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Study on soil erosion and deposition of black soils on a sloping cultivated land

using "’Cs tracer method
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Abstract : Measuring the '’Cs reference inventory in study area accurately and establishing quantitative models for converting
¥ICs measurements to estimates of soil redistribution rates are two key questions. The spatial variation of erosion and
deposition of Black Soils on a sloping cropland in Northeast China was studied using '*"Cs tracer technique. In filed. three
transects perpendicular to the contour were set and five slope units for each transect were located, including a summit,
shoulder-slope, back-slope, foot-slope and toe-slope. respectively. Field measurements and model simulating were used to
estimate Bomb-derived '’Cs reference inventory in study area. The rates of soil erosion and deposition were estimated using the
mass balance model incorporating soil movement by tillage. In order to compare the sensitive of parameters, we discussed the
relationships between percentage loss in ' Cs inventory and erosion rate by the mass balance model for different values of
various parameters. The results showed that: (1) the surveying value (2376.81 &+ 108. 46Bq/m*) was very close to the
predicted one(2318. 4 Bq/m?*) by the model for estimating bomb-derived '“’cs reference inventories; For the areas far away from
nuclear proving ground of the Northwest China, the predicted conclusions were more reasonable. (2) The '/Cs inventories in
shoulder-slope and back-slope were the lowest among five geomorphic positions and soil suffer erosion seriously with the rate of
erosion of 33.56t/(hm? « a) and 21. 67t/(hm® » a); Foot-slope and toe-slope behaved soil deposition obviously and the rate of

deposition were — 4.93t/(hm? * a) and — 24.61t/(hm® « a), respectively. (3) The model predicted erosion rates were
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positively related to both the plow depth d and relaxation depth H, but inversely related to both 7 and the particle size

correction factor P. moreover, the model w

as more sensitive to d and p than to H and 7.

Key words :soil redistribution; model for estimating bomb-derived *"cs reference inventories ,mass balance model; parameters

of model; black soils
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Table 1 The '¥’Cs reference inventory of our study area
(cm) 137Cs 137Cs area activities (Bq/m?)
Soil depth B1 B2 B3 B4 B5 B6 B7 B8
0~5 532.28 424.°8 396 442. 08 478.92 381.42 545.03 380. 25
5~10 499. 35 501.12 433. 44 507.68 459. 81 430. 56 615.23 422.18
10~15 456. 8 473.76 433. 44 496. 8 460. 98 378.3 519. 68 391. 95
15~20 407. 55 501.12 393.92 430. 56 423.43 377.92 179.93 440.7
20~25 399.75 400. 32 231. 84 311. 04 393.9 417.7 0 327.6
25~30 97.5 109. 44 0 216 162. 31 215.8 0 0
30~35 0 0 0 95. 04 0 0 0 0
2 137Cg [12~18]
Table 2 Comparison between surveying value and predicted one of '3’Cs reference inventory in some areas! 218/
(mm) (Bq/m?) (Bq/m?)
Study area Geographical position Annual precipitation Year Surveying value Predicted value
( N  30°23'~30°52'
o i 1200 2002 21484120.7 2006. 53
) E 119°14'~119°53
( N 31°07'~31°37
J o 1385. 8 2001 2200 1953. 33
) E 119°31'~120°03
N 28°20'~31°20' -
oy ooy 300~600 1999 830.6~1114.0 566.57~1650. 72
E 87°00"~92°35
N 35°44'~35°45'
o . 370 2000 2319 1194. 41
E 100°58" ~101
Ns6nl 541.2 1998 2266 1473. 89
E 109°19 o ‘ '
N  36°20' ~36°32'
. oo e 536.9 2001 2250 1394. 36
E 109°20"~109°35
N 2838 20Ty 319~422.3 1998 982. 11 922.75
E 87°31' ~89°17 o ‘ : nee
N 34°54' ~36°25
. o o, 38.8~264.8 1998 2376. 04 871. 66
E  92°47"~94°55
2.2 YCs
2 ,Cs s s (
) s 1052. 7+ 381. 67Bq/m”* 1347.16+299. 56Bq/m?; s 1772. 24 374. 1Bq/m?*;
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Fig. 2 The distribution of '¥’Cs inventory in the study area
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Fig. 3 Classification of soil redistribution rate in the study area

Table 3 Input of data and calculation of soil redistribution rate by the model

(t/(hm? « a))~

11Cs (Bq/m?) * ® (m) Soil redistribution rate
Slope positions 157Cs inventory Input slope angle Output slope angle Length
Rt Rw Net rate
T3-4 2147.1 —0.09 3. 69 31.6 1.48 0. 00 6. 24
T3-3 646. 2 3. 69 3.07 47.5 —0.03 52.59 52.56
T3-2 1110. 3 3.07 1.83 104.5 —0.02 28.68 28. 66
T3-1 2361 1.83 2.35 65.9 0.02 0.22 0. 24
T3-0 1936. 2 2.35 0. 84 29.1 —0.11 7.35 7.25
T2-4 1770. 6 2.52 3.53 32.3 0. 06 10. 51 10. 57
T2-3 1403. 4 3.53 3.65 47. 4 0. 00 19. 34 19. 35
T2-2 1247. 28 3. 65 1.59 104.9 —0. 04 24.00 23.96
T2-1 2116. 2 1.59 1. 87 64. 1 0.01 4. 07 4. 08
T2-0 2410. 2 1. 87 2.13 27.5 0.02 —1.33 —1.31
T1-4 1398.9 2.28 3.42 33.4 0.07 19. 45 19.52
T1-3 1108. 5 3.42 3.23 47.9 —0.01 28.77 28.76
T1-2 1683. 9 3.23 2.08 105. 4 —0.02 12. 40 12.38
T1-1 3226.8 2.08 0.99 62.8 —0.04 —19.08 —19.12
T1-0 6007. 2 0.99 0.10 27.6 0. 00 —79.78 —79.78
* Rt Rt is tillage erosion rate ; Rw Rw is water erosion rate; Net rate Net rate is net erosion rate;
s positive means erosion and negative means deposition
2.3
BICs 1) ,HCs Y.H.d
p . Y BCs Y .
. YCs, W7 1.0
Tax) o YICs s YICs s
Cs , v 14 Yoin 1.0 ;
Y H BCs (kg/m?),
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