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Infiltration characteristics in sloping farmland at different growth
stages of soybean ( Glycine max L.) in loess area
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Abstract: Soil erosion in sloping farmland is a key ecological and environmental issue that threats the
sustainable agricultural development on the Loess Plateau of China. Knowledge of infiltration process is
crucial for understanding and managing hydrological processes and soil erosion in sloping farmland. The
objective of this study was to clarify the infiltration characteristics in sloping farmland at different stages of
crop growth. The soybean ( Glycine max L.) was selected as our research object and its growth was
divided into four stages: initial flowering stage ( R,) late flowering stage ( R,) pod bearing stage
(R,) and maturity starting stage ( Ry) . The bare sloping farmland was set as control ( CK) . Runoff
from experimental plots was collected under the simulated rainfall condition the infiltration processes and
characteristics were analyzed and the infiltration processes were simulated with the Horton and Kostiakov
infiltration models. The following results were obtained. For the four growth stages of soybean

parameters such as initial infiltration rate stable infiltration rate cumulative infiltration amount and
infiltration recharge coefficient presented generally the order as Ry > R, > R, > R, > CK at different

rainfall intensities and slope gradients. The recharge coefficient increased with growth stages but
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decreased with slope gradient. The crop coverage was the important factor for determining the recharge

coefficient. Simulated infiltration processes with Horton and Kostiakov models showed that two models fit

well with the infiltration and could reflect the infiltration characteristics while the fitting effect of Horton

was better than Kostiakov. The results of our study are helpful for better understanding of the infiltration

processes and characteristics in sloping farmland during the crop growth stages.
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Tab.1 Runoff sediment production and infiltration of slope land in all growth periods and bare slope under simulated rainfalls
40 mm/h 80 mm/h
U R R S S Sy 0
mm coefficient (. gem 2 (gL m mm coefficient (. g*m~2) (gL o
R, 15. 63 0.41 65.3 4.10 22.50 38.75 0.52 172.92 4.56 35.83
5 R, 16. 05 0. 38 51.69 3.17 26. 67 33.32 0.42 134.76 4.08 46.12
R, 12.63 0.29 23.82 1.77 30.75 34.85 0.42 163.72 3.74 47.37
R; 9.52 0.21 14.98 1. 47 35.60 28.95 0.34 54.62 1.72 56. 67
R, 23.06 0.53 109. 68 4.77 20. 62 41.31 0.54 257. 67 5.17 35.07
10 R, 17.39 0.44 80. 40 4.43 22.09 41.27 0.53 210. 51 5.12 37.29
R, 14.90 0.36 52.02 3.41 26.92 42.11 0.52 134. 19 3.43 38.27
Rs 14. 18 0.33 26. 08 2.14 29.43 34.72 0.41 96. 6 2.38 49.51
R, 24.28 0.58 176. 53 6.19 17. 54 50. 57 0. 66 345.74 6.17 25.93
15 R, 20. 99 0. 48 120. 42 5.42 22.39 46. 30 0.58 305. 66 5.78 33.02
R, 19. 62 0. 44 74. 04 3.79 24.96 45.75 0.55 205. 06 4. 44 36.99
R; 18.23 0. 40 45.50 2.61 27.07 39.70 0. 48 138. 46 3.34 43.82
5 25.91 0.58 119. 30 5.72 18.79 48.99 0.6 265. 67 5.61 32.48
10 CK 29. 41 0. 64 177.52 7.53 16. 79 57.32 0. 68 431. 16 7.72 27.39
15 28.92 0.67 190. 10 8.29 14. 56 67.67 0.78 531.98 9.08 18.55
‘Ry: Ry iRyt i Rs: ; CK: o o Note: R, initial flowering stage R,: late flowering stage R,:

pod bearing stage Rs: maturity starting stage CK: control group. The same here in after.
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Fig.1 Infiltration curves of sloping land in all growth stages and bare slope under simulated rainfalls
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Tab.2 Regression equations between cumulative infiltration and duration of rainfall events
40 mm/h 80 mm/h
Growth stages fua Slope/( °) Fitting equations R? Fitting equations R?
5 F =0.993" 7% 0. 999 F =2.248;%6™ 0. 999
R, 1.85 10 F=0.916:"™° 0. 999 F =2.383:%%7 0. 999
15 F=1.157:%%2 0. 999 F =3.432/0%% 0.993
5 F=1.198;*7¢ 0. 999 F=2.186/"™ 0. 999
R, 3.44 10 F =1.005:"" 0. 999 F=2.922/%62 0. 998
15 F=1.081/"" 0. 999 F =3.064(% 0. 998
5 F=1.504/75 1. 000 F =2.895/%67 0.997
R, 4.88 10 F=1.111." 0. 998 F =2.723,%%6 0. 999
15 F=1.200."7 0. 999 F =3. 405, 0. 998
5 F=1.476/>"7" 1. 000 F=2.983,>7% 0. 998
Rs 6.78 10 F =1.268" 0. 999 F =3.267%%6 0. 998
15 F=1.512/7 1. 000 F =3.525/%%5 0.997
5 F=0.798:%"" 0. 998 F =3. 648/ 0.993
CK 10 F=1.150/*%2 0. 999 F=2.783%% 0. 996
15 F=1.203%%7 0. 999 F =3.302%43 0. 989
Ity F ot o Note: I}, leaf area index; F: accumu lative infiltration amount; ¢: infiltration time.
3
Tab.3 Recharge coefficient ( R.) of sloping land and bare slope at growth stages
40 mm/h 80 mm/h
Slope/( °) R, R, R, Rs CK R, R, R, Rs CK
5 0.59 0. 62 0.71 0.79 0.42 0.48 0.58 0.58 0. 66 0. 40
10 0. 47 0.56 0. 64 0. 67 0.36 0. 46 0. 47 0.48 0.59 0.32
15 0.42 0.52 0.56 0. 60 0.33 0.34 0.42 0.45 0.52 0.22
- Kostiakov : 2
40 mm/h «a 0.95~2.01; 80 mm/h Horton Kostiakov
a 2.23 ~4.37, 80 mm/h
40 mm/h o 3
a )
o b o 3
b (0 ~15 min) . (15~
o 40 mm/h 45 min) (45 ~ 60 min) . 3
b 0.30 ~0.47 ¢80 mm/h b 40 80 mm/h Horton
0.34 ~070 o 80 mm/h
40 mm/h o Ko- » Kostiakov 80 mm/h
stiakov 40 mm/h
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Tab.4 Parameters of Horton and Kostiakov infiltration models of different growth stages periods

and its RMSE ( root-mean-square error)

4 Horton

Kostiakov

Kostiakov

Horton Horton model Kostiakov Kostiakov model
Rainfall
intensity / Growth  Slope/ initial infi]tration stable infi'hration 2 . b 2
(mmeh-1) stages (°) rate iy / rate i,/ RVSE RMSE
( mmemin ") (mmemin ")
5 1.12 0.32 0.15 0.96 0.017 1.05 0.33 0. 84 0.035
R, 10 0.91 0.29 0.14 0.96 0. 020 0.95 0.33 0.90 0.032
15 1.01 0.22 0. 14 0.97 0.023 1.21 0. 47 0.93 0. 034
5 3.20 0.37 0.22 0.95 0. 022 1.28 0.34 0.70 0. 050
R, 10 1. 63 0.31 0.21 0.96 0.017 1. 04 0.33 0.76 0. 043
15 1.21 0. 31 0.17 0.95 0.024 1. 16 0.37 0. 88 0. 036
5 4.24 0.41 0.21 0.97 0.014 1. 80 0.39 0. 68 0. 048
40 R, 10 3.35 0.37 0.23 0.97 0.015 1.19 0.32 0.68 0. 047
15 2.55 0.35 0.23 0.96 0.021 1.28 0.36 0.74 0.052
5 4.74 0.48 0.14 0.94 0.018 2.01 0.37 0.77 0.038
Rs 10 3.50 0.42 0.25 0.97 0.014 1.26 0.30 0. 65 0. 047
15 1.81 0.35 0.14 0.95 0.023 1.74 0.43 0. 84 0.041
5 0. 80 0.27 0.14 0.89 0. 031 0. 80 0.29 0.78 0.043
CK 10 0.93 0.21 0.13 0.97 0.023 1.16 0. 47 0.93 0. 034
15 0.96 0.17 0.15 0.98 0. 021 1.18 0.52 0.95 0.031
5 1.95 0.45 0.13 0.96 0. 045 2.42 0.45 0.91 0. 069
R, 10 1.73 0.40 0.11 0.97 0. 040 2.40 0.46 0.95 0. 053
15 1.79 0.20 0.10 0.99 0.033 3.57 0.70 0.96 0. 057
5 1.76 0. 60 0.10 0.96 0.041 2.23 0.34 0.93 0. 056
R, 10 2.10 0.42 0.11 0.96 0.052 3.41 0.55 0.92 0.073
15 1.93 0.33 0.10 0.97 0. 053 3.40 0. 60 0.95 0. 067
5 3.80 0. 60 0.15 0.89 0.079 3.59 0.48 0.71 0.125
80 R, 10 2.23 0. 46 0.12 0.95 0. 040 3.15 0.52 0.94 0. 060
15 2.32 0.38 0.11 0.98 0.041 4.37 0.64 0.95 0. 061
5 2.13 0.63 0. 06 0.95 0. 053 4.01 0.45 0.93 0. 062
Ry 10 2.27 0.53 0.08 0.97 0. 046 4.54 0.54 0.95 0. 057
15 2.29 0.48 0.09 0.94 0. 066 4.72 0. 60 0.91 0. 081
5 1.93 0.28 0.09 0.97 0. 054 3.69 0.63 0.93 0. 086
CK 10 1.71 0.28 0.11 0.97 0. 057 2.07 0.50 0.90 0. 099
15 1.69 0. 14 0.13 0.98 0.049 1. 81 0.59 0. 88 0.120
4
. Horton  Kostiakov
R; >R, >R, >R, >CK o
o Horton Kostiakov
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