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Vegetation growth responses to climate change using geographical detection in the
Loess Plateau, China
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Abstract In order to explore the response of different vegetation types to climatic change in the Chinese Loess Plateau
(CLP), the trends of different vegetation types and their relationships with climatic factors were analyzed using trend analysis,
Hurst index, and geographical detector model based on normalized difference vegetation index (NDVI). The results indicated
that the NDVTI from 2002 to 2019 under different vegetation types was in growth trend and codirectional moderate persistence.
The NDVI of crops in the built-up and adjacent areas decreased significantly. Except for the area under grassland or meadow
affected by mixed pixels, the spatial difference of NDVI was significant in the growing season (from April to October). The
mean NDVI ranked as: coniferous forest>broadleaved forest>scrub>meadow>grassland> crop>steppe>desert. The interaction
of climatic factors was interactive and non-linear enhancement in the CLP. Moreover, the interaction was more prominent
under land type of steppe and desert where the habitat is fragile. The synergistic effect of precipitation and temperature had a
great influence on different vegetation types. Water vapor, relative humidity, sunshine duration, atmospheric pressure, and
wind speed had different explanatory powers on NDVI through indirectly effects of hydrothermal conditions.

Key words Loess Plateau; normalized difference vegetation index (NDVI); vegetation type; climatic factor; geographical
detector model.
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Fig.1 Location of Loess Plateau, spatial distribution of meteorological stations and main vegetation types.
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Fig.2 Spatial distribution characteristics of mean value, coefficient of variation (CV), change trend, Hurst index of normalized difference vegetation
index (NDVI) and their percentage of different vegetation types in the Loess Plateau from 2002 to 2019.

CV: #KEEY Crop; ST: HLJR Steppe; SC: # M Scrub; BF: [@ M #k Broadleaved forest; DE: Fi2i# Desert; ME: % fi] Meadow; GL:
B\ Grassland; CF: &M #k Coniferous forest.
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AN, 7R 010 AR . M EEAKW PD S5 A PD HZER T E . MR E KR E BN R
EEMA T, PD {HN 0.34; KEE. BEK. RIEHET PD HIYAAFEEERFK, Hb, KEERT
PD {HF%1E (31.9%) & K; MXHEE, <&, WEMHEEF PD HIY 2 EFEHE, HREKE7IEiE K
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Table | PD values of meteorological factors and vegetation types through the whole year, and that in the growing season in the Loess Plateau

SR F Climatic factor 4:4F Whole year K Growing season
X1 0.03" 0.17"
X2 0.04™ 0.11""
X3 0.09"" 0.15™
X4 0.47" 0.32"
X5 0.23™ 0.25™
X6 0.37" 0.27"
X7 0.34™ 0.27**
X8 0.20"" 0.34"

*P<0.05; **P<0.01. X1: HIEAK Sunshine duration; X2: X Wind speed; X3: “{JE Atmospheric pressure; X4: /KiKE Water vapor; X5: #fl
KRS Relative humidity; X6: [#/KE Precipitation; X7: “{I Air temperature; X8: HE#ZA! Vegetation type. [A The same below.
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Table 2 PD values of meteorological factors of different vegetations in the growing season

HE#IA Vegetation type S [HF Meteorological factor
X1 X2 X3 X4 X5 X6 X7

BHAED Crop 0.10* 0.07 0.13* 0.39* 0.23* 0.24* 0.22*
BJF Steppe 0.14" 013" 0.04" 0.26™ 0.29° 0.22* 0.29*
#E M Shrub 0.16™ 0.11" 0.06™ 0.28" 0.25" 0.26™ 0.11"
[i#H-#k Broadleaved forest 0.20"" 0.13" 0.16™ 0.62" 0.16™ 0.15™ 0.62™"
et Desert 0.12 0.11" 0.28"™ 0.33" 0.34" 0.32" 0.29™
¥ fi] Meadow 0.11*" 0.14™ 0.18™ 0.75" 0.17" 0.19™ 0.70™
A Grassland 0.02 0.10 0.46™ 0.34 0.07"" 0.20" 0.44™
ZH#K Coniferous forest 0.23 0.13 0.13" 0.60"" 0.20™ 0.18 0.71""
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W& 3 FTBLEH, AR TAH PD SR TARM AR 7/ PD H, WHHFZEAEHARAN
MG R AN AR L Ve 5, AAFAEROT BOR R FR . Hh, MIEEY . BIE, S, Fadh KSR
EARLNE 5, MHORHEAACSR A T REOK SRR AR K PD EREAM IR A TR EAEMH PD H1EIE
B3, KUK S TR FAEHAX NDVI R, 28— 25 5 B KON IR 2 A B4R T AR A 57
S0 NDVI 28] 73 Ao B E AR T B K 5 AR R F MG R &R, ERUKIRE S TR E/EH £
ARk Hgom, (2 PD {EIGIREL K 5 R/ . SR R 7 S AR PD HALHR — SR AT PD
HRBFEW OGS, HRKUZOEN PD HIKEHARZE, RYEFN RN E SR ES R
FHFABL AR, LT IR E. RS 5EK, S 5TRB 2L REY, R
SR SREEKS SR EAE XS EE NDVI A B . Ak H SR 2 AR R o, i
U] H RS SR A B S B AR NDVI 2840 1 EZ A=

3 OREAEY ()  EE (b) . #EMA (o WK (D L FEE (o) B (D . FEM (g) | AR () FAREF A TR
Fig. 3 Interaction detector of meteorological factors in crop (a), steppe (b), shrub (c), broadleaved forest (d), desert (e), meadow (f), grassland (g), and
coniferous forest (h).

NE: dE£k 3855 Non-linear enhancement; LE: 2434 3% Linear enhancement.
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B 4 v LA, BREFEAFTESN, KIEE. SR KRS EXE NDVI 28 (8] 5 45 5%
W3 AN B R 25, WIHAEE T 2 2 A BAEH AR50 NDVI 28 (8] 70 A o B 5 AT S 3 <
K. SR SHEEXS NDVI 2 (8] 40 A7 8200 22 S gk, Ul B =38 Wi [ A FH 2 52 i 2 5 0 i 13
NDVI HJEERF. TEANSESEARLR FHEER W NDVI 2584045, 8 5 SRS KK
JE. BEKE R NDVI 23 (8] 70 A o B8 AR FER b bk i B BE S R R R (B AR H B SA0ED
YRR NDVL 2580 A6, AR S8 pkoh SR I 2 SR, AT E SRS KGR B3 R
NDVI #[H i, EHARERSHRB, XE, SEEZEZM NDVI. FEEDX, KLZHEFX NDVI
TR ARGRE M B KOEFMSE 2 AN B AIFL N NDVI 2 8] 7540 5200 4L
K, SHEEGHTRAAEREEER.

4 FIEEEW (@ FE (b)) L (o . FRR (D L FRE (o) A (D . B (g) AR () RRE TR SRS R
Fig.4 Ecological detector of meteorological factors in crop (a), steppe (b), shrub (c), broadleaved forest (d), desert (e), meadow (f), grassland (g),
and coniferous forest (h).

Y: AEEZER Significant difference; N: Joi3F %2 % No significant difference.

AR DS R0 s PR 45 R mT 0, WF 70 XS (RO 4 7 i 2878 NDVIT SME R BRI O BEE AR
AR AL B RN CREEY . FEAMGEE, Hf, ZBRGGITEN, BEEY SN,
NS HEME NDVI R A EERARE, HRMPE SRR NDVI 2o 257 E%E (&
3) o AR MR B SRR NDVI A B . 5 JEUA 535 2 B0 A AR 3 b IR PE AL AR, b IX
by BRER BRI AUEFAEZE, NDVI EEUN, H, SEFEECCREREC S E ST L
W TR Ik, SRR NDVI K T, RGeS R G R e E, ik
% b 2 B AN SRR BT RS T R A R Y, NDVI A i REUECR . BB AR
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Table 3  Risk detector of different vegetations

HE#IA Vegetation type D T HE ] b piit ! i) LN EARUR S
Crop Steppe Shrub Broadleaved Desert Meadow Grassla Coniferous

forest nd forest

FiJ5 Steppe Y

M\ Shrub Y Y

fid] - #& Broadleaved forest Y Y Y

T Desert Y Y Y Y

48 Meadow Y Y N Y Y

¥\ Grassland N Y Y Y Y Y

£k Coniferous forest Y Y Y Y Y Y Y

NDVI #J{f NDVI mean 0.46 0.31 0.54 0.72 0.22 0.53 0.46 0.77

Y: AEEER Significant difference; N: TG % 5F No significant difference.

VRE AR 5 A 32 B o0 A A8 il e B MR T iy ¥ X, AU SR AL . E A B 32 N RGBT
BUN, REMSERFRGEMAEM Z R FE AR, H NDVIE & TR EY . A
b RS AR 52.6%, M AL T L A R B 2 BN SR TSN, NDVI AL A
F o HNF B AL B X B R E Y AT H S AR 4.2%, R BNR-A B oTiEm, H NDVI
BEH SREEED —8 PAEEE GRS NDVI 2 H 2 S A RE . ORI bR B AR e B
2. KAT. T, RBIE. AFISEEEM AR X, ZXEAES RS EEEFC), gike
SR, M FKEFEE, NDVI EECOKR, B MO B 7R 3 A 52 MOR BEAR T R i bR AR B 21,
18 AR AR BT AR A NDVI KT R AR o 52 230 117 4 S 2808068 NDVI B S st e s i 1260, 78 3 Rl
X K JE X B NDVI 2 5 iR NEER . HER 4 vUEH, AREREEA 24K NDVI
P E BE I () 35 B R K, NDVI MK ERERE (B3 0.07) IR, sk, A,
. M FRIEAE R E 5 54 0.062, 0.058. 0.051. 0.046. 0.041 1 0.035, 7 NDVI 1
KRR, F1 0.022. BHILF L, @X & ALHIX NDVI FREOCURATERHERE A, 3@ EA
[ A R AL B ARAT DL KB 3 08 32

T4 R[S AL 18] 5 51 A T BANDVISE 1y 2 B3

Table 4 Linear regression between time series and the mean of NDVI for different vegetations in the growing season

T 255 Vegetation type AL 5L Area percentage (%) [5]J= 77 #2 Equation of regression R? P
FHEAEY) Crop 45.0 =0.0041x-10.193 083  0.01
)5 Steppe 24.4 y=0.0035x-9.125 0.61 0.01
#E M Shrub 7.6 y=0.0058x-8.241 0.88 0.01
[i#H-#k Broadleaved forest 5.7 1=0.007x-6.453 0.91 0.01
St Desert 52 y=0.0022x-8.517 0.58 0.01
4 Meadow 44 =0.0051x-6.017 050  0.01
M Grassland 42 1=0.0046x-5.917 076 0.01
£k Coniferous forest 3.2 =0.0062x-2.342 0.75  0.01

x: % Year;y: NDVL

e 7K e L e A A 11 3 R R, 0T R A 1) 2 T A B A ke e o SCUT321, AR T v 2 ok
AW, ST LK EK, ERIIETENRE, A ™ A2 BT 5 4 i R
FHUOY, ZHA TN, Bk AR 52 3 b & R A A NDVI [ E 2R 3R . (H A0 1 P& 0 H A
HLFEWIER, X E - NERNEB ISR, HFAFEME SRR LR R/, ® e
J L X S bR KR e 5 B K BARAE IR 2 Ik R/ PP, R R KB ORI XA =7, JKIREROR, gk
ZEBOR Y, 3 X ) 4 s ) B K AN AR 0 07 10, AKVR R R NDVI R 1 e RIS R . A
WP R PR ES SR BAEHK Y, Belal4E S Bzt X Ko 264, fERE 50K . 78 [ I ROF B i Ak
SEARRRAE LS e . H RN TR RO R, A R R R R, H R L, R 2 TR
SO, ERCE e 1 DX AR R A S SRS DS, B ARG PD B R TR ARSI PD . 3R
T R X EEAL TR 5y Ak IS ¥ BH i S ¢ R T R DY R g s b, 2 R i
REEM, BOR K 2218 R AW AS, BN B AR AR K R BR PR R 3R, b AR 7 A6 5 XA 5 382 52 4K
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10 I AR 2 2 AR

o, SURECE AL, EEIEUN, AKREKER, R A KD0 . oA 7 B v SR AE N
BALFE R ORI AR B R R V) B 5 AH R 255 (Artemisia gmelinii) FIN THE & F7 255859 )L
(Caragana korshinskii) , FACHIZZ H B HECRET, 3 | FEALFY RIE KT 2.5 ms™!, R
Xt 3.4 m-s™!, BKMRGEFEERZIM T, HIEE/KE NS~ AK e, AR TR gy
4 7= 71 (aboveground net primary production, ANPP) FIFI R, F20aH fa] NDVIFES,

4 & ®

=A

2002—2019 4F, W AESEAFMERET NDVI DI SN F m 8 v 3, F i fpsat bt
Yt 95%, FEAEEZAKIY NDVI K MR BRI Fa RSB AR i A>T A > B >34
B e > R8>0, Horp, MR IR K, E Y 0.07, Sl IIE RN, LY 0.02. 32 33 R S Ak
JS2%F NDVI (47 AR me, ANAE S B X &% JH 10 NDVI 2 5 2 Fi 235 T e dh . B, B A5E s R
) RESE I 5 LU 1.5%, AT AE LRI %

AR, MERRAE L EAKN (4—10 ) X NDVI FIsgmifE B ER A K,
BR A2 G BT MBI MR 4, HORMEAEEA NDVI AR 2 7 R 8 %, NDVI #4E K 2]/
AR At T P> ] P> VB A > ) > B SR VR > B > 588 (R, 38 A [ A 4 3 A U I 1)
JRURE S A 8 75 A A VR T HL AR

PR R A X NDVI 32 S A U B R A AR O K IR . Bk Rl AR . HIRS
S AR B AR A AR, A L SR AN AR R PRI 5, AAFAE RS BB 95 R AR . AEAE BN
S5 R R AR, SR TR EAERE MR . BEKS SRB [F 1R B A [R5 2 35 A R i
Mo RIS AL . H L R X U o (8] B K AR A, X NDVI P A AN R R 7T

R M Gk

ZE X

(1] AR, FEFE, M7E, % WHRBESZFEBRSKORENZSFRHIESEmE R RGN . HAEEHR, 2021, 76
(3) : 726-739 [Guo F-Y, Tong L-J, Qiu F-D, et al. Spatio-temporal differentiation characteristics and influencing factors of
green development in the eco-economic corridor of the Yellow River Basin.  Acta Geographica Sinica, 2021, 76 (3) : 726-739]

[2] Xiu LN, Yao XJ, Chen MD, et al. Effect of ecological construction engineering on vegetation restoration: A case study of the Loess Plateau.
Remote Sensing, 2021, 13: 1407-1433

[3] ZFiEA, @mRR, SFEBR, . AFELEMER A G IR SR h el B2 A R m . Rk TRE®R, 2019, 35

(2) : 134-143 [Niu Y-B, Gao Z-L, Qi X-Y, et al. Effects of treatment measures on soil anti-scour erodibility in engineering
accumulation slope.  Transactions of the Chinese Society of Agricultural Engineering, 2019, 35 (2) : 134-143]

[4] LB, EEww, xE. BHLERXAAREREMm s ARl B . KERFEEEWR, 1996, 2 (1) = 1-9 [Jiang S-Z,
Wang Z-Q, LiuZ. Quantitative study on spatial variation pf soil erosion in a small watershed in the Loess Hilly Region. Journal of
Soil and Water Conservation, 1996, 2 (1) : 1-9]

[5] Zhang XP, Lin PF, Chen H, et al. Understanding land use and cover change impacts on run-off and sediment load at flood events on the
Loess Plateau, China. Hydrological Processes, 2018, 32: 576-589

[6] Zhu X, He H, Zhang SX, et al. Interactive effects of climatic factors on seasonal vegetation dynamics in the central Loess Plateau, China.
Forests, 2019, 10: 1071-1094

(71 =#EA, BEA, a8, % HhmEREgREE AR, MBS, 2017, 72 (5) : 863-874 [Gao H-D, Pang G-
W, LiZ-B, etal. Evaluating the potential of vegetation restoration in the Loess Plateau. Acta Geographica Sinica, 2017, 72

(5) : 863-874]

[8] Zhou ZC, Shangguan ZP, Zhao D. Modeling vegetation coverage and soil erosion in the Loess Plateau Area of China. Ecological Modelling,
2006, 198: 263-268

[9] Wang QX, Fan XH, Qin ZD, et al. Change trends of temperature and precipitation in the Loess Plateau Region of China, 1961-2010. Global
and Planetary Change, 2012, 92-93: 138-147

(101 Uik, EAPEE, WU, LR AFEEE R NDVI AR MR, ARSI, 2020, 40 (2) : 678-691 [Liu
J,  Wen Z-M, Gang C-C. Normalized difference vegetation index of different vegetation cover types and its responses to climate
change in the Loess Plateau. Acta Ecologica Sinica, 2020, 40 (2) : 678-691]

(1] 5k @, AREE, ZE/#E. B RS IR AR R . R ERE R, 2012, 45 (20) ¢ 4205-4215 [Zhang C,  Ren
Z-Y, Li X-Y. Research on vegetation response to temperature and precipitation in Loess Plateau. Scientia Agricultura Sinica,
2012, 45 (200 : 4205-4215]

[12] Lamchin MH, Lee WK, Jeon SW, ef al. Long-term trend and correlation between vegetation greenness and climate variables in Asia based on
satellite data. Science of the Total Environment, 2018, 618: 1089-1095

[13] ZEete, R, ZHifE, . 1982—2015 FEIRMMPARN LA GEEMBEKK XA, A2, 2020, 40 (5) - 823-
832 [Li M-H, Du J-K, Li W-T, et al. Global vegetation change and its relationship with precipitation and temperature based on



BUMGAE T b B R 10 v A A A R AR P o 11

GLASS-LAI in 1982-2015.  Scientia Geographica Sinica, 2020, 40 (5) : 823-832]

(4] R fEfE,  skatl, BRORG,  SF. 2000 4F LR E KOS 30 R Hon AR ima 2. w8, 2021, 40 (2) ¢ 292-
301 [Zhao Q-Q, Zhang J-P, Zhao T-B, etal. Vegetation changes and its response to climate change in China since 2000.  Plateau
Meteorology, 2021, 40 (2) : 292-301]

[15] Sun WY, Song XY, Mu XM, et al. Spatiotemporal vegetation cover variations associated with climate change and ecological restoration in
the Loess Plateau. Agricultural and Forest Meteorology, 2015, 209-210: 87-99

[l6] 5k & &K, FHRIKL, sSdEf. HImEEkESe T8RS ER TN, A&SHH, 2016, 36 (13) : 3960-3968
[Zhang H-Y, Fang N-F, Shi Z-H. Spatio-temporal patterns for the NDVI and its responses to climatic factors in the Loess Plateau,
China. Acta Ecologica Sinica, 2016, 36 (13) : 3960-3968]

(7] fF 84, WG, Do, & 50 FE3 L mER MK S 4E.  HE RS, 2009, 29 (1) : 98-104 [Xin Z-B,
Xu J-X, Ma Y-X. Spatio-temporal variation of erosive precipitation in Loess Plateau during past 50 years. Scientia Geographica
Sinica, 2009, 29 (1) : 98-104]

[18] E3hig, Ak, MEEHEME. FELEHE. ME2%H, 2017, 72 (1) @ 116-134 [Wang J-F, Xu C-D. Geodetector:
Principle and prospective. Acta Geographica Sinica, 2017, 72 (1) : 116-134]

[19] & CH, k&M, ZHI, . BAARFTAH)IHE NDVI BB, IR, 2019, 74 (9) :  1758-1776
[Peng W-F, Zhang D-M, Luo Y-M, et al. Influence of natural factors on vegetation NDVI using geographical detection in Sichuan
Province. Acta Geographica Sinica, 2019, 74 (9) : 1758-1776]

[20] Li Z, Zheng FL, Liu WZ, et al. Spatial distribution and temporal trends of extreme temperature and precipitation events on the Loess Plateau
of China during 1961-2007. Quaternary International, 2010, 226: 92-100

1] . 1: 1, 000, 000 H E A EE. Jbx: FE¥EHBRHAE, 2001 [Hou X-Y. 1: 1 Million Vegetation Map of
China. Beijing: Science Press, 2001]

[22] &I, W%, Zfetg, 2. 2000—2015 EFEMEEEGARNEWAONSHEE.  HE%%, 2019, 74 (3) ¢ 504-519
[Wang J-B, ZhaoJ, LiC-H, etal. The spatial-temporal patterns of the impact of human activities on vegetation coverage in China
from 2001 to 2015.  Acta Geographica Sinica, 2019, 74 (3) : 504-519]

[23] Koju UA, Zhang JH, Maharjan S, et al. Analysis of spatiotemporal dynamics of forest net primary productivity of Nepal during 2000-2015.
International Journal of Remote Sensing, 2020, 41: 4336-4364

[24] k&, X%k, AHS, . 2000—2019 FIEE M E & EN SR, FIRESE, 2021, 43 (4) ;. 849-858 [Zhang
Z-Q, Liu H, Zuo Q-T, et al. Spatiotemporal change of fractional vegetation cover in the Yellow River Basin during 2000-
2019. Resources Science, 2021, 43 (4) : 849-858]

[25] Chen JH, Yan F, Lu Q, et al. Spatiotemporal variation of vegetation on the Qinghai-Tibet Plateau and the influence of climatic factors and
human activities on vegetation trend (2000-2019). Remote Sensing, 2020, 12: 3150-3172

[26] He P, Xu LS, Liu ZC, et al. Regional sustainability dynamics of NDVI and its influencing factors in the Chinese Loess Plateau during 2002-
2018. Regional Sustainability, 2021, 2: 36-46

[27] Shi P, Qin YL, Zhu TT, et al. Soil respiration and response of carbon source changes to vegetation restoration in the Loess Plateau, China.
Science of the Total Environment, 2020, 707: 507-553

[28] Fan XG, Ma ZG, Yang Q, et al. Land use/land cover changes and regional climate over the Loess Plateau during 2001-2009. Part I:
Observational evidence. Climatic Change, 2015, 129: 427-440

[29] #AME, WG, B, BTEImEXRREWRUN WA AMERRTYRARTE S IR, ESEM, 2021, 41

(16> : 6417-6429 [HuJ, HulJ-J, LyuY-H. Spatial variation of the relationship between annual runoff and sediment yield and land
uses based on the regional critical zone differentiation in the Loess Plateau. Acta Ecologica Sinica, 2021, 41 (16) : 6417-6429]

[30] Timilsena J, Piechota T, Tootle G, et al. Associations of interdecadal/interannual climate variability and long-term Colorado river basin
streamflow. Journal of Hydrology, 2009, 365: 289-301

[(31] #4, F&E, ZW, 5. WESEEREKN R0 RILKS) o, B ERR R, 2020, 25 (8) ¢ 120-131
[DongY, YinD-Q, LiY, etal. Spatio-temporal patterns of vegetation change and driving forces in the Loess Plateau. Journal of
China Agricultural University, 2020, 25 (8) : 120-131]

[32] Fxk, k&d. whaEMXBEBESSEMNRCR. EEF|R, 2003, 23 (1) : 82-89 [Li B, Zhang J-T. Analysis of
relationships between vegetation and climate variables in Loess Plateau.  Acta Ecologica Sinica, 2003, 23 (1) : 82-89]

[33] E£wFg, FRE, #HIOKX, F. AL&EEPETRMXKRTEKERR. KIIEL, 2015, 37 (3) : 643-649 [Wang Y-
F, Yin X-Z, Huang W-B, et al. Study of the precipitable water over the semi-arid regions of the Loess Plateau. Journal of
Glaciology and Geocryology, 2015, 37 (3) : 643-649]

[34] SRS &,  BOBZE, BMK, %, HIRHAKNMARENTEESEIHEK. FRXOL, 2019, 36 (4) : 973-979
[Zhang P-F, Zhao G-J, Mu X-M, et al. Spatiotemporal variation and driving factors of pan evaporation in the Weihe River
Basin. Arid Zone Research, 2019, 36 (4) : 973-979]

[35] ®u5d%, FREEZE, BitsE, . SRR A0 S X B A B R P E IR EE R, 2021, 41 (8) : 3832-
3841 [Qin Q-T, ChenJ-J, Yang Y-P, etal. Spatial and temporal variations of vegetation and its response to topography and climate
in the source region of the Yellow River.  China Environmental Science, 2021, 41 (8) : 3832-3841]

[36] Li P, Wang J, Liu MM, et al. Spatio-temporal variation characteristics of NDVTI and its response to climate on the Loess Plateau from 1985 to
2015. Catena, 2021, 203: 331-342

[37] Jiang HL, Xu X, Guan MX, et al. Determining the contributions of climate change and human activities to vegetation dynamics in agro-
pastural transitional zone of northern China from 2000 to 2015. Science of The Total Environment, 2020, 718: 871-908

[38] Gardiner B, Berry P, Moulia B. Wind impacts on plant growth, mechanics and damage. Plant Sciences, 2016, 245: 94-118


Administrator
高亮


