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Effects of Soil Water Erosion on Patch Distribution Pattern of

Stipa Krylovii in Desert Steppe

Wang Ziwei', Yang Zhenqi’*?, Guo Jianying®®, Tian Tian'?*"*
(1.College of Desert Control Science and Engineering ,» Inner Mongolia
Agricultural University » Hohhot . Inner Mongolia 010018, China ; 2.Institute of
Water Resources for Pastoral Area of the Ministry of Water Resources, Hohhot ., Inner
Mongolia 010020, China; 3.Yinshanbeilu Grassland Eco-hydrology National Observation and
Research Station s China Institute of Water Resources and Hydropower Rescarch » Beijing 100038, China)

Abstract; [ Objective | The influence mechanism of soil water erosion on the patch distribution pattern of
Stipa krylovii in a Xilamuren grassland was analysed in order to provide a theoretical basis for soil erosion
control in this area. [ Methods] Three distribution patterns (aggregation, uniform, and random distribution
patterns) and two controls patterns (non-grazing and bare slope ) were set up by field investigation and the

variance mean ratio method. Indoor simulated rainfall experiments with rainfall intensity of 30, 60, 90 mm/h,
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and 120 mm/h were conducted to quantify the sediment production and abortion processes on slopes with
different distribution patterns. [ Results] O The distribution pattern of heavy grazing and no grazing was
aggregation distribution pattern, the distribution pattern of moderate grazing was uniform distribution
pattern, and the distribution pattern of light grazing was random distribution pattern. @ At 30 mm/h
rainfall intensity, no runoff was produced, whereas at 60 mm/h rainfall intensity the runoff yield was in the
order of bare slope > aggregation distribution pattern™ random distribution pattern uniform distribution
pattern™> no grazing. For the rainfall intensity at 90 mm/h, the runoff yield was in the order of bare slope >
aggregate distribution pattern> uniform distribution pattern™> random distribution pattern™ no grazing. At
120 mm/h rainfall intensity, the runoff yield showed the order of bare slope > aggregation distribution
pattern>> no grazing > uniform distribution pattern™> random distribution pattern. @ At 30 mm/h, there
was no sediment production. However, at 60 mm/h the sediment production rate was in the order of bare
slope > uniform distribution pattern™ no grazing > random distribution pattern> aggregation distribution
pattern. The rainfall intensity at 90 mm/h resulted in sediment distribution in the order of bare slope >
aggregate distribution pattern> uniform distribution pattern™> random distribution pattern> no grazing.
Furthermore, at 120 mm/h rainfall intensity, the sediment distribution was in the order of bare slope > no
grazing > aggregate distribution pattern>> uniform distribution pattern=> random distribution pattern. @ At
120 mm/h rainfall intensity, the sediment reduction benefit of the random distribution pattern can be reduced
by 88.76 % , whereas at 90 mm/h rain intensity the flow reduction benefit of the non-grazing pattern can be
reduced by 45.78%. [ Conclusion] Grazing promoted the patching phenomenon of S. Krylovii , and soil water
erosion intensified the formation of bare patches, which led to different distribution patterns of S. krylovii
patches.

Keywords: grazing intensity; vegetation patches; geostatistical analysis; soil water erosion; flow and sediment

reduction
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Fig.5 Relationship between runoff and sediment yield under different grazing intensities



54 F TR K b X I B R AT SE B R 23 A A SR T B 4 93
70 a M 7%60 mm/h 170 >R A > WA A A > WAL A A > O CHRG
60 . b 160 ~ 120 mm/h 5L BRI A B> B O A > 59 4

£ 50 i o[ | 750 T ATBEHLAMA . BRBELE 120 mm /b B 0K R
o 40} 140 nﬁ K BEHL A BN
Z 30 : 130 X e 2 AT S [ 25 A1 e 95 T L
: be a e N = Be =) = 5 » G =)
B20p e e b 120 i 7 b L U O R AR R S AR AR T R
1or r 110 7 e b MR O 2 T LA A R L AR TR
At Bant  mheds T L7 Vb R M S A B T SR I 1 R T
43 A 4 = e,
80 b @390 mm/h 4 180 o
xR 2 A FEPFEEREERBRRDHE
- 60 ° “E Table 2 Benefits of runoff and sediment reduction
?; c M under different rainfall intensities
A >
2 g B 925 1 Vs Ak 24
= 40l i VB UK VD AR 2
E a '.H< F%m?ﬁfg/ - i j:j,gzzger—l/
= a ES ch! ] yhEn LR
B 0l b b b " (mm ) Biim/L b /g (gom?)
’_p ’—F H 60 17.7044.18° 74.1647.93° 16.48+1.77¢
0 St Baat  Whan TR 90 58.85+5.85" 92.28+5.78" 22.81£1.40"
22 14 Vi
+5.82° 5.88+7.21° .88-+1.56"
e \1‘20” 70.88,5;82‘ 165.85 7.2% 36488~ 1.56 ‘
100 - ¢ 7%120 mm/h 100 ‘(ffﬂﬂ)‘.ﬂﬁTii‘J{ﬁi*mﬁ%; [R5 AN [i) /0N 5 = B 3 7R AN ] A L )
a E R B E(Pp<<0.05).,
a —E— _
80 | g L
S 3 Wi
¥ &0
= . B3 FRMHEENERRERS HEEHE
§ e S5O AR B R B R O A B
: . C B ORI BES 2 I S0 R T D L B
2% BH O B A 2 T BOR L A S R G TR L A R AR ™

R&Enf  Wasfi S FEE
oA SR
[ 7% Clmub B AR

6 [E PE TR 3R BE T BB R D 3
Fig.6 Flow and sediment reduction rate

under different rainfall intensity

60 mm/h RN 3R AUV HEAE 4820 ~69 %0 , R IL N
RS A0 > BEHL A A5 > 350 4345 > AN . 90 mm/h
9 AU VD R AR 45 % ~62 %, MR T R 22 A K,
SR B 5] 43 A > BE L A A > R AR 4 A
120 mm/h FY58R A 98 VD it 7E 58 %6 ~ 8800, KB Ny . fifi
PO =350 o0 A > AN > REE i . RITER
T R T AN R AP P T O D 0 R B B /N TR R 1 R 7 R
FUENE 2 N 3 N = A7 N [ 7 e - S S M SO RS i
120 mm/h T 55 1) Bl AL 53 A3 D 70 38R 5 o, Db 3 R
88.76 %0590 mm/h W58 1) 5 4L 43 A Wk VD e 2 L Bl VD R
S A5.78% . HANI[AIFT 3, AN [F] 43 A 4% Ja) 19 8 10 8 8
o TR R

60 mm/h Bf + 583 % B 2 BRI > 5 o A >
AT > A 53 A = BEAIL 73 41 5 90 mm/h I 5 BRI

L BESRAR R BT AF LR Keli S S IEV LS
i ] R EE 3% BF 1) AT 58 405 SR 2 WD T Ao 38 8 i Pk 2 1
LB B B 2 ] 73 A R e A AR R B A A b R
ARSCHIBFIT AT R EEA — B, A BF 50 R W 5 R O
RN R X5 EFU AR T E AL R,
W T A R ) 384 T el B R P9 4 5 R KA, R RE
TS oA R B DFTE A R A — B RN AR T
B R R B BRI S SR HEE A AN TR B A
—HRERYEEIR . TR ST R S B AR TR S S AR O
B e R A A SR A b R T AR AR G
— et 2 ) BE LR AL JEE o T v 18] 3 20, AR 16 A M A
TE AR B B ™ 2R B R EN A MBESEZE SRR F . &
i 5 a PR A B IR A X8 AR B BRE B 4 S 1] g3 A AR R 1 52
Wi - B AT R o 5T A BT 2 v TR B S B v T
il it BEBE S Ak HL 5 A Pk DA/ BRLAEE AR A [
JRCHOR BE B9 Kriging 2 [8] 73 A7 4 {5 45 5 2 7 B i
ORIV A JRE A 2P £ 3 v AR g b A e R A o R TR
FIASTRCHOU A e B 3 b B M g B B 2 . X i i O
YR P D DR T P S E . R AR AR R
UiNea w9 CUIEIEINER PSR N N



94 7K R E

544

WFIEEE R — 30, 27 25 R EEE & (S B R g3
HF 5 N [ 50 430 8 5 J AR A 1) 5 00 A Sy R AIE, B .
L HbL S e T 5 EG T S 1) BRE e A R R R
3.2 TEEKMREREE S HIEBHENE

EJOMR 3270 1 BF 5 235 S 2% B IR0 I ) 4 0
IR BN RSB 0 I ] 3 4, - R AR A 3 i AR
FL . AT DA B 5% DX DR RS B0 T AN TR A - AR B L I
1 S ol I 50 AR AN R[] i R T 2 X M 2 AR R TR
PRI AR Y . R RCBOR S BT R
PR AL 7 5 5 L% B T AN [ % A 43 A A R . A
{18 235 F4) 52 WR) o8 W9 P43 o DT 9 20> T 9 X 38 1T =+ 8 1
dr AR W R B e . A s N N TR RE
T 30 X AN () L B 4 A s Sy 1) 3 TR AT R 5 R B AH
[Fi) 6% I 588 8 19 AN [i) A % 43 A1 A JR 000 i 7™ i S ) S A
] Ry - B <R AL 4 A << 53 4 A <<BE ML 5 A
<RI 2 BH 2R AR 43 A1 51T 1) 00 B ™ T N T e
I P A B T A B R /L, - BT R AR 0, E
DN ) BE 5 4 A B, B [T SR RE R I K Ay
TSR G AT AR B 5T T 4 b & A AR Y [
BF I R T A R A A AR R . AR PE R TR
[7i) 3 A7 A5 Jey RUAS [i) 848 9 560 B2 33 1 7K g 4R i i 1 100
g5 R KW 120 mm/h &R B, B AL 2 A W] o >
88.76 Yo HITR Y o N U7 A N 4 R . R b BE B
ARGV B IR A B Ry L W BE B R A B BE
B 53 A5 ks Jry 52 Wi i 2 A% Ik 04V B RN B VD RE 7 L 2 i
AR K R O R A RS AR AT AR SR 1 AR
R A BT I R T — AR 0 K s Y A1 A A
AN BIL 3 75 K% Sy P At 7 5 R 389 50 . 38 6 T B A2 L
i 395 1T V8 VDR A s T LA [ 4 A A SR 14 R PR U AR
AR o I L 7= V) A0, B A 9 6 19 4% 5 ot 39 , {HL
AN 57 U S AR TR 1 7 b L B AL 3 A Y
SPEU RN BRI B AR 4 M R] N FE A
SR B BB AT VB8] 50 AT IR A A A N ORI
A% T AR T i 2 S TE A DG L R v R B AR I o 1 4
T B AFL A b e B 45 AN )R R T 3R AR 4 A A
() - HE 75 T 1 T Al R b T LR A A A )
KSR R N S D L BB R
XS AR S A R — B R R bl
R/IN5 235 8] A8 A R T A 5R E  BRE B At S 45 DR 31
LG sEm i SRy ORI AR K
LR LA B A A R 22 . I 5 5 SRR B I
PR 7 FC AT 5 H B BE He A i B 42, T 4 K pl (i +
BSR4y U A< TN R T BE B AR i B, iT U K ok X
WASRERAREENZMW,

4 4w

(1) i 5 QA 5 H BLBE A AN [) il 4 13
S 5 QBT 50 BEHR A 2 (8] 43 A 4 sy s ARl O 22 A T
SRVE N2 A5 S o B4 AT RT R R R RCAORT S A R R
AR AR JRy o rh RE R A S 38 A 3 A A% Ry B B R
BEBIL 53 A5 46 S

(2) 30 mm/h F5RA i, 60 mm/h [ 5™ i
AT 77 U i A /N, AR A A U R
90 mm/h R R AN B AR 7 A U i 8 dR /s
120 mm/h FI SR BEAL 3 A4 09 7 i 7 V0 1 4 )

(3) A8 9 73 55 ) LUA S0 2D 3 iy 7 i e v
120 mm/h i 58 B8 BL 53 A5 09 U V0 &5 25 Fe 4w ok 2D
88.76 %6590 mm/ h TR 5 A AN T 0B It 28 i e 4 1T ik 2D
45.78 %0 s I K 5 4 TR YA ANRE 120 mm/h F
GNP

(4 Bl ve [ 52 B BE B (b i R 52, + 3
R I Y AR bR B A TR B T v T S B e o
TR o A A R .

2 % ik (References)

[1] Mendez M ], Buschiazzo D E. Soil coverage evolution
and wind erosion risk on summer crops under contras-
ting tillage systems [J]. Aecolian Research, 2015, 16:
117-124.

[2] Feng Tianjiao, Wei Wei, Chen Liding, et al. Assessment of
the impact of different vegetation patterns on soil erosion
processes on semiarid loess slopes [J]. Earth Surface
Processes and Landforms, 2018,43:1860-1870.

[3] Seitz S, Goebes P, Puerta V L, et al. Conservation till-
age and organic farming reduce soil erosion [J]. Agron-
omy for Sustainable Development, 2018,39(1) : 4.

(4]  Bihag, B, e f b s ) IH 3R b R A8 3% 40 A LD ]V v
Al 2019(6) :67.

Yan Shimin, Ma Kuo. Influencing factors of soil erosion
and its harm analysis [J]. Jiangxi Agriculture, 2019
(6):67.

(5] BRWIR ., &) 25, B, 55 5T RUSLE B8 415 K i

AR A ) K R PR e R, 2021, 35(4) .
73-79.
Chen Chaoliang, Zhao Guangju, Mu Xingmin, et al.
Spatial-temporal change of soil erosion in Huangshui
watershed based on RUSLE model [ J]. Journal of Soil
and Water Conservation, 2021,35(4) :73-79.

(60 KBTI, JE 8, 3 220, 45 op [ B i A IR 8 R R A 7Y
(I B30 4], 2016,61(2) : 165-177
Zhang Xinshi, Tang Haiping, Dong Xiaobin, et al. The

dilemma of steppe and it’s transformation in China [J].



5 43

TR - R K 0] TiE SR S S BB A A% SR T B 5 95

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Chinese Science Bulletin, 2016,61(2) :165-177.
Zhang Xia, Li Peng, Zhan Bin li, et al. Effects of pre-
cipitation and different distributions of grass strips on
runoff and sediment in the loess convex hillslope [J].
CATENA, 2018,162:130-140.
Wang Bing. Zhang Guanghui. Quantifying the binding
and bonding effects of plant roots on soil detachment by
overland flow in 10 typical grasslands on the Loess Plat-
eau [J]. Soil Science Society of America Journal, 2017,
81(6):1567.
Zhou Zhengchao, Shangguan Zhouping. The effects of
ryegrass roots and shoots on loess erosion under simula-
ted rainfall [J]. CATENA, 2007,70(3) :350-355.
Shi Peng. Li Peng. Li Zhanbin, et al. Effects of grass
vegetation coverage and position on runoff and sediment
yields on the slope of Loess Plateau, China [J]. Agri-
cultural Water Management, 2022,259:107231.
Sun Jiamei, Fan Dengxing, Yu Xinxiao, et al. Hydrau-
lic characteristics of varying slope gradients,rainfall in-
tensities and litter cover on vegetated slopes [J]. Hy-
drology Research. 2018.,49:506-516.

Xia Lu, Song Xiaoyu, Fu Na, et al. Effects of forest
litter cover on hydrological response of hillslopes in the
Loess Plateau of China [J]. Catena, 2019,181:104076.
Hou Guirong, Bi Huaxing, Huo Yunmei, et al. Deter-
mining the optimal vegetation coverage for controlling
soil erosion in Cynodon dactylon grassland in North
China [J]. Journal of Cleaner Production, 2020, 244 ;
118771.

DA RBEVE B 4 AL, S5 AR L b 1 IXOREAS A 1 B
JRE X0 88 W W o 1 5 o [ )R R AR HE 24 2013, 27(5)
59-62.

Cong Yue, Zhang Hongjiang, Cheng Jinhua, et al.
Effects of herbaceous plant coverage rate on rainfall
splash in rocky mountain area of Northern China []].
Journal of Soil and Water Conservation, 2013,27(5):
59-62.

Wang Dongdong, Yuan Zaijian, Cai Yitong, et al.
Characterisation of soil erosion and overland f{low on
vegetation-growing slopes in fragile ecological regions:
A review [ J]. Journal of Environmental Management,
2021,285:112165.

Zhao Xining, Wu Pute, Chen Xiaoli, et al. Runoff and
sediment yield under simulated rainfall on hillslopes in
the Loess Plateau of China [J]. Soil Research, 2013,51

(1):50.

BRR S 22200, R S B0 A b BT B e R
FEAEAYRZMALT )15 X B S B3, 2021, 35(12) £ 121-126.
Geng Linsheng, Li Hongli, Dong Zhi, et al. Distribu-

[18]

[19]

[20]

[21]

[22]

[23]

[24]

tion characteristics of soil particle size in Xilamuren
grassland with different grazing intensities [J]. Journal
of Arid Land Resources and Environment, 2021, 35
(12):121-126.

BLWAH , 0 3%, i = 1%, 45 Ay ho BB 40 g 1 2 5 3 X
W A A HLBR BT 5 [T 1K L AR FF 0T 52 . 2024, 31
(1):35-43.

Wei Yajuan, Liu Meiying, Xie Yunhu, et al. Study on
soil organic carbon of plant communities in enclosed ar-
ea of Xilamuren Desert grassland [ J]. Research of Soil
and Water Conservation, 2024,31(1) :35-43.

7R S 028, B F G2 T T A hr i i
S WA SR A R () 0. P9 52l Rl R AR 2 4R (R SRR 22
Ji 52022,43(4) :32-40.

Bai Yijie, Meng Zhongju, Lyu Xinfeng. Evolution of
landscape type in Xilamuren grassland under the dis-
turbance of human activities [ ]J]. Journal of Inner Mon-
golia Agricultural University ( Natural Science Edi-
tion) , 2022,43(4) :32-40.

X1 38 AN [5) A 75 K00 7 355 5 i S5 0L A ) A5 e s ) S
BEPE R Z e CD ] N 58t 0 A R 9 52 Al K%
2023.

Liu Yan. Effects of different land use patterns on land-
scape pattern and soil spatial heterogeneity in desert
steppe [D]. Hohhot, Inner Mongolia: Inner Mongolia
Agricultural University, 2023.

G, 2= e, 25 HE L S O B AR R X Ak D A T 4
{58 B AR R [ ] OK PR FF 2441, 2022, 36 (5) £ 58-65
Zhang Peng. Li Long, Li Yan, et al. Effect of vegeta-
tion patch pattern on soil erosion intensity on arsenic
sandstone slope [J]. Journal of Soil and Water Conser-
vation, 2022,36(5) :58-65.

KEW L i, k3, 55 OB BE X 5 [R5 (Stipa
krylovii ) ¥ 5 AH B 5 WA R 19 % e LT . o [ 9
2016,36(3) :674-680.

Song Yantao, Wu Yunna, Zhang Jing, et al. Effects of
Grazing Intensity on Vegetation Landscape Pattern in
Stipa krylovii steppe in Inner Mongolia [ J]. Journal of
Desert Research, 2016,36(3) :674-680.

Kéfi S, Rietkerk M, Alados C L, et al. Spatial vegeta-
tion patterns and imminent desertification in Mediterra-
nean arid ecosystems [ J]. Nature, 2007,449 (7159):
213-217.

£ TR /NBLTE ALY A R BB BE T S B A
BORERFFE (D] N 5t 0 A 4 9 52 7 Al K2
2021.
Wang Yu. Vegetation characteristics of the desert

grassland under different grazing gradient based on



96 K bR i AR 5 44 B
small unmanned aerial vehicle [ D]. Hohhot, Inner 2023,30(3) :62-68.
Mongolia: Inner Mongolia Agricultural University, Chen Zexun, Wu Yingjie, Wang Wenjun, et al. Char-
2022. acteristics of initial yield time and velocity of runoff un-
[25] BT, XUBhiE WA L 55 0RO e FR B 35 B I A 4 B der different grazing conditions [J]. Research of Soil
T8 SR REAR JR B R L) . Bl 2741 . 2010, 19(3) 1 6-13. and Water Conservation, 2023,30(3) :62-68.
Zhao Dengliang, Liu Zhongling, Yang Guixia, et al. [31]  ENF A R 5 FOR [A) A W BE v 38 A B 4 S L
Grazing impact on distribution pattern of the plant e F R DL PERNE R 8 bkl K4, 2018.
communities and populations in Stipa krylovii steppe Wang Zeyu. Soil Infiltration capacity and its influencing
[J]. Acta Prataculturae Sinica, 2010,19(3) :6-13. factors of different plant communities in the Xilamuren
[26] FAeEmy, FER, BHA, S5 38 % R X I B 5 54 5 A grassland [ D]. Hohhot, Inner Mongolia: Inner Mongo-
Wy p e NI s A A i [ ] ] R SR, 2022, lia Agricultural University, 2018.
42(8):3420-3428. (32 BROGHE. M R o Ay B2 v e 8 U0 i sl P [T K B 27 i
Wang Zihan, Wang Zhongwu, Lii Shijie, et al. Effects J#,2021,32(2) :295-308.
of stocking rate on population density and spatial distri- Zhang Guanghui. Understanding sediment connectivity
bution of Artemisia frigida in desert steppe [J]. Acta from soil erosion perspective [J]. Advances in Water
Ecologica Sinica, 2022,42(8) :3420-3428. Science, 2021,32(2):295-308.
[27]  BKARE-HCHCRER EXT PR A B 50 0 [33] MMt . b . 50 A2 0 ol ik 3 0 35 1 e AL 4 L 1=
M2 D] AR 842 R R KR4, 2022, e R AR b R A F 52 ma [T 1K e AR R 8 4R, 2022, 42
Geng Linsheng. Effects of Grazing intensity on soil in- (4):66-73.
filtration and runoff sediment production in Xilamuren Yang Yanan., Yang Zhenqi. Guo Jianying. Effects of
grassland [ D]. Taian, Shandong: Shandong Agricul- grazing intensity on features of vegetation, soil and its
tural University, 2023. erosion in a steppe desert [ J]. Bulletin of Soil and
(28] HRE BB 0GR 8 42 7K 3 2k WL F 5 0 J Water Conservation, 2022,42(4) :66-73.
LOg BT ] E K AR R R OR300, 2024, 22(1) [34] Shase, #4255 oR , 45 IO B X 5 15 R R - )
131-140. PR BT R AR ol 7 v iy o [ . b [ B A= 4L 2019,
Tian Pei, Mao Mengpei, Pan Chengzhong. Research 41(3) :74-82.
progress and prospect of vegetation control mechanism Guo Jianying, Dong Zhi, Li Jinrong. et al. Effects of
of soil and water loss [J]. Science of Soil and Water grazing intensity on soil physical properties and soil
Conservation, 2024,22(1):131-140. erosion and sediment yield in desert steppe [J]. Chinese
(297 SCIEEE, B g A A 2R 5 e e SR &R Journal of Grassland, 2019,41(3):74-82.
Xof BT 7 U VD 1R S R e [T RE b 2 4, 2023, 31 [35] SRWGHF. 200, RS 5, 4 oK g R nl T Atk b o Bl w4
(4):1186-1197. e Jey X M8 T 2 ] 23 A A R e [ oK R 4R 3 41
Wen Bojin, Duan Gaohui, Wen Zhongming. Coupling 2023,43(4):83-94,102.
effects of biodiversity with topographic and soil factors Zhang Shangxuan, Li Long, Zhu Zhizhuo, et al.
on slope runoff-sediment yield [J]. Acta Agrestia Sini- Effects of vegetation pattern on spatial distribution of
ca, 2023,31(4):1186-1197. soil particles due to water erosion on an Pisha sand-
(301 FREEI , RIS, T 3OH 45 A [F) AR 0F T 3210 90 stone slope [J7. Bulletin of Soil and Water Conserva-

Fa N0 L [ o s e o o 10 I B e o 5 R 7

tion, 2023,43(4):83-94,102.



