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Abstract: Based on the data of land quality geochemical survey in Northeast China, the paper analyzes the
geochemical index variation in terms of degradation type of black soil, and also the decreased area of black soil
nutrients and degradation intensity compared with that in the 1980s. The results indicate that the decrease of organic
matter and salinization contribute to most of black soil degradation. The soil C/N values are less than 10.0 in both
organic matter-deficient area and alkaline soil area. Besides, the indexes of total nitrogen (TN), total phosphorus
(TP), total sulfur (TS) and soil organic carbon (SOC) show weak correlation; while the aluminum and iron oxides or
indexes representing clay content and trace elements, which are easily adsorbed by these substances above, still keep

the characteristics of “living community”. By comparing the trace element contents in Hailun and Gongzhuling areas in
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different periods, the results show the contents of trace elements such as soil zinc and molybdenum have decreased
significantly over the past 10 years, indicating that the TN, TP, TS and soil nutrients of manganese and zinc are lost
to a certain extent during the process of organic matter loss and soil salinization. Since the 1980s, the reduction area
of SOC in Songliao Plain has reached 54.45% , reduced by 131 Mt, among which 26.2 Mt is released into the
atmosphere. In Heilongjiang Province where the reclamation is relatively late, the SOC decreases the most, while the
SOC decreases relatively less with the reclamation degree increasing from north to south, reflecting the SOC tends to
be stable constantly with the increase of reclamation degree. Through statistics and comparative study, it is concluded
that the study of black soil degradation and development/protection should pay attention to not only the loss of soil

nutrients caused by human activities, but also the trend of black soil becoming strongly acidic or strongly alkaline.
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Fig. 1 Average C/N values of major elements in different soil properties
a— AR AFSE (the present study); b—4 [EI 45 — ¥k 1456327 45 5 (the second national soil survey)
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Table 1 C/N values and average contents of major elements
by soil properties

AR CIN AHLF/10° N/10® P/10°  S/10°
SERBRME (pH>8.5) 8.94 18.1 1.2 047 273
PR (pH<5.5) 10.64 304 1.6 076 244
AHHLE = (SOM<2.0) 8.85 12.9 087 047 190
HILUEES (SOM>3.0) 13.2 45.7 23 088 400
T X 9.49 20.0 1.2 056 235
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Fig. 2 Cluster analysis pedigree diagram of nutrient elements in
strongly acidic soil
C-C,, 0.983; C-N 0.958; C-P 0.862; Fe,0;-MgO 0.816; Fe,O;-Zn
0.753; Cu-Fe,0; 0.711; C-S 0.613; Cu—-Mn 0.563; C-Mo 0.463; C—Cu
0.443; C-Se 0.358; Cu-CaO 0.267; C-Cl 0.174; B-C 0.036; K,0-pH
0.003; B- K,0 -0.510
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Table 2 Content variation of soil trace elements in Hailun
and Gongzhuling areas over the past 20 years

TR HLIX N FIEHLX
Ei 7
2000 4F 2010 4F T FELLfHI/% 2000 4F 2010 4F T [ fil/%
Cu/10® 231 22.33 3.33 18.78 18.32 2.45
Fe/10° 24.99 13.71 45.14 18.59 10.8 41.90
Zn/10° 1115 64.7 41.97 69.38 52.28 24.65
Mn/10° 7285 678.9 6.81 649 581 10.48
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Fig. 3 Cluster analysis pedigree diagram of soil nutrient elements
in area rich in organic matters
MgO -pH 0915; C-C,, 0.907; C-N 0.879; ALO;-Fe,0; 0.686; C-S
0.591; Cu-Zn 0.560; K,0-SiO, 0.474; C-P 0.461; ALO;-Cu 0.400;
ALO;-Mn 0.359; MgO-Mo 0.253; K,0-MgO 0.150; ALO;-B 0.137;
Ca0-Cl 0.131; C-CaO 0.029; AL,Os-K,0 0.025; ALOs-C 0.129
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Fig. 4 Cluster analysis pedigree diagram of soil nutrient elements
in strongly alkaline soils
Cu-Fe;0; 0.919; C,,-N 0.901; C-C,, 0.877; Cu-Zn 0.852; ALO;~Cu
0.825; ALO,-Mn 0.816; ALO;-P 0.721; K,0 -Si0, 0.605; ALO;-C
0.572; ALO:-B 0.423; ALOs-Rb 0.412; Cl-S 0.360; ALO;-Mo 0.334;
ALO;-Ca0 0.217; ALO;-Cl 0.180; K,O-pH 0.069; Al0;-K,0 0.637
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Fig. 5 Cluster analysis pedigree diagram of nutrient elements
in soil with pH value increased by more than 0.45 over
the past 30 years
Cop—N 0.895; MgO-pH 0.882; C-C,, 0.873; ALO;-Fe,0;5 0.797; ALO;—
Cu 0.759; ALOs-P 0.714; K,0-Si0, 0.529; AL,Os-C 0.453; CI-S 0.417;
AL,Os-Cl 0.162; Ca0-MgO 0.119; Al,0;-CaO 0.028; Al,0;-K,0 —0.690
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Fig. 6 Cluster analysis pedigree diagram of nutrient elements
in soil carbon source area over the past 30 years
Cox—N 0.910; Fe;03-Zn 0.897; Cu-Fe,0; 0.840; C-C,, 0.836; Cu—Mn
0.767; Cu-Se 0.735; Cu-P 0.716; CaO—pH 0.633; C-Cu 0.610; C-MgO
0.466; C1-S 0.435; B-C 0.383; CaO-C 0.228, B-CaO 0.044; B-Mo
0.0071; B-K,0 0.637
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Fig. 7 Cluster analysis pedigree diagram of nutrient elements in
area lack of organic matters
Fe,0;-7Zn 0.920; Fe,0;—Mn 0.889; Cu-Fe,0; 0.820; C-CaO 0.796; Cu-—
AlLO; 0.785; Cu-P 0.762; K,0 -SiO, 0.625; Cu-MgO 0.575; pH-C
0.525; S-Cl 0.518; Cu-B 0.454; Cu-N 0.408; Cu-pH 0.207; pH-S
0.173; Cu-Mo 0.030; C,,—Cu 0.022; C,~K,0 -0.072
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Fig. 8 Spatial variation degree of soil organic carbon in the study
area over the past 30 years
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Table 3 Enrichment-deficiency evolution of soil nutrients in
the study area over the past 30 years

FEoTFERE R R A AR VA
Fa 16.76% 7.36%
B 18.44% 19.17%
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