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Screening of Drought-tolerant Ramie Based on UAV Multispectral Imagery

FU Hongyu WANG Wei LU Jianning YUE Yunkai CUI Guoxian SHE Wei
(College of Agriculture, Hunan Agricultural University, Changsha 410128, China)

Abstract; High temperature and drought are the main stress sources affecting crop growth and final
productivity. At present, UAV remote sensing technology has made great progress in the hierarchical
monitoring of crop lodging and pests and diseases, but there are few reports on the use of UAV remote
sensing for crop drought resistance grade monitoring. Therefore, taking ramie germplasm resources as the
research object, quantitative criteria for ramie drought resistance was proposed, and a method to identify
the drought resistance of ramie germplasm resources was providedby multi-spectral remote sensing of
UAV. Firstly, totally 36 ramie germplasm resources were graded for drought resistance by experts. Then,
combined with the vegetation index obtained by UAV multi-spectral remote sensing, and three machine
learning methods, random forest ( RF), support vector machine (SVM) and decision tree ( DT) were
used to construct ramie drought resistance identification models, and the results were evaluated by testing
the phenotypic response of ramie under high temperature and drought stress. Finally, high-quality ramie
germplasm resources under high temperature and drought stress were screened based on the remote
sensing phenotypes obtained by UAV. The results showed that the accuracy of the ramie drought
resistance identification model constructed by SVM reached 0. 74, and the F1-score of different drought
resistance classes was ranged from 0. 69 to 0. 79, indicating that the method could be used to evaluate the
drought resistance of ramie germplasm resources. Three phenotypic characters of ramie ( SPAD value,
leaf area index and plant height) obtained from UAV remote sensing data were strongly correlated with
the measured values. On this basis, three high-quality ramie germplasm resources PJ — CD, WS — XM
and Xiangzhu 7 were selected from high temperature and drought stress.

Key words: high temperature and drought stress; ramie; resistance level; UAV remote sensing
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1.2 TANSRHEHBERESTAE

KA KEEAE R 4 Pro BTG AN EE 2635 50
T NNLIE R R SR RTK JE K 9% 5 7 R 58, 5
T 6 MAHML (LG LG (S0 DG RGB I £L41 (4T
W) EEAHLA SR FE R 200 J7(E 1) o $UT ’AT
L5506, JC A HL AT = 8 30 my, = & IR A0 A 4
-90°, B FAim b S A 80% , 3 i £k h) K&
BRT0% ., 8 25 HYK,F 09:30,11:15,15:45

ffi J1] Pix4 Dmapper i {4%5 3 U KAT 9245 E4T
P, AR a5 DX I A 505 1 S 52 18 R B o T A
B AR S AR S B B g AR S AR AT R AR E
SR A SBCHE B 1) 3 R 22,5 S Ml T AR ] Y A AR 2
B A TH I IE (K 1), 3 A PhenoAl air
BRA i BB A 2 JBR /N DX 22 6 3% 24, PhenoAl air
RE f5 %) 18 AR HEAT A B 4k 25 R o) ORIt
4147 JFE AL 9 7 43 B9 B H K ( Vegetation index,
VIs) (K 1) o Ay ik G ih) B UL AR ) A K 00 30 258000
SEMA) 78 A /N DX A 7 R Y R X B (Regions of
interest, ROL) , 3% & > /NX 4%/ 4 > ROL LIy~
FEBARE . TN X R ER Y — LT, X Fh
P I T A RS SR I BN R AR AR R, e 4 SRR
P4 o1 864 PREA L L .
1.3 HEHEFERE

AR 5 R % IR LR S G A o Bt S
MHRFER, AP AR R R TP AE 8 IR 5
(B 1) o FEA R4 Z Fp 2 il T AL BRS , hi W) R
PP I 25 RR AR BT 5T L K AT B OT e W IR SRS
22 G LXF 36 4y 25 R 5T E IR R AT e A& Bt
VAL . PPALSE SRR BT, AN [R) BT 5P R O A L
N A, Kb 12 HH R T A, b
19.40% ;3 P 52 Fh 8 4, 5 e 22.20% ;4 i

Bl 9 AN, A 25% 35 RALR A F S A, b T
13.90% ,36 >k it Bl Bt PR 28 57 BB 1.8,
ERRTER BT VA AE B R

F202247 H15H.8 41 H.8H25HA
T R A B S U AR A S A, AL bR L o T AR
FEHC SPAD (M2 K AR X & ) o MRm S A B R
0B 11 22 JRR AR R IS A 2 O 2 T o B 5 T R 4
%4 ( Leaf area index, LAT) 3% ] LAI —2200 %! 5% )2 43
B4 & ; SPAD i@ i H 48 KONICA MINOLTA 24
F A2 1 SPAD — 502 A1 £ AL A DAL HHE
Yy 5 B AL % B 45 /D X100 Bk 25 RR SR BCF ¥ E
AR,
1.4 MHEXMESH . ANOVA S

AURRPT YO AR 2L, PR TS R
FAOC R BGHEAT ARG 20 o 1 TR A O R B — Fif
FRAHOC B, BTt SR i 0 o o3 88 o 905
142 T Vs 5 ERAT R R A G, Vs 54T R
Z ) B 1Y) iR DG 2 S B R R M E R BT RPE Y
[jIE738

K ANOVA J3 7 37F — 2D 8 28 B0 522 R i il 5
e i T SO B YOG 22 5 . ANOVA 23 # SR 1F
X ZREA AT P LB, 23 B AS TRl 40 52 9 2H T 72
X SR S 8 TTHR L DT 977 32 ) RE % S WA ) T 5 2
A JFR v Tk T 5 R O T IR A o A S A 23 i AN
ANOVA 73§ ¥ ££ SPSS w17, 70 #r 45 2R Rk H
Origin A7 A4k .
L5 REMESITHE

DL R IR Vs Sy 1 8 6, S % R 4T 5 4
9 Ry RS &, R ] BE HL AR bR ( Random forest, RF) | 3¢
15 1] 48 ML ( Support vector machine, SVM ) | 2k 5 ##}
(Decision tree, DT)3 F L i 27 ~J J5 V5 44 1 A2 FR BT 5
PEUEEARRAY . DLRE R U Vs Oy B 248 &, 52 A2



% 43

ATRCRR & ¢ T I G 00 i 572 22 R 5 A 97 32k 7 1%

209

JBR 2 BUHRCHE g PR A o, 2R JH D i /) — 3 ] I ( Partial
least squares regression, PLSR) Jy 7% #4) 8 5 ik 38 15 Wy
AR A, 3 T DA 3 S 18 TP A5 2 A5 DI i SPAD (SPAD
_UAV) Al I iy it T AR 46 0 (LAT_UAV ) FIAR 00 4 &
= (PH_UAV) o X 45 Bl R AL, 42 B8 L 3] 70 3B AL
) 53 U R 58 AN E 4R 3 5 0 A% 5 R R 28 U
UETE I 58 v iff o2 4% 030 1 1 B AR R A S 80, SR 5 4
S LR AE S AT U 25, B DI 25 0 19 2% 530 0k T ik
P IT A AL R I

KGO A 3 F1 4550 GE#) 3 4 TS bR gl ]
TG 25 R T T 45 5 A R A I R 4 A a4 B Y
PERE o Rl 238 S T B 50 DN A AS o5 BT A T AR AR 11
Fe ], A4 10 3 3R R TE BT A TEFEAS oo ) oy T AR A 1Y
Bin , F1AS 53 J2 0 0 3 A0 8] 32 00 n ASC i -1 3
iy 8 3 s TN I A A4 o5 A BCR B Le ) DL AR
#r2% F “ classification _report” 31 &, R> F ¥ 5 M3 1%
24 (Root mean square error, RMSE) #% FI F PE 4 % kK
FE R W ISR f P g, R B TRS , RMSE A, 4 W] A5
TR ELA5 G ey AR E

HERESMW
2.1 AEAMBELE=HRM VIsER
BRI 22 01 £ B4 SR R Pk i T Ay

PR, X2 RRYT R PE A Vs BEAT M SC RS0 B o nfE] 3a
7R ,09:30 . 11:30,15:45 3 ASWF[A] S Y VIs 55 252k

2

PP R DGR Y B W B B KO B R &R
BAE —0.40 ~0.50 Z i), Hoop RVI( L AE 5 8% 5
$0) MSR (i 7Y LA A8 9% 48 40  WDRVI( 5 8l 25
0 AR DR B0 5 22 R YT R E 2  B E E A O3 A
B RS B8R R B ik B 1,077 01,049
1.021, GRNDVI(£E4r 5 — fb il # 45 %% ) \RGRI( 41
ZEIAE R0 R(ZDG I B R S 5) 55 R b B 2
e S 35 FORE OG L 3 A B I i RS R R B0
-0.856, —0.834, —0.766, A[alH}[a] 5 3K VIs
550 R 1A A OGP 2 B B R AIC A #0930
ARELH VIs 52 pRbi 520 35 B 55 KM 62, # C 1k
RBCH 11,887, L J5 P A~ s 18] B 43 1) 5 14. 684% |
15.937% |

K ANOVA J5 3k 43 #7 A [a] 1 52 55 902 iR 19
Vis 225, & 3b I, 3 A6 [E] 2073 F Al Sy
WA 18,893 .26.249 21. 931, A [ Bt 52 9% 5 Bk (1)
VIs fA7E W 35 20 0] 22 5, VIs B A X o0 2 Kbt 5 M
MRE 1. TH5E LSD (/b 3 2 57 ) fH DLk — 25 i
SE ARG R N AFTE Y 22 5% (B 3¢) ,5 R
5 HAb HT 545 9 - 24 LSD B T 0. 05, X W]
PSP 5 A A R D T B R EL A R Y O O R AE
HHAbL Y RS R SRRAE Vs FHEERF LR,
NDRE (14— 1625 5 21 {6 31 % 45 %) .NGBDI( 5 —
R EXEFI/EBO M S(IAME)ELHEILE P H

[ R 45 EE R 09
I e 40 [ G 0.8
Jasis] ¥ 35 = B 0.7
[ B | 30 &= 4 0.6
B ; [ z 05
[ |- 2 [ ] = || H .
[ I 20 S 0.4
[ I . DV 15 1N = NDVI 0.3
I B B CNDVI 10 l = GNDVI 0.2
. 1 5 LET 0.1
__= NDRE 0 B NDRE 0
[ [——t OSAVI | B= 0SAVI
=—— SAVI | | .. [ SAVI
I B VSR | =] MSR
| I B V1 [ | EVI
I e RV [ | = RVI
L | . DV | = =- g DVI
[ I . VIN1I [T | | MNLI
LTV | | =1 TVI
[ I M TIVI2 | MTIVI2
[T MSAVI [ MSAVI
[ I . VSA V2 ] = MSAVI2
I I . DR VI WDRVI
I N N NGRDI [T -- NGRDI
ExG
| [E - NN I . ExR
I I R VEC = VEG
I B [ GR | | ] ExGR
HE W coM HaE = COM
[ R . COM2 H = B CcOM2
A S I VAR 75 =i VARI
NGBDI ] NGBDI
[ N . RGBVI BB RCBVI il RGBVI
I S . GLI I S GLI =) GLI
I S B VG VRI ed] =l MGVRI
[ N . CR V] =7 i GRVI
I N RCRI | - RGRI
GBRI - . GBRI
S N . GRNDVI e =] GRNDVI
I P . NDGI [ 1] NDGI
I N Red edge ] Red_edge jirz] Red_edge
Lo e M N1R I | = - . IR
09:30  11:30  15:45 09:30  11:30  15:45 \;»\;—; \,v\bm;b q’) %,6 (b,v %’6 b‘b
(a) FECHEAIHTEER (b) FIHZER (c) LSDRGH25 R

B3 OSLIERRIE S 2R R TR AR Y E R

Fig.3 Relationships between remote sensing characteristics and drought resistance index



210 £~k

Bl

W 2% 2023 4

T R R G A R A X 4 R R
T
2.2 ERBEEMETER

L5 SRR B 42 A Vis, RITHLE 2% = )7 ik
i B P AR L R 4 XL T3 AL 2
SR M. BT 4 TT L3RR A L AT
B (RS 2 RF L SVML DT (9 1 8 2 3 [ 40 51
0.42~0.64.0.40 ~0.59.0.44 ~0.68, Hrf SVM
HORELAT 8 BRI 0%, 3 1IN ] 4 0 7 9 15 0 % 3
5 0. 64, LUK RF(0.50) DT (0.42) . M W il it
(7 BP0 H i MK B/ B 3 BLAK U H 1545,
09:30 1130, Bl 1 K R i i Wi T 5, 26 % b 10
R R M B T 25 5 LG L E 11 5 W e i
], 2 50 3k B, PRI F 2 10 M 45 S LG 1 2 o
PR, TR T U R G R A
R S 1 T BT A 6 o L P T G K Ak T T
LI 5 A A1 4 7 4 A0 19 A A R 2
LEVCH F 7 50 R e

ok A5 TG FH SV S0 H7 I 3 4
e AR (1 S) . 0930 A, B IE % 8 0. 64, K

SRF OSVM B8DT

11:30 15:45

%)
B4 RTE ML A 25 S B RN B

Fig.4 Comparison of different machine learning models

4T R FNE TG 0.55 ~0. 68, A 1] 4l
Bk 0.51 ~0.76, F1 24> 3 B & 0.53 ~ 0.72,
1115 i, BB IE 6 5k 0. 59 , N [Rl 4 52 90 43 250K 1
LY 0.46 ~0.80, A [n] g [y 0.46 ~0.73,
F1 35570k 0. 48 ~0.76, 15:45 B, AR IE R
0. 68, AN 7] 1 57 G 4 25K R Bl 0,60 ~
0.80, [0l R Fl H 0.57 ~0.94, F1 454> [l K
0.60 ~0.75, F1 #34r S8 “ W g i, B AR 19 4
B3 F B AR LT M e AR 1 A RR TR R R R 55
(18225 SRR B 25 5 1R 3 5 7 R AN ] e 52 4 0 ) 17 AR
SoTal R —E.

Lo EHEE SEEE —FUS Lo SRR SEER —Fls Lo SR SEEE —F
08 08 08
o 06 = 06 = 06
& 04 ® 04 # 04
02 02 02
1 | I 'l T | | N . 111 | .| 1 1 1 1 1
O 3 4 s 2 3 4 s 0= 2 3 4 5
() 09:30 (b) 11:30 (©) 15:45

5 BT SVM Ry SRR S 4 E R AL

Fig.5 Ramie drought resistance classification models based on SVM
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Fig.7 Phenotypic response of ramie germplasm resources under high temperature and drought
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