattern of microbial community from 

sites with the same vegetation type are located close to each another, but greatly distinguished 

from that under different vegetation types.  

 

2.5 Discussion 

The 2000 volcanic activity on Miyakejima resulted in severely damage on vegetation and 

soil and lead to creations of variously ecosystems (Kamijo and Hashiba, 2003). This study 

demonstrated that there was marked difference of vegetation characteristics (e.g., species, cover 
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and height) among sites on Miyakejima. This study suggested that grassland dominated by 

Miscanthus condensatus (sites OY8, IG7, OY2), shrubland dominated by alder Alnus 

sieboldiana and Miscanthus condensatus (sites IG8, N1, IG9) and forest dominated by 

Machilus thunbergii and Castanopsis sieboldii (sites IZ2, N4, T1, IZ1) were the main 

vegetation types on Miyakejima. Sites OY8 and IG7 were dominated by grasses with lower VC 

and VH, thus can indicated the early vegetation recovery stage. The N-fixing plant A. 

sieboldiana (alder) shrub have become widely distributed in sites IG8, N1 and IG9. Such N-

fixing plant species is generally found in the ecosystems on Miyakejiam (Kamijo and Hashiba, 

2003). Moreover, alder can improve soil N fertility and promote plant growth (Chapin et al., 

1994), and thus can alter ecosystem recovery rate. Sites N4, IZ2, T1 and IZ1 were dominated 

by mature tree species with higher VC and VH, therefore these sites were the represent of well 

developed ecosystems. The determined soil properties showed large spatial variation; the soils 

of sites OY8 and IG7 displayed low SOM, TC and TN and therefore reflected nutrient-poor 

conditions.  

There was clear evidence for relationships between vegetation and soil (Table 2-5). Soil SOM, 

TC and TN were positive correlated with VH, VC and BA. Thus, this study suggested that 

vegetation changes may play important role in controlling soil properties on Miyakejima. This 

is considered with the theory that vegetation changes have direct impact on soil (Alday et al., 

2012). For example, Guo et al. (2016) and Orozco-Aceves et al. (2017) observed that vegetation 

change can strongly impact the soil C and soil N during ecosystem development. Kato et al. 

(2005) suggested that changes in soil profile is mainly affected by the vegetation during initial 
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succession on Miyakejima. On the other hand, there were negative correlations between 

volcanic ash (VAD) produced from the 2000 eruption and many vegetation characters (VC, VH, 

BA and SR) and soil properties (SOM and TC). This result indicated that the volcanic ash may 

have long term negative impacts (more than 10 years) on ecosystem development of 

Miyakejima. 

Moreover, as showed in Fig. 2-5, the AWCD were greatly changed among sites. Previous 

studies suggested that AWCD could be expressed as metabolic activity of microbial community 

(Preston-Mafham et al., 2002; Janniche et al., 2012). Thus, the result indicated a big difference 

of microbial activity among sites on Miyakejima. The Microbial community functional 

diversity calculated as the H' was ranged from 2.21 to 2.81 among sites. This result indicated 

overall lower diversity compared to previous studies of agricultural land in France (Janniche et 

al., 2012), wetland in China (Zhang et al., 2010; Zhao et al., 2010) and grassland in Spain 

(Mijangos et al., 2009) by using same method. Also, the result of PCA revealed that carbon 

source utilization patterns of microbial community were similar from sites with the same 

vegetation type. This is consistent with findings by Zhang et al. (2010) and White et al. (2005) 

that vegetation has the functional attributes of associated microbial communities.  

 

2.6 Summary 

Characteristics of vegetation, soil and microbial community were varied widely among sites. 

Vegetation of the ten sites can be divided into three types of grassland, shrubland and forest. 

The SOM, TN, TC, C/N ratio and SP were positive related to most vegetation parameters. The 
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volcanic ash formed by 2000 eruption was negative related to most vegetation parameters. The 

principal component analysis indicated that carbon resources utilization pattern of microbial 

community from sites with the same vegetation type were similar. 
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Site Altitude 
 (m) 

Slope  
( o ) 

Position Frequency of SO2 
concentration greater 

than 0.1 ppm (%) 

Main vegetation 

OY8 540 16 SW 19.7 Miscanthus condensatus 
IG7 538  6 NW  6.7 Miscanthus condensatus 
OY2 371 25 SE 18.7 Miscanthus condensatus 
IG8 443 12 NW  5.5       Alnus sieboldiana 
N1 377  8 SW  7.5       Alnus sieboldiana 
IG9 388  6 NW  5.4       Alnus sieboldiana 
IZ2 334 19 SE  2.4   Machilus thunbergii 
N4 188 10 SW  6.1   Machilus thunbergii 
T1 68  4 SE  7.9   Castanopsis sieboldii 
IZ1 86 16 NW  2.0   Castanopsis sieboldii 

Table 2-1 Altitude, slope, position, SO2 concentration and vegetation of the 10 sites. 
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OY8 IG7 OY2 IG8 N1 IG9 IZ2 N4 T1 IZ1

Akebia trifoliata < 1
Alnus sieboldiana 22 55 44
Alpinia intermedia < 1 12
Ampelopsis glandulosa < 1
Angelica keiskei 11
Anodendron affinea < 1 < 1
Ardisia crenata < 1 < 1
Ardisia japonica < 1 < 1 < 1 11
Ardisia montana  < 1 < 1 11 < 1
Arisaema urashima < 1 < 1
Aucuba japonica  < 1 < 1 < 1
Calamagrostis autumnalis 22
Callicarpa japonica Thunb var. luxurians Rehder < 1
Camellia japonica 11 11 11 33 33 33
Carex okuboi 11
Carex oshimensis  < 1 < 1 < 1 < 1 22 11 < 1 22
Castanopsis sieboldii < 1 < 1 55 55
Cephalanthera falcata < 1
Cinnamomum tenuifolium < 1 < 1 < 1
Cirsium hachijoense < 1
Clematis terniflora < 1
Clerodendrum izuinsulare < 1
Cymbidium nagifolium < 1
Damnacanthus indicus  < 1 < 1 < 1
Daphniphyllum teijsmannii < 1
Dendropanax trifidus  33 < 1
Deutzia crenata < 1
Dioscorea japonica < 1 < 1 < 1 11
Disporum sessile < 1 < 1
Dryopteris caudipinna < 1 22 11 22 11 < 1 < 1
Elaeagnus glabra 11
Elaeagnus macrophylla < 1 < 1
Elaeocarpus sylvestris var. ellipticus < 1
Eurya japonica < 1 33 11 11 < 1 22 11 < 1
Fallopia japonica  var. hachijoensis 33 11
Farfugium japonicum < 1
Ficus erecta  < 1 < 1 < 1 < 1 22 22
Gynostemma pentaphyllum < 1
Hedera rhombea < 1 < 1
Histiopteris incisa 11 < 1 < 1
Hydrangea macrophylla 11 11 11
Ilex crenata Thunb  var. hachijoensis < 1 < 1 < 1 < 1
Ilex rotunda < 1
Kadsura japonica < 1 11 22 < 1 < 1
Ligustrum ovalifolium var. pacificum 11 11 < 1
Lonicera japonica < 1
Machilus thunbergii 22 11 22 22 33 < 1 < 1
Mallotus japonicus < 1 < 1
Microtropis japonica < 1
Miscanthus condensatus 33 33 33 55 11 33 < 1
Morus kagayamae < 1
Neolitsea sericea < 1 < 1 < 1 < 1
Paederia scandens < 1
Parthenocissus tricuspidata < 1
Piper kadsura < 1 < 1 11 11
Pleioblastus simonii 11
Podocarpus macrophyllus  < 1 < 1
Polystichum fibrilloso-paleaceum  < 1 < 1
Prunus lannesiana var. speciosa < 1
Pueraria lobata < 1
Rubus trifidus  < 1 22 < 1 22 < 1
Smilax china < 1 < 1 11 < 1 < 1 11 < 1 11
Stegnogramma pozoi ssp. Mollissima < 1
Styrax japonicus  f.  jippei-kawamurae < 1 < 1
Trachelospermum asiaticum 11 22 22 33 33 44
Viburnum japonicum < 1 < 1 22 < 1
Viburnum odoratissimum < 1
Zanthoxylum ailanthoides < 1

Coverage (%)
Vegetation species

 Table 2-2 Vegetation species of the 10 sites. 
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Site VC (%) VH (m) TD (trees 100 m-2) BA (m2 ha-1) SR
OY8 25 1 0 0 4
IG7 70 1 0 0 8
OY2 120 7 5 3 11
IG8 125 10 7 3 19
N1 135 11 25 11 17
IG9 185 11 15 7 23
IZ2 135 12 22 16 22
N4 160 24 14 27 26
T1 180 27 11 79 23
IZ1 205 29 8 66 28
VC, the summation of vegetation cover; VH, the summation of vegetation height; 
TD, tree density; BA, basal area; SR, species richness. 

Table 2-3 Vegetation characteristics of cover, height, tree density, basal area and 
species richness of the 10 sites. 
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SP, soil porosity; ST, soil temperature; VAD, volcano ash depth; SOM, soil organic matter 
content; TC, soil total carbon; TN, soil total nitrogen; and C/N ratio by weight. 
na, no available data 

�

Site 
 

Soil three phase  
(%) 

SP 
(%) 

ST 
(oC) 

VAD 
(cm) 

SOM 
(%) 

TC 
(%) 

TN 
(%) 

C/N 
 

 Air Water Solid        
OY8 30.55 21.36 48.08 51.92 15.69 28  2.07 0.44 0.07   5.6 

IG7 36.83 22.60 40.57 59.43   na 43  2.18 0.48 0.06   6.6 

OY2 30.11 39.83 30.05 69.94 14.98 12  5.39 1.90 0.13 13.6 

IG8 19.89 44.53 35.58 64.42   na 38  6.07 2.31 0.17 11.3 

N1 50.09 26.80 23.11 76.89 15.16 23 11.41 4.83 0.33  14.6 

IG9 20.27 40.97 38.76 61.24 14.70 20  5.26 1.65 0.14  11.3 

IZ2 43.91 30.73 25.35 74.64 14.86 12  9.67 3.63 0.22  16.2 

N4 48.05 27.93 24.01 75.99 16.23  5 11.44 5.06 0.31  16.0 

T1 46.30 30.37 23.32 76.67 16.24  0 16.95 8.50 0.60  15.2 

IZ1 41.87 33.83 24.29 75.70 16.19  0 18.67 9.08 0.65  14.0 

Table 2-4 Soil properties of the 10 sites. 
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*, **, ***: Pearson correlation coefficients significant at p < 0.05, 0.01 and 0.001, respectively. 
SOM, soil organic matter content; TN, soil total nitrogen; TC, soil total carbon; SP, soil porosity; 
ST, soil temperature; VAD, volcanic ash depth; VC, the summation of vegetation cover; VH, the 
summation of vegetation height, TD, tree density; BA, basal area; SR, species richness. 

Table 2-5 Correlation matrix between vegetation characteristics and soil properties of the 10 sites. 
�

 SOM  
(%) 

TN 
(%) 

TC 
(%) 

C:N 
 

SP  
(%) 

ST 
(oC) 

VAD 
(cm) 

VC 
(%) 

VH 
(m) 

TD 
(tree 100 m-2) 

BA 
(m2 ha-1) 

SR 

SOM 1.00 0.98*** 0.99*** 0.74* 0.84** 0.56 −0.80** 0.78** 0.94*** 0.43 0.91*** 0.78** 
TN  0.98*** 1.00 0.99*** 0.61 0.74* 0.65 −0.75* 0.74* 0.92*** 0.29 0.94*** 0.72* 
TC 0.99*** 0.99*** 1.00 0.69* 0.80** 0.63 −0.79** 0.75* 0.94*** 0.35 0.94*** 0.75* 
C:N 0.74* 0.61 0.69* 1.00 0.94*** 0.01 −0.75* 0.76* 0.72* 0.74* 0.52 0.78** 
SP 0.84** 0.74* 0.80** 0.94*** 1.00 0.19 −0.72* 0.72* 0.76* 0.66* 0.63 0.72* 
ST 0.56 0.65 0.63 0.01 0.19 1.00 −0.53 0.16 0.65 −0.43 0.69 0.22 
VAT −0.80** 0.74* −0.79** −0.75* −0.72* −0.53 1.00 −0.69* −0.82** −0.35 −0.77** −0.66* 
VC 0.78** 0.74* 0.75* 0.76* 0.72* 0.16 −0.69* 1.00 0.84** 0.51 0.67* 0.93*** 
VH 0.94*** 0.92*** 0.94*** 0.72* 0.76* 0.65 −0.82** 0.84** 1.00 0.33 0.90*** 0.87*** 
TD 0.43 0.29 0.35 0.74* 0.66* −0.43 −0.35 0.51 0.33 1.00 0.13 0.57 
BA  0.91*** 0.94*** 0.94*** 0.52 0.63 0.69 −0.77** 0.67* 0.90*** 0.13 1.00 0.64* 
SR 0.78** 0.72* 0.75* 0.78** 0.72* 0.22 −0.66* 0.93*** 0.87*** 0.57 0.64* 1.00 
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Fig. 2-1 The annual mean temperature and annual precipitation from 2005 to 2014. 
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Fig. 2-2 The procedure of Biolog EcoPlate method. 

Inoculation, pour 150 µl of 
diluted (10-2 ) soil solution to 
each well of the BIOLOG 
Ecoplate.

Incubation, plate was incubated in dark (22oC) 
for 192h. 

Biolog Ecoplate (before incubation) 

Biolog Ecoplate (during incubation) 

In
cu

ba
tio

n 
(1

92
h)

 

Soil suspensions 

Soil sample 

Preparation of 
soil solution

Color development, absorbance of each well 
was measured by 24h interval for 192h.

Plate reader (digitized microbial carbon 
resources utilization ability)
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Fig. 2-3 Vegetation cover (A) and height (B) of different layers of the 10 sites. VC, vegetation 
cover; VH, vegetation height. 
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Fig. 2-4 Monthly soil temperature (A) and soil water content (B) from 2013 to 2014 of the 10 sites. 
ST, soil temperature; SWC, soil water content. 
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Fig. 2-5 The time course change of average well color development (AWCD) in EcoPlates  
incubated as 22oC of the 10 sites. 

A
W

C
D

Incubation time



� ##�

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

OY8 IG7 OY2 IG8 N1 IG9 IZ2 N4 T1 IZ1

1.
5

2.
0

2.
5

3.
0

OY8 IG7 OY2 IG8 N1 IG9 IZ2 N4 T1 IZ1

a
b

cd

bc
cd

cdd d
d d

Sh
an

no
n’

s 
di

ve
rs

ity
 in

de
x 

(H
 ́) 

1.
5

2.
0

2.
5

3.
0

Fig. 2-6 Microbial community functional diversity (Shannon’s diversity index, H') of samples based 
on the absorbance values from the Biolog EcoPlates of the 10 sites. Lower case letters indicate 
significant difference of H'. 
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Fig. 2-7 PCA of soil samples based on the absorbance values from 
 the Biolog EcoPlates of the 10 sites. 
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Chapter 3 Soil Net Nitrogen Mineralization at Different 

Ecosystem Development Stages after the Year 2000 Eruption 

on Miyakejima Island 

 

3.1 Introduction and objectives 

Nitrogen (N) often limits primary production in terrestrial ecosystems (LeBauer and Treseder, 

2008; Vitousek et al., 1991), particularly in ecosystems that have newly established after severe 

disturbances, such as volcanic eruption (Vitousek et al.,1993) and glacial recession (Chapin et 

al., 1994). Although N is an abundant element in the atmosphere and soil, most of it is in forms 

unavailable to vegetations. N becomes available for vegetations largely through N 

mineralization processes in which organic N is converted to inorganic forms, such as NH4
+ and 

NO3
− these inorganic forms are taken up through plant roots. Thus, N mineralization is one of 

the most important processes for vegetation growth (Chapin et al., 2011; Pastor et al., 1984). 

Because of the importance of N mineralization in the soil, recently soil N mineralization rate 

and the factors that control it have been measured in situ in various ecosystems: these in situ 

studies reported huge variations in both time and space (Hart and Gunther, 1989; Hirai et al., 

2007; Hishi et al., 2013). 

  Since N mineralization occurs as a series of flow controlled by biological processes, soil N 

mineralization rates have been considered to vary with abiotic factors in soil, such as soil 
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temperature; soil moisture content (Gonçalves and Carlyle, 1994; Schütt et al., 2014); and other 

soil properties, such as C/N ratio (Bengtsson et al., 2003; Kitayama, 1996) and soil organic 

matter (SOM) (Hofman et al., 1986). Vegetation has been also recognized as important in the 

regulation of soil N mineralization rate because vegetation provides not only organic matter 

from both above- and below-ground parts, but also habitat for soil microbes. For example, 

Björk et al. investigated linkages between N turnover including N mineralization and vegetation 

community structure in an alpine tundra in Sweden: they showed an indirect effect of vegetation 

community on N mineralization. Bengston et al. demonstrated a relationship between 

vegetation diversity, productivity, and soil gross N mineralization rate in a mixed beach-oak 

forest. In a wet grassland in France, Rossignol et al. suggested that vegetation type altered soil 

N mineralization via regulation of soil microbial activity. 

  Our study site was Miyakejima, a volcanic island near the western rim of the Pacific Ocean; 

it offers an opportunity to describe how soil N mineralization rate differs among diverse 

ecosystems from grasslands produced after the latest eruption in 2000 to mature forests. 

Historical records of eruptions of this island extend back to 1643, over which time there were 

seven eruptions (Kato et al., 2005). These catastrophic disturbances initiated succession; 

consequently, on Miyakejima there are diverse ecosystems with various types of vegetation and 

soil properties (Kamijo et al., 2002; Kamijo and Hashiba, 2003). Also there is a unique shrub, 

alder Alnus sieboldiana, which is a N-fixing plant (Chapin et al., 1994). This shrub species can 

facilitate vegetation development (Kamijo et al., 2002) by increasing N mineralization and N 

input to the soil (Hart et al., 1997; Myrold and Huss-Danell, 2003; Perakis et al., 2012). We 
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hypothesized that soil N mineralization rate at the shrub dominant sites on the island would be 

higher than those at other sites. 

 We aimed to clarify the relationships between in situ soil N mineralization and environmental 

factors at various sites on Miyakejima. In this study, we established ten sites where we 

measured soil N mineralization rate and explored the factors controlling them. Using such the 

site level data, we estimated soil N mineralization rates at typical vegetation types, grassland, 

shrubland, and forest and compared the rates on Miyakejima with those in other ecosystems. 

 

3.2 Methods 

3.2.1 Site description 

A general description of the study area and each of study sites has been given in Chapter 2. 

We selected ten sites having various vegetation composition and coverage (Fig. 1-1B). Site 

information including the plant species, coverage, and soil properties were showed in Tables 3-

1 and 3-2. 

 

3.2.2 Net N mineralization rate measurement 

In this study, annual nitrogen mineralization rate (ANMR) in the soil (expressed as kg N ha–

1 yr–1) was defined as the net change in mass of inorganic N forms (NH4
+-N and NO3

−-N) before 

and after a one-year incubation period from 28 Aug 2013 to 27 Aug 2014. The ANMR in the 

soil was estimated by the resin core technique (DiStefano and Gholz, 1986; Shibata et al., 2011). 
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The resin core is composed of three polyvinyl chloride (PVC) pipes containing the soil column 

and resin bags. Briefly, one of the PVC pipes (5.8 cm diameter, 5 cm length) was inserted into 

the ground to a depth of 5 cm to keep the soil core intact. Both sides of this long PVC pipe were 

connected to two short PVC pipes (5.8 cm diameter, 1 cm length) with vinyl tape. Resin bags 

containing 10 g of wet mixed H+ and OH− ion exchange resin were placed tightly into both the 

top and bottom short PVC pipes. The two short PVC pipes were then covered with 

polypropylene nets and fastened by vinyl tape to the pipes to minimize disturbance. The upper 

resin bag traps external inorganic N infiltrating into the core from above, and the lower resin 

bag traps internal N transported downward from the soil core. For each site, nine replicate resin 

cores were set up, then reinserted back into the ground and covered with leaf on the surface for 

in situ field incubation. At the beginning of the incubations, four 5 cm deep soil samples were 

collected for subsequent analysis of the initial inorganic N concentration. At the end of the 

incubations, all the resin cores were collected for subsequent analysis. After the incubation, 4 

g soil subsamples from each incubated core were extracted with 40 ml of 2 M KCl solution; 

exchange resin from bags was extracted with 100 ml of 1 M KCl solution and filtered. Inorganic 

N in each of the forms of NH4
+-N and NO3

−-N concentrations was determined by a continuous 

Flow Analytical System (TrAAcs 2000 Auto Analyzer, Bran & Luebbe GmbH, Norderstedt, 

Germany). We added the amount of accumulated NH4
+-N and NO3

−-N in the bottom resin bags 

to the post incubation inorganic N pool. 
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3.2.3 Soil properties 

Soil temperature (ST) at 5 cm depth was monitored hourly from Aug 2013 to Aug 2014 by 

sensors (TidbiT v2 Temperature Data Logger, Onset Computer Corporation, Bourne, USA). 

When we set each resin core, we also collected additional three undisturbed soil samples per 

site at 5 cm depth to determine soil organic matter content (SOM), soil total C (TC), total N 

(TN), and soil porosity (SP). SOM content was determined by loss on ignition with heating of 

the soil samples to 550oC for 4 h (Heiri et al., 2011). Total soil C and N contents were 

determined by a fully automatic CN analyzer (SUMIGRAPH NC-900, SCAS, Ltd, Tokyo, 

Japan). Vegetation properties in 2013, SO2 concentration at 1 m height during 2011 to 2012, 

and volcanic ash depth in 2012 and 2013 (Kamijo et al., unpublished data). 

 

3.2.4 Statistical analysis 

The significance differences of soil ANMR among sites and ANMR, soil SOM, TC, TN and 

C/N ratio according to vegetation types were test by one-way ANOVA. Different groups were 

determined by the Duncan’s multiple range test, and similar groups were designated with the 

same letters and different groups with different letters. The significance of relationships 

between ANMR and environmental factors was tested by Pearson bivariate correlation analysis. 

Statistical analyses were performed with SPSS Statistics, version 22 (IBM Corp, Armonk, NY, 

USA). 
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3.3 Results 

3.3.1 Environmental variables  

Total vegetation coverage tended to increase from grassland sites to forest sites, from OY8 

to IZ1 (Table 3-1). Among sites, SO2 concentrations were more frequently greater than 1 ppm 

at OY8 and OY2 than at other sites; consequently, these two sites were more disturbed by the 

poison gas (Table 3-2). Annual mean soil temperature at 5 cm depth (ST) varied slightly among 

sites (Table 3-2). The depth of volcanic ash (VAD) varied greatly from 0 cm at T1 and IZ1, far 

from the crater, to 43 cm at IG7, near the crater. Soil properties, such as SOM, total C, total N, 

and soil C to N ratio (C/N ratio) also varied greatly among sites (Table 3-2). SOM was highest 

at T1 and IZ1 (18.7% and 17.0%) and lowest at OY8 and IG7 (2.1, and 2.2%, respectively; 

Table 3-2). The patterns of total C and total N were similar to that of SOM. Soil C/N ratios 

were quite low at OY8 and IG7 (Table 3-2).  

 

3.3.2 Soil net N mineralization 

ANMR in the upper 5 cm of soil varied widely among the sites, from approximately 0.9 to 

52.5 kg N ha–1 yr–1 (Fig. 3-1). Among all sites, ANMR was significantly higher at IG8, N1, and 

IG9 where the N-fixing alder (A. sieboldiana) was present; ANMR was lowest at IZ2, where 

M. thunbergii dominated, but this lowest ANMR did not differ significantly from the other six 

sites. In addition to the high magnitude of ANMR at the shrubland sites, there was large 

variation of ANMR within each of these sites. 
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3.3.3 Correlation analyses of ANMR and environmental factors 

ANMR was not significantly correlated with VAD, ST, SP, SOM, TN, TC, C/N ratio, or the 

frequencies of high SO2 concentrations (Table 3-3). This lack of correlation suggests that rather 

than a single factor, complex factors regulated ANMR under field conditions on Miyakejima, 

or other environmental factors would be important for ANMR. 

 

3.4 Discussion 

3.4.1 Soil N mineralization on Miyakejima varies widely 

Various vegetation with different soil properties are fundamental features of Miyakejima 

(Tables 3-1 and 3-2). In the latest eruption, a large amount of volcanic ash and emission 

poisonous gas SO2 disturbed the ecosystems on the upper elevations of the island (Nakada et 

al., 2001). Hence, the landscape was reduced almost to bare land (such as at OY8) near the 

crater, but forests far from the crater (such as at T1 and IZ) were only minimally damaged; all 

the sites have been changed continuously. Our results show that ANMR changed with 

vegetation and soil conditions among sites (Fig. 3-1 and Table 3-2). However, ANMR was 

significantly higher at only three sites (IG8, N1, and IG9), and the differences among the low 

values at the other seven sites were not significant (Fig. 3-1). These results indicate that 

although vegetation coverage and its composition are important controlling factors for ANMR, 

one-directional ecosystem development from grassland to forest could not sufficiently explain 

the spatial variation in ANMR on Miyakejima. 
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  Judging from vegetation and soil properties at each site, the main reason why the three sites 

IG8, N1, and IG9 were “hot-spots” for ANMR was the presence of N-fixing A. sieboldiana as 

we hypothesized. Our results are consistent with those of previous studies that also reported 

that soil N mineralization beneath stands of such vegetation was high compared with that 

beneath stands of non-nitrogen-fixing plant (Hart et al., 1997; Myrold and Huss-Danell, 2003; 

Uri et al., 2003). Although the mechanisms of higher soil ANMR beneath N-fixing plant remain 

obscure, there are two possible mechanisms. First, N-fixing plant, such as alder, can increase 

input into the soil of easily available organic N obtained from atmospheric inactive N2. Second, 

the N-fixing plant considerably contribute to the supply of organic substrates that are easily 

decomposed and thereby decrease C/N ratios (Clein and Schimel, 1995; Zavitkovski and 

Newton, 1971). Thus, the N-fixing plant provide both accessible and plenty of resources for 

soil microbes, and facilitate N mineralization in the soil. Additionally, our data showed that 

there were quite low ANMR points even though under the A. sieboldiana vegetation. The actual 

range of ANMR from incubated samples from sites IG8, N1 and IG9 was 7.9 to 107, 14.3 to 

67.8, 10.1 to 114.8 kg N ha–1 yr–1, respectively. Such high spatial variation over small distances 

(cm level) suggests the importance of existence of litter or root nodules of A. sieboldiana due 

to uneven distribution of the litter fall and root nodules in both above-and under-ground parts 

(Ruess et al., 2009). Further study will be needed on the impact of litter and root nodules from 

nitrogen-fixing plant, which directly affects ANMR through changes in available N and organic 

matter at the soil surface, in addition to the impact on ANMR of underground parts of the 

nitrogen-fixing plant and related microbes. 
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  Many factors may contribute to the lower range of ANMR at the other seven sites, since soil 

and vegetation properties differed considerably among the sites. Among these seven sites, two 

sites (OY8 and IG7) would be bare land rather than grassland due to low vegetation coverage 

(Table 3-1) with low SOM, total C and total N (Table 3-2). Thus, these two sites can be assumed 

as the early stage of succession. A number of studies have indicated that net N mineralization 

rates in early successional stages are low, probably due to scarcity of organic matter and lower 

substrate quantity (Berendse et al., 1998; Vitousek et al., 1989). Yoshitake et al. (2013) 

demonstrated that soil microbial biomass in the Mt. Fuji volcanic desert in Japan was very low 

in the early successional stage and strongly correlated with soil total C, total N, and SOM 

contents. Thus, possible reasons for the very low ANMR at sites OY8 and IG7 are insufficient 

resources for N mineralization and lower soil microbial biomass than those at the other sites. 

But, the reason why ANMR was low in the OY2 site with relatively high SOM was different 

from that in OY8 and IG7 sites. Although our study could not clarify the mechanisms of lower 

ANMR in the OY2 site, high frequency of high SO2 concentrations might account for the low 

ANMR at OY2 (Table 3-2). Previous studies have demonstrated that exposure to high SO2 

concentrations could inhibit both ammonification (Lettl, 1984) and nitrification in acid soil 

(Labeda and Alexander, 1978). However, the direct effects of high SO2 concentrations on N 

mineralization processes were not assessed in the present study; further studies of this are 

needed.  

  The other four sites, IZ2, N4, IZ1, and T1, including forest type can regarded as mature 

ecosystems because of relatively high vegetation coverage, SOM, total C, and total N (Table 3-
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2). Another common feature of the four sites was high C/N ratio (16.2, 16.0, 15.2, and 14.0 in 

IZ2, N4, T1 and IZ1, respectively), which may be the reason for the low measured ANMR. 

Several authors reported that substrate C/N ratio strongly influences N mineralization 

(Bengtsson et al., 2003; Mack and D’Antonio, 2003). Booth et al. (2005) also suggested that 

increase in C/N ratio decreases N mineralization. Among other controlling factors leading to 

the lower ANMR at IZ1 and T1, the large proportion of mature trees in the total vegetation 

would be important: the proportion of mature C. sieboldini, one of the climax species on the 

island, was more than half at IZ1 and T1 (Table 3-1). In general, large, mature trees contain a 

large fraction of recalcitrant substances, such as lignin, which decompose slowly (McGee et al., 

2007). Hence, in addition to the quantity of substrates for N mineralization, the quality and 

composition of each substrates may affect ANMR. 

 

3.4.2 Characteristics of soil N mineralization on Miyakejima 

I reviewed ANMR in previous studies and this study (Table 3-4). Not only the magnitude of 

ANMR on Miyakejima, but also the range of ANMR are comparable to those from other studies 

in various ecosystems; also similar were the large spatial variation in ANMR. Similar to the 

Miyakejima results, ANMR in most stands of nitrogen-fixing plant are higher than those in 

stands of non-nitrogen-fixing plant (Table 3-4). In plots of ANMR versus environmental factors 

with data from both previous studies and this study, no significant controlling factors for 

ANMR were apparent (Fig. 3-2). ANMR tended to increase with annual mean temperature 

from sub-zero to 30oC and decrease with annual mean precipitation from 0 to ca. 6200  
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mm yr–1 (Fig. 3-2A and B). These relationships between N mineralization and temperature and 

moisture conditions are considered to be common in various processes related to decomposition 

of organic matter and respiration (Cook and Orchard, 2008; Dessureault-Rompré et al., 2010; 

Fujita et al., 2013). As for soil N mineralization rate, some studies reported that N 

mineralization rate tends to decrease under conditions of excess soil moisture (Cassman and 

Munns, 1980; Quemada and Cabrera, 1997). Thus, the relatively lower ANMR values on 

Miyakejima except for that from shrubland were probably due to the high precipitation, ca. 

more than 3000 mm yr–1. 

Soil C/N ratio is commonly considered to be a good indicator of N mineralization (Tate, 

1995). Higher soil C/N ratios are generally thought to hinder mineralization (Fernandez et al., 

2000). When the C/N ratio of substrate is low (12–20:1) decomposers are not nitrogen limited, 

and a net release of inorganic nitrogen to the soil solution occurs (Vitousek, 1982). The majority 

of soil C/N ratios measured on Miyakejima were within this range and often nitrogen was 

mineralized in these soils. The relationship between ANMR and soil C/N ratios would show an 

appealing single-peak curve, that is ANMR was also low under low soil C/N ratios less than ca. 

10 (Fig. 3-2E). This is different from the general understanding that low soil C/N ratios promote 

N mineralization (Bonito et al., 2003). The mechanisms that keep low N mineralization under 

low soil C/N ratios remain unclear, even though several factors seem to be involved, such as 

microbial properties (Alef et al., 1988; Zak and Grigal, 1991), vegetation properties (Fornara 

et al., 2011), and extraordinary disturbance like high SO2 gas exposure in volcanic area of our 

study.  
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  The in-situ data demonstrated that ANMR in the Miyakejima showed huge spatial variation 

and suggest that the spatial variation could not be explained by single environmental factor 

though, could be partly explained by some unique factors in the volcanic island, such as 

existence of nitrogen-fixing and high SO2 gas exposure. 

 

3.5 Summary 

This chapter showed results of soil nitrogen mineralization rate in situ at a series of sites that 

were disturbed to various extents by the latest 2000 eruption on the volcanic island Miyakejima. 

ANMR varied greatly among sites, from about 0.9 to 52.5 kg N ha–1 yr–1. The highest rates 

were at sites where the nitrogen-fixing plant A. sieboldiana was present as the dominant species. 

Low ANMR was observed in grassland- and forest-vegetation type; the former would be due 

to lower SOM, high SO2 concentration, or both and the latter would be due to relatively high 

C/N ratio. Compared to previously published studies of other locales, the relatively lower 

ANMR observed on Miyakejima (except for those at shrubland) were probably due to the high 

precipitation on the island. A unique pattern between ANMR and soil C/N ratio, which ranged 

from about 5 to 30, suggests that the soil C/N ratio can be a good indicator for in situ ANMR. 
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Site Main vegetation species Summation of 
coverage (%) 

OY8 Miscanthus condensatus (25) Carex oshimensis* Smilax china*  25 
IG7 Miscanthus condensatus (33) Reynoutria japonica (33) Calamagrostis autumnalis (22)  70 
OY2 Miscanthus condensatus (33) Machilus thunbergii (22) Eurya japonica (33) 120 
IG8 Alnus sieboldiana (22) Miscanthus condensatus (55) Dryopteris caudipinna (22) 125 
N1 Alnus sieboldiana (55) Machilus thunbergii (22) Carex oshimensis (22) 135 
IG9 Alnus sieboldiana (44) Miscanthus condensatus (33) Dryopteris caudipinna (22) 185 
IZ2 Machilus thunbergii (22) Dendropanax trifidus (33) Eurya japonica (22) 135 
N4 Machilus thunbergii (33) Trachelospermum asiaticum (33) Camellia japonica (33) 160 
T1 Castanopsis sieboldii (55) Trachelospermum asiaticum (33) Camellia japonica (33) 180 
IZ1 Castanopsis sieboldii (55) Trachelospermum asiaticum (44) Camellia japonica (33) 205 

Vegetation cover was calculated as the sum of total coverage of the overstory layer, the understory layer, the shrub layer and the herb layer. 
Figures in brackets denote vegetation species coverage (%). 
* coverage < 1%. 

Table 3-1 Vegetation character of study sites. 



�
$(�

                     

�
Site Frequency of SO2 

concentration greater 
than 1 ppm (%) 

VAD 
(cm) 

ST 
(oC) 

SP 
(%) 

SOM 
(%) 

TC 
(%) 

TN 
(%) 

C/N 
ratio 

OY8 19.7 28.0 15.8 (7.6) 51.9 (3.9) 2.1 (0.7) 0.4 (0.3) 0.1 (0.0) 5.6 (3.3) 
IG7  6.7 43.0 na 59.4 (4.5) 2.2 (0.1) 0.5 (0.4) 0.1 (0.0) 6.6 (4.7) 
OY2 18.7 12.0 15.0 (7.1) 69.9 (9.3) 5.4 (6.0) 1.9 (0.9) 0.1 (0.0) 13.6 (2.7) 
IG8  5.5 38.0 na 64.4 (9.5) 6.1(1.9) 2.3 (2.2) 0.2 (0.1) 11.3 (3.9) 
N1  7.5 23.0 15.2 (6.4) 76.9 (6.9) 11.4 (4.5) 4.8 (0.9) 0.3 (0.1) 14.6 (0.7) 
IG9  5.4 20.0 14.7 (6.7) 61.2 (1.8) 5.3 (4.5) 1.7 (0.7) 0.1 (0.1) 11.3 (1.0) 
IZ2  2.4 12.0 14.4 (6.6) 74.6 (5.0) 9.7 (1.7) 3.6 (1.5) 0.2 (0.1) 16.2 (0.9) 
N4  6.1 5.0 16.3 (6.7) 76.0 (2.6) 11.4 (5.5) 5.1 (1.3) 0.3 (0.0) 16.0 (2.1) 
T1  7.9 0.0 16.4 (6.7) 76.7 (1.9) 17.0 (3.3) 8.5 (2.6) 0.6 (0.2) 15.2 (0.6) 
IZ1  2.0 0.0 16.3 (6.3) 75.7 (3.6) 18.7 (1.4) 9.1 (1.1) 0.7 (0.1) 14.0 (0.3) 

SO2 concentration is indicated as percentage of samples greater than 1 ppm. VAD, volcano ash depth; ST, soil temperature; SP, soil porosity; SOM, 
soil organic matter content; TC, soil total carbon; TN, soil total nitrogen; and C/N ratio by weight. Because of the data logger fault, we missed part 
of data in IG7 and IG8 sites. Data are mean with standard deviation (SD) in parentheses. na, no available data. 

Table 3-2 Soil properties and SO2 concentration of study sites. 
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Frequency of SO2 concentration 
greater than 1 ppm 

VAD ST SP SOM TC TN C/N 
ratio 

−0.233ns  0.389ns −0.325 ns −0.086ns −0.113ns −0.132ns −0.116ns 0.978ns 
ns no significant relationship. 

Table 3-3 Pearson correlations coefficients between ANMR and environmental factors. 
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*, nitrogen-fixing plants; MAT, mean annual temperature; MAP, mean annual precipitation. 
R, resin core method; B, buried bag method; P, PVC tube incubation method; M, model estimate method. 
Values in parentheses show the incubation depth in soil. 

Table 3-4 ANMR in this study compared to those from other ecosystems. 

�

Study Study 
area 

Main vegetation ANMR 
(kg ha-1 y-1) 

   MAT 
   (oC) 

MAP 
(mm) 

Method 

Present study Japan Miscanthus condensatus 
Alnus Sieboldiana* 
Machilus thunbergii & Castanopsis sieboldii 

5.0 
47.0 

6.1 

17.7 2980 R method 
(5 cm) 

Hirai et al., 2007 Japan Tsuga Diversifolia & Larix Kaempferi 
Cryptomeria japonica & Fagus crenata 
Chamaecyparis obtuse & Castanopsis sieboldii 
Castanopsis sieboldii 

16.2 
43.1 
54.9 
18.2 

2.6 
9.5 

13.5 
22.0 

1391 
2047 
2737 
2498 

R method 
(5 cm) 

Hishi et al., 2013 Japan Quercus crispula & Acer pictum subsp. mono 
Larix kaempferi 

42.0 
62.5 

6.2 821 B method 
(10 cm) 

Tateno et al., 2010 Japan Cryptomeria japonica  51.8 14.0 3410 B method 
(10 cm) 

Zhang et al., 2008 China Stipa krylovii & Artemisia frigida 
Artemisia scoparia 
Zea mays & Linum usitatissimum 

24.6 
50.0 
55.0 

2.1 385 P method 
(10 cm) 

Uri et al., 2008 Estonian Betula. Pendula 
Elytrigia repens 

99.0 
51.0 

4.8 575 B method 
(10 cm) 

Uri et al., 2003 Estonia Alnus incana L. Moench* 84.0 6 653 R method 
(10 cm) 

Guleryuz et al., 2010 Turkey Aegilops umbellate 
Juniperus sabina 
Pinus nigra ssp. pallasiana 

13.2 
10.8 

0.6 

3.0 -28.0 615 B method  
(5 cm) 

Arslan et al., 2010 Turkey Ouercus robur L. subsp. robur (Natural) 
Ouercus robur L. subsp. robur (Thinned) 
Pinus pinea L 

21.0 
20.0 
12.0 

14.6 697 B method 
(5 cm) 

Kielland et al., 2006 USA Salix interior 
Alnus tenuifolia* 
Populus balsamifera 
Picea glauca 
Picea mariana 

5.0 
19.0 
26.5 
21.5 

5.0 

−3.3 269 B method 
(10 cm) 

Hart et al., 1989 USA Alnus Tenuifolia* 
Empetrum Nigrum & Vaccinium uliginosum 
Sphagnum sp 
Picea glauca 

22.5 
0.5 
4.7 
2.7 

0.7 650 R method 
(7.5 cm) 

Hibbard et al., 2001 USA Herbaceous 
Prosopis glandulosa* (Cluster) 
Prosopis glandulosa* (Grove) 
Prosopis glandulosa* (Woodland) 

60.0 
220.0 
160.0 
140.0 

28.3 720 R method 
(10 cm) 

Chapman et al., 2013 USA Grasslands 
High elevation forests 
Low elevation low temperature forests 
Low elevation high temperature forests 

14.3 
22.6 
55.6 
82.9 

  M method 
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Fig. 3-1 Annual soil net nitrogen mineralization rate (ANMR) of studied sites. 
Lower case letters indicate significant difference of ANMR across sites. Values are 
means; vertical bars represent ± SD (n = 9). 
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Fig. 3-2 Relationship between ANMR and (A) mean annual temperature; (B) annual precipitation; 
(C) soil total C; (D) soil total N; and (E) soil C/N ratio with data from previous studies and this 
study. The solid symbols indicate the presence of nitrogen-fixing plants. Capital letter within plots 
indicate the three vegetation types of present study. G, grassland; S, shrubland; F, forest. 
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Chapter 4 Nitrogen Input and Output at Different Ecosystem 

Development Stages after the Year 2000 Eruption on 

Miyakejima Island 

 

4.1 Introduction and objectives 

Atmospheric deposition is considered as one of the main pathways of nitrogen (N) into 

terrestrial ecosystems (McNeill and Unkovich, 2007). Several studies have been conducted to 

study N deposition on various ecosystems such as forests, shrublands and farmlands in America, 

China, Europe and Japan. These studies showed N deposition ranging from ca. 1.4 to 48.2 kg 

N ha –1 yr –1 (Ban et al., 2016; Fang et al., 2009; Fenn et al., 2003; Stevens et al., 2010). Because 

of the worldwide large range of N deposition, it is necessary to assessing this N input in a given 

region, such as Miyakejima. Also, many experiments have been conducted to study potential 

impacts of N deposition on ecosystems such as temperate grasslands (Morecroft et al., 1994), 

Mediterranean shrublands (Vourlitis et al., 2009), deserts (Allen et al., 2009), and the boreal 

tundra (Nemergut et al., 2008). N input via deposition is the initial N resource for vegetation in 

new formed ecosystems (Vitousek, 2004). In addition to direct impact on soil N status, N 

deposition often causes many ecological changes. For example, N deposition can potential 

enhance soil C and improve soil fertility, therefore, beneficial to plant growth in many terrestrial 

ecosystems (Du et al., 2014; Fang et al., 2011). N deposition is also likely to causes change of 
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soil microorganism population (Griepentrog et al., 2014), and will shape the soil N process. 

The increased N deposition often associated with soil acidification (Mitchell and Rues, 2009), 

N saturation (Aber et al., 1989) and N leaching (Dise et al., 2009; Fang et al., 2009) in terrestrial 

ecosystems. Even, excess N deposition can cause decline of vegetation production and diversity; 

it also results in losses of nutrient cations (Stevens et al., 2010; Tian et al., 2016; Vitousek et 

al., 1997). The decomposition of plant residues is also an important pathway of by which N is 

input to soil (Peña-Peña and Irmler, 2018; Zhu et al., 2015; Kim et al., 2011). Moreover, plants 

with the capacity to support N-fixing may give strong effects on N fluxes to ecosystems (Perren 

et al., 2017); the N-fixing plants usually provide litters with high N content and low C/N ratio, 

and consequently facilitate litter decomposition, therefore can resulting in a very high N into 

soil (Furusawa et al., 2016; MacKenzie et al., 2013; Mitchell and Ruess, 2009). On the other 

hand, N leaching from surface soil represents one of major N output pathways by which 

inorganic N leaching to deep soil (McNeill and Unkovich, 2007). Soil properties, hydrologic 

factors, vegetation uptake and the climatic features have been identified as main factors affect 

N leaching (Gordon et al., 2000; Jong et al., 2008; Lehmann and Schroth, 2003). N leaching 

adverse to the N availability in soil of terrestrial ecosystems (Perakis and Hedin, 2002). Several 

N balance studies have been conducted and showed that continually large N inputs, such as N 

deposition, biological or anthropogenic N addition to soil often result in N leaching with higher 

rates (Aber et al., 2002; Kušlienė et al., 2015; Uri et al., 2004).  

The extent of N input and output across different ecosystems of Miyakejima is unclear and 

may have potentially effect on soil N availability. In this chapter, the objectives are to 
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demonstrate N input and N output and clarify the key factors for those at different ecosystem 

development stages on Miyakejima. 

 

4.2 Methods 

4.2.1 Sites description 

A general description of the study area and each of study sites has been given in Chapter 2. 

Measurements of N input and output were conducted in the 10 sites on Miyakejima (Fig. 1-1). 

 

4.2.2 N input and output 

Fig. 4-1 showed the diagram of N input and output fluxes considered in this study. The 

synthesis N inputs from deposition, throughfall, litter leaching and the output by leaching losses 

from the surface soil (5 cm) were measured. Measurements of N input and output were based 

on the resin core method, which previously used to measure the annual net N mineralization 

rate (ANMR). Detail of this method has been described in Chapter 3.  

N input was sampled by the upper resin bag placed in the top short PVC pipe. Because this 

upper resin bag was placed under the litter layer, therefore it is included not only N inputs of 

deposition and throughfall but also N leaching from litter (Fig. 4-1). The N input was measured 

as the total accumulation of inorganic N in the upper resin bag. N output from the soil core (5 

cm) were measured as the leached amount of inorganic N collected in the bottom resin bags. It 

represents the output of dissolved inorganic N from soil core, therefore, defined as net N output. 



� %&�

Because of upper resin bag has absorbed all the N input, this measurement for net N output was 

showed only N leaching form the soil core, without considering the potential amount of N 

leaching from N input. As a result of what is known in this study, the net N output was 

significant related to ANMR (p < 0.01) with a slope of 0.997 (Fig. 4-2A), that is, almost all the 

net N production in soil core was leached as net N output during the incubation period. Thus, I 

considered that in case of N input was added to soil core, it should be leached complete. Based 

on this assumption, this study was modified the gross N output as the summation of N input 

and net N output. 

 

4.2.3 Vegetation characters and soil properties 

Vegetation characters and soil properties of the 10 sites has been described in chapter 2. 

These data were used to analysis the relationships between N input and N output and 

environmental variables. 

 

4.2.4 Statistical analysis 

The one way ANOWA was used to identify the differences in N input and N output from the 

10 sites. To assess difference in N form of NH4
+-N and NO3

−-N of both input and output within 

sites, independent-samples T test was used. The significance of relationships between N input, 

output and environmental variables was tested by Pearson bivariate correlation analysis. All 

tests were performed using SPSS 22.0 statistical software (IBM Corp, Armonk, NY, USA). 
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4.3 Results 

4.3.1 N input and output 

The N input varied among the 10 sites, on average 9.6 kg N ha –1 yr –1 and ranged from 1.3 

to 27.6 kg N ha –1 yr –1 (Fig. 4-3A). The values were much higher at sites IG8, N1 and IG9, 

constant lower and slightly differs at the rest sites. The amount of NH4
+-N and NO3

−-N form 

inputs were similar for most of the sites, except OY2, IZ2 and N4 where NH4
+-N was the 

dominant form of N input (Fig. 4-3B). 

  The mean net N output form surface soil (5 cm) in the study year were 16.5 kg N ha –1 yr –1 

(Fig. 4-4A). Net N output from sites IG8, N1 and IG9 were greater than those of the other sites. 

The amounts of net N output by NH4
+-N and NO3

−-N forms were significant different in most 

sites (Fig. 4-4B). Sites IG8, IG9, N1, IZ2, T1 and IZ1 were dominated by NO3
−-N form output. 

The gross N output for the 10 sites were showed in Fig. 4-5. Results showed that the mean 

value of gross N output was 26.1 kg N ha –1 yr –1. The gross N output showed a similar trend 

with the net N output, that is, the highest values were observed at sites of IG8, N1 and IG9, and 

lower values were observed at the other sites. Sites IG8, N1, IG9 and T1 were dominated by 

NO3
−-N form output (Fig. 4-5B). 

 

4.3.2 Relationships between N input, N output and environmental variables 

The relationships between N input, N output, and environmental variables were examined. 

The N input, net and gross N output measured at different study sites did not associated with 
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site conditions in the altitude and slope angle, vegetation characters and soil properties (Table 

4-1). This study found significant interactions of N fluxes, that is, N outputs were positively 

correlated with N input and ANMR (measured in Chapter 3) (Table 4-1, Fig. 4-2 and Fig. 4-6). 

 

4.4 Discussion 

The results given above show that annual N input were varied great among sites. The 

shrubland sites of IG8, N1 and IG9 were received very high N inputs, which ranged from 18.5 

to 27.6 kg N ha –1 yr –1. These high values most likely because the presence of N-fixing plant 

of alder. The role of alder potential to improve amount of N input to the soil have been described 

by previous studies (Bowden, 1991; Ruess et al., 2009; Teklehaimanot and Mmolotsi, 2007). 

The alder species particularly contain high litter N and low C/N ratios, but lower lignin. 

Therefore, alder can provide high quality and readily decompose source of organic N supply to 

decomposers, and results in high N release (Edmonds and Tuttle, 2010; Perakis et al., 2012). 

On the other hand, aside from sites IG8, N1 and IG9, the values of N input at the rest sites 

(ranged from 1.3 to 9.5 kg N ha –1 yr –1) were lower. Moreover, the study did not observed 

significant difference in N input among these low N input sites. Therefore, the result indicated 

that N input from litter leaching (except alder) may very few or negligible in these non-alder 

sites on Miyakejima. I also suggested alternative mechanisms for these low N input values, 

such as low litter mass, poor litter quality, slow litter decomposition rates and relatively low 

soil permeability (Takano, 2014). Furthermore, Miyakejima received N input ranged from 1.3 

to 27.6 kg N ha –1 yr –1. For comparison with other ecosystems, N input observed on Miyakejima 
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were moderately high than observations at forest sites of Japan, as reported in previous studies 

ranged from 2.1 to 10.1 kg N ha –1 yr –1 (Ban et al., 2016). The higher N input in this study can 

mostly be explained by the positive impact of N-fixing plant. However, even when alder is 

included, such range of N input in this study was within the ranges compiled for European, 

Chinese and American forests or grassland (Table 4-2). Accordingly, when looked at from a 

global perspective, N input observed on Miyakejima was within the range of previous results. 

The gross N output values were ranged from 2.4 to 78.6 kg N ha –1 yr –1 for the surface soil 

on Miyakejima. Given that the gross N output values exclude those of special high values from 

IG8, N1 and IG9, then the rest of values of Miyakejima (ranged from 2.4 to 25.3 kg N ha –1 yr 

–1) will within the range of Japanese forest (ranged from 0.6 to 30 kg N ha –1 yr –1) according to 

data observed by Furusawa et al. (2016), Shibata and Fukuzawa (2010) and Mitchell et al. 

(1997). However, when these special high values under alder sites were included, the maximum 

value of gross N output would increase to 78.6 kg N ha –1 yr –1 on Miyakejima. These special 

high values of gross N output on Miyakejima were apparently higher than those of grassland 

and forest in Japan, China, Europe and USA (Table 4-3). The results given above showed that 

N input and ANMR were important factors influencing N output. However, as N input on 

Miyakejima was comparable to those from other ecosystems, I suggested that the higher 

ANMR, which supply abundant inorganic N to soil, in addition to the relatively higher annual 

precipitation would cause the higher N output on Miyakejima. 

This study showed that N output was significant correlated with N input (Fig. 4-6). Similar 

positive correlations were also found in forests ecosystems of Europe (Gundersen et al., 1998, 
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2009). Therefore, it is believed that N input has the function that directly affects N output, that 

is, ecosystems receiving more N input will have higher N output. Also, this study found N 

output was positive correlated with ANMR (Fig. 4-2). This result indicated that N output may 

be sensitive to increasing N mineralization rate. This could be because N mineralization can 

influence N leaching through the production of highly mobile NO3
−-N. 

Dise and Wright (1995) suggested an empirical model developed on the European datasets 

showed that N outputs (N leaching) hardly occurs below a threshold N input of about 10 kg N 

ha–1 yr–1 because the uptake by vegetation and microorganism. However, this study measured 

N output occurred across all sites, although the lowest N input was 1.3 kg N ha–1 yr–1 which is 

far less than the literature threshold mentioned above, and, indeed, only 3 sites N input more 

than 10 kg N ha–1 yr–1. This indicated that the surface soil of Miyakejima has a lower N input 

threshold, which can cause N output. Sites OY8, IG7 and OY2 were characterized as very low 

vegetation distribution and lack in soil microbial biomass (suggested in chapter 3), these may 

result in low N uptake, and lead to more surface soil N leaching. Increased precipitation can 

lead to increasing N output and decreasing N retention (Furusawa et al., 2016; Kane et al., 2008; 

Perakis and Hedin, 2002). Thus, it is possible that the observed high annual precipitation (about 

3000 mm) including heavy rainfall and typhoon (Japan meteorological agency) on Miyakejima 

can resulting in the overall N output.  

 

4.5 Summary 

This chapter demonstrated N dynamics of N input and N output for the surface soil among 
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10 sites on Miyakejima. The results showed that both N input and N output were varied greatly 

among sites. In particular, N input and N output were highest in sites IG8, N1 and IG9 

dependent on the ability of N-fixing pant, which can accelerate N release by support high 

amounts of easily decomposable N to decomposers. Lower N input may due to low litter N 

release. Moreover, the study found N output was significant related with N input and ANMR. 

Compared to previously studies, N input of Miyakejima was within the range of European, 

Chinese and American forests. On the other hand, N output under the shrubland on Miyakejima 

was higher than that in other ecosystems. 
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VC, vegetation cover; VAD, volcanic ash depth; SP, soil porosity; SOM, soil organic 
matter; TC, total soil carbon; TN, total soil nitrogen. **, significant relationships (p < 0.01); 
ns, no significant relationship. 

ns ns ns

ns ns ns

ns ns ns

ns ns ns

ns ns ns

ns ns ns

ns ns ns

ns ns ns

ns ns ns

Table 4-1 Pearson correlations coefficients between N input, N output and environmental variables. 
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Mean values are showed in the parentheses.�MAT, mean annual temperature; 
MAP, mean annual precipitation. 

Table 4-2 N input of this study compared to those from other ecosystems. 

 

Study region 
 

Vegetation 
 

N input 
(kg ha-1y-1) 

MAT 
(oC) 

MAP 
(mm) 

Reference 
 

Japan 
 

Grassland, shrubland 
and forest 

1.3-27.6 (9.6) 
 

17.7 
 

2980 This study 
 

Japan Forest 4.9-7.6 (6.8) 12.8 1551 Nakaji and Izuta, 2004 

Japan Forest 9.3-13.9 (12.5) 12.3 2521 Fukushima et al., 2011 

Japan Forest and shrubland 2.1-10.1 (7.5) 8.8-25 1015-2784 Ban et al., 2016 

China Forest 2.6-48.2 (16.6) −0.7-23.5 273-2995 Fang et al., 2011 

Taiwan Forest 16.9 18.6 2995 King et al., 2003 

Germany Forest 9.5-25.6 (17.9) 12.7 1016 Spangenberg and Kölling, 2004 

Europe Grassland 2.4-43.5 (19.3) 0.6-18.8 498-1971 Stevens et al., 2010 

Spain Shrubland 4.3-7.3 (6.1) 17.8 300-650 Ochoa-Hueso et al., 2013  

USA Forest 0.9-31.7 (18.8) 12.9 987 Fenn et al., 2000 

USA Forest 5.1-45.1 (15.3) 24.0 2000-3000 Carrillo et al., 2002 

USA Forest 1.4-97.6 (13.7) 17.1 119 Fenn et al., 2003 

Africa Grassland and forest 2.07-3.6 (3.6) 20.4-19.1 365-1936 Galy-Lacaux and Delon, 2014 

Congo Open field and forest 5.2-26.5 (16.2) 25.3 1802 Bauters et al., 2017 
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Mean values are showed in the parentheses. MAT, mean annual temperature; 
MAP, mean annual precipitation. 
�
Fig. 4-1 Diagram of the N input and output considered by this study. N input 
pathways were denoted by circled.Mean values are shown in the 
parentheses. 

Table 4-3 Gross N output of this study compared to those from other ecosystems. 
 

Study region Vegetation 
 

N output 
(kg ha-1y-1) 

MAT  
(oC) 

MAP  
(mm) 

Reference 
 

Japan 
 

Grassland, shrubland 
and forest 

2.4-78.6 (26.1) 17.7 2980 This study 
 

Japan Forest 0.6-28 (5.3) 9-13.5 1276-2653 Mitchell et al., 1997 

Japan Forest 4.1-23.5 (13.4) 12.3 2521 Fukushima et al., 2011 

Japan Forest 12-30 (20) 6.4 > 4000 Furusawa et al., 2016 

Japan Forest 2.5 8.9 1106.5 Shibata and Fukuzawa, 2010 

China Forest 0.3-36.5 (5.7) −0.7-23.5 273-2995 Fang et al., 2011 

Europe Forest 0-36 5.9 981 Dise et al., 2009 

USA Forest 2.0-32 (13.6) 6.0 1199 Compton et al., 2003 

Spain Grassland 3.25 11.3 1270 Estavillo et al., 1996 

Germany Grassland 1.5-3.0 (2.3) 6.5-8.6 1033-1398 Fu et al., 2017 

Chile Grassland 1.3 11.3 1270 Salazar et al., 2012 

Denmark Forest 0.2-30 (10.46) 7.3-8.1 594-890 Gundersen et al., 2009 

USA Moss 0.29 14.0 1295 Bowden, 1991 
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Soil core

Upper resin bag 

Bottom resin bag
N output

N input

Resin core measurement

Wet deposition Dry deposition 

Throughfall

Resin core measurement
Litter leaching

N output

Surface soil 

Air

Fig. 4-1 Diagram of the N input and output considered by this study. N input pathways were 
denoted by circled. 



� &&�

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4-2 Relationships between annual net N mineralization rate (ANMR) and net N output (A) and 
gross N output (B) among 10 sites. 
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Fig. 4-3 Results of N input (A) and ammonium (NH4
+-N) and nitrite (NO3

−-N) inputs (B) among 
10 sites. Letters indicate significant difference of N input across sites. Asterisk indicate the 
significant difference between the proportions of NH4

+-N and NO3
−-N. Values are means; vertical 

bars represent ± SD (n = 9). 
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Fig. 4-4 Results of net N output (A) and net ammonium (NH4
+-N) and nitrite (NO3

−-N) outputs (B) 
among 10 sites. Letters indicate significant difference of net N output across sites. Asterisk indicate 
the significant difference between the proportions of NH4

+-N and NO3
−-N. Values are means; 

vertical bars represent ± SD (n = 9). 
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Fig. 4-5 Results of gross N output (A) and gross ammonium (NH4
+-N) and nitrite (NO3

−-N) 
outputs (B) among 10 sites. Letters indicate significant difference of gross N output across sites. 
Asterisk indicate the significant difference between the proportions of NH4

+-N and NO3
−-N. 

Values are means; vertical bars represent ± SD (n = 9). 
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Fig. 4-6 Relationships between N input and net N output (A), and gross N output (B) 
among 10 sites. 
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Chapter 5 General discussions 

 

5.1 Ecosystem development stages on Miyakejima 

Volcanic activity on Miyakejima has resulted in severe damage to the ecosystem. Chapter 2 

demonstrated that Miyakejima contains various vegetation types, including bare land, grassland, 

shrubland dominated by symbiotic plants (alder), and forest. Not only vegetation but also soil 

properties showed large spatial variations; SOM, total C, and N in the soil gradually increased 

from grassland to forest sites. Kamijo et al. (2002) conducted chronosequence research on 

Miyakejima and demonstrated a typical sere of vegetation succession from bare land to the 

alder Alnus sieboldiana or Miscanthus condensatus stage, then the Machilus thunbergii forest 

stage, and finally the climax stage dominated by Castanopsis sieboldii forest. Because the 

species present in each successional stage are the same as those at my study sites, I can regard 

my 10 sites with differing vegetation and soil properties as corresponding to the successional 

stages that Kamijo et al. (2002) proposed, ranging from bare land to Alnus shrubland or 

Miscanthus grassland, then to Machilus forest, and finally to Castanopsis forest (hereafter, 

referred to as stages I, II, III, and IV, respectively). At site OY8, the vegetation was limited to 

scattered grass (Miscanthus condensatus) patches where litter and organic accumulation were 

absent. We therefore classified this area as the bare land stage (I). The next stage can be 

shrubland or grassland (II), depending on the order of plant establishment. That is, if 

Miscanthus species appear first during the colonization of the bare land, succession goes to the 
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grassland stage, but in such cases, the Alnus shrub stage will be absent because the presence of 

Miscanthus can retard alder growth. On the other hand, if alder invades first and becomes 

dominant, the shrub stage will follow the bare land stage in succession. Sites IG7 and OY2 

were in the grassland stage (II); they were dominated by the grasses Miscanthus condensatus 

and Fallopia japonica. Sites IG8, IG9, and N1 represented the shrubland stage (II); they were 

dominated by N-fixing alder Alnus sieboldiana, with the grass Miscanthus condensatus also 

present. Sites in the next stage (III), IZ2 and N4, were dominated by forests of Machilus 

thunbergii trees. The mature successional stage (IV) sites, T1 and IZ1, were dominated by 

Castanopsis sieboldii trees. 

 

5.2 N dynamics patterns at different ecosystem development stages 

The results showed that N dynamics differed among the four successional stages (Fig. 5-1 

and Fig. 5-2). Based on whether the N-fixing plant (alder) was present during succession, the 

N dynamics followed two distinct patterns. First, when alder was present in the successional 

vegetation, the mean annual N mineralization rate (ANMR) of each successional stage ranged 

from 3.7 in stage I to 47.0 kg N ha–1 yr–1 in stage II (Fig. 5-1). ANMR was significantly higher 

in stage II, whereas the values in the other three stages did not differ significantly. Annual N 

input ranged from 1.8 to 23.3 kg N ha–1 yr–1, and gross N output ranged from 3.3 kg N ha–1 yr–

1 to 69.0 kg N ha–1 yr–1. Vegetation development can increase litter input and the amount of 

organic matter, as litter can create more suitable conditions for soil microorganisms. These 
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factors may be important facilitators of N input to soil and N transformation in soil (Kooijman 

et al., 2009; Mary et al., 1996; Vitousek, 2004). Significantly higher values of N dynamics 

factors including ANMR, N input, and N output were observed in stage II if alder dominated. 

As described in Chapters 3 and 4, alder can provide high-quality organic matter with a low C/N 

ratio to microorganisms, thus promoting high N input and ANMR. As a result, higher N input 

and ANMR values cause higher N output at stage II. On the other hand, high soil N input might 

promote invasion and establishment of subsequent plant communities. Therefore, this study 

suggests that colonization by alder may facilitate succession. Kamijo et al. (2002) reported that 

such N-fixing plants would be replaced by non-fixing species during succession in Miyakejima, 

which may provide an explanation for the relatively small N dynamics values in stage III 

compared with those in stage II. In addition to relatively high C/N ratios in the soil, low N input 

may also partially explain the low N dynamics in stages III and IV. Second, when alder was not 

present in the successional stages, N dynamics on Miyakejima increased slightly during 

succession (Fig. 5-2). This slight increasing trend is consistent with previous studies that 

reported similar N dynamics increases during succession on a successional glacier foreland in 

Alaska (Binkley et al., 1997) and on a volcanic mountain in Hawaii (Riley and Vitousek, 1995), 

despite differences between the two studies in climate and plant composition. Like previous 

studies (Yan et al., 2009; Knops and Tilman, 2000; Merilä et al., 2002; Vitousek, 2004), the 

present study also found that vegetation development through the succession sere plays an 

important role in N dynamics on Miyakejima. 

As showed in Fig. 5-3, two patterns of N dynamics can be expected during succession from 
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bare land to forest after a severe disturbance such as the 2000 eruption on Miyakejima. 

Immediately after the severe disturbance, less vegetation and organic soil is present, and N 

deposition from the atmosphere and precipitation may be the only N inputs. Therefore, I predict 

very small N dynamics values after severe eruptions. Then, if alder is present in the early stage, 

it will dominate in the middle stage and disappear in the mature stage of succession on 

Miyakejima. As a result, N dynamics display an inverted U-shaped temporal trend with maxima 

during the intermediate stages of succession (Fig. 5-3A). On the other hand, if alder does not 

become established, there would be no significant changes in N dynamics (Fig. 5-3B). In the 

mature Castanopsis forest stage, N dynamics begin to stabilize, as both vegetation composition 

and production are stable. These patterns during succession exhibit clear differences due to the 

presence or absence of N-fixing plants such as alder; these two patterns may be characteristic 

of N dynamics during succession on Miyakejima. 

 

5.3 Future perspective for understanding the influence of alder on N dynamics 

(1) This study demonstrated the important role of alder in accelerating N dynamics, which I 

explained based on high N input from alder observed in previous studies. However, on 

Miyakejima, no studies have yet been detailed how alder affects N dynamics. Therefore, 

further investigation is warranted to determine whether accounting for the unique quality 

and quantity of litter and root debris from alder will result in improved estimates of N 

dynamics on Miyakejima. 
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(2) This study calculated gross N output as the sum of N input and net N output, which may 

lead to slight inaccuracy of the results. Using this method, I obtained comparable results 

(except for sites with alder) to those of previous studies; therefore, this inaccuracy is not a 

significant factor influencing my conclusions. However, to obtain highly accurate estimates 

of N output, this measurement technique must be considered. 
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Fig. 5-1 N dynamics in bare land (I), Miscanthus and Alnus shrub (II), Machilus forest (III), 
and Castanopsis forest (IV) successional stages. ANMR, annual net N mineralization rate. 
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Fig. 5-2 N dynamics in bare land (I), Miscanthus grassland (II), Machilus forest (III), and 
Castanopsis forest (IV) successional stages. ANMR, annual net N mineralization rate. 
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