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Fig. 1 Location of sampling points in the study area (The base map is distribution map of permafrost in China

taken from Circum-Arctic map of permafrost and ground-ice conditions, Version 2)
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their corresponding numerical codes
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Table 2  Statistical characteristics of soil organic carbon and available nitrogen in different
permafrost zone types (average + standard deviation)
- o + 2R E fem
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Fig. 2 Person correlation analysis between soil organic carbon,

available nitrogen and environmental factors [ Red represents

a positive correlation, and blue represents a negative correla-

tion; * represents passing the significance test (P<0.05);

color depth and circle size reflect the correlation coefficient;

abbreviations include soil depth (SD), elevation (EL),

mean annual temperature (MAT ), mean annual precipitation
(MAP), permafrost zone type (PT), vegetation type (VT),

soil organic carbon (SOC ), ammonium nitrogen (NH,-N),

nitrate nitrogen (NO,™-N), soil acidity or alkalinity (pH) ]
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Fig. 3 Analysis of influencing factors of soil organic carbon
and available nitrogen based on structural equation model (SEM )
[A single arrow indicates the direct effect of a variable assumed
to be a cause on another variable assumed to be an effect; num-
bers on arrows are standardized path coefficients, red arrows are
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Table 3  Analysis results of environmental factors’ effect
on soil organic carbon and available nitrogen based on

structural equation model
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Abstract: As the main body of the terrestrial ecosystem, forest soil plays an irreplaceable role in the global car-

bon and nitrogen cycles. Under natural conditions, the distribution of forest soil organic carbon and available ni-
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trogen is controlled by factors such as climate and vegetation. Climate usually affects soil water and heat condi-
tions and the distribution patterns of vegetation. Vegetation affects soil carbon and nitrogen content through its
own growth and litter decomposition. However, due to the significant regional variation in response to climate
warming, limited field observations and large spatial heterogeneity, the understanding of soil organic carbon and
available nitrogen content and spatial distribution patterns in the deep soil of different types of permafrost zones
remains largely uncertain. At the same time, in the past century, the temperature in the Greater Hinggan Moun-
tains has experienced a warming of more than 1 C, and the frozen soil has degraded from continuous permafrost
zone to discontinuous permafrost zone, sporadic permafrost zone or island permafrost zone. At present, there is
still a lack of research on the spatial distribution characteristics and influencing factors of soil organic carbon and
available nitrogen in different types of permafrost zones in the Huma River basin. Therefore, this paper selects
three types of permafrost zones in the Huma River basin (discontinuous permafrost zones, sporadic permafrost
zones and island permafrost zones). Based on the spatio-temporal transformation method, we explored the spa-
tial variation characteristics of forest soil organic carbon and available nitrogen in the process of permafrost deg-
radation and revealed the main controlling factors and relative contributions of forest soil organic carbon and
available nitrogen in the watershed. In this study, forest soil was selected as the research object. In September
2020, 16 soil profiles with a depth of 0~100 cm were selected for sample collection in discontinuous permafrost
zones, sporadic permafrost zones and island permafrost zones in the Huma River basin. The soil samples were
collected vertically downward from the surface into 5 layers, 0~20 cm, 20~40 cm, 40~60 cm, 60~80 cm and
80~100 cm in sequence. Three replicates of soil samples were collected at different sides of the same depth of
the profile, and a total of 240 soil samples were collected. Each sampling point records basic information such
as elevation, longitude, latitude, and dominant species of above-ground and surface vegetation. The effects of
environmental variables such as elevation, climate, permafrost zone type and vegetation type on forest soil or-
ganic carbon and available nitrogen content were discussed based on the structural equation model (SEM). The
results showed that the contents of soil organic carbon and nitrate nitrogen in the discontinuous permafrost zone
were higher than those in sporadic permafrost zone and island permafrost zone, while soil ammonium nitrogen
content in the sporadic permafrost zone was higher than that in island permafrost zone and discontinuous perma-
frost zone. In the vertical profile, the contents of soil organic carbon and available nitrogen contents tended to
decrease with increasing soil depth, and there was a significant negative correlation between soil organic carbon
and available nitrogen (P<0.05). The structural equation model clarified that vegetation type and mean annual
temperature were the main controlling factor for soil nitrate nitrogen content, and mean annual precipitation had
the weakest effect on soil organic carbon content; permafrost zone type and vegetation type were the main con-
trolling factors for soil ammonium nitrogen and nitrate nitrogen content. This study is helpful to understand the
distribution patterns and main controlling factors of forest soil organic carbon and available nitrogen in different
types of permafrost zones in the Huma River basin, and can provide certain data support for the accurate simula-
tion and estimation of forest soil carbon and nitrogen storage in the watershed in the future.

Key words: forest soil; permafrost; organic carbon; available nitrogen; structural equation model (SEM) ;

Huma River basin
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