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Effects of Smow Cover Change on the Content of Base Ions and Available
Silicon and Aluminum of Black Soil in Northeast China
WANG Zilong, TENG Huaihao, JIANG Qiuxiang, LIU Chuanxing, SHAN Jiaxun, WANG Kai

(College of Water Conservancy and Civil Engineering , Northeast Agricultural University , Harbin 150030, China)
Abstract; [ Objective | In order to investigate the seasonal changes of base ions and available silicon and
aluminum contents of black soil in northeast China under the change of snow depth in winter. [ Methods] The
environmental factors (temperature and humidity, moisture content, pH, total organic carbon), base ions,
available silicon and activated aluminum of black soil in northeast China farmland were measured in snow
removal group (SR), snow reduction group (SL), natural snow control group (C) and snow enhancement
group (SA) were determined by artificial control of snow depth. The change process of the content of base
ions and available silicon and aluminum in soil and their response to soil environmental factors were analyzed.
[ Results] The decrease of snow depth weakened the heat preservation effect of snow on black soil under
seasonal snow cover, and the temperature and humidity (unfrozen water content) of 0—30 c¢m soil decreased

significantly, which reduced the HCO;  content carried by unfrozen water during water and salt migration.
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The average pH of the soil was affected by the HCO; ™ content by the changes of —0.06, —0.04, — 0.02,
and 0.01, respectively. With the decrease of soil alkalinity, the substitution ability of low— priced cations to
high— priced cations in soil colloidal adsorption potential was enhanced, which increased the contents of
exchange monvalent cations (Na®, K" ), and decreased the contents of exchange and carbonate bivalent
cations (Ca**, Mg”" ). Carbonate bivalent cation and exchange Na™ had positive and negative effects on TOC
content, respectively, and the mean total organic carbon (TOC) content increased by 0.87, 1.09, 1.32 and
1.48 g/kg with the decrease of snow depth, respectively. The interaction between base ions and soil pH and
TOC resulted in the decrease of soil pH and TOC content under the condition of reduced snow depth, which
had an indirect effect on soil available silicon and aluminum content. The decrease of TOC content weakened
the soil retention of low — active aluminum humate (Al — HA), and the decrease of pH promoted the
conversion of low—active aluminum to high— active exchange aluminum (Ex— Al) and monomer hydroxyl
aluminum (Hy—AlD), which increased the soil aluminum toxicity, and promoted the dissolution of available
silicon, resulting in the loss of soil silicon. [ Conclusion ] The reduction of seasonal snow cover in the middle
and high latitudes caused by climate warming will affect the material and energy distribution of the black soil
in Northeast China in winter, and thus change the growth and development environment of crops in the

growing season. This study provided a certain scientific basis to reveal the seasonal variation process of soil

mineral elements in the black soil region in Northeast China in winter.

Keywords: snow cover change; farmland black soil; base cations; activated silicon; active aluminum
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Table 1 Variation of soil environmental factors
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Fig. 4  The fitting results of soil moisture and heat with base ions and available silicon
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Fig. 5  The fitting results of soil pH with base ions and available silicon and aluminum
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Fig. 6  The fitting results of soil total organic carbon with base ions and available silicon and aluminum
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Table 2 Model factor load

Fl F2 F3 F4 F5 F6
"R REE CRUE BREE G RREA M KWhNoZRE NG KREK XREK KA CeKWE Mg KRE (¢ TRE Mg
SR 0.967 0.863 0.988 0.984 0.879 0.959 0.803 0.983 0.992 0.937 0.998 0.956
SL 0.930 0.897 0.728 0.976 0.738 0.992 0.622 0.981 0.986 0.928 0.991 0.569
C 0.926 0.751 0.916 0.781 0.919 0.985 0.628 0.850 0.776 0.895 0.536 0.886
SA 0.738 0.691 0.925 0.984 0.771 0.962 0.761 0.868 0.673 0.911 0.841 0.970
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Table 3 Standardized path weights of environmental factor

i Fl B KR +4 pH TOC

TOC F2 F3 A ARk F1 TOC HCO, F5 F6  Col—Al Hxikk F2 F3  Al—HA

SR —0.781 —0.684 —0.301 —0.818 —0.324 0.253 —0.532  0.448  0.828  0.945  0.864 0.402  —0.574  0.945

SL —0.694 —0.738 —0.384 —0.823 —0.348 0.263 —0.489 0.331  0.865 0.921  0.874 0.385  —0.492 0.921

C —0.617 —0.658 —0.321 —0.848 —0.368 0.144 —0.669  0.365  0.857  0.876  0.805 0.551  —0.553 0.876

SA —0.487 —0.702 —0.381 —0.815 —0.371 0.239 —0.688 0.411  0.821  0.908  0.879 0.379  —0.494 0.908

x4 HEBETRAVNEARELEENE
Table 4 Standardized path weights of base ions and available silicon and aluminum

fha F3 F5 HCO; ~ Ex—Al Hy—Al Col—Al Al—HA ARk

F4 F6 Cl™ SO, *~ F2 + 4 pH F6 Ex—Al Hy—Al Col—Al Hy—Al

SR 0.712 —0.396 0.276 0.177 0.284 0.894 —0.291 0.964 —0.530 —0.354 —0.425

SL 0.824 —0.427 0.245 —0.112 0.278 0.907 —0.323 0.948 —0.537 —0.327 —0.408

C 0.914 —0.487 0.034 —0.283 0.258 0.873 —0.383 0.944 —0.577 —0.237 —0.370

SA 0.882 —0.402 —0.140 —0.212 0.262 0.914 —0.268 0.923 —0.595 —0.246 —0.396
3 i1 g B B A AR T8 90 [ I A 2 0 RO, R g
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