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Abstract: [ Objective] The influences of barrier height (), porosity (P), and row spacing (R) on the
erosion protection of a vertical sunflower sand barrier were studied in order to provide a theoretical basis for
optimizing the parameter configuration of a vertical sunflower stalk sand barrier and the development of a
vertical sand barrier wind and sand control project. [ Methods | Based on field observations of wind speed and
sand transport, research on the variation characteristics of sand barrier roughness, windproof effect, and
sand blocking effect under different parameter configurations was conducted. [ Methods ]| @ The main
windproof area of the sand barrier was 0—50 cm above the soil surface. Compared with the roughness of the
bare dune sand barrier, the roughness was increased by 7.70—214.45 times, the windproof effect of each
specification of sand barrier was in the range of 11.74%—59.45%, and the sand barrier effect was in the
range of 33.06%—92.23%. @ The wind and sand barrier effect of the sand barrier increased with an increase

in barrier height, and decreased with an increase in porosity and row spacing. The influence of barrier height
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on the wind protection effect was greater than the influence of porosity, and the influence of porosity on the

sand barrier effect was greater than the influence of barrier height. @ The windproof effect and sand barrier
effect of H(30 ecm)-P (40%)-R (2 m), H (30 ecm)-P (50%)-R (1 m), H (40 cm)-P (40%)-R(2 m), H
(40 em)-P (50%)-R (2 m) reached 35% and 75% , respectively. [ Conclusion] A vertical sunflower stalk sand

barrier can effectively reduce wind speed and sand transport amount. Sand barrier parameters are the key to

affecting the protective effect of a sand barrier. The most important parameters affecting the windproof effect

and sand barrier effect of a sand barrier are barrier height and porosity.

Keywords: vertical sunflower stalk sand barrier; barrier height; porosity; line spacing; roughness; windproof

effect; sand blocking effect
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Table 1 Sand barrier configuration parameters

EdR=2 i (H)/em  FLBRE(P)/%  fTHE(R)/m
No.01 60 2
No.02 20 50 2
No.03 40 2
No.04 60 2
No.05(1) 30 50 2
No.06 40 2
No.07 60 2
No.08 40 50 2
No.09 40 2
No.10 50 3
No.05(2) 30 50 2
No.11 50 1
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Fig.1 Changes in wind speed and direction during the observation period
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Fig.2 Wind speed profiles in sand barriers and bare dune-like plots
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Fig.3 The roughness varies with the specifications of the sand barrier
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Fig.4 The windproof effect at different heights varies with the height of the barrier and the porosity

or [ P=40% TR E&
1 P=50%
571 I P=60%
g 4
S
®ogf
1
o,
A=
0
20 30 40
f& % H/cm
257 H=20 cm, R=2m 40
20+ 30l
X X
R 15T ®
& 20
X 1o} K
= =
10}
5 L
0 0
40% 50% 60% 40%
FLER BEP
601 [ ¥E#120 cm
[ #5350 cm
50t
S 40t
B
& 30}
K
R 20}
10}
0
1 2 3

1T BER/m
5 AEEMEEHRNERBITENEL
Fig.5 The windproof effect at different ground heights
changes with the distance travel
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Fig.6 The sand blocking effect changes with porosity at each wind speed
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Fig.9 The relationship between sand barrier roughness and

sand barrier effect at different wind speeds

4.2 ESHMEDHROZME

Wiz gl 48 K AE T I v 3% 1w v kL & A i
B G, Y KU I 4 AR B, B e ke , 5 Vb e
BEAG, R BV R DT AR B G 1 ik — 3 i [R) ) 32 °F T
FERI RZ M AR5 v v e A B R L LB BE AT
B R R T A TREURS B 208 11 X L V2 2k SR A 3 AN [ AR
FERZ IR (B 9) . BFFE R W], V0 B e A5 0 45 10 < 4R
ES A N E I i i S BT W O BN (= = |
ol fi% 20 em B CEEEE T A S & E
YDA, 30 F1 40 cm B =5 2 A AT A0 b F A7 42 8K
Ub B R 7E 2030 em X ] BV RECR A A 1R K 14 48 T
25 1) o HXGHEE KT 20 em 5 v BH V0 8500 A /N B
30 Fl1 40 em FE R BHYDROCR A 38 K@ H (& 6) . [mH 53
BT R0 (R 2) 5 FLBR X BH V0 28R 19 52 el T B ey, e

TV XK A H 90 % IV H T 020 emi
BN T AR 5 bR A R 4 0S4 205 30 FT40 em,
¥R 20 em, AN [R) B R X v 9 82 i 2 30T XL T b
B FL B BE A T s v BV 1 e E RS

*2 IHEEEESESEMEAFTETHRAELRBLNE
Table 2 The absolute values of the normalized coefficients of
porosity and barrier height under the regression

equation for each index

WEESE BIRECR/ % HBEE/em  BHWEUR/%
[ 0.829 0.874 0.572
LB 0.528 0.439 0.708
5 5w

(1) BT X ZEAEFT VD BT L 25 46 1 P 1Y XU R
2R B R XA A (R220.95),0—50 cm = B B R v
B 1 B ALK RELRE BE AR TR e 1 7.70~
214.45 f%, £ WAK U B 0 B KUK SR AE 11,7406 ~
59.45 % Z 8], BH U RBURAE 33.06 %6 ~92.23 % Z [H] .

(2) il v 1 00 v s 7y 7 XU KR 5 R VD 25 AR 2
i BGPTSR 3 1 R 1 T B A Ak, BT
KU 128 1 R AT R 3 5 IR AL Bt 388 b e 1) B XL
R B VD OR 5 388 0 B, H B KRR 5 BV 85UR
126 1 AU AR A T W AR A 5 AT FE T 98 VD B Y B XURRCR
B BE P 2% 5 5 88 v H , LB KUK g BEL VD IR 34
BRI REAR S Forb, B S 2 5w B XU 1Y B
FEESH AL 5 e BV ROR 10 e S

(3) H (40 cm)-P (40%)-R(2 m),H (40 cm)-P
(50%)-R(2 m)5 H (30 em)-P (40%)-R (2 m), &
1 m,2 m,3 mATHEIX 6 Fl AR VD B (1) B XUAECR #4 78
309 A b, A B A 5 AR 530 em, 40 em & 5
40% ,50 Yo FLBREEHLAR L 20 cm FE 55 40 % LB BE #1
F& .1 m,2 m A7 FE X 7 FhRLAS VD B 0 BH VD RO ¥ 1
70% LA b REAS B B AT 0y BH YD SOR . BB A XU
Bidr e A AE 3 m . o, H (30 em)-P (40%)-R
(2 m),H (30 ecm)-P (50%)-R (1 m), H (40 cm)-P
(40%)-R (2 m), H (40 cm)-P (50%)-R (2 m)iX 4 Ff
FUAS VD B 0 Bl ARBOCR S5 BRIV ORI B 1 350605 75%
DL b H B ROR B 5

L % x @ ]
(1] B8, i EIR T & NI EE AN £ 2 TREE
B ALE L) ] st BBl 2 1k 8 , 2004, 23(1) 1 13-21.
(2] JE A% AR 5 AL, 45 2k B D B 19 275 B 47
R e B ZE LT ] e VP BE, 2005, 25(3) £ 329-335.
(3] Wz, %S, FFEIT. L AR AE Y 75 AT 09 5L 2 47 [ 1.



5% 2 3

BRI AN A C B B BTS2 R AEAT U0 B B 7 R WF

(4]

L6]

[7]

[8]

[9]

[10]

[11]

[12]

(13]

[14]

[15]

(16]

[17]

(18]

[19]

[20]

(21]

MERR ,2011,25(16) :122-125.

- SCHE . AR AR W) RS AT AL AR R R Y J1 (D,
db 5 E Al K2, 2015.

TR HE T B, A0 Bl 222 5O VD I By 4
T BE AR L. P E V. 1982, 2(3) £ 20-27.

TR, ST HAN X, S5 75 I 5 v i A B O R VD R Y
T B R 5 R A B ] e BB 2, 2014, 34(5) 1627-634.
H 8 TR ZE 0T L 5 22 A RN AR G 2 B U B
BH P ROR R [T Al 5 H R ,2020,40(14) :106-109.
FEAT LR AT Ry A% v B AE B KU U P g A LT ARl
K EFFE,2020,1009) :126-127,129.

TR S AE B RRFT U IR 1Y 15 R AR BV 2R B X v+
B L)) E R ol B, 1986(3) 1 7-13.

T, 2B IR, S T R v R B R T sk
s R HE ER AR )] T2 K5, 2018,35(5):
1234-1241.

¢ F . L 37 3 5 A BE VD LB Y B (AR DU 9 [ D], 22
M K2, 2021,

AR E 7L, EARR, 225, A5 RS 2R AT D 9 Y B R E D
xR WA LT H R ARl K 2= 2= 4, 2009, 44 (4) : 99-102,
119.

ARt 7 AR FF VD B B K VD Ak 35 A [ DT H R 22
A K2 ,2009.

Tl AR JE 7L SN [F] 45 k25 TR AT 1 B B R
[ Vb 85OREAF FE LT ] 7K+ PR R 244, 2010, 24(2) 1 48-51.
ZEEROR, T, T T RANEE AR BRI R F
B oh 1 B W K R i IR Ay AT L) Al TR AR AR
2021,37(19) :57-64.

B R AR SR R LT ] AR %615 B 5 95, 2001
(1):28.

PSR L FE DT R . S R SE AR R FE R S OR R AT AR
A A [ P B B KU e L e [T ], 4 385 41 . 2020, 51(5)
1218-1223.

S, AR A 7 e K, S5 B 7 R ZE AL R AT U R
14 A 7 3 K B AT v 2 RE BF 9 [0 0. K - £ R B 5
2016,23(6):98-101.

B N N e T IR AT NI )
TR it 9 IRV 32 B8 A AE S JLB P A R [ 5 X B IR
53R5%,2016,30(8) :113-119.

L, T4 S0, S oh B YRR Tk R 5 3RS
#r: T Vosviewer 1 Citespace 1 &% &4k 4 #r ] 1.
o E YL 2021,41(2) £ 153-163.

Sharratt B, Feng G. Friction velocity and aerodynamic
roughness of conventional and undercutter tillage within

the Columbia Plateau, USA[J]. Soil & Tillage Re-

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

search, 2009,105(2) :236-241.

Wiggs G F S, Livingstone I, Thomas D S G, et al.
Airflow and roughness characteristics over partially
vegetated linear dunes in the southwest Kalahari Desert
[J]. Earth Surface Processes & Landforms, 2015, 21
(1):19-34.

A AE VS BT AR B® L %0 A BHR 0 U0 b U 2 VD e 2R
B 0 199 1 JRLREL 0 0 2R a6 L) 0. K AR 35 2% 3R, 2013, 27
(4):12-16,22.

52 P28 AR IBEHA & i AP R = Vb M s 1 B DXL RE 70 5%
25 [T ] K A H55 41,2014 ,34(3) : 178-180, 206.

FEEA A5 BN T B BV ROR ST [
Kig CF2EH),2016,16(8) :314-315,318.

Anderson R S, Haff P K. Wind modification and bed
response during saltation of sand in air [J]. Springer
Verlag, 1991,1(1).:21-51.

R R B, SR AR ST U0 R BB B AR X
MR RFAE L) K £ AR FF3E . 2017,37(5) : 260-265.
FEIC T oK R A SR B AL SR [FAE
T T4 o 70 o 109 B Xk RE LT 1. b I 158, 2013, 33
(1):65-71.

BT TR R, A5 TL A AN 5] 44 26 B bk v
B DXUREL 70 20 45 4 e F 52 [T 0. 7K & AR 55 2 4z, 2010, 24
(1) :41-44.

Hagen L J, Armbrust D V. Aerodynamic roughness
and saltation trapping efficiency of tillage ridges [J].
Transactions of the Asae, 1992,35(4):1179-1184.

TR E A T A A E R R A X KD I B B AR
Z AR R w0 IR DL LT ] oK - R 45 38 4l 2004, 24
(3):1-4.

HSEK L B, Ja — Ui, S5 ORLRS B 0 B S BR A [T .
Bl £4% ,2014,6(18) . 111-112.

A SRS R 1T SFL A S U BRI
b i 7 AT Vb A i T ] K A AR i 2020, 40 (5)
166-171.

A LB T, 3 ORLURE DR ThT RS 2 1) 7% 47 e iE B H:
PyFLE LD E Y, 2010,30(2) :217-227.
Panebianco J E, Buschiazzo D E, Zobeck T M. Com-
parison of different mass transport calculation methods
for wind erosion quantification purposes [ J]. Earth
Surface Processes and Landforms, 2010,35(13):1548-
1555.

Namikas S L. Field measurement and numerical model-
ling of aeolian mass flux distributions on a sandy beach

[J]. Sedimentology, 2003,50(2) :303-326.



