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Desiccation of deep soil layer and soil water cycle characteristics on the Loess
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Abstract: As the result of the excessive depletion of deep soil water by plants, the desiccation of the soil layer below the depth
of rainfall infiltration (about 2 m) occurs widely in the Loess Plateau, particularly under artificial grassland and forestland, and
thus influences the survival of the plants. However, the interactions between the development of the desiccation and water
cycle in the soil layer have little understood. In the region. field investigations were carried out under grassland at a selected
watershed in a gully region between June and November in 2002. The field site was divided into two areas, which received
either natural rainfall or artificial rainfall. Each of them was subdivided into 2 plots (3 m X 20 m), one remained under native

grass, and in the other grass was cleaned up. The slope gradient was about 70% for the plots receiving natural rainfall and
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57.7% for those receiving artificial rainfall. The total amount of natural rainfall in 2002 was 460 mm, less than the annual
average rainfall of 584 mm by 21%. During the investigation period (June 13 to November 24 in 2002), natural rainfall was
281 mm (equivalent to 230 mm as slope surface) in the former plots and 237 mm (equivalent to 205 mm as slope surface) in the
latter. The areas received extra 419 mm (equivalent to 363 mm as slope surface) water for plot where grass was cleaned out
and extra 361 mm water (equivalent to 313 mm as slope surface) for the plot with grass. as artificially simulated rainfall.
Water content in soil layer of 0~ 3m or 0~ 4m was determined using a neutron probe every 1 or 2 weeks during the
investigation period.

Results obtained demonstrated that the total amount of water in the soil profile of 0~3 m in the plot under native grass
and natural rainfall decreased from 460 mm at the beginning to 411 mm by the end of the investigation period (June 14 to
November 24 in 2002). The corresponding decrease in soil water in the plot under natural rainfall but without grass coverage
was measured as from 480 mm to 435 mm. During the same period. the evapotranspiration calculated from water balance both
accounted for about 120% of the amount of rainwater from natural rainfall. This indicated that infiltrated rainwater into soil
profiles could be completely consumed by evapotranspiration in drought year. During the process of water consumption, soil
water decreased from the whole soil profile influenced by evapotranspiration, and the greatest depth that resulted from
evapotranspiration formed rapidly from June 14 to July 22 in 2002, and it was 180 cm in the plot without grass coverage and
200 cm in the plot with native grass, which suggested that vegetation would increase the intensity of water cycle. Moreover,
Small intensity and amount of rainfall would be consumed easily by intensive evapotranspiration during rainy season, and thus
the deep soil layer would be dry gradually without the supply of infiltrated rainwater.

The total amount of water in the soil profile of 0~4 m in the plot under native grass and artificial rainfall increased from
737 mm at the beginning to 808 mm by the end of the investigation period (June 13 to November 24 in 2002). The
corresponding increase in soil water in the plot under artificial rainfall but without grass coverage was measured as from 714
mm to 804 mm. During the same period, the evapotranspiration calculated from water balance both accounted for about 80% of
the amount of rainwater from natural rainfall. This indicated that most infiltrated rainwater into soil profiles would be
consumed by evapotranspiration in rainy year. The depth of rainfall infiltration increased with the increase of rainfall from 110
cm at the beginning to 380 cm by the end of the investigation period (June 13 to November 24 in 2002) in the plot without grass
coverage. The corresponding increase in the depth of rainfall infiltration in the plot with grass was measured as {rom 120 cm to
300 cm. Therefore, continual rainfall could help soil water move to the deeper soil layer, which partly slowed down the
development of the desiccation at deep soil layer. This suggested that the desiccation of the deep soil layer would be formed
more easily in drought and average years than in rainy year.

The above results combined with the meteorologic data during the last 50 years support the assumption that the decrease in
rainfall and the increase in temperature would be the direct reason for the desiccation of the deep soil layer, and improper
vegetation type and exorbitant productivity and density would accelerate its development.

Key words :the Loess Plateau; sloping land; desiccation of the deep soil layer; soil water; cycle
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Table 1 Some physical and chemical properties of the soil
%)
Soil depth densily(];)l/l(lj1:n3) Soil particle composition Organic matter Saturated water
(em) >0.02mm  0.02~0.002mm  <C0.002mm content (%) content (cm?*/cm?)
0~20 1.12 27.94 37.32 34.75 1. 05 0.517
20~40 1. 06 25. 66 39.58 34.76 0. 66 0. 549
40~60 1.15 26.52 38. 74 34.74 0.52 0.502
60~80 1. 29 29.42 37.69 32. 89 0.50 0.472
80~100 1. 26 30.03 36. 72 33. 25 0. 33 0.494
100~200 1.40 23.03 40.18 36.79 0. 35 0.476
® s s (
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Table 2 Rainfall and water surface evaporation month by month in 2002
Month 2 3 5 6 7 8 9 10 11 12 Total
Rainfall (mm) 6.6 7.7 16.8 39. 72.7 91.4 50.5 40.8 84.5 34.4 3.6 11.2  459.9
Water surface evaporation (mm)  48.9 64.1 147.9 159.8 121.6 210.4 220.4 190.3 142.8 109.8 81.3 27.5 1524.8
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Fig. 2 Dynamic change of soil water in bare land and grassland under long-term drought and sporadic rainfall conditions during various

periods in 2002
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Fig. 3 Dynamic change of soil water in bare land and grassland under continuous artificial rainfall conditions during various periods in 2002
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Table 3 Soil water balance of grassland and bare land under natural rainfall condition from Jun 14 to Nov 24 in 2002
Initial Final AW P, Rs E E
Vegetation type water storage (mm) water storage (mm) (mm) (mm) (mm) (mm) P,
Bare land 480. 32 435.22 —45.10 230.5 25.67 249. 93 1.08
Grassland 459. 46 411. 30 —48.16 230.5 5.53 273.13 1.18
2.3.1 s ( ) °
s (0~400cm) s C 4, ,
4 (2002-06-13~11-24)
Table 4 Soil water balance of grassland and bare land under artificial rainfall condition from Jun 13 to Nov 24 in 2002
Initial Final AW P, Rs E E
Vegetation type water storage (mm) water storage (mm) (mm) (mm) (mm) (mm) P
Bare land 713.59 803.7 90. 11 567.5 112.71 364. 68 0. 64
Grassland 736. 45 807. 7 71.25 517.5 8. 89 437. 36 0. 85
s 1C 4, )
o 9 b ( 3\/1)7
¢ 3.4, 4 ,2002 6 13 11 24 N
. 1.7%.13.8%  84.5%., . 19.9%.
15.9%  64.2%. , 6~38 , ;
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