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Effects of Climate Warming on the Key Process and Index of Black Sml Carb(m

and Nltrogen Cycle Durlng Freezmg Period g e

WANG Zi- long o/ LIU Chuan- ~xing' , JIANG (;p:l-)g.ang LI Shi-qiang® of CHAI Xu'p -
(1.€College of Wafer ConserVdnLy and Givil EHgmeenng,_Northedst Agricultural Unlverslty, Hdrbll’l 150030, China; 2 Hellong]lang
Hydrology and/Water| Resources Center, Harfbln‘ 150001;" China; 3. State Grid . ~Heilongjiang ° "Eleétric Power Company L_lr_‘rpted
Mandgement Training Center, Harbin 150030, ‘Chind) . J

Abstn"act ‘As an critical pastiof the global blogeochemlcal cycley, td}yle winter soil carbon and nitrogen ¢ycles are extremely sensitive to
chmate warmlng #Furthermore, the black soilsin northeast 'Chlna-‘ls fertile and rich in organic matter and is a vital production base of
commodlty grains in Ghina. For as long as half a year, the black soil is in a freezing-thawing state. Climate warming will change the
snow cm{"e; thickness and soil freezing degree on the surface of the black soil in the winter and affect the freezing-thawing cycle
frequency and timing of the soil, thus exerting a profound influence on the fixation, transformation, and release of soil carbon and
nitrogen during the freezing period and throughout the year. To better understand the effects of climate warming on the black soil carbon
and nitrogen dynamics during the freezing period, an experiment was conducted with two warming levels ( W1 and W2) using an
infrared radiometer to simulate soil warming. The warming increased the surface soil temperature (O cm soil temperature) by 1. 54°C
(W1) and 4. 10°C (W2), respectively, and significantly increased the soil moisture content compared with the control (C) during the
freezing period, most likely because of the melting snow. The snow cover thickness, soil freezing depth, soil organic carbon (SOC) ,
and labile organic carbon (LC) content were reduced by both warming treatments. However, the effect of the temperature increase
during the freezing period on the key processes and indicators of the nitrogen cycle in black soil was relatively more complicated. With
the increase in temperature, the content of nitrate nitrogen (NO; -N) decreased significantly, and the content of total nitrogen (TN)
and net nitrogen nitrification rate increased significantly, while the ammonium nitrogen ( NH," -N), total inorganic nitrogen ( TIN)
content, and the net nitrogen mineralization rate exhibited a significant increase first and then decreased. In summary, climate warming
will bring a warmer and more humid environment to the black soil during the freezing period, and the resulting changes in the soil
carbon and nitrogen content and transformation processes will have a profound impact on the structure, productivity of the plants and
microbial communities, and carbon and nitrogen cycles in the subsequent growing season. The results provide a scientific basis for
studying the carbon and nitrogen cycle mechanisms of the northeast black soil during the freezing period.

Key words : climate change; freezing period; black soil; carbon cycle; nitrogen cycle
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60 ~ 100 1.57 27.47 45.34 27.19 40. 85 0.79
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under different treatments
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Fig. 5 Contents of soil organic carbon and labile organic carbon at the end of the warming experiment
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