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The effect of simulated chronic high wind on the phenotype of Salsola arbuscula

NAN Jiang' ,ZHAO Xiaoying""*, YU Baofeng
1 College of Life Science, Xinjiang Normal University, Urumqi 830054, China
2 ChaiWopu Forest Farm, Urumgqi 830076, China

Abstract; Wind is an important ecological factor, seriously influencing the aboveground growth and architecture of the
plant. The plant can adjust the aboveground architecture to change the capture of light and to regulate the resistance to the
external mechanical pressure. Salsola arbuscula,one of native shrubs in Dabancheng, grows in the habitat with strong wind
and drought. However, its resistance capacity to wind has not been assessed. We investigated the phenotype of S. arbuscula
under chronic strong wind to know how S. arbuscula responds to wind disturbance in growth and architecture. Wind
generators and pots were used to simulate, lasting for 105 days. The wind generators operated for 6 hours each day from
14..00 to 20: 00. Four treatments in wind speeds 0. 3 (control ), 3, 7, 12 m/s were designed. Strong wind led to
asymmetrical canopies and basal stem the diameter along the wind direction was significantly thicker than that perpendicular
to wind direction. In the wind speeds of 3, 7, 12m/s, the height of S. arbuscula was reduced by 31% , 45% and 72%
respectively. The trunk angle to horizon was reduced by 49% , 69% and 80% respectively. the leaf angle to trunk in the
windward sector was reduced by 32% , 39% and 47% respectively; and that in the leeward sector was by 36% , 67% and
68 % respectively. But the leaf angle to trunk perpendicular to the wind in the west was decreased by 44% , 50% and 59%
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respectively ; that in the east was by 53% , 59% and 62% respectively. S. arbuscula had the second order branch, and the
branch angle to trunk was reduced by 24% and 40% , while the number of leave was increased by 54% and 31% under the
wind speeds of 7 and 12m/s, respectively. In the wind speeds of 3, 12m/s, the crown area of S. arbuscula was reduced by
54% and 68% , respectively. However, in the wind speed of 12m/s, the leaf length of S. arbuscula in the windward and
leeward sector and perpendicular to the wind ( west and east) were reduced 39% , 38% , 40% and 36% , respectively. But
the total branch number, number of the first order branch, trunk length, average branch length and length of the first order
branch of S. arbuscula were not significantly changed with wind load, compared with control plants. It is indicated that S.
arbuscula has the capacity to significantly reduce its exposed surface area and the aerodynamic drag in response to chronic
high wind disturbance, by reconfiguring the non-uniform canopy architecture to present a streamlined shape to adapt the

prevailing wind, and decreasing the angle of the primary branches and leaves.

Key Words: adaptive strategy ; architecture ;chronic high wind ; growth ; Salsola arbuscula ;shrub
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Fig.1 Daily variations of wind speed in Dabancheng in 2011 Fig.2 Monthly variations of wind speed in Dabancheng in 2011
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KR ZE 5 225081 ( One-way ANOVA) Fll T K565 ( Paired-samples T Test ) , 7355l Fb BEAS [A) U X A AR
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13.0 (Chicago,IL,USA) A58 G T, 3 Excel 1EE,

2 BRSS9
2.1 XUBME T ARAKE B3R E KA
2.1.1 tREfIEERR
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9 TECXL 60d I, R, H XU /N XU ARAS B 36 10 bk v 5 %) BRAEAH B 23 500080/ 1 72% (45% F1 31% ( P<
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] g R AR S e A ] Y AR 22 AN i

http ; //www. ecologica. cn



20 4] [FERANEES Y& VSIS P NRG o S S T R B VR R R AL 6357

b
(=}
1
)
)

[ e A A IED

£
£ a . & b  OmEMNM
g 300 é 40 a b
Z S 30
é“ 20.0 E
i g 207
# 100 10k
jotal
0 N N N N ' 1 1 m 0 L | 1 L J 1 A y 1 L 1 J
15 30 45 60 75 9 105 papiid 3 7 12
JHpIEL B ] Days/d JX# Wind sppeed/(m/s)

B3 FAERMEATAREERN®RES (FHHPRER) B4 FRERAERTAREEERHER CPYMHbRER)
Fig.3 The height of Salsola arbuscula with different wind load Fig.4 The stem basal diameter of Salsola arbuscula with different
(Meanz=SE) wind load ( Mean+SE)

2.1.2 MREEAKE 900
\ e O xH
M 5 AT LUE R KR TR RAKE B3R 1Y) ° 750 O 3ms
R X IR S U T 31% 1 54% (P<0.05) /N 2 goo | 3 h
R FET IS I i 5 B LA 2 S B 3 £ 450 \
IR FAA RS K B SRR, 2 500 \
R AU T 39% (P<0.05) 5 RUEIYIS/N T 38% £ |5 E
(P<0.05) , 2 EL XU (79) B9800 T 409% (P<0.05) , 3 o L x RN KRG
. 15 30 45 60 75 9 105
EHXUA (&) /N T 36% (1), IRAVNAIERTT JipE I ) Days/d

I NS P P N T
2.2 MUa P ARARE B A Y
2.2.1 i wind load (MeanSE)

Xt B B RIEV AR KA % B S 9 R 20 51008/ T 68% \54% (P<0.05) , o KAEHTT 9
ZRABEE6),

5 AERNERTARKEEIMM 5B CEELARHER)

Fig.5 The number of leaves of Salsola arbuscula with different

F1 FRERNERTARREERNIHKE P EbRER)
Table 1 The leaf length of Salsola arbuscula with different wind load ( Mean+SE)
B Leaf length/cm

W /(m/s)

Wind spocd A (1t) A () T F AR (1) A (5
Windward ( North) Leedward ( South) Perpendicular to wind( West) Perpendicular to wind ( East)
papi 3.80+0.35aA 3.90+0.51aA 4.00+0.44aA 3.87+0.23aA
3 3.07x0.27abA 3.20+0.23abA 3.07x0.33abA 3.00+0.47abA
7 3.37£0. 13aA 3.40+£0. 12aA 3.43+0.27abA 3.57+0.33aA
12 2.30+0. 14bA 2.40+0. 12bA 2.40+0. 06bA 2.50+0. 06bA

[ 5)/NE TR #2255 .3 (P<0.05) |, FITRE FREAR#H Jy 26 57 3%

2.2.2 =E[a)fgHY

KRR NRWE R T 3225725 i A B2 40 1) Ee XS BRALI8/N T 80% .69% 49% (P<0.05) , A i 5 4 1] 5 XL
AR, B ARFRYE(F2) o RFHRWER N BT 900k, Bemif 43 51 He X B98N T 40% |
24% (P<0.05) o /NASEH T A B 0B, B 5 X IAIAH e 22 S A B3 WUBE R ARAR R B3R
R — PR FE2E K — PR P B B S X IR AE 22 N 2

MFR 3 LA KR A RN TR, AR A S B 25 04 400 A 55 00 BB AR L, 300 JXUTET 1% 43 5500 s /N 1
47% 39% 32% (P<0.05) , 15 XU A 43 510/ T 68% .67% 36% (P<0.05) , 3 E XA (78) A4 5/ 1
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59% 50% 44% (P<0.05) ,3E 5 XU\ () )45 5106/ 120

T 62% 59% 53% (P<0.05) ool a
3 it £ ol :
3.1 HUAARIEE S K b

Bl JERE IEF KNSR R R E R 2 | )
FIOTWAS . KIMREAERUh R B T : b
BL N BRI 20 m
HEWN T . ABFSEZT 105d AL A AT B3 (L U N L L S
RS s/ X AT RE SR A KOs/ T RSB IR T R Wind speed/(m/s)

TEH B AT 58 R0 ) 4 AN BB D™ Ji 3 1E 8 19 K/ 6 RERAE R TAREE LR IR T bt

P BL B/ INIAL SR o S350 A2 EUABIPL kg 6 The crown area of Salsola arbuscula with different wind load
MRS SR AT A M AR AR . KA EEE (Meanssk)

SUR/ WA R el W e SO IR AL e RN = = NS

1 3 AR RN 2 1 4 3

F2 AERAMEATARKREERM LS M= EAE P EARHEDR)
Table 2 The aboveground architecture of Salsola arbuscula with different wind load (Mean+SE)

W Wind speed/(m/s)

oyl 3 7 12
S EOE Total branch number 8.67+2.73a 7.00+1.53a 11.33#3.18a 7.33%3.21a
—#% 43 B8 Number of the first order branch 8.67+2.73a 7.00+1.53a 7.00+0. 58a 5.33+0.88a
T2 A % Number of the second order branch Ob 0b 4.33+2.60a 2.00+1.15a
FZEK ¥ Trunk length/cm 39.97+5.69a 31.97+2.58a 33.57+3.87a 27.73+4.12a
S4B B Average branch length/cm 19.23+1.35a 18.70£1.10a 25.17+2.76a 25.40+6.29a
— 2SI Length of the first order branch/cm 19.23+1.35a 18.70+1. 10a 22.07+1.47a 21.27+4.02a
T2 i/ Trunk angle to horizon/ (°) 80+7a 41x1b 25+1b 16+3b
F Wi/ Branch angle to trunk/(°) 68+6a 64+3a 52+1b 411b

[FAT/ING FRER R 22 5 8 3 (P<0.05)

®3 AERNERTARREEFRNIE R P EbRER)
Table 3 The leaf angle to trunk of Salsola arbuscula with different wind load ( Mean+SE)
I ffi Leaf angle to trunk/(°)

WGE/ (m/s)
Wind specd R (1) R () U (1) A ()
Windward ( North ) Leedward ( South) Perpendicular to wind ( West ) Perpendicular to wind ( East)
Xof HE 95+4aA 107:£2aA 109:£1aA 98+8aA
3 45+3bB 73+10bA 64+5bAB 61+4bAB
7 37+5bcC 72+5bcA 54+6bcB 58 +5bAB
12 30+2cC 38+4cB 48+1cA 52+2bA

B/ NG FREANR 225 B3 (P<0.05) , FAT KRS FRARR#H 25 5B

KM ARt AL 3 AP R 7 A e R 2 il o g o X FERRBE AR A BT AR B . XUt
B ARAKE BRI i) A2 R Tl E XU B AR Al DL AR AR A 6 SR o 3 DR WXL i) A 14 0 3 K& i
A1,

T2 B R 4323 KBy J T BELAS T XG5 R > 21 i s RN 4 1T LA X
XA HUAR o WBUINE A XU i B2 g T AR S RE A UK AR AR 0 2l g BAR) 38 5 i
R W/ Nas SR RO LA LAY N /N O s s/ has SR T AR XURR I T AR
BB A A A RST8] R/ T R XHEBE A ZRAE T, KA KA TR B AR AR B i A
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RPN YA R SE T I F12E 1Y) 25 8] A1 AR A RN AR, Ak i S i 35 e & K o0 AR (2 e 55
WA AR G S WA A SO RE R A A AR — SERR T AR T i OB T I Y S TR A TR ek
Nz SRR A R A

HEL) 01 e W 2 145 A ) 22 () o A BB D ) — > BB AR, RS RIE 3¢ A2 38 i /) e W 3k O XL R
B ORAE SR I E AR R B 80/ . T R P S RURE AL g, B T ACA B B SR i A
A1) A T AR YO T e R A N AT LI/ N A SR S G PR S5 b, R TS IX
ARV I AR e A 1) 9 XU AR, 225725 A 38 W 2 i N, R mT A RO 5 B OB RE A R 3 -5 W i
FATFIE B AAREBIER I Z B AU R, 322525 il 30 UK R 1A 2% 52 KU T ) 251 1) 75
DRI, AR B AT HEAL , Fe S B I Y L 3R] LA Rt s N KU Y =S B /LR 3

IIASCRE B AR AIRE ST , R It 2 X A S BRI 26 AR B — Rl 1, ASBIESE o, R KU
AARBEBIMBL T Pk, XA ARG BAITZ W 8K, Al DUE £ — € 1) S A
o WG EHBRR ] T ARAE B A =S ], [ R T I 7 X OERERTR , — By i B, m] LUK )
ARSI E R T

OIS XS AR eI RO A 3 B PEROAE T, o e R 2 18] o A E D I — N E 2R bR, SCgd A
R AR ARS8 B 8 A5 32 ) I A B sl s | B A R ) 2 H ol AR G, AT
DAl NHAEAR S Rt v A i el 1t i ) 3 AT AT R0 N AR A B SRR T 5 KU S e AR 9 SRR
REAER 11 B AR SR 4R a1k

U A i S AR ) A S A BRAA R Y — N EE R R . A IFTER W, AR I R A KRBT 2 B ik
(1 RE M, IR N A B 2 BB R AR S50 AU |15 XU 0B X ] fr A Dl )N , LR
T R RN R ARASE B SR AR 32 B KB HUT J7ad A v i A LA/ N A6 5475 X0/ N

£5 LI , RS B A el NP R B 3 R ) 94 A SR /N KUt o ) LB 3 3 SR XA
HORCT A B st SN e LR A T ORI AR TE 22 D IR AU AR B it Rt A
5 AT A 50 H B Sl (R AN X A e, SR 1 | 2 25257 A S B B S BT A R 1 T SR AR
K R ZIE— MRS /A BT, AN B R o ARA S B3l id i/ A B g kA K
S0 s e R R R AN KRR 0B NS I R 32 i ER A T Rl N AU BT, RLIE R R AL
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