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Table 1 Experimental design

FORFGAT Gt A1 v fr &

B Ak lﬁig?nﬁglﬁ IR Cornstalk buffer position on hillslope
Experimental treatment . . 1 Slope gradient/(°) 21 b 3 2 b 2B 3 k&
intensity/(mm-h™~) Py - Pag
1" rain 2" rain 3" rain
# 1 Bare land JG No buffer J& No buffer J& No buffer
@ ALEE 1 Mulching treatment | 100 20 J& No buffer 45~55m 45~55m
AL 11 Mulching treatment 11 J& No buffer 45~55m 6.5~75m

H: FRRAA RS 2
Note: Each treatment has 2 replicates.
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Fig.1 Layout of cornstalk buffer
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Table 2 Runoff volume, sediment yield and rill erosion amount in different treatments

AMTA R Ry R R e T 50 5

NER B2k A bt Proportion of rill erosion in
Runoff volume/L Sediment yield/kg Rill erosion amount/kg P total/%
Ak o
Treatment #£1 ®2  ®/3 L. HM1 2 H3 e M1 H2 0 H3 L f;% f;ﬂzj ﬁﬂ% s
77T N7 R /1 N /1 M /1 BB /1 B /1 M /1 BB A SRl i
A o i Total A o o Total A o o Total 1 2 3 Total
T rain 2™ rain 3" rain 1 rain 2" rain 3" rain 1" rain 2" rain 3" rain . . .
rain  rain  rain
A 204.1 329 50.7 287.8 399.5 478.0 3949 12724  246.6 291.1 238.2 793.9 662 609 603 62.4
Bare land +36.3 +184  +11.7 +28.9 4314 +274  +39.2 +45.1 +16.3 +246 +127 309 ’ : ) ’
?ﬁlﬁl%:g ! 220.9 152.9 135.0 508.8+ 373.3 348.2 262.2 983.7 238.4 167.3 140.9 576.6 639 480 537 556
ulching 4312 287 £115 587 363 237 +195 492 128 +105 87 275 : : : :
treatment |
P 2 il
?%“”lﬂ;]ﬁ " 231.7 82.2 132.8  446.7 3924  320.8 178.3 891.4 257.3 149.5 97.2 504.0 656 46.6 545 56.5
Ua;;emﬁl +388 203 +184 %402 357 127 +138 +275 59  +131 72 264 : : :
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Table 3 Rill horizon morphology characteristics in different

treatments
. ey s RN
T A S Ba?gjlfind Mulching Mulching
Ho; I‘Z“O: treatment | treatment 1
morphologic 1 OH2 3 P12 H3 M1 2 F3
parameter VAN SN SN MW WN Wi WM Wi Wi
lst 2nd 3rd 1st znd 3rd 1st 2nd 3rd
rain rain  rain rain  rain rain rain  rain  rain
AL BRI
Accumulated 93.8 821 788 844 733 777 812 66.2 70.6
rill length/m
Rill density/  3.13 274 263 281 244 259 271 221 235
(mm?)
VA S TR
Total rill 50 79 100 53 69 77 46 64 68
surface area/m?
MV E R
Rill dissected 16.7 26.3 33.3 17.7 23.0 257 152 212 227
degree/%
SRV TR

Rill average 158 21.1 238 135 176 213 169 19.2 222
depth/cm
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Fig.2 Frictional initial rill width and depth in mulching treatment Il under successive rainfall condition
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Fig.3 Rill flow state zoning above and below cornstalk mulching
buffer
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Table 4 Hydraulic and hydrodynamic character of rill flow above and below straw buffer
yRT T r—— Ty
sl i Hik Pkttt Darcyweisbach (EUIVII ALK LR
Cornstalk buffer position ~ Velocity/(cm-s*) Reynolds number  Froude number FH ) 4L Flow shear unit strearq Unit section
stress/Pa power/(m-s™) energy/cm
i
. 5 m X 24.5b 4019.2b 0.56a 7.39c 54.81bc 0.089ab 2.24bc
5 m in control treatment
SR [
5 m ity [y 22.4b 2151.6¢ 0.54a 7.81c 49.04bc 0.081bc 2.01bc
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PR,
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7 m below the buffer

T F—H AR RN 0.05 225 3% . Note: Different letters in the same column represent significant difference at 0.05 level.
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Impacts of cornstalk mulching buffer strip on rill erosion and its
hydrodynamic character

Xu Ximeng®, Zheng Fenli***, Wu Hongyan®, Qin Chao"

(1. State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateau, Institute of Soil and Water Conservation, Northwest
A&F University, Yangling 712100, China; 2. Institute of Soil and Water Conservation CAS & MWR, Yangling 712100, China)

Abstract: Cornstalk mulching buffer strip is an effective soil and water conservation practice on slope. To enlarge our
knowledge about the effects and hydrodynamic mechanism of cornstalk buffer strip reducing soil erosion on loessial hillslope,
this paper studied the impact of different cornstalk buffer strip position (5 and 7 m of slope length) on slope erosion process
and its hydrodynamic characteristics under the typical high intensity erosive rainfall (100 mm/h) and the slope gradient that
most rills happened (20°). Successive rainfall simulation experiments were carried out at rainfall simulation laboratory of the
State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateau, Yangling, from April to September in 2014.
A slope adjustable pan (10 m long, 3 m wide, and 0.5 m deep) and a down sprinkler rainfall simulator system were included in
the experiments. Loesial soil collected from 0 to 20 cm in the Ap horizon of a well-drained site in Ansai, Shaanxi Province,
was packed according to natural soil structure on the Loess Plateau. Cornstalks collected in Yangling after harvest were settled
on the different hillslope position based on rill developmental stage. 3 treatments including 1 control treatment and 2 mulching
treatments were designed, and 3 successive 30-min rains were conducted in each treatment. The 1% rain was used to form rills
on the hillslope with no buffer strip; cornstalk buffer strip was settled on the 5 m of slope length in both mulching treatments
during the 2™ rain; while it was settled on the 5 and 7 m of slope length in mulching treatment | and 1, respectively. Runoff
and sediment samples were collected during successive rainfalls and rill morphology was measured after each rain. Rill flow
hydraulic characters such as Reynold number, Froude number, Darcy-weisbach resistance coefficient, shear stress, unit power
and unit energy of cross section were also calculated based on the measurement of runoff velocity and depth during the rains.
The results showed that compared with the control, cornstalk buffer strip reduced total sediment yield and rill erosion amount
by 27.2%-54.8% and 40.8%-59.2% respectively, and the contribution of rill erosion to total sediment yield was also reduced.
In the aspect of rill morphology, cornstalk buffer strip reduced rill total surface area and rill average depth by 23.0%-32.0%
and 6.7%-10.5%, respectively. At the late development stage of rills, buffer strip on the 7 m of slope length resulted in more
sediment reduction and better rill morphology control effects. Studies on the individual rill showed that rill width appeared in a
similar distribution every 1.2 m along slope length, which was shown after buffer strip was laid on the slope. Moreover, buffer
strip also reduced the rill depth by accelerating the deposition process of sediment from upslope and protected the hillslope
surface and rills below the buffer strip. Hydrodynamic analysis results showed that rill flow state extended from turbulence
supercritical flow to laminar subcritical flow as a result of buffer strip. Compared with the rill flow above the cornstalk buffer,
rill flow velocity was significantly decreased by 19.6%-21.9%, Reynold number and Froude number was decreased by
29.6%-37.9% and 8.3%-18.5% respectively, while Darcy-weisbach resistance coefficient was increased by 22.4%-43.3%.
After rill flow going through the cornstalk buffer strip, shear stress, unit power and unit energy of cross section was reduced by
13.6%-21.5%, 20.0-21.0% and 9.5%-21.0% respectively, and the reduction of flow energy finally reduced the total sediment
yield on hillslope. It can be drawn that cornstalk buffer strip can be settled on the hillslope surface every 5-7 m to decrease the
runoff erosivity and finally decrease the rill erosion amount and total sediment yield, which can provide the valuble
information for the settlement of soil conservation measures in similar terrain conditions.

Keywords: precipitation; erosion; hydrodynamics; cornstalk mulching buffer strip; rills; morphology



