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Abstract: Wheat lodging not only reduces yield and quality by impairing photosynthesis, but also affects subsequent
operation of wheat harvesting machine. To accurately and timely identify wheat lodging areas and assess damage severity, in
this study, a multi-growth-stage lodging dataset(heading, flowering, and filling stages) was constructed based on field wheat
lodging experiments and UAV remote sensing monitoring. The spectral characteristics of lodging wheat and associated damage
levels were analyzed across different growth stages and lodging intensities. Furthermore, correlation analyses between spectral
features and damage severity were conducted. The results showed the following: compared with normal wheat, the reflectance
of blue, green, red, red edge, and near infrared bands of mild lodging wheat increased by 41%, 38%, 33%, 34% and 23%,
respectively. The reflectance of heavy lodging wheat increased by 96%, 91%, 84%, 88% and 59% , respectively. For normal
wheat, the reflectance of blue, green, red, red edge, near infrared bands and vegetation index GNDVI, NLI, and DVI
increased first and then decreased, while vegetation index NDVI, NDRE, LCI, and OSAVI decreased gradually from heading
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stage to filling stage. For lodging wheat, the reflectance of blue, green, red, red edge and near red bands of lodging wheat
decreased first and then increased from heading stage to filling stage. NDVI, OSAVI, NLI, and DVI showed a progressive
decline, whereas GNDVI, NDRE, and LCI demonstrated an initial increase followed by a subsequent decrease during the
same developmental stages. The yield losses of wheat was 2.4% and 5.4% under mild and heavy lodging at the heading stage,
3.5% and 8.4% at the flowering stage, and 5.9% and 12.5% at the filling stage, respectively. Further analysis revealed that
wheat yield reduction caused by mild and heavy lodging across all growth stages was primarily attributed to the decline in both
1000—grain weight and grains per spike. The significance of correlation between yield differential of lodging wheat and image—
spectral characteristics was ranked from strong to weak as filling stage™ flowering stage™>heading stage.The sensitive spectral
features of the lodged wheat yield loss monitoring model included: differences in spectral reflectance of blue, green, and red
bands during flowering and filling stages; differences in vegetation indexes(NDVI and GNDVI) during flowering stage; and
differences in spectral reflectance of red—edge and near-infrared bands along with differences in vegetation indexes(NDRE,
LCI, NLI, and DVTI) during filling stage.

Keywords: wheat lodging; disaster damage; UAV remote sensing; vegetation index; yield reduction; growth stages
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Fig.1 Remote sensing images from UAV
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Tab.1 Vegetation indexes and calculation formula

H W45 £ HREAK 2% 3k

Vegetation index Calculation formula Reference
H—fk 2 S A #3540 Normalized difference vegetation index,NDVI (NIR-RED)/(NIR+RED) [19]
Lt )] —1b 22 F RIS R Green normalized difference vegetative index, GNDVI ~ (NIR-GREEN)/(NIR+GREEN) [20]
U —Ab 22 20 M5 %0 Normalized difference red edge vegetation index, NDRE ~ (NIR-REDG)/(NIR+REDG) [21]
SR R A PR 2L Leal chlorophyll index, LCI (NIR-REDG)/(NIR+RED) [22]
AL+ EJH A MW HE B Optimized soil adjusted vegetation index, OSAVI (NIR-RED)/(NIR+RED40.16) [23]
AL PER B FE %0 Nonlinear vegetation index, NLI (NIR*-RED)/(NIR*4+RED) [24]
Z{EM B S Difference vegetation index, DVI NIR-RED [25]

£ : GREEN RED .REDG NIR 73 51X 3 J6 A BLER V2T £0 30 A £ 51 i BOG 3% R 4T3
Note: GREEN, RED, REDG, and NIR indicated spectral reflectance of the UAV in green, red, red edge and near infrared bands, respec-

tively.

-145-



VG b Bl 2% 2025 4F 45 53 2545 3 11

2

2.1

R E A

AEEERRKNMNENEBRFES

BT & AR /N X TE A BL Y G I B
ROMHEE T 7 AN AR B, VTR [R) 8 AR AR R N A2
AR T A 5 0 SR D B R S R RAE A
By BE (B 2) . 5IE® /NE CREMR/NEZ )L,
Ly RN I g RN N A S AN 1
ZL Ak B S o B 1 G (P<<0.05) , Hovh 4%
FEABAR 2 038 T 419 .38% .33% .34 % Fi123% ;
R AR 2> B T 96% . 91% . 84% . 88% FiI
59 %0 5 T 21 A1 i B 5 Al ik B L, AR AR BN X

(RLAR B 3 me 1 AR B H /N o T IR S OGS S 5
AL = PIBOR TR, 5 OE R /N 22 R B S B
AHEG 52 B R R N Z F R B NLL. D VI &
By Y Sl ) 1 A B R RIAR 43 A T 93 %6
1506, E AR 3 0 B T 23906 A 4200, T
W 5 t NDVI.GNDVI . NDRE .LCI.OSAVI
5 e, R AR g S T 826,209 .
33%0.32%0 13 %% 5 8 FE AR 43 s> T 13% .31% .
61% .60% F14% . Hr HBHEE OSAVIXT /N
(R AR S5 AN W S, A B 48 20 NDRE F1 LCI X}/ 42
NIRRT

07r a O K54k No lodging

= o6r b O F2 R AR Mild lodging
% : 05F a a b a | IGHEREIN Heavy lodging
e _T_ a
% E < 04r b a qda g, N
=LZ 03f b
= &£ 3 b b b )
%5 021 b a n ab a
=2 ¥ oo} by, b al
" Of
EZ oaf

-0.2 .

BLUE GREEN RED REDG NIR NDVI GNDVI NDRE LCI OSAVI NLI DVI
S B S AR HAE 5L

Spectral band and vegetation index

ANTR] /N5 o B R R Ak B ) 72 5 82 2% (P<<0.05) . R

Different lowercase indicated significant differences at the P<Z0.05 level among different treatments. The same as below

2

B 2 B EMR B /N S TR AT

Fig.2 Spectral characteristics of different lodging wheat
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Fig.3 Spectral characteristics of wheat at different growth stages

23 BRNEFERFEHRT T PR 5 B 0 ) R B 2.2% F1 3.9 %% 5 JE % W B

o & 4 AT AN, 5 R EIR N A E 45 A AR T SR 8 AR TR T 0 ) R R 6.3%0 R6.9%0 . A
R AR DR TR RN B, BURERESER & A R R R
SR BIR /N M LG, Sl R R R R NN . 5 R BRI A L R
oy B R R 1.4% 6.1 %05 IF 46 3] 5 B RN T (5 IV AR AR A3 9087 R 2.4 % TN 5.4% 5 F AE iR
R TR B 0 [ 2.6 90 F16.3 %0 5 T 2R 0 e B R JE R EE R B AR 43 00 Wl R 3.5 06 R 8.4 06 5 HE SR
VR BERL RS T B 6.5%0 N 8.3% . SRS e B A BEEIAR 4 e R 5.9% R 12.5% . 5
PR/INZE A LE i 00 e B R B B AR TR R 4y b, A5 B U0 B R R B 0 AR O 3R R PR TR
SR B 0.7 %6 F12.36 Y0 5 FF A6 11 4% B 51 (K Fn o {51 o ek AR BT R LY

450 O KR No lodging O & BE IR Mild lodging 50r o R EUR No lodging o 2R Mild lodging
':_E 4001 W FJEHIK Heavy lodging a BT JEER Heavy lodging
sas0f ¢ g o T 4 g N 17 T
& £300F 2 46} a ab
= 5250_ B g » a
Z200¢ 2 b
4
£ 150 42r
= 100}
¢ 40t
2 sof
2
0 - ! " * o 38 " ! ” * —
RS T AE TN FiRsh] JFAE TN
Heading stage Flowering stage Filling stage Heading stage Flowering stage Filling stage
A Fi ) e F )
Growth stage Growth stage
46 o AR No lodging o 5 JE AR Mild lodging 80001 o *{@”k No lodging o IR Mild lodging
45t m T IR Heavy lodging m T 5K Heavy lodging
7 000f a a a
E 44f a a a a —~ 1 2 a - a T ab
£ Al a " 6000} b
= a % =
i = :£5000F
a -
I by, 4000}
30t 3000
3 - . — : -— 2 000 - : — . -—
RS JTAEM TN Eiiiny] TTAE TN
Heading stage Flowering stage Filling stage Heading stage Flowering stage Filling stage
A E A E
Growth stage Growth stage

4 AELEBEMEFTHNERZEERETESN

Fig.4 The analysis of wheat agronomicl traits and yield under different treatments and growth stages
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Tab.2 Correlation analysis between wheat yield
differential and characteristics differential of

lodging monitoring images

Sp lec{:tffl%fgiac ﬂ“‘ e " T'E M . (E #
teristic Heading stage Flowering stage Filling stage
BLUE 0.309 0.680" 0.862"

GREEN 0.436 0.749° 0.880™"
RED 0.471 0.669° 0.881°"
REDGE 0.061 0.494 0.864™"
NIR 0.070 0.470 0.829°
NDVI 0.055 0.776" 0.309
GNDVI 0.002 0.898™ 0.460
NDRE 0.053 0.264 0.9717"
LCI 0.032 0.284 0.967"
OSAVI 0.076 0.388 0.336
NLI 0.004 0.196 0.815
DVI 0.041 0.192 0.738

TE < e 53 ) 2 78 7E P<C0.05 /K - 8 2 AH G A P<C0.01 7K F
[ETE Y -PS
Note: * and ** indicated significant correlation at the P<C0.05

level and extremely significant correlation at the P<<0.01 level.
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