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Effects of soil crust onslope runoff and sediment yield under soybean cover

Ma Bo' > You Zheng® Wu Faqi® Li Zhanbin'
( 1. State Key Laboratory of Soil Erosion and Dryland Farming on Loess Plateau Institute of Soil and Water Conservation Northwest A&F University
712100 Yangling Shaanxi China; 2. College of Resources and Environment Northwest A&F University 712100 Yangling Shaanxi China)

Abstract: The soil crust on slope farmland is a sort of compact slab structure formed by rainfall on the
soil surface and it has the characteristics of being smooth compact and easy to become ramous.
Previous researchers have done a multitude of experiments regarding development mechanism process of
formation and factors affecting them and their findings indicated that the soil crust has effects in
decreasing infiltration improving soil surface runoff amount influencing the process of sediment yield

and reducing the biomass and yield of crop and so forth. Protecting slope farmland against soil and water
loss has become an important issue of constructing bio-environment and realizing sustainable development
in China. It is evident that the soil crust is a special underlying surface and it has significant effect on
runoff amount and sediment yield on the slope. Planting is the main activity on slope farmland and it has
certain influence on the soil crust. The objectives of this study were to investigate the effects of soil crust
on runoff and sediment yield under soybean cover and to provide theoretical basis for soil and water
conservation and rational utilization of slope lands. Our study was carried out in the southern fringe of the
Loess Plateau in 2010. Soil in the study area is Eum-Orthic Anthrosols. The intensity of the precipitation

in this research was 80 mm/h with each rainfall lasting for 60 min. We took slopes planted with soybean
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as object and by using simulated rainfalls we investigated the existence of soil crust before rain and
influences of its thickness and coverage on runoff and sediment yield. Soil crust before rain had
considerable effects on runoff and sediment yield. Analysis of the effects of soil crust on runoff and
sediment yield on slope land under soybean cover showed that the volume of runoff was higher on soil
crusted slopes and amount of soil loss was much lower compared to that on slopes without soil crust. The
soil crust made the beginning time of runoff yield earlier. With the growth of the soybean the beginning
time of runoff yield on the slope without crust was postponed much. The runoff and sediment yield became
lower on slope land with soybean growing and the soil crust on slope made the surface smoother.
Besides the structure of the soil crust is compact which speeds up the runoff lower the infiltration of
rainfall and runoff and keeps the runoff amount on slope with prophase soil crust at a relatively high
level. On bare soil the runoff and sediment yield on soil crusted slopes was 5. 27% higher and 27. 66%
lower than that on slopes without soil crust respectively. On slopes with soybean cover the runoff and
sediment yield on soil crusted slopes was 24. 81% higher and 14. 26% lower than that on slopes without
soil crust respectively. The crust has great influence on the processes of the runoff and sediment yield

which have significant difference between the slope with prophase soil crust and without soil crust. On the
whole the fluctuation of the process of runoff and sediment yield was smooth on slope with prophase soil
crust while the volatility of slope without soil crust fluctuates greatly. The presence of soybean cover
increased the difference in runoff yield between slopes with and without soil crust but reduced the
difference in sediment yield. The effect of soybean on the differences of runoff and sediment yield
between slopes with and without soil crust became stronger with the growth of soybean plants. Effects of
thickness and coverage of soil crust on runoff and sediment yield were not significant. The influence of
soil crust on the soil erosion varied greatly due to different soil types terrain rainfall crops and other
factors which makes the problem become more complex. The research on the principle of the influence
of soil crust on soil erosion is helpful for illustrating the progress of such effects which provides reference
for agricultural sectors to weigh the pros and cons in the real production.
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Tab.1 Effects of presence of soil crust on runoff and sediment yield in different growth stages of soybean
Growth Leaf area Exi%tence of Time. Runoff Runoff Set}limem Sedimerilt
. soil crust producing amount / o yield/ concentration /
stage index beforo rain ool (Lem2h1) coefficient (gem2+h) (L)
Existence 121" 51. 81 0. 65 314.17 5.54
Seedling stage -1 Inexistence 202" 44.95 0.56 361.45 7.63
Existence 202" 40.53 0.51 243.09 5.32
Initial blossoming stage o Inexistence 249" 37.62 0. 47 292. 60 7.50
Existence 043" 33.29 0.42 149. 21 4.27
Full flowering stage 8 Inexistence 10°54" 26. 58 0.33 172.74 5.75
Existence 125" 30. 89 0.39 113.01 3.56
Pod bearing stage 8 Inexistence 300" 23.29 0.29 125.98 5.34
Existence 125" 28. 14 0.35 97.34 3.17
Initial pod filling stage 6% Inexistence 354" 19. 65 0.25 105.78 5.20
Existence 103" 52.42 0. 66 399. 90 7.63
. Average
Bare soil Inexistence 334" 49.91 0. 62 510. 50 10.23
10° 80 mm/h. Note: Taking outdoor runoff plot of 10 degrees as an example. The rainfall intensity was 80

mm/h.
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Fig.1 Effects of soil crust on process of runoff and sediment on soybean slope land taking seed filling

stage as an example when the leaf area index was 6. 59
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Tab.2 Runoff and sediment yield in different soil crust thickness on slope land

Leaf area Soil crust thickness Soil crust coverage Runoff amount/ Runoff Sediment yield/  Sediment concentration/
index before rain/mm before rain/% (Lem~2+h7") coefficient (gem=2+h"T) (gL7h)
2.45 85.43 33.61 0.42 100. 26 2.98
6.50 2.89 80. 54 32.04 0. 40 101. 89 3.18
3.54 86. 25 33.54 0.42 98. 85 2.95
10° 80 mm/h 60 min. Note: Taking indoor runoff plot of 10 degrees as an example. The rainfall in—

tensity was 80 mm/h and the duration of rainfall was 60 min.
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Fig.2 Effects of soil crust thickness on process of runoff and sediment on soybean slope land
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Tab.3 Analysis of variance for effect of soil crust on runoff and sediment yield in the entire growth stages of soybean

Independent variable Sources of variation Sum of squares Degree of freedom Mean squared error Significance probability

Leaf area in—

211.86 1 211.86 31.31 0.01
dex
Soil
16. 09 1 16. 09 2.38 0.20
crust thickness before rain
Runoff amount .
Soil
16. 36 1 16. 36 2.42 0.20
crust coverage before rain
Error 27.06 4 6.77
Total 10 462. 36 8
Leaf area in—
23 047. 85 1 23 047. 85 32.11 0. 01
dex
Soil
591.15 1 591.15 0.82 0.42
crust thickness before rain
Sediment yield Soil
630.27 1 630. 27 0.88 0. 40
crust coverage before rain
Error 2 871.05 4 717.76
Total 232 510. 46 8
Leaf area in—
2.69 1 2.69 22.54 0.01
dex
Soil
, 0.09 1 0.09 0.71 0.45
. crust thickness before rain
Sediment
i Soil
concentration , 0.00 1 0.00 0.03 0.88
crust coverage before rain
Error 0.48 4 0.12
Total 127. 65 8
4
Tab.4 Regression between runoff and sediment yield and soil crust in the entire growth stages
Item Regression relationship R* F
Runoff amount M, = -3.817L,; -0.297T, —0.446C_ +94. 885 0.913 10. 505"
Sediment yield M, = -44.077L,, -32.591T, -5.189C, +721.272 0.961 24.767"
Sediment concentration C=-0.522L,; +0.484T, -0.045C_ +8.771 0. 990 95. 677
10° VM mm/h; M, g/(m?+h); C g/L; I, , C.
%;"  0.05 ;0001 o Note: Taking outdoor runoff plot of 10 degrees as an example. M was runoff amount mm/h; M,
was sediment yield g/( m®+h); C was sediment concentration g/L; I, was leaf area index; C, was soil crust coverage before rain  %; * was signifi—

cant at 0. 05 level; and ™ was significant at 0. 01 level.
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