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Abstract Pinewood nematode disease is a devastating epidemic of pine trees, mainly transmitted by vectors such as pine brown longicorn

(School of Forestry and Landscape Architecture, Anhui Agricultural University, Hefei,

beetle. The disease has the characteristics of rapid transmission and a wide range. It is challenging to control, which has seriously damaged the
ecology and caused substantial economic losses. Therefore, the diagnosis and monitoring of pinewood nematode disease is an urgent problem in
modern forestry work. This paper summarizes the diagnostic methods of pinewood nematode disease. This basis focuses on the research status of
diagnosing pinewood nematode disease by remote sensing at home and abroad, systematically analyzing the technical methods of diagnosing and
monitoring pinewood nematode disease using different remote sensing platforms, and examines the main problems profoundly. We propose obtai-
ning data through the sky earth integrated remote sensing integrated platform and establishing a primary database, remote video monitoring sys-
tem, and early warning and prediction system to diagnose, monitor, and control pinewood nematode disease. Through this, we hope to curb

pine forest infection to the greatest extent and contribute to the construction of ecological civilization.

Key words

FARFLE U MFRAMR ZE 350 , & —Ff AR R A A 2

. ( Bursaphelenchus xylophilus) 5 | 04 ZR M 5, 12958 8K Pk
i PARTIERYLJS 40 KED AT BET, 3~ 5 4F AT 58 K — J Bk,
AT st B L AR AR PR o AR RO I L SRR B
BT WAIR /D, ZE I VR I T I, B 32 718 WG48 €5, B
W, ARG 13, SERR TAGSET  FabF kil
S WA R A A E 2O F AL SR iR 1Rk, 1970
AEAEEINRAT , 1982 A48 AFRIE, JF i Ik T H R &
PRI BEIR T SRS R S BRI XA AR I
IR T 12 D IR E AR R X G,
FAE R B DINAR R A AL TR A  TEAME A R AR A
SEANFEFR T IR ARSI 405 1, $ 35 DRk H K b S0, 40k
T PSR HUR I R o BB LR U %, 3 RIS
Biiifh ARG EARBIR S T AT IR B O EUR
1 AR, — B R A XE LRI R, ISR A 4
o R R A 7 P B A, T AR 5 e ey T
FAREER RO A RE T LT A B R TR M FE K, TE 4

[ AR A o FRIFIER 1 000 m LUF (R X T
ZAETER 2 AL, 1T L £ 35 R B B A b DX A 1) o A1 i 4
Ko Horfe F 5™ H AR RV = A A VLA R i X

EE&WE S84 KF 44800 #9408 (5202010364094) ; B R &
KA A (32171783)

AF8(2001—) , 4, B AL, K FRFHR
&, BH0F N FE AR TRAS BALAT R,
2021-12-20

EE R * 845 4F

WA H

Discolored pine trees ; Bursaphelenchus xylophilus ; Remote sensing monitoring ; Spectral characteristics

p/W DS SN Sl 3 NN OE 1 PNy % 0 R i H iU PTS? SIS
e AT ARt v [ v e A M B X T TE 2 5 g D
SRR LY 1 000 m {3l 7 AR HR R LR Al R B 1 A X 8
N BRI 1 U R AR A b £ s B i 4
TR ZRCNIR WA, IR 1) DU TR . 30 24K,
E RS T [ 18 45 i 588 A HLGATELIX ) s
BUMCTTH IR BRI RO R 2E , F o AR IR 2 3 T
FORB R, ik 17 EACTCR 2 5e ik . MRSk
Mol WA A AR B o A R TR L R T ) A R 2 S
BT AR R, OO BRI AT B ATl 32 P AL B, — B
{3, BUfdt AR AR S R GEUE , A Wy B0 A R 25 F A D g
SRR AR, T Y b 1 AR APl T RO AR 2 A
P AT B TE AR IR [ AN KA X e 25 T
REDC, X0 i L 3 S A5 KU X 1) R IRAAR™ A L R A U
W 205 24 ) A 2 T A A AR B O 28GR R L R
UTARRIREBA T RIS W1 W T3 A7 7 A B
AR, AEUR HRITATI AR R — 2 A S Bl iR 1, 72 %
o P BE SR RS 1 i
1 HF & RREISH T %
L1 f&GAE RIS UG R0 BR AR G IR
PR iRAR = OCH B RYERTY, AT LKA SEA 35 S2AC JRUA
3R TS
MRIBIRSSEA AT L3 i Sk AT 2 W . RO AR B
I NSEFSFF UGS ST AR LR, B AGSE " o WA IR



12 B A

2022 &£

oS RS S b s 1 R TR R BRI A
B O T A AR (L R

ST AR IS WAL IR e AL . 18 ] =R kie
WA bR U BT — 2 BT SR, TR WL A H b i AR A
RGBT o« AT 38 A1 1 S F0 A 0 2L Tk 32 4 f SR
Wit S P R e i

X T T LA A SR, 70 T 7 I 7T L4 7
Toik BT A5 AL I 2 SR B JEUA PR R 0 G gk
HE— L VR B, pH A (LN % i A W2 5 A S
PENT DRI, R S 1 R A R R L 0 v A 4k
Wit
1.2 ERGSWIAE (LG AR ) R T 2 )
YRR bR b A S, DL R AR SR E KB W
SERE IR BOW AR 2 S R A
AT LABRAMESE I s, o AR A 4 HUB I, I
B BB A MU T R SRR E RS L,
15 0 B A BT AR e AR R AR D o i@ RSO E S L
F140 2 ST T S L g 928 A TR JR A 4 PR B Al 8 K £k e
75 R BCHAE A Rl Y B e 2 1 I S T i 2% 5%
TR P B A s B B AR B A R B A
1201 LRI, MURHE R AT N TR TR KL K
TSR RAT R N M TR AURSNI I /AT
PEEP ) TR YR )2 IR, [
120 20 30 4EAR YOI T 2R bR s 1 R I ) T
B2 TR LR | AR B SR 1 TLE W 249 T 20 22 [ P
R FEHIE o Wi T FE 5 B AR RS AR 1T %
AR AN I WIS — B 2, I AR, 27 B MO LIE
JEAEFAR b B G T, S [ ALl A 25 A g W it 1
ABPEAEIR L RO TR A R et 7 W DA e AR
A7 T B AT 7% 05 1 S0, T B 2515 RS W 10 A% A 4 1
BT Kaiser ™ ) Kt TR TV B BF 58 1 12 26 A0+
I 5 170 A AT R B R I MY S R ke . e R 114
PR FIAE BES R 78 2o AR N GRS | 3 S M 708
JRENG o R, R BRI A A £ HUi 00 T R34 o0 BF
HRIGAR , FLZ S0 HTE S5 25 TR 22 50 R M L R 5
B ARTER Y L s 1] 40 0 SR Xk T W B A )
R SRR, 5 YR ) B A (KA D7 TR S A7 1 25
JiE PRI S AR 2 VB2 ) B0 S A T i K 1 S
R BT W R IS4
122 fzsiBE, M2 iE R —FE 4 T s 4L s
AL IR A PRI A 1580 T B35 ChL . i SOk
R EET, TE A AWLIE SR AR TR ARl 4 8 Rk — ol
F A ] LA ] P S A R B Y I A
N TRRELE A LW 2k s 3 T BEAT DL | o
e S S AR A 19 2 1) 43 A, (o T30 1) 32 A T4 T LI 2
PES S I, U] B S R K S G e — A
BRI, S8 55 s TN RIS ARG 45
A R T R E AR ORI . Syifa 257 ] R 42 5

M TE ML SIE T —0 + 1B 55 (land cover, LC) [&], Ifff
JH 7435 m] 1 1 (support vector machine, SVM ) FI A T 42 ¥
2% (artificial neural network, ANN)2 Fh J7 ik k470325, K90
SVM [X 3 sk e 1 ACRS 86 )3 85 T ANN, #9958 H 457 F)
Mean Shift 553 78734248 To AHLEHR , A7 880 SRR AR AE B
Nansen 25" 41 i FEHL 3808 I8 T, KCBH 8 B £ L 54 K
LG H AR AR ZE T 1 A8 1k A 0T A B e Jo o P ML 0 g
I AFAEAT 2RI PR, A ox B RO B T — 5
Wi, il Essery 25 L $R 2 T ZRAOR 2 T B9 B4R 51 7T fiE 2
AR 3 [ A2k, T E MR 2 1 22 M ) PRAN RS AR AR 1)
A e BE R 0 2s B FIPLEGRO R B . BB
BUAESEA I 18] | 207 /NGy T A7 A I el r) PR A, s 15 30
REAAL
1.2.3 i e, b 122 SRR 45 0 A% Bl 28 i 14 JB s ST
B GERR, R RE I 2% Fh ) 0 , to RE RN AR 4R b H
bR BiE IR E B FOF AR SF 2K T A RS
(global navigation satellite system, GNSS) il 55 i1 i i , 5 T 1
T I Bl A B A ST P AR PR, 3 S R S A Y i T
RIS IZ I TR B IR R RIS A3 B e O S RA A 2
AR AR R S0 2 W A VSN 3 S 5
AR TERMAZE IS W b R AR O N TR B T BalE A ks 4k
SHE A A
2 AW HRSIREREIME R E

FAMA L BB DX A (18 Wi 465 2 43 A ALk IE A
MR 3 FR5, AT AR A B AR R i R A vk 3
T AN [] (%) RS R DC PR 7 () RS 26 A8, A R Tt v o026
KERES S Wei 2 1] 20 W08 BB 4 2 22 4k i Ak x4
Y PM2.5 e BE B B2 i, O T — 8 B9 LA, PRI, B
WK B R I BARAL il AR IC 2,
21 KR=EMi—AA ORI E AR A S A IR AR
SRR R AT R AR 7 %8 BIAS £ iR
T2 SR PO 22 SRR T 8 B AR X A BRHE AT e M A
7 Y Ry SO (E PN I Y 2 AR Y (S = AN o
I HGATEME, BAT 3 A 5 A e s TRl B — A TR R R
DA B B Joy FR M S AR SCRRE BOCA B T 42 4 At
T SRR 32 B = R RYSZ AR, DR, TR R S A A B 2
BRI AR R k. 76 T A AL S W 0 Jy 18, X 4 78
SN RLINEL T AHUTHA R AT W RGB $4% , L5 H A B
(YRR AARS , AT R VSR . (FR, B A 22 B0 AR 1 SR A 12
AT SRR T B ARy v, O 332 0y T 2R AR v, H
BN LR NG AR, IR kG AR T
ARABRIA B fe A S 0, B e i AL R . Rt )
FHZREAEIR , 25 BOITH , ot B , A4 BE 8 31 d5cH: 1) T il
2 BRI K BOR o
22 REEZAE TR, B EECT 51 R S
R, Z V& e 4e B ) B 2R G N I Z B
Chen 257 ZE P AN AR FERH 1,81 MODIS T9& 34538 &
FGBUE W 5 18 BRI ZE G SR T DA R 5 A i 5



50 4 22 #) A BF A TEBERGMME ERT WS KAtk 13

X275 B, M T A R it A R 2 XA
PRI )32 8 A, I 2l Ak B R IR 35 5 0 A LA
R s U, 2T IE AMLEA T B ARG A% £, 18 FH
PRAN A € (8 RE VU1 s e N TSt i B, A ST FA A
2 R R SRR RS TR , BEAT AR ACPRE IX 42 7 i s, 52
AL TV T, foe KO JEE A 195 B 42 , Dl DNt 5 B3
AR Tl — AL BR GE, AL R R A 2 R £
DA AT HLEE B RS, 22l i 2o A 23 R, B v i i
FEAACE™ e MR A B, B R R 43K B0k R
Y DRI PR DA B4 72 52 2 b R 4R IR S A5 B
ARl AT S Fh AN ) B AR A B 45 31— , AL R
I AL A B, I A 2k, E ) 31 1
2.3 TREABGIREES  SCH A 4 nT RS AL AL A 3
BE T, SRR ] RE2 TR A BV I L ) [ A s
A AT INFIASEE S i) A AR A E L 57 b i i 4
PRI PR -1 Ay 2 SR I X R, 3 3 11 1 7 8 Sl AL
TR TG R o 2 S RIS A M, i A T
RS H, ST X R R 22l I ZR AN T 12
AR ARG E LT AE ST , IR iR 2By 8 TR IR LI K 4
I HBEHEAT A F Y

3 RE

ZWTTERIEE 5 B9 BETHE T H A& BEOR TR BT

2k AURIZ WA I P S o KR SRR T AU, 2 T T
M R T RRURRS 3 5 A0 22 0 ) PRI 0 B R oo, A R ) R
P, 0 A AR R A% E B 5 M TR S S e, (HL i
N AN T B A TG A AR . 3 PO IS
DEF, HZAT SR 1R 25— M i J 0 1 D7 i
FORREIE D g O M DN T3 Sl 1 BN A 2 SR
W AT IUE T PREAT S RE DA, 41 X 24 i AR AR
AR SR 12185 M IS P A A 119 = R0 R, AL LA
J7 AT IR
31 BN RFERSEH S RNEEE o
ARISRARF R HAEATI2 W5 0, 15 e A S R S o
BT, 25 i P Al g R s ISl P A 2 bR — , ELk
ZAREEHE o A ER T R I K 2 xR A T2
FEREIF LA B AR G , 2 IO FH R SRR AR R FA B 2 U 3 A T
W) B A o IEST AN LR R IEAS W 5 B L ¢
— A B S [ AR R MRS , T 5 % S T R B R S
T P R AR S s A T AL RE TT , oAb 4 R Bl
TP B I B S 4%, o R A e e e AR O RSADU AN F5 00
BLRE LA
32 FImFBESIISIERGE  TRIE B A R I A
AAFAEAN AL, N T T4 £ ke = 2 T R R 8, J s i K
TR B R P R TR TR R IR R . D T RO RR
JRE MR AR HL A SR BB 2 , ARG TR B 2 HUfg ) Sk A
I AFBF7AT R0 W I 5 YRR AR, e i R | 4 T 3
HARICE (R L RN O HEA T A 0GR BB T i)
KA, ML AR A RO T S BRI A M - e 25

AFALHEAT A A NI , 548 M T A B TR

33 BMRHEBMMARG YR FE AR, P H H o
E A TR, IR XS R AHE B 1 — € P, X i 22 ek
FOR WM s HF 05 HUH C AR A, TR AR B
TSR o B PRBR 28 S AR A B 28 HUR 1 W A A
JEtEe Qi AR R JE A% 3 K 47 4% (unmanned  aerial
vehicle, UAV ) W35 M- 1R FR 45 44 (leaf area index, LAL) )35
2, RV EY =t , S T AR R AR, B AR A 2R R
S U2 VS i S 2 s VAP e i AR ID O /A Y S e Y N (3
HEFT T, AT AR I /3 b 22 S s 00 ) 9 J i)t S5 A B 2
R PR REL 4 TR B EIRAL IR A, A R
DRAABFER MU BRANSIT A L A S 52 PR | 0] 3 e A e
FZE )L, SRy FARA 4 HOs HUH A R I6 R B S A
R Bl

34 EFTWAWHEBREARBRAB & A HE S
AT I TC AL BB AR Ll PR s, 75 AT Ll G 5,
SEEAP A A A MR SF BN . — 5T, S 18 S AR R Ui
i RV K 5 55— 7 i, BRI A R A
AA M, B 728l Ak 2 ACE- 2 W 5 W AA™, DA mids
A2k Ha2 Wi K VR K RIRCR BRAR AT W A
IR S AR R AR A A 4

S Lk

[ 1] PR RARSEY i ——FARAER TR T ] NSt AL, 2021 (1) :42-43.

(2] FU8, B8 A R, BT, S MR R AR LA AMAE IR S RER 52
M) ] ALl A4, 2007,29(5) :114-120.

[3] REVA V,FONSECA L,LOUSADA J L,et al.Basic density, extractive con-
tent and moisture sorption properties of Pinus pinaster wood infected with

the pinewood nematode , Bursaphelenchus xylophilus[ J].Journal of forestry
research,, 2015,26( 1) :233-240.

(4] W=, Wi, TR, %2019 £ duREIE T . i
ARphpc,2021,40(1) :32-37.

[5] a2, s, DA, S MF AR B A AL M A e [ T ]k
ARHS A ,2014,28(3) :8-13.

[6] M~ AR AR EERIFE TIUR BHERAR S ST T ] Al
F}2#,2019,55(9) ; 1-10.

(7] EXRHER RN T AR FARA LR O A & LE M TR e [ T ] e 5
.2019,42(3) :186-190.

[8] MYERS R F. Cambium destruction in conifers caused by pinewood nema-
todes[ J]. Journal of nematology,1986,18(3) : 398—-402.

(9] EMEHT, B L, R, S AR 2 A K bR [ ) R R R
2#4%,2018,40(2) :256-267.

[10] KONG Q Q,DING X L,CHEN Y F et al.Comparison of Morphological In-
dexes and the Pathogenicity of Bursaphelenchus xylophilus in northern and
southern China[ J ].Forests,2021,12(3) ;1-14.

[11] L5 Salt SRIERN. BRI 2R s LT R DT _E OBTF 9 2
[J] ARl EERIR,2011,36(5) :75-80.

[12] st FE 2o, 250, 45 TC ANLIB SR ROTAM 2 Ui G & R )
WEIMSARATIER ) ] b, 2018,37(5) :16-21.

[13] EZZHERAML R A= SES5THIEEAEL ) ] R bl R
SR BARIEER) ,2011,35(1) « 144-145.

[14] ZHAO J J,HUANG J X,YAN J F et al. Economic loss of pine wood nem-
atode disease in mainland China from 1998 to 2017[ J ].Forests,2020, 11

(10):1-19.
[15] TP A& I E SR e BiaN SBR[ ] Rl R 5%
#%,2020(7) :233.

[16] XISH, )5 LA TR, 55 SR MK AR 2 dms B ST B B 478t 3
fF5E[J ] R ERE RS, 2020(5) :103-106.

[17] FFERERMMER R G S Ta T a0 [ ) ] AR A2 R A, 2019
(11) .46-47.

[18] PR, B A s iS5 i et e [ ) ] e bkl



14 B A

2022 &£

REFFR(EASEREAR) ,2001,25(6) :83-87.

[19] {Fpik, M, FIRER R MAMT £ B R S IR [T ARl
1£,2009,34(4) :36-37.

[20] ELERFARMALRAE SR T D] 2382 | AR fIL R, 2012.

[21] SON J A,KOMATSU M,MATSUSHITA N,et al.Migration of pine wood

nematodes in the tissues of Pinus thunbergii[J].Journal of forest re-

search,2010,15(3) :186-193.

RN, BE T4 RARARRG R R T FR i R a3 AR (L) ] M= E

5Tl,1994,14(3) :49-54.

(23] =k, P, BRAln, . TR @R SR t 2 Tl ot
()] AR A8R,2006,22(2) : 113117

[24] BaXR, 250722 R, S AR i A e AR IR R A et e [ ).
PRl REFSY,2020,33(3) < 172-183.

[25] DUE SISO RS It AR T ] AR EDE,2015,8(5) : 714~
T24.

[26] F&TF, Mk, JSHAEK, 55 B0 GIERRL N A T [ ].40
INSIHOETHE,2020,49( 11) :105-114.

[27] SUN T,QI J B,HUANG H G. Discovering forest height changes based on
spaceborne lidar data of ICESat-1 in 2005 and ICESat-2 in 2019; A case
study in the Beijing-Tianjin-Hebei region of China[ J].Forest ecosystems,
2020,7(4) :704-715.

[28] WANG C,LUO S Z,XI X H,et al. Influence of voxel size on forest canopy
height estimates using full-waveform airborne LiDAR data[ J ].Forest eco-
systems ,2020,7(3) :392—-403.

[29] KAISER M F.Environmental changes,remote sensing,and infrastructure
development ; The case of Egypt’s East Port Said harbour[ J].Applied ge-
ography ,2009,29(2) :280-288.

[30] XU/ N FE TN RS- S SRR RGBT D L ATN
TR2,2013.

(317 FEsrH, XUER, 5, 5. TR m R 2l = BARSHEZR S5 H
PP TIAR Bk e AL ] iR, 2020(12) < 110-113,154.

[32] Z=DDB, VS, At — PR T A (A TR g R ?izEETyJ\TW‘
FiM 72 : CN202010083550.X [ P ].2020-06-09.

[33] BANU T P,BORLEA G F,BANU C.The use of drones in forestry[]J].
Journal of environmental science and engineering B,2016,5:557-562.

[34] WANG J R,WANG S Q,Z0U D X, et al.Social network and bibliometric
analysis of unmanned aerial vehicle remote sensing applications from 2010
to 2021 J].Remote sensing,2021,13(15) :1-16.

[35] E!Iﬁ MroKs ,IﬁFI ST NN ER A TSNS BRI

JRLI ] MR, 2020(5) < 144-151.

[36] ix(=2, ﬁﬁ%k,%fép S BT Faster R—CNN FOFARALR 2 A
BISELLL ] A UF41%,2020,51(7) :228-236.

[37] SYIFA M,PARK S J,LEE C W.Detection of the pine wilt disease tree
candidates for drone remote sensing using artificial intelligence techniques

[22

[

[J].Engineering,2020,6(8) :919-926.

[38] T, (i, OB A T TE AR
H2,2021,37(1) :6-12.

[39] NANSEN C,ELLIOTT N.Remote sensing and reflectance profiling in en-
tomology|[ J ].Annual review of entomology,2016,61:139-158.

[40] ESSERY R,BUNTING P,ROWLANDS A et al.Radiative transfer model-
ing of a coniferous canopy characterized by airborne remote sensing[J ].
Journal of hydrometeorology ,2008,9(2) :228-241.

[41] SRR, Zeh e, SR M EIME T AN R U SR PR [T ] Bk
L,,,\4\7]547%4‘?7[—21,2019,21(4) :512-523.

[42] BATEL, TS, WK, B AU FERAR R 2 Htb ) s U AR AR R
s [ )] AP ERMYE R, 2020,39(3) :35-39.

[43] GHASSEMIAN H.A review of remote sensing image fusion methods[ J].
Information fusion,2016,32.75-89.

[44] WEI G E,SUN P J, JIANG S N, et al.The driving influence of multi-di-

mensional urbanization on PM,; concentrations in Africa; New evidence

{RAIRIAPRE R T ] bk T

from multi-source remote sensing data,2000-2018[ J ].International jour-
nal of environmental research and public health,2021,18(17) :9389.

[45] TREERR, JEDAE R MR R RS — (A AR B AR [T ]
Mg ,2020,43(3) :104-108.

[46] XU%K/@,?W&,* K IR TZHFE CRE (978 AWLSEERAM 22 iR
SIS ] e, 2019( 7) 1 78-82.

[47] CHEN S M,HUO A D,GUAN W K.Remote sensing monitoring method for
groundwater level on aeolian desertification area [ J ]. Journal of water
chemistry and technology,2020,42(6) :522-529.

[48] Zre, Fray &, sab (i, S ZL T Ul i A 2 e B s — A LiE
RS ] A2 EIE, 2018,26(8) :819-827.

[49] LIU C,LIU W B,XING W W.An improved edge-based level set method
combining local regional fitting information for noisy image segmentation
[J].Signal processing,2017,130:12-21.

[50] Jrads il Xilfd, 5525 T 1 22 R R I Ao th 2 R R 7%
BERELT ] AR IR TR, 2020(2) £ 181-186.

[51] 40N, TR GIS IR ls e A st [T ] skl
R RFA1Z,2012,32(6) :48-54.

[52] E LR KK R, S LT 2D/3D GIS MRS R e RE A

Bz RS ] AR 27417, 2013 ,41(4) :66-70,75.

[53] I DR AR R FE R R A 5T FUBR SR T ] Sl
2014(7) :81.

[54] QI H X,ZHU B Y,WU Z Y,et al.Estimation of peanut leaf area index
from unmanned aerial vehicle multispectral images [ J ].Sensors,2020,20
(23) :1-15.

[55] s SR AW DEREATER AR R )
11(31) . 112-113.

1. SR REE, 2020,



