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Characteristics of soil erosion of different plant communities converted
from slope cropland in the hilly-gully region of the Loess Plateau
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Abstract  Background The severe condition of soil and water loss in the Loess Plateau has resulted in
critical agricultural and environmental problems. Vegetation restoration plays an essential role in
controlling the soil erosion in the Loess Plateau. Yet there were few researches on analyzing the
characteristics of soil erosion of different plant communities converted from slope cropland in the region.

Methods The research was conducted between 2012 and 2015. Based on the succession of local
plants 10 plant communities on abandoned slope croplands in 4 watersheds of Ansai County were
selected and were classified in 4 groups: naturally restored herbage community ( Artemisia scoparia Stipa
bungeana Bothriochloa ischaemun Artemisia gmelinii and Artemisia giraldii) naturally restored shrub
community ( Sophora wviciifolia) artificially established shrub community ( Caragana intermedia and

Hippophae rhamnoides) and artificially established arbor community ( Robinia psendoacacia and Populus
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simonii) . Totally 45 plots were selected and in each of these communities 3 — 6 plots were selected in
each plot 3 quadrats were placed as repetition. Annual soil erosion intensity was monitored by erosion
pins placed in these plots. Characteristics of soil erosion of different plant communities were analyzed with
ANOVA combined with the hydrologic years divided by the characteristics of rainfall. Gray theory was
used to determine the influence of potential indices caused soil erosion. Results Rainfall in research
area was distributed unevenly and rainfall erosivity was the driver factor causing the differences of soil
erosion intensity of plant communities in different years. The ability of controlling soil erosion depended
on the species of plant community: naturally restored shrub community ( 1 285.36 t/km’) > naturally
restored herbage community (2 152. 65 t/km”) > artificially established shrub community (2 320. 50 t/
km?) > artificially established arbor community( 2 661. 14 t/km”) . The soil erosion intensity of Robinia
psendoacacia was the largest (3 875.02 t/km’) among these plant communities. Gray correlation analysis
revealed that the rainfall and slope gradient had more impact on soil erosion than coverage in all
communities. In shrub and arbor communities the effect of slope gradient > rainfall but in herbage
communities rainfall > slope gradient. When mentioned coverage in natural restored community cover
of litters > vegetation cover; and in artificially established community vegetation cover > cover of
litters. Conclusions Under current status of vegetation effects of precipitation on soil erosion reduced
effectively in undisturbed plant communities. Natural vegetation should be restored initially with trees and
shrubs introduced by human at proper time and place. Meanwhile the undergrowth vegetation and litters
in forest communities should be promoted earlier and protected meanwhile human disturbances should be
reduced as more as possible.

Keywords: soil erosion; plant communities; erosion pin; grey correlation analysis; hilly-gully loess re—
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Tab.1 Basic information of studied plots

Way of Years of Aboveground  Undisturbed monitoring erosion plots
. . Plant Number ~ Slope  Coverage/ .
returning returning . ) . biomass / 2013— 2012—
communities of plots  gradient % 2012 2015
farmland farmland/a (gem~?) 2014 2015
Artemisia sco—
3~7 . 5 26.5 20. 1 26.4 - 9 13 31
paria
Stipa bun—
6~10 3 24.8 22.9 66.7 - 15 9 39
geana
Naturally re— Bothriochloa
. 15~25 5 27.8 20. 8 97.7 - 9 12 30
stored herbage community ischaemun
Artemisia giral—
30 B 3 32.1 35.5 109. 6 9 11 9 38
dii
Artemisia
20 ~40 o 6 26.7 39.0 126.7 38 25 47 136
gmelinit
Naturally re— Sophora vici— .
) 40 o 3 30. 8 70.0 224.7 9 9 9 36
stored shrub community ifolia
Caragana inter— R
Artificially estab— 25 edia 5 29.6 51.4 182.6 14 9 18 50
lished shrub community Hippophae rh—-
30 . 29.5 57.5 257.3° 12 32 6 77
amnoides
Robinia psen— R
Artificially estab— 8~20 doacacia 6 26.2 60.0 35.5 39 34 30 131
lished arbor community 15 Populus simonii 3 32.8 57.6 72.0" 9 9 9 36
DE o Note: * represents the biomass of undergrowth herbage.
2.2
3~9 2mx2m 1.
9 2.3
o o GB/
3 o T 28592—2012 b o
23 2 ( S12
o 2012—2015 mm) o
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Tab.2 Monthly rainfall erosivity rainfall and days of precipitation during 2012 —2015

5 6 7 8 9 10 /%

Year May June July August  September  October Annual Ratio of erosive rainfall to annual rainfall

Rainfall erosivity/( MJ*mme*hm ~2+h ")

2012 39.9 250.2 520.0 442.7 144. 1 0.0 1396.9 71.56
2013 0.0 415.7 3904.7 1156. 1 441.6 0.0 5918.0 77.91
2014 113.5 475.2 832.0 900. 5 531.8 0.0 2853.0 72.53
2015 0.0 0.0 25.9 83.7 44.0 60.5 214.2 27. 66
Rainfall/mm

2012 38.6 97.4 139.6 112.1 84.2 8.3 480.2
2013 20. 4 98.7 487.3 153.9 93.9 26 880.2
2014 41.8 109. 8 164.7 179. 4 157.8 19 672.5
2015 24.3 34.9 42.9 80.7 76.3 51.1 310.2

1971—2015 40.5 64.9 121.3 115.3 82.8 32.6 457. 4

Days of precipitation/d

2012 7 9 15 12 14 6 63
2013 12 17 24 13 17 10 93
2014 10 14 21 28 26 15 114
2015 15 13 8 20 19 10 85
1971—2015 7.8 9.8 13.4 13.6 12.5 8 65.1
3.2 878.15 ~5099. 71 t+( km’*a) ™'

< < <
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( 3); .
. 27
16
2012—2015 (21.5%)
1187.11 ~2 866. 87 t/km*(  3) . (28.2%) (28.8%)
(33.7%) ;
. 4 2012—2015 ( 1)
1228.13 ~3 875.02 t/km’
3) . ;
3 2012—1015
Tab.3 Soil erosion intensity of different plant communities in 2012 - 2015 t/km’
Way of Soil erosion intensity
returning farmland Vegetation 2012 2013 2014 2015 Average
Stipa bungeana — 3354.42ABa 3 111.18ABa 1647. 12Aa 2 866. 87
Naturally Artemisia scoparia — 4408.31ABa 4 047.18ABa 1 147.23Aa 2 566. 66
restored herbage community Bothriochloa ischaemun — 1897.91ABa 1780. 81ABa 1053. 24Aa 1446. 30
Artemisia gmelinit 1598.43BCb  2410.48ABa  1350.89Bb 1 109. 00Ab 1538.12
Artemisia giraldii 878. 15Ca 1684. 13Ba 993. 88Ba 1054. 21 Aa 1187.11
Naturally re—
wtored <hrab community. Sophora viciifolia 1441. 68BCa 1161.24Ba 1 154. 68Ba 1226.07Aa 1228.13
Artificially estab— Caragana intermedia 2 889. 12ABa 1961.36ABab 2 695. 89ABa 1 156. 86Ab 2 056. 12
lished shrub community Hippophae rhamnoides 2712.82ABa  3237.11ABa  2256.07ABab 1022.88Aa 2 635.87
Artificially estab— Populus simonii 1971. 58ABCa 1396.71Ba 1504. 81ABa 1245.82Aa 1543.42
lished arbor community Robinia psendoacacia 3576.75Aab  5099.71Aa 4309. 65Aab 2191.21Ab 3875.02
Average 2 152.65 2661. 14 2320.50 1285. 36
(a=0.05) (a=0.05) o Note:

Uppercase in table represents the difference between different plant communities in the same year ( a =0. 05)

of the same plant community between different years ( a =0. 05) .
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4 2013—2015

Tab.4 Gray correlations of different factors that influence the soil erosion intensity of different vegetation communities 2013 —2015

Type of Year Slope Coverage  Coverage  Coverage Coverage  Coverage of Retnfall Rain
vegetation gradient of trees of shrub  of herbage  of litters soil crust erosivity
2013 0.814 0. 745 0.778 0.797 0.797
Naturally 2014 0.818 0. 801 0. 805 0. 818 0.818
restored herbage community 2015 0. 744 0.731 0.742 0.743 0.785 0.785
2013—2015 0. 841 0.811 0.818 0. 851 0.816
2013 0. 630 0. 632 0. 631 0. 659 0. 679 0. 679
Naturally 2014 0. 680 0. 640 0.643 0. 664 0.672 0.672
restored shrub community 2015 0.674 0.671 0. 673 0. 699 0.343 0.674 0.674
2013—2015 0. 687 0. 638 0. 645 0. 647 0.651 0.610
2013 0. 694 0. 648 0. 660 0.642 0. 668 0. 668
Artificially 2014 0.742 0. 695 0. 706 0.702 0.729 0.729
established shrub community 2015 0.819 0.747 0.756 0.813 0. 745 0. 803 0. 803
2013—2015  0.746 0. 704 0. 709 0. 685 0. 741 0.717
2013 0. 803 0. 760 0.703 0.721 0.781 0.781
Artificially 2014 0.717 0.709 0. 680 0.704 0. 687 0. 687
established arbor community 2015 0. 837 0. 803 0.776 0.788 0. 749 0.823 0.823
2013—2015  0.819 0.780 0.761 0. 766 0.813 0.750
> >
> > °
1) >
N > o
: ()
2)
>
> > °
()
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