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Windbreak efficiency of typical windbreak and sand-fixation

shelterbelts in western Heilongjiang Province

Fang Yufeng'?, Wang Ligang"’, Ji Xiaohui"*, Han Qin', Ren Yue', Zhao Ying*, Zhang Qiang"*
(1.Qigihar Branch, Heilongjiang Academy of Forestry Sciences, Qigihar, Heilongjiang 161005, China; 2.Heilongjiang
Qitaihe Forest Ecosystem Observation and Research Station, Qitathe, Heilongjiang 154600, China; 3.Heilongjiang Songnen Plain
Farmland Shelterbelt Ecosystem Observation and Research Station , Qigithar, Heilongjiang 161005, China; 4.Institute of Applied
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Abstract: [Objective] The windbreak effectiveness of different types of shrub and small tree shelterbelts was
analyzed in order to provide a theoretical basis and technical support for updating and optimizing mixed tree-shrub

models in the sixth phase of the “Three-North Shelterbelt Program” in Heilongjiang Province. [ Methods] Four
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windbreak and sand-fixation shelterbelts in the sandy area of western Heilongjiang Province were selected as the
research objects. Changes in wind speed were observed at four heights from the ground on the windward and
leeward sides of the shelterbelts, and differences in windbreak efficiency, soil particle mechanical composition,
and fractal dimension among different shelterbelts were compared. [Results] Ulmus pumila shelterbelts showed
the best windbreak effectiveness at heights below 100 cm and within a distance of 5 H (H denotes plant height) on
the leeward side, and it caused the most pronounced changes in the wind speed profile. Syringa oblata shelterbelts
showed the weakest resistance to wind speed at 5 H on the leeward side, where wind speed basically recovered to
the level at 1 H on the windward side. Lespedeza bicolor shelterbelts had the highest surface roughness (2.83),
significantly different from that of the other shelterbelts (p < 0.05). Silt, very fine sand, and fine sand accounted
for 84.42%—92.80% of the total soil particle size. Salix saposhnikovii shelterbelts had the lowest fractal
dimension (2.56) , significantly different from that of the other shelterbelts (» <T 0.05) , whereas the fractal
dimension of L. bicolor shelterbelts was generally higher than that of the others. In S. oblata and S. saposhnikovii
shelterbelts, the wind speed increase rate gradually decreased with increasing height. The windbreak efficiency of
S. oblata shelterbelts reached 199.59% at 10 cm, significantly different from that of the other shelterbelts (p <<
0.05). L. bicolor shelterbelts showed relatively high windbreak efficiency below 50 c¢cm. Redundancy analysis
showed that windbreak efficiency and wind speed reduction at the same distance were extremely significantly
positively correlated (p < 0.01). The wind speed increase rate in the middle and upper layers was significantly
negatively correlated with plant height, belt width, and preservation rate (» < 0.05). Belt width and preservation
rate were important variables, and plant height, belt width, and preservation rate had the greatest effects on the
windbreak effectiveness of the shelterbelts. [ Conclusion] Differences in plant growth characteristics directly affect
windbreak efficiency during the spring windy season. It is recommended that in the three-north region of
Heilongjiang Province, shrub shelterbelts composed of low, clump-forming and densely branched species, such as
L. bicolor, should be adopted, and the number of rows should be appropriately increased to achieve the best
windbreak effectiveness.

Keywords: windbreak and sand-fixation shelterbelt; redundancy analysis; windbreak efficiency; fractal

dimension; wind speed profile
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Fig.1 Variation characteristics of wind speed in different shelterbelts
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Table 3 Analysis of soil mechanical composition in different shelterbelt types
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different shelterbelt types
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Table 4 Wind speed increase rates at different heights in different shelterbelts
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Table 5 Windbreak efficiency at different heights in different shelterbelts
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10 cm 50 ecm 100 cm 150 em -1
i 138.97+10.16" 205.78+15.28" 100.28+11.55* 111.31+11.81*" 139.084-23.67*
AT 125.25415.15" 232.88+19.54" 53.31£5.52" 74.4149.88¢ 121.464-40.09°
T 199.594+25.81° 154.35+13.94" 101.234+8.02° 127.77+12.42° 145.744-20.97¢
TEARM 134.834+22.83" 77.744+11.71° 90.00£6.63" 91.7346.54" 98.574+12.48°

TE 3R PO P S b 22 R R TR NG TR FROR 22 53 3 (p<<0.05) . T 1A,

6N L4 FMAFET KL H,3H,5 HIE
A AN TR v B ) KU B R [R) — i BET B T RUIED
RS 0 3G 0, 5 bRt 349 2 B A DR AR R 3 /)N | T
— bRt A 3 XU ) X B I 2 5 B (p<
0.05). 10 cm & B2, T A& Moy 45 KU 1 H XU [ iR 5
HoAth 3 Fobkals 22 5 W2 (p<<0.05) s 7E 45 KUiH 5 H, 17
AR F Ml 5 T & AR 22 5 B 3 (p<<0.05),
50 cm B, HE R MIARA T XU 1 H, 3 H,5 H A G# B
i 147 55 At 3 b Akl 22 5 3 (p<<0.05) . 100 cm /&
JE A T A XU 1 XU R 34 A 3 Rl
i 22 7 3 (p<<0.05) s fi oy 35 KU 3 H AU B
5 Al 3 FhARAT 22 7 W (p<<0.05) 5 HE A M AR HE
T U5 H XU [ i 24 5 H A 3 by 22 5 1 35 (p<<

0.05), 150 cm /& B2, 4675 RUIT 1 H M T & ARy 560
B F EAMIMS 22 5 835 (p=<<0.05) ; 7685 WUIfT 3 H,
T ORI 5 AR AR 25 R B (o<
0.05) s 7E#5 VI 5 H , AR MR S8 T & My 22 7
3 (p<<0.05) ., 755 WU W] —BE g 4b , fay B A - pk
35 2 B R 50 em iy B KU B R K, Hok Ol 10 em
1B 5 T A 55 HE MM 1) IR e AL N B
2.6 FIRKIEXIEFRRDA SEEM ST

RDA 431 25 5t (& 4 5 7 /] — B 55 4k A B LR
B 5 IR 86 e 329 7 A W B 3 T AH 6P (p<<0.01) 5
1o 2 R B N 5 5 R T DR AR Al D kL
I U OC (p<<0.05) , 5 RRL Mk A Bk & i
FRLRE BE 4 TE 4 5077 7F B 35 1 A0 5 (p<<0.05) 5 3
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RSB bR R S DR A R A O (pZ
0.01), 55 M & RS B B & 38 1E A0 ¢ (p<<0.01) 5 By hr
B RS M R UG (p<T0.01) s B 41 bk 1 i
kR O PR AR E A DG (p<<0.0D) , 5 %
L T b OB B AR 2 17 AH O (p<<0.01) s 40 Kr
R S ATECROR R RL B B A 56 (p<<0.05) ;
oD R RO A0 D R AR A O (p<<
0.01) 5 HLED 7 5 & 5 0 kL & 2 2 W3 7 A 56 (p<<

0.05), 5 4 wb ki & 2 1 2 1 A O (p<<0.05) ; A1 Bk %
i 5 A DR B A W 3 BROAH G (p<<0.05) ; 43 B 4E 5K
SRR R B R 3 IE A O (p<<0.0D) , 5 kA i
JE AR R R B B 3 R O (p<<0.01) o

MR 3 B 43 BT R 238 X BE AR AR H i) H 2 o AT 3R
BT, bR Rl 1 B v, AR R R A A
U PR DR AT 3R, 4 1 URL 5 B 40 0L L 400 s 5
U R R VA=

&6 BIXE M b A [ BEE R E & R RUE P iR

Table 6 Wind speed reduction at different distances and different heights in windbreak and sand-fixation shelterbelts

AT g A XU I W/

Mty e iy
10 cm 50 cm 100 cm 150 cm
W1 H 53.464+1.99" 60.852.28" 44 844 3.49M 48.81+2.97M
Hi W 3 H 37.6143.02" 48.684-2.87" 30.2043.90% 21.164.35"
W RE 5 H 17.45+4.01% 19.0444.12% 1.37+£5.72% 0.7045.43%
X 1 H 48.034+2.92" 63.5842.08" 30.73+£2.05" 36.5942.49%
i A5 X 3 H 32.89+2.71% 43.41+2.01™ 16.90+1.86" 17.0042.06"
X 5 H 17.46+3.73% 23.57+2.85% 4.0642.35 8.7041.75
X 1 H 85.17+4.12* 57.13£2.31% 45.4641.88M 49.304 2,324
T R 3 H 29.3546.21% 42.584-2.20% 29.66+2.53% 34.40+3.16"
W XUE 5 H —8.60+8.92% 26.49+3.36% 3.7144.34% 3.1345.52%
XA 1 H 46.3943.64" 35.834+2.63" 42.7641.73 43.514+1.75"
THE AN R 3 H 26.37+3.05" 20.25-+3.14" 31.89+£2.10™ 32.01£2.01%
X 5 H 5.6543.30%" 4.46-+3.63 19.0342.63% 18.86+2.33%

TE = 3 TR O S B R L bR v 22 TR S0 BCE E AT X L s KB SR ABC 3R Rl — M 7] — g B2 R AN [R] # KUE 25 1 22 57t 4 5 /NS 5 B abe 7R (]
- B[R] — 8 KB B R R TR My B 22 Sk . K/ SRR 3R 28 S 1 3 (p<20.05)

a #8 % 5 /FRDAR
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@} 5 AT 5 H A ; @ N EERL (<2 pm) s @R T KA 1 H R ; @ AR (2~50 pm) ; @A AR 5 B s @ Ry bt 47580 @ 2 s i (250~500 pm)
@} HAfFE 17 ;@ A 85 (1 000~2 000 pm) ;@ A HLES KL (500~1 000 pm) 5 @ b 43 T 0 ; @ Sy i 2 MUK BE 5 QO 0 IR JZ XU 8 i 25 5 @0 Sy i 2 ALk
N 5 @y s J2 AGH G 5 @ o A KU 1 H B RGRE s @ S 5 KU 3 H B KR s @ S 35 XUTET 5 H B XGCRE s @ S 35 XU 1 H XU [ i 5 @ o 75

AT 3 H XS B 5 @ o4 15 KUTET 5 H XU &1

B4 BIXEDHEXIEIRE RDA SEEE ST

Fig.4 RDA and importance analysis of relevant indicators of sand-fixation shelterbelts
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B W, 6 150 em & FE LA R 935 X 5 HEE B LAY
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55K 28 AP Y R WE IS AR 1Y BB T e B R
19 ¥ 4¢ (Hedysarum mongolicum) 1 7 KU H V0 4E FH TE
3 HA —Erk BCT e B R A R bR 2 T 0L
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TV 25 1] A 2 0L A A B R o X, S X
IGO0, U B A T 3 RN R A% JE R 1 2 R i XU R
LM FEHEE,

M e R RS BE S AR R B E IE M OC (p<
0.01), 5 1 4 &0 A 7 5t A b 25 1A OC (p<<0.01) , #
T MR T 3R REDRE B e R, LR B A (6.4206) |
e 4D KL F5 1 (30.08 %6 1E 4 25 M Hh 43 31l O e v A
Bl . BURL LA Y R M R 4 TR 4 SOk 3
R 43 T8 Y5 RE B8 4y R AiF A 38 J0RE 0 A 4R, R AE
R Sy A S A AR YL R A NI 4
W72 B A | M T A B vk, v R T 4
BT B bR 2 — . R E R MR G S
B 4 B30 IR f v AV A, 430 R 2.73, 2,56, A A+
AR B AR 1 43 6 4 B0 HAt 3 2 bR 8 o 73 JE 4E 4K
5 g R o R B AR o 8 dEBUE N
PEA AN [] 286 Y 7 IR [ 70 BT o) - 38 JoiT s 52 i) 1) 48 A
Z— o hHEHROR Y R A TR AEROR, T
U, U BH A MOS8 9 T M B AR L X AT B R
e RS 181 V0 R e A ) R A

- UK 2 A 4 45 F FE Rl 4R BT, 3 A2 A
B R AR B I 85 AR A 5 M, 36 AR B 8 AR Ak X+
B B A R OR ML AR 2 B P, Bk
TR i B R IR T MO T T R
G R VAN R e | R SR
AWM B o R e ey B I B R
TP A R AR AR AL Ul A VE R W ARHY s B 0
AR 0, 75 B BB SR B — S R, 98/ RV A
FIAH /N FIURE B T %, A2 2 - M RSURE 200 5 Ak

JRU A 38 i 3 SR B IR 3 JBT 2k A R RR A A
] 4 WC Y B BEHR AR, T MR (3.210%0) 7E IR )E
(10 em=<A=<50 em) (14 XU TE 1S fin 26 f i, 5 B ARl
(0.33%) fe 1K , KU AR 48 38 56 AF 5% I R, BRCHR ik 280 1
AR A Ik 2 A 300 IR T 378 XU R B0 X 3 XU Y
555 5 5 AR MR TR %) L PR R A B A 1 B, LB XU
PEAT G M XU I 55 RE O IR . TR W] — B i
JEKETT T &R T o AR B B A% Bl XU 42 TR
B SR 8 TR A 4R R PR |, 7 9% M DXOUL I e 3
AR, R A% Bl XURE AR B B, 3 W 1% 2 5 B0 b
i AR 2 KU G A 22 B R E R T A
AR AR (1 IR S 348 3 i e ) 1 2R IR 3% s
NI B X BT T ST E 5T A XU B o
F14) 1 o B R L 8 S AR S B /N B 2 e B —
oMo AR P B XA 2R 1 25 5 ROk A SRR Y
AR 22 1 M AR B TR SR Ml R 1 % AR
RURERE , T 4 HE AR WIS T 4% B 30 i i 780 Al Ak
XV % R T BT A HE AR MR B X T 6 e R A

ENURTA S S

T M LER K 1 H B 6] 5 B 5 29 B K
RUHE (145.74 %) Bty , HE AR MIARAT (98.57 90 B Ak, Ak
e MR 5 ) 3 2ok Y 1 AR KU, R BOPR T 2R I
Z |, RHE B 5S , B KRR G 3R Y L 7R T H/ AR S
THE AN AR AHE 5 B 1 0 4.0 m YRR, Bl XU RE A 22
R DR AT R R B A OC T A AR R AT 8L
R 647, RGE MO AR I 6 AT A R L AR SR AR
TEAMIART B AT 8 247, RUEE o MRS B, S 3
B KUK R e 1K

TORATHT R B, rp w2 KU 3G R 5 bR
FE ARAF R A AP RL S i UM DG (p<<0.05) ,
BV 4 M 2R AR U B R IR A R R T B, U]
AR HEAS P 5T B bR = S DR A SRR B Bl R
eSS AR NI SR o e A (R T D e (e
FEVR = BE L 5 A g A A B Ak Y — FhOE 2K 7R AR
i B R bR B SRR o AT e B Sy Sk
T Ak 5 1Y £ e B AR L R AR B K AR
EOIES B E ) % AN U AN L R VAR 1 TR
7 4 KA Y FE ) 3k B 84.42 %6 ~92.80% , X 5 H#H A
AN R 1 R VD M A 5 45 R A B b 5 b LR
KRN AD Sy 3 09 4518 oA — B0k AE LB b i b
S R | o6 N v 7 N s W i R A e S U 7 =
PRAF X T b e 2 G Y n LA He e R
AR B 5% R XU SR FH BRI S, T MR T RUTET AR
B2  TEWI A AR T 2 M DX R MRS XU AR Ak AR
LS |, 76 R Ok 19 B 5% bt T TR 22 0 ) 20 00 2 7
THE TR 58 MK B UK R IF 9, DA T 47 b 3 1 4 kXU 1)
23 ) 3 AT AR AL FLEE

4 4w

C1) A bRAR %o 25 XU 5 H BE 85 LA, 150 em =5 2
PLTR A JA T B A5 1 ) sk, T B AR e 55 . AR
THE R0 AR AT 1 AR 43 T 4 B0y ) Ok B i (2.73) N
A (2.56) o Hb FRAHKE BE 5 Rk & 5 b 35 1E A G
(p<<0.01), & & OB ML AR 2 5%, B & i KR 7
i R AR MR ST T R
AT DX IR R W AP KL R R 3 ROk AR 4
K AR B L g 84.42%~92.80% B KL T MR A 7E MR
J2 (10 em=<h=<50 em) 1Y XU 38 I8 5 fI%, 24 0.33 %0 .
T B AR BT B bR R I T DR A R AR B B XL
BES A 5

(2) ARHWFFEIN A FE 2B e V148 T 3 47 2 K AU ],
MBI RS 25 Ff BB MR &, 0T D R Rl A DOTR R % R
TRUAF AR B VE AR bR Oy 32, R Y3 AT B, SR
ELA T 200, o 7 A M SRR AT, T i, B
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