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Abstract. Soil ecology processes play an important role in mineral element
transformation and plant distribution in winter. To further understand the ecological
processes in alpine soil in winter, soil samples were collected at four altitudes (890 m,
1,800 m, 2,400 m, and 3,020 m) at the Mount Emei, Sichuan Province, China.
Additionally, the soil temperature, water content, microbial biomass, and soil nutrients
contents were determined at these altitudes. A regular trend of changes in the soil
temperature with the increase in the altitudinal gradient was established. Except for TP
and TK, the contents of soil OM, TN, NHs"-N, NO;—N, MBC, and MBN were the
highest at the altitude of 2,400 m, characterized by unfrozen soil, a lower temperature,
and a higher humidity. Our findings indicate that the organic matter content and
mineral nutrition level of the high-altitude soils at Mount Emei are high and provide a
pool of nutrients in amounts that are sufficient for the growth of plants in the non-
growing season and the spring of the next year. The research results obtained not only
fill in the knowledge gap of the soil ecological processes in winter in Mount Emei, but
also provide a theoretical basis for research on soil nutrient cycling and vegetation
distribution patterns in the Mount Emei area.

1. Introduction

The study of soil ecology for the growing season is a "traditional project" of forest ecology, while soil
ecological process is relatively inadequate in the long cold season. An increasing number of studies
have shown that vigorous vitality exists in soils in winter and even under ice and snow [1-3]. For
example, Sommerfeld et al. (1993) found that the soil under snow in winter continued to discharge
CO; and N,O from respiration. Moreover, they found that the release flux of N,O in winter was even
greater than that in the growth season [4]. In addition, Taylor & Jones (1990) reported that litter
decomposition in winter usually accounted for more than 40%—60% of the yearly rate [5].

Research over the recent 20 years has shown that in the cold season, soil microbes are neither
frozen nor dormant but maintain considerable microbial activity. Even when the soil is frozen,
microbial activity continues [6-8]. The activity of microbes inevitably affects the decomposition
process of litter in winter, which has a substantial effect on the dynamic changes of the available
carbon sources in the soil and ultimately influences the processes of soil nutrition and material
circulation [9-10].

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOIL.
Published under licence by IOP Publishing Ltd 1



ACMME 2018 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 394 (2018) 022008 doi:10.1088/1757-899X/394/2/022008

Soil ecology issues have become a topic of intensive research interest. However, most studies are
focused on investigations on the growing season and farmland ecosystems. Few examinations have
been performed on soil ecology in the mountains in winter, mainly in countries in North America and
Northern Europe (i.e., the United States, Canada, Sweden, Finland, and Norway), and to a lesser
degree in New Zealand, Australia, and Japan. On the other hand, work in this field has begun in the
world’s "third pole" area of the Qinghai Tibet Plateau and Himalaya [2—3, 11-20].

However, investigations in these domains have not been conducted in the region of Mount Emei,
which is a typical alpine landform. Mount Emei (elevation of 3,099 m) is a complex terrain containing
a wide variety of plant species (more than 3,000). The vertical band spectrum of Mount Emei has
formed a range of complex plant microenvironments, which has led to the availability of considerable
differences in their soil properties. In this study, the soil nutrient characteristics and microbial biomass
content of the soil at different altitudes in the Mount Emei area were investigated. The aim was to
provide a theoretical basis for research on soil nutrient cycling and vegetation distribution pattern in
the global alpine ecosystem, and to enrich the knowledge of the ecological processes in the mountains
to fill in the existing scientific gap in this aspect, especially for the region of Mount Emei.

2. Study area and study method

2.1. Study area
Mount Emei is located on the southwest edge of the Sichuan Province in China. The average annual
rainfall in Mount Emei is approximately 1,480.5 mm and the annual relative humidity about 80%.

Four plots (20 m x 20 m) were selected in the four different vegetation belts (890 m; 1,800 m;
2,400 m; and 3,020 m) of Mount Emei in December 2017. Then, three sampling points were randomly
set at more than 5 m apart in each of the soil plots. Next, soil samples were collected by a soil sampler,
and their contents of soil organic matter (OM), ammonium nitrogen (NH4*-N), nitrate nitrogen (NOs-
N), total nitrogen (TN), total phosphorus (TP), total potassium (TK), microbial biomass carbon (MBC),
and microbial biomass nitrogen (MBN) were determined.

2.2. Determination method

Soil temperature and soil water content at a soil depth of 5 cm were measured by a portable soil
temperature and humidity detector. NH4"-N and NOs-N contents were analyzed by indophenol blue
colorimetry and ultraviolet spectrophotometry, respectively. In addition, MBC and MBN contents
were determined by the chloroform-fumigation direct-extraction (CFE) technique. The OM, TN, TP,
and TK contents were analyzed by the acid-dichromate oxidation method, the semi-micro Kjeldahl
method, ammonium molybdate spectrophotometry and flame photometry, respectively [21-22].

2.3. Data processing and analysis
Microsoft Excel 2010 was used for data processing, and one-way ANOVA was conducted by SPSS
13.0. Values of P < 0.05 were considered statistically significant.

3. Results And Analysis

3.1. Soil temperature and soil water content

In general, soil temperature decreased gradually with elevation. The soil temperature of the lowest
elevation (890 m) was the highest, reaching 6.83 °C (at a depth of 5 cm below the ground level),
whereas the soil temperature at the highest elevation (3,020 m) was the lowest (-1 °C). Except at the
highest altitude, soil freezing was not observed at any other elevation. The soil water content showed
an irregular trend with elevation increase. The soil water content at an intermediate altitude (2,400 m
and 1,800 m) was high, reaching 29.35% and 20.3%, respectively. The lowest water content of the soil
was 11.5%, which was detected in the highest altitude (Figure 1).
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Fig. 1 Soil temperature and soil water content at different elevation levels.

3.2. Soil nutrient pools and microbial biomass contents

As can be seen from Fig. 2, soil OM, TN, NH4"-N, NOs-N, MBC, and MBN contents have the same
change trend;, their highest values were measured at the altitude of 2,400 m. However, except for the
NH,"-N content, the differences in soil OM, TN, NOs-N, MBC, and MBN contents did not reach
statistically significant levels at the various altitudes studied (Table 2). The results of the ANOVA
analysis revealed that the impact of elevation on soil NH4"-N content had reached highly significant
levels (P < 0.01) (Table 2). The amount of soil NH4*-N was the highest (10.87 g/kg) at the altitude of
2,400 m but the lowest (5.38 g/kg) at the altitude of 3,020 m.

Soil TP content increased slowly with the elevation and reached a maximum value of 2.10 g/kg at
the altitude of 3,020 m. No significant difference in TP content at the different altitudes was found by
the statistical analysis. Soil TK exhibited a trend of irregular change and was the highest in the plot at
the elevation of 1,800 m, reaching 37.42 g/kg, which was significantly higher than those of the other
elevations (Table 1).
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Fig. 2 Soil nutrient and microbial biomass contents at different elevation levels.

Table 1. Summary of statistically significant effects of different elevation on soil nutrient and
microbial biomass.

category variable P Response
) ) MBC 0.189 ns
Microbial pools MBN 0319 ns
OM 0.265 ns
. ) TN 0.330 ns
Soil nutrient pools TP 0.323 ns
TK 0.000 1800 m > 890 m > 2400 m, 3020 m
NO;-N 0.052 ns
NH,"-N 0.004 2400 m >1800 m, 890 m > 3020 m

Note: “ns” is not significant.

3.3. Correlation analysis of the differences in soil microbial biomass, inorganic nitrogen, and soil

basal values

As can be seen from Table 2, soil water content was positively highly correlated with MBN and
NO;-N content, and correlated with NHs"-N content. A significant positive correlation was also
observed between TN and NH4'-N contents. No significant correlation was observed between the

other soil parameters.

Table 2. Correlation analysis of the differences in the values of the contents of soil microbial biomass
and inorganic nitrogen, and the soil basal properties at different elevation levels.

MBC MBN NO;-N NH;-N
Soil water 0.7719 0.9632%* 0.9296%* 0.8146*
content

Soil temperature 0.0736 -0.0136 0.0001 -0.0243
OM content 0.785 0.2997 0.473 0.3666
TN content 0.4439 0.395 0.5646 0.844*
TP content -0.0257 -0.354 -0.2237 0.3141
TK content 0.2314 -0.0004 -0.0604 -0.1069

Note: ™ extremely significant level (p<0.01), " significant level (p<0.05).
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4. Discussion

The elevation gradient and its closely related soil water temperature condition significantly affect the
transformation of soil mineral elements and soil microbial dynamics, influencing the distribution and
growth of plants [23].

We found that the soil temperature in winter in Mount Emei decreased with altitude, which is
consistent with the results of previous studies. Nevertheless, the soil moisture content showed an
inconsistent trend. In this study, the soil water content increased with elevation at 2,400 m below sea
level, and suddenly decreased at the altitude of 3,020 m. Our results are not consistent with those
obtained in this area in the summer. For example, in a previous examination, the soil water content
was found to rise with the elevation of altitude in summer [24]. Because the soil was frozen and
covered by 2-20-cm layers of ice at the altitude of 3,020 m in winter, the amount of the available soil
water could not be detected by the detector.

In this study, except for TP and TK, the soil nutrients and microbial biomass contents were the
highest at the altitude of 2,400 m, characterized by unfrozen soil, lower temperature, and higher
humidity. The contents of soil TN, NH4"-N, and NOs-N, were the highest at the at 2,400-m altitude in
winter. Perhaps because the amount and variety of litter are more in the mixed forest of deciduous
broad-leaved conifers, which makes the highest content of the organic matter and the highest water
content. In addition, the soil is not frozen at the altitude, which is the most beneficial to the growth and
reproduction of microorganisms, and can contribute to rapid soil mineralization, thus becoming one of
the main sources of soil nitrogen. On the other hand, it may be that the consumption of organic matter
and nitrogen source is less because of the lower temperature (close to 0 °C) at 2,400 m altitude, which
is also the main cause of the highest soil nitrogen contents in winter.

Zhang et al. discovered differences in the amounts and activities of soil microbes at various
elevations in Mount Gongga, which increased with the decrease of altitude in the upper half of the
mountain. On the contrary, in the lower half of the mountain, the high altitude and low temperature
were not conducive to the growth and reproduction of soil microbes. In Mount Emei, we established
the highest MBC and MBN contents at the altitude of 2,400 m in winter. This might have been caused
by the abundant water content, high soil fertility, plentiful organic matter, and the sufficient amounts
of nutrients at the 2,400-m altitude, which is conducive to the multiplication of microorganisms.
Previous studies support our conclusion that soil organic matter content is significantly correlated with
soil microbial biomass [25-27].

5. Conclusion

The soil at Mount Emei has a high level of OM and mineral nutrition pools in winter, especially at the
elevation of 2,400 m. Our findings indicate that high-altitude soils provide a larger potential nutrient
pool that is sufficient to maintain plant growth in the non-growing season and the coming spring
season.
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