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TE NATURE A A AT 05 5 7 453 A7k B 1A A DA 90 AR WL
HRGMIE. Nk, ACIRE T — i E oIk
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1.1 Rt

AHFFTF 2019—2020 F1EHr 58 A 7 RIX Framf R
REFEBEARTE T 297 R 36 FH (44°31'N, 85°98'E) #E4T.
2 Hh XS AR s iR KR S, BRI 168~
171d, =10 CHIGZIAE 3600 CLAL, FHEKEN
125.00~207.70 mm 2 [A] . R56 X H3AKE L, H LR
TR 2130 g/kg, R 0.15%, B 55.40 mg/kg, HL
B 664 mg/kg, 1= pH fHN 7.82, HHFE (EC) A
0.48 mS/cm. 2 I 7 E Wit —80 W58 R G
85, RHE LS. BERHE. (66+10) cm W%
ridtit. SAEFMEKEZ 6000 mYhm®, 3 2 &
405 kg/hm®, P,0s 210 kg/ hm* Al K,0150 kg/ hm?, fAEE
AERREAEN , TCRRAE . oA RS S R R B AR — B
M I R RIS R FH A A v (3R 66 4D, H GPS
HAT A ARE (i b .

85°50'0"E 86°00"E_ 86°10'0"E

44°30'0"N

44°20'0"N
Skl

44°20'0"N

[ legend
C i FiliX

2| Cotion Verticillium Wilt
Discase Surface Test Ficld

03.757.5 15 22 5km

85°500"E  86°0'0"E 86" 10'0"E

Bl XEREEFEH

Fig.1 Schematic diagram of the location of the test area
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Table 1 Classification standard of cotton verticillium wilt disease
severity
MOTIL i LIS bR
. Disease Index (DI) Disease division standard
severity
by (fi# 5 ) .
Health) 0 TERRARER, Tofirt
by '(%E 0<DI<25% 1/4 VLR B AR, ”inE/RI‘ﬂFE%ﬁ
Slight) F A ECE T AR AR
by (HEE . o, VA~1/2 M SEAER, N 2 AN
Moderate) 20 P “PISSO% 0 g, b it kb
by (HEE 1/2~3/4 W RIUFAR, A %o Fr

0, < < 0, e
Serious) S0%<DI=75% ot 7%

by (P 34 DUEM F R, k% SR EAEBE, 18
Critical) R TS AT E T

R A A6 B 03 3 55 7™ B R b R T SR 15 i 2
(DI, %) , WHHARXHK

m=2@rfymo

A X NN [ED T B ARG n NS
SIS BIEREL
1.3 TAHE HITEREIGIREL

TSR ©ITFE (HY-6X) , HiE4dlkg, &
BHE 21.5~23 V, 2R (A1) 23 min, i KEEN 3.0 ke,
FER AL REE Micro MCA12 Snap 2 6 AINL. 1246 %4s
Biss 1.3 JKIEEM CMOS 1Lk (1280x1 024, 15%)
FFANEAE S A R T 9.6 mm AEREAE K, IE05 12 Nl
(T ~Tip) » X% E B UCN: By (470~
10nm) « B, (515~10nm)  B; (550~10 nm) . B, (610~
10 nm)  Bs (656~10 nm) « B¢ (710~10 nm) . B; (760~
10 nm) « Bg (800~10 nm) - By (830~10 nm) B}, (860~
10 nm) . By; (900~20 nm) . By, (950~20 nm) . T
12: 00 & 14: 00, EFHHITL D BeILEE &, MIE(KSE
AT R ANATE, $ITRESHSRESEAN
80%, AL M) HE B 26 H 80%, KAT =1/ 100 m, ¥ATIHEEE 5 m/s,
I HEEN 10~20 nm, ZX[E 3 HFE N 5 cm. 2019 4k
IS MG EU RN 7 H 17 H. 7 A 26 H. 8 H 17 H.
9 H2H.9H 20 H; 2020 G50 HREEZ LR AR A4
6 H30H.7H15H. 7H30H. 8 10 H. 8 H23 H.
9H1H.9H17H.
1.4 FEEIRENE

DU s Ry, 7 K M S AR S 6.67 m® EAT
BIE. BTN REL BRI TR SRR,
AR LR A Uik B i = Ak %

Yz=n,w, 2)

X Yz WAL RRAR S, kg/hm?s ny, N T AR S
B owy, ML R, kg/hm®.

75%<DI<100%

Q)

R e

Yp=Yz-L (3)
Ref vp AHEAEBUA R, kehnts LKA, %
Ys=[(vo=y1)/ y0]-100% (4)

K Ys NF=EmBURE, %; yo NAERRIRAR AL A = &,
kg/hm?; y; AZR[E ™ 5 R RR A AR &, kg/hm?, 3
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15,1 #EHHE

TN Z el e G P A Pix 4DMapper #fF5¢
o ZEAPHER R 12 RIS X B FIES AR, 5
ITIESEEM. mHRIESE, KIEREIAR 95%U L,
TRAL B 25 3 5 i3 X IR DA A 2 REEB A R o AR SRS
I 34 P A SRR 2 0 B 45 6 T A 71 2 2 R P 3 R A 1 A
VEW 995 B B 70 B IR B T 15 oA A 3 A 2
(NDVI. RVI. DVI %) . F BRSSO 7R i iR
B SRR E R AR ISMEIC R, RERSIR LI St
FAEREIR R A IO, AEXTASCRF A I TE AW 6 iR
AR AT 229 B A 1 58 55 7 2233t — 25 7 i A 12
1.5.2 A& kBhik

AR SR 22 5 1 R R E B 0 A0 A I )
il B A B B AT B R T e . B R4 S e Y
(Optimum Index Factor, OIF) fK#Ey B B EARMEZE I
BRI AH R REGHAT UH M . I EEFREAF (OIF fED
R, RN B G B A 2 i B G s
g, HitEARN

IF— Si+S.+5s 5)
R+ R+ R

A Sy S Sy RARATE 3 N BAREZ, Rios Ris Ros
N3 ANPEBLAAE S R AL
1.5.3  #M55 KRN 4EAF

SUAR 5y SR FH R B o0 S RE M B HLAR ) 2 4% oR B o
257 (Radial Basis Kernel Function, RBF) . 43R
M Fabr s : SRR (Overall Accuracy) « Kappa R,

2 HBREDH

2.1 tEHEIRHIGIE

FIF TC L2 e ik AR R ) s b e el 2 6 S
S5 2R A AL S AE B BT S 1 i SO AT A DS PR A b
(F2) . 1£0.05 BFE/KFT, NDWI S5hEREEHE
FUERIDE, MR RMERK (71=0.12) ; £ 0.01 BF/KTF
~, DVI. TVI. RDVI 5JRt&EIREAECHER G, MR
535 0.86+ 0.73+ 0.71. IEFEA I R r/ T K DVI
(|r=0.86) 1E AT AL Z i s I A 46 3 25 7™ L3 1) o
FEM RSN
2.2 REFKEEETHIE
2.2.1 RRLRBARIE F R A ERBEALATE EZ AT

I ENVI B E 2 ' itk 5 A% Hh T ) e )2 2K
FEAE JE AT hRAEZ b . FER] WIEBE B (Bi~Bs) , %
WK R TR JZ K BB AR E 22 3 008 1027 12,714 11.16.
14.26. 21.77; Bs ¥ BN 2 K FE A ARE 2 B K (B
WEZR 2177, HRMMZGEERGEEEEE K
Ko LMK (Be~Bypy) , &K )Z K EE
FRUEZE /> 91M 30.54, 18.37. 11.41. 7.66. 8.56. 11.22.
7.56; B WEIIR RS E K BEAE AR IE Z e K (B2 R
30.54) , ZE BRI 2Ot BB G EEE R R,
AL, Bs Al Be 43 AR WOC T AN BHE BB 2R

oINS
R2 FEEHRENSHIERERERFBEHMEXE

Table 2 Correlation between different vegetation index and
disease index of verticillium wilt in cotton

Vessaion  conemion T |Vensaton consiion ¥
index coefficient Sequence index coefficient Sequence
NDVI -0.37%* 10 SAVI -0.70** 4
RVI -0.27%* 13 OSAVI -0.55%* 8
DVI -0.86%* 1 MSAVI -0.68** 5
RDVI -0.71%* 3 ARI -0.56%* 7
GNDVI -0.67%* 6 EVI -0.36%* 11
RENDVI -0.49%* 9 NDWI 0.12* 15
NDGI 0.30%* 12 WBI 0.16** 14
TVI -0.73%%* 2

e LR 0.01 KRR, *ERAR 0.05 K NEZE; NDVI AL
H, RVI N HAE R TR DVI N Z E PR EL, RDVI I — U BHE AL,
GNDVI A&k BUA — AT B4, RENDVI AL — K640, NDGI
NH— R GERRE, TVI N=ARE R SAVI LR TR,
OSAVI Jyftfb 431 5 Mk Fa 5, MSAVI A& + i i 48 5, ART
NAETE 2 RS, EVI s BB R 5, NDWI J9H— L2250 KA TR 4L,
WBI /K Ba .

Note: ** means significant correlation at 0.01 level,* means significant correlation
at 0.05 level; NDVI is Normalized Differential Vegetation Index, RVI is Ratio
Vegetation Index, DVI is Differential Vegetation Index, RDVI is Re normalized
Differential Vegetation Index, GNDVI is Green band Normalized Differential
Vegetation Index, RENDVI is Red Edge Normalized Difference Vegetation Index,
NDGI is Normalized Difference Greenness Index, TVI is Triangle Vegetation
Index, SAVI is Soil Adjusted Vegetation Index, OSAVI is Optimize Soil Adjusted
Vegetation Index, MSAVI is Modified Soil Adjusted Vegetation Index, ARI is
Anthocyanin Reflex Index, EVI is Enhanced Vegetation Index, NDWI is
Normalized Differential Water Index, WBI is Water Band Index.

2.2.2 RRBEERBARIL S Fom R EARAR K AT

e BLIALAH SS M REUER T Ik B 1A 54 1 S
FEo BEBLIAIAHOG MR, R HESENS, TIREL
M, ez NP i S BN R e 2 AR R AR AT A
KM RD (K 3D« AIIORIEE (B,~Bs) MK R
BIIMESHN 0500 0.46. 0.54. 0.51. 0.48, A K
RHO/MEIKY Bsy Bys Biv Bsy Bys By HHAM 4 /N
BUM SRR, TUREEHD, BB B IRZ. T4k
BB (Be~Byy) [EIFHK REISME 7 515 0.48. 0.57. 0.38.
0.46. 0.55. 0.62. 0.74, &R RECRAMKIN Biaos
Biis Bsy Bips Bes Bov Bgs Bg 5HA 6 ANk BIFAR G
A&, TURELRED. WG (B~Bs) HiT4 sk
BB (Bg~By) ZIHBAFERAIR K R HILATHL, B,
A1 Bg 43 AR LG FIUT £ A3 B B i 2 Ml /b 11
WE.
2.2.3 BRAEKEIAL TRk

AR 264 A 12 N E, w e
220 > 3 PR BCH G o P U BR BEAE AR IE 22 A S B IA]
IR PEE AR ¢ RS Bl B (R TR 3K 7 (OIF fH) i ik S 4
BB A T OTF (L HE /7 1T 8 1Y By 41 & N B3-Bs-Bg
Bs-B¢-Bss Bu-Bs-Bow Bu-B¢-Bign B,-B3-Bg. By-Bs-Bg.
Bi-B¢-Bg B3-Bs-By, X % OIF 1843 % 153.44.132.26.
128.28. 109.57. 97.48. 91.76. 89.27. 83.71, OIF ¥fti
KNI A OIF(Bs-Bs-Bg)>OIF(B,-Bg-Bg)>OIF(B,-B¢-Bo)>
OIF(B4-Bg-B 10)>OIF(B,-B3-Bg)>OIF(B4-Bs-Bg)>OIF(B;-Bs-Bg)>
OIF(B3-Bs-Bg)o ZrA & UK BUM M o )2 K BEEARHEZE . 12
BB A AR e 2 K AR C R E (3R 3) AT, B;-Bs-Bg
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FIB B A b Bs inEZEBUR (BRiEEZE0N 0.48) , B3R
FHEm KRN 0.54) , By KRB AL (K
28N 0.38) , Hop mACER AT WO AL £/ B X 3
Pk, BTG Bs-Bs-Bs AIE N AN L il AL
eSS lib e B e REs

x3 RAKEREREEEREEBXRLY

Table 3 Correlation coefficient of gray value of cotton canopy
between 12 bands

W
Wave bands

B 1.00

B, 0.71 1.00

B; 0.84 0.28 1.00

Bs 0.95 0.50 0.95 1.00

Bs 0.55 0.91 0.07 0.30 1.00

Be 0.27 0.76 -0.18 0.01 0.93 1.00

B; 0.09 0.49 0.59 0.33 -0.62 0.64 1.00

B B, B; By Bs Bs B; Bg By By By Bp;

Bg -0.04 0.01 0.07 -0.07 0.15 0.35 0.37 1.00

By 0.17 0.01 0.35 0.23 0.07 0.17 0.56 0.85 1.00
Bio 0.20 -0.16 0.53 0.34 -0.19-0.14 0.80 0.72 0.89 1.00
B 0.45 0.14 0.81 0.65 -0.30 0.40 0.89 0.37 0.67 0.86 1.00
B 0.70 0.60 0.82 0.75 0.72 0.90 0.45 0.56 0.75 0.72 0.93 1.00
{5 Mean 0.50 0.46 0.54 0.51 0.48 0.48 0.57 0.38 0.46 0.55 0.62 0.74

2.3 FEBHSERAGE
3.1 REREFERAGZEHH

X AN[R P E A AC I = B AT S v b (BR 4) W],
AR A R (by~by) /NX A= B R AR bR AT 1E 22 5%
SRR R RS 520 4.804 470, 390, 2.70 g, HA
HRA P2 (E 505008 6 059.25. 4677.75. 4 160.25. 3 127.50.
1422.00 kgo B H R IF/NX (ba) FLFE -5 B /IN X (bo) HL77
THMIZEIER] 4 637.25 kg/hm®s HTZESHATEIE 4), ASFH
T 5 B (8] (b~ by) AR AL R 2 S AN B35, i E E
(bi~by) PXFLBEREL B TESSEENX (b) EEE
PEZER, RFECEHE (by~by) DX AR S S i FE AR
(b)) NRERFEVEES, R T AFREHEN (by~by)
RS R BB ZE R, kel 0, RERECEELR
G (bo~by) HITFYI/NXEREL. BRBEL PR BER
B ETPEE (by~by) HEEINIE & .

x4 FRFEEHENZHIRSRIT

Table 4 Statistics of cotton production measurement with
different severity

e ADCFIIHEL BB N
N w 2 i e
ﬁgﬁé Average Total R HL ﬁslhgi - e
S number of number of ~ Number of mnge Yield /
Disease bell 2
. plants bells bolls per plant i oht/s (kg-hm™)
severity [x10°hm?)  /(x10°hm?) weight/g
bo 2.22ab 1.19a 6a 5.20a 6 059.25a
by 2.09b 1.06b 5b 4.80b  4677.75b
b, 2.22ab 0.99¢ 4bc 4.70b 4160.25¢
b; 2.39a 0.98¢ 4bc 3.90c 3127.50d
by 2.22ab 0.82d 3c 2.70d 1422.00e

I RATARNGRRRZEREE (P<0.05) « R,
Note: Different writers in the same column indicate significant (P <0.05). The
same below.

MRAE 07 8 I B AR FE B (3R 2) |« IR A
(B3-Bs-By) M7 B (£ 4) , A EHHRENZH
EEmBEIERBREBREERS &RESZES PG
(B3-Bs-Bg« DVD) FEEZ MK (B 2) , HiETH
1553 2K FE 0 BT B S B AIE % EEAS R 4R 4 8615 70 2Kk
BRI (B 20 % 5) , rEZUEL R R MR B
G BREE IR T A A B KR 2019 4
I 20 5 USSR B R 25 B RS 1B 1 4 KRG ST 2020
SR 2 S R I B R 25 A R R N R o NS JE
o ) Ji IR 2 R 2020 A EH A H 2R HIELLR
REMERRRWRK, FEIHERER™E, FEA
[F E e E S (byp~by) =R ZE R, EA R T
TTARAEFE Em AT 25, Rk, AL AR &
A (B 2g. 2h) BEME T A Hb s LR FH S PR
PR RIED .

MRYE 2020 AEMEZH . SR IR A6 7 5 A R 4y 2K 5
THAS R0 5 7™ B FE RS RR AT o A bk, A5 SR 3 B,
P 3wl Al, HZUH byy bys by by by BT HIAH 4
Eb 25 7.81%. 23.78%. 29.20%. 13.92%. 17.43%:;
IR b~ bis bas by by BT TR A 73 L3501 8 7.74%
21.17%- 27.14%-. 18.70%. 20.30%. BEZHEEE WEit,
bo~ by LK b, BT 5 B 40 LU FRE#a%, by 5 b, i E
SyEeBEm. HoeR, by BEIN T 4.78 ANFE AT, by BT
2.87 ANHE T AL XA AR AT & T A E 43 L AT
ZESEVE S HT AT R, AN AR AR AT & o b ) A7
HEREMZESR, boTE AL EHA (HERE R =
FAREE.

FRIE 2020 4EmE 20, ORIARRAET= B2 502K, G
THAE I X 355 ST B PP A% TR AR B AR 60 XAV A1 35 258 9 6 T AR
(B 4) . 85515 W6 X SRR H AN 1.43 hm?,
i 2 by~by, HIFR 73514 0.11.0.34.0.42.0.20.0.25 hm?;
WSR2 509 0.104 0.29. 0.37. 0.27. 0.29 hm?®, I £ 4]
ZUIRI, by~ by~ by TS 5D T 0.014 0.05- 0.05 hm?,
by« by AR BN T 0.07. 0.04 hm?®s X} A 5] ™ 5 A
60 o AR R AT 22 S A BT el i, A TR B EE AR
MR ARUE 2 A AR B M 5 by AT TR 5 At
ZERHARE.

2.3.2 JAEAREFEHEAEN

R AN ™ R AR T AR Ge i (- 4) R p={E
(£ 4 AR X U OR E S Aok E, 4553
Wk 6 Frw: BERFCEENE, HEDREEERT
BE (b)) « HE (by « HE (by) PLEW™E (by)
Xk, ANFEPREMEEE (by~by) HFEE. K Tl
FAROR & L U AR WOk B e B = 7, HLBE
S I 0 2 S s B

DA (bo) FAARCIR = 5 TURME R (by) FZA
WERE I (R 6) , AERIE XSGRk =S
Bt e, SRR 7 P BEEH S EEINE,
AFEFEE L] (by~by) FFRRHRCE . FAARERCE . AR
R R R R Rt EE R B E . AR
FIEHEE (by~by) &I EHURE DN 0,
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22.80%, 31.32%, 49.03%, 76.33%, HH by FEEHIEEK KFRMEL, AR ERRETE NE, by FERARE
T 50.00%, by PEEIIRHR KT 75.00%. SFFHEFE AR 60.93%, b, ;=B HKIA 83.89%.

a.2019 Emt B R IRER 59 b. 2019 SFWHIIGRAE 32K ¢ 2019 SEmE 2R LSRG R  d. 2019 SFUSRIR LR SR

g5k R (B;-Bs-Bg. DVD) 234t (B3-Bs-Bg. DVD 43K&5
a. Classification results of b. Classification results of c. Classification results of the best ~ d. Classification results of best
original images during the boll  original images during the harvest comprehensive images comprehensive images
opening period in 2019 period in 2019 (B3-Bs-Bs~ DVI) during the boll ~ (B3-Bs-Bg~ DVI) during the
opening period in 2019 harvest period in 2019

| Background
0 10 20 40m
I Y

€. 2020 fFit ZHIRUATAE 2 £ 2020 FUCGRIEIRRAZ 0K g 2020 ErE BIIRAELR AR h. 2020 SRR 4R B R

gkt g (B3-Bs-Bg. DVD) 43245 (B3-Bs-Bg. DVD) 433t
e. Classification results of f. Classification results of original g. Classification results of the best  h. Classification results of best
original images during the boll ~ images during the harvest period comprehensive images comprehensive images
opening period in 2020 in 2020 (B;-Bs-Bsg. DVI) during the boll (B3-Bs-Bg+ DVI) during the
opening period in 2020 harvest period in 2020

B2 s EHAMKI TR W K25 R

Fig.2 Classification results of different images at the boll opening period and the harvest period

%5 £TF SYMRBF HEAMBETE=EHHE SN % o1 B LM
EESLIT 35t B;o&openingperiod
Table 5 Statistics on classification accuracy of cotton yield spatial S 30k b ] Orm
.. . . . . co % Harvest period
distribution map based on Support Vector Machine Radial Basis 255l b Z
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Fig.4 Cotton Verticillium area statistics of different severity
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Fig.5 Cotton yield statistics
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Estimation of yield loss in diseased cotton fields using UAV
multi-spectral images

Song Yong'?, Chen Bing'*, Wang Qiong®, Wang Jing®, Zhao Jing®, Sun Lexin'?, Chen Zijie'?, Han Huanyong’,

Wang Fangyong®, Fu Jihai'
(1. Xinjiang Academy of Agricultural and Reclamation Science, Shihezi, 832000, China; 2. Agricultural College, Shihezi University, Shihezi,
832003, China; 3. Water Conservancy Construction Engineering, Xinjiang Shihezi Vocational Technical College, Shihezi, 832003, China)

Abstract: Verticillium wilt has been one of the most common high-risk diseases of cotton in recent years. A huge threat can be
posed to the stable production of cotton fields in Xinjiang, one of the most important commodity cotton production bases in
China. However, the annual area of verticillium wilt disease in cotton fields is ever increasing and resulting in serious yield
losses, due to the long-term influence of planting modes, geographical, and climate characteristics. Most traditional
measurements for the yield loss present time-consuming, labor-intensive, large errors, one-sidedness. It is a high demand to
accurately estimate the yield loss caused by the diseases. Fortunately, the Unmanned Aerial Vehicle (UAV) multi-spectral data
can be combined with the ground survey data for the comprehensive characteristics of high accuracy. In this study, a
systematic investigation was conducted to estimate the yield loss in the diseased cotton fields using the UVA multi-spectral
images. An experiment was carried out in the cotton verticillium wilt disease nursery (44°31'N, 85°98'E) of Xinjiang Academy
of Agricultural Sciences, Shihezi Reclamation District, Xinjiang in China in 2020. The gray desert soil was collected in the
study area, with an organic matter content of 21.30 g/kg, a soil layer pH of 7.82, and electrical conductivity (EC) of
0.48 mS/cm. Taking the test variety as Xinluzao 8, the specific procedure was set: the on-demand sowing was adopted on the
film, the drip irrigation under the film, (66 +10) cm wide and narrow row design, while the cotton plants were manually
capped on July 5, and sprayed by drones on September 6 and September 13 Defoliant, and finally harvested by the cotton
picker on October 13th. The ground monitoring points were arranged in a grid format (66 in total) from the beginning of the
disease, in order to collect the disease severity data. The output was then measured in the later period. The monitoring point
was taken as the center during the production measurement (cotton harvest period), and the area of the monitoring point was
expanded to 6.67m? for the yield measurement. The UAV data acquisition was consistent with the acquisition time of ground
monitoring points. The correlation coefficient method was used to screen the optimal vegetation index for the diseased cotton
plants, according to the UAV multi-spectral images of diseased cotton fields and ground yield loss data. The gray value
standard deviation method was also used to screen the optimal band combination. As such, the comprehensive cotton field
image was established, including the best band combination and DVI comprehensive image. The support vector machine radial
basis kernel function classification was used to analyze the spatial distribution of the original image and the comprehensive
image of the diseased cotton field, further estimate the yield loss. The results show that the best vegetation index and the best
band combination were DVI (correlation coefficient |#/=0.86) and B;-Bs-Bg (optimum index factor was 153.44) for the UAV
multi-spectral image identification of diseased cotton fields. The comprehensive image accurately identified the spatial
distribution of diseased cotton fields, where the accuracy of the bolling period was the highest (overall accuracy was 96.64%,
Kappa coefficient was 95.61%). In the different disease severity (health by, slight b;, moderate b,, serious bs, and critical b,)
corresponding to the cotton field, the area ratios were 7.81%, 23.78%, 29.20%, 13.92%, and 17.43%, compared with the
original image. Consequently, the comprehensive image performed the best to estimate the yield loss of diseased cotton fields.
The different disease severity (b, b;, by, bs, and b,) corresponded to 0.00%, 22.80%, 31.32%, 49.02%, and 76.33%,
respectively. It was estimated that the loss of seed cotton was 4260.01 kg, and the loss rate was 49.16%, and the loss of lint
cotton was 2267.18 kg, and the loss rate was 54.51%. Compared with the estimated yield loss of cotton fields under disease
stress, the actual loss rate of seed cotton in cotton fields was 6.28% higher, and the loss rate of lint cotton was 4.48% higher.
The estimated value of disease-stressed cotton field yield is not significantly different from the actual harvest value of cotton
field, which can accurately estimate the yield loss of diseased cotton field. Therefore, it is possible to accurately estimate the
yield loss of diseased cotton fields using the integrated UAV image. The finding can provide a strong reference for the
estimation of yield loss caused by similar diseases.

Keywords: cotton; UAV; disease; multi-spectral image; yield loss; estimation
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