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Advances in plant disease epidemiology in China since the
21st century and its challenges and opportunities

WANG Haiguang
(College of Plant Protection, China Agricultural University, Beijing 100193, China)

Abstract Plant disease epidemiology, an important branch of plant pathology and an interdisciplinary subject
across multiple disciplines, is the science that studies the diseases in plant populations. After entering the 21st
century, the rapid development of biology, information science, and other disciplines has greatly promoted the
development of plant disease epidemiology, which has played crucial roles in ensuring the safety of agricultural
production. In this comprehensive review, the advances in plant disease epidemiology in China since the 21st
century were explored from three aspects including theory, technology, and practical application. In theory,
plant disease epidemiology continued to develop in the macro direction, which has promoted the formation of
the theoretical system of macro-phytopathology; widespread applications of various molecular biology
technologies and information technologies in plant disease epidemiology have broadened its research scope

and enriched its research methods, thus facilitating the development of the research direction of plant disease
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molecular epidemiology and promoting the formation and development of smart phytoprotection; great progress
has been made in the epidemic laws of diseases, genetic bases of disease epidemics, disease forecast and
prediction, and evaluation of disease management; and a variety of concepts about disease prevention and
control were put forward, and theories including ecological regulation and green prevention and control of plant
diseases were gradually formed and developed. In the aspect of technology, molecular biology and information
techniques have become important technical means to study plant disease epidemiology, the application of
artificial intelligence technology is more in-depth, and the detection and identification, monitoring, prediction
and early warning, prevention and control technologies of various plant diseases and pathogens have become
more accurate and intelligent. Many research findings and technologies of plant disease epidemiology have been
applied in practice, and in particular, the applications in disease monitoring and early warning and disease
prevention and control have made important contributions to disease management. Furthermore, the challenges
and opportunities for the development of plant disease epidemiology in China were put forward. The aim of this

review is to summarize and analyze the advances in plant disease epidemiology in China since the 21st century
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and then to promote the further development of this discipline.
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BRAEVPAT IR R o B e SR 2K 4y Bk g ST
TN AR AR 24 08 it 4R LR R 25 A s IR & .
XN T A g 1T A YR P 5Tk % (Plant protection
contribution rate) ¥ % X, F| A ) & 3 57 Bk % PEAN
JUT SR BCRE ) O 4 1 it 1) DR L B T R 0 DR 4 DT R
I A Ty v AL A B8 4 4 3 A5 OAS [
B0 B B AR PR B DTk R DL SR — AR AR
TR DTER R A I B ) . B S A E AR HER
) MR 55 o i E T CARAE Y L By 45 A LR DTk
RPN ) TR 2 3R E AR AE Y e B A
PR SRR TE AN T AR o 2022 4F 7RI 2023 4 42
B AR H AR RSO EREZHIFRE T =K
WEAEY NE KRS E KD EE R B E b= Y
PR Ar DTER R A PR AR . AW O B DR R Y 42
SEAE ) DR AP R T PE AN () — > D

BT LA L BT B O R AR, B SR R
CHEL P98 3 A7 5 B0 ) 245 3T J5 T 2005 4F 8 H it
1T 758 2 BRI 5 2008 4F 12 H BR2# R At i il T F
T D' 0y oy g 3 R Y R A s 3 AT 2 ) i B 56 —
JRD 5 Ty 1 5 g 0 (RS W47 2% ) T 2010 4% 2
R, A TRRT 2019 4F 11 T iR . FRERHIEA
B33 G 0 AH DG 08 RN S VR AR T 3R R e I
1725 3R W5 J7 T A AR Pk
1.2 HEARE®
1.2.1 HHhmERATEFHESN

Y F AT 5 W FE WY B AT
AR T JF R F AT B 4T, T LB
FUATI F TR, e 00 A A B AR
o 08 F AT £ T R B E J7 15 8 W g T
Mrork h EREEE RS TERNE, RE5HT.
AH S 43 B A2 A5 0] A 43 B 45 22 Fh 05 25 9 T
TAT FE TR T, R 0 £ KR AR R
PR B R N 22 5O A G bk s T B A A
KA/NERBRE AR 75 W% E AR,
T A 206 & A S T R R R e U5 T &7 1R 45T
3 3k A DG 43 BT KA 1AL 7 U BH M DR A RE 0 I
17 3T PR Z 5 /N1 S50 RTS i 38 A5 TOR 38 A [
H 43 B J7 vk 43 0 AR AR T TE JE BRI S R R OR 0 (il
Venturia inaequalis 51 &) TG 22 56 AE X /N2 IR B 9
WMATH R FHE T ERREE S B8 T A

o 11 T ASE AR 5 R e A5 R A G 4 T 1k T 3
ARAF T R IR /N MR R A AT I G B IR R
K, R J5 R 28 1A 40 B D s S T 3R B/ &2
P13 7 3 9000 A 8 5 i A s A3 1990—2010
AR AL A A& /N VR R R AR BOHE R R A TR R
HE R AR C 3 Hr 7 2 0% A 81 43 B 2% B
SR /NE R R AR AT I R AR L SR A R
FH DU 17 43 2 KO0 RG22 T /INZ2 1R s T I A
1.2.2 ZAFHAFHK

25 R 8l ) 2 B RVE R 09 R AR #E T R A
I 5 R AL B 0 A 5T, T A5 A DG 9 AT AAE IX 3k
KO, H =M bR oK E AT . B AT, FE R H
HYSPLIT-4 45 i A 8 %300 45 X A7 w58, mT LA
3 oL I ) 29 0 A BT R ) A A% 4 It ORI oL S )
3 A TS DR ) T R L TR RN R 3 T
SN 1 RS N S R A B Oy R T
WF5E TR I HLg i 5 B A8 A% o i 3k B 4
BT FUAG 5 DA 76 T 0 41 S 45 A5 T LR AR
Yy 32 R A 1% RIS T) M DX TR) B VR DG AR B R AT B 1Y
B, MW LA TNE MR
Puccinia triticina 51 #)" | K K5 5 & W CHh P.
polysora 5| ) AR S AL E B R AL WA AT . A
KTAEN SR 2 Kl 1% Bk L2 S 4
2 AT AR R R TR L GIS 4 2 R B R R
Z 07 BRI 2R A CRlE R AR SRR R )
R % B £ T TR M | X T R R G R DL RO R o
S0 A R TR A5 Ty T BUAS 9 Mk i e
1.2.3 F-fFMmsE R

6L F A A A A5 A o T Wy 2T
Be o ) 61 4 R AT LU 4 A S o R B A
T, ST R AT 0 AR A L F T
fiff 5 I A R SIS R A L B P A D TR A L T A
JE TR Bl A AR Ak, S F R S T TR RN 4 T 0 B
RSB . TR AR R R R X
FE o AR YR T L A R AR BB E
TORE L s e <ot 20 RS T AR F
YRR o 1 /1 A1 s S 1 DA W O s W L O
wEA L, WS AP T EA S PR
JE TR 6L 7 il Rk 1A R i A T v e D R A
TR, th 2R F 08 Burkard-7d 5E 2 3
il AR B AL VB B R IR E A =R
25 b A7l B A ELIR TR s IR B A Rk
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FHRBARS X HE 000 S L RO
o B AOWL SR W, AT DASS G A R I R R B R
Ab B AR AR AT EOR E
1.2.4 pTAHFREK

g3 T A W) o R S R e AT S W 5T
THEEFBR. M TR E AT O E
T W SR BOR A WIS S AT HOR (PCR SN A R
PCR(Quantitative real-time PCR, qPCR; X #§ Real-
time PCR) . ¥ 4 & %5 i ¥ 5% (Loop-mediated
isothermal amplification, LAMP) \ 41 i R G 9"
14 (Recombinase polymerase amplification, RPA)
SR e CRLAE S R A 2 A B e R A
SEORORAE . TR YR E AT A T A
FHORE T B E R F 2B R R S
I 32 0 R W RE BOAL T D A A
CoR 8 E B4 7 185 7 30, s 0 RO B 4 A AR
B R IR E A DN CBF XS A A 20 i e TR
12 3% A0 VR eh B 5 S A R A R R I
T B SR R K R R U A D T R AR
AR I AR X R E A AR B S I Y
A 5L 0y A A s 2 I A B i ) gt A% o3 Ak O3
ORI ARUIE 38

# T RAPD (Random amplified polymorphic
DNA, B Bl §" 3% A Bt K ¥ £ & 1) | RFLP
(Restriction fragment length polymorphism, FR il ¥4
B KEZEM)  SCAR(Sequence characterized
amplified regions, J¥ # #§ fE 4" 1% IX & ) | AFLP
(Amplified fragment length polymorphism , 4" 3% kBt
K Z AP .SSR(Simple sequence repeat, f& HLH#
S H, UK AR DNA) | ISSR (Inter-simple
sequence repeat, fa B ¥ 51 # & X [[1] ) . SNP (Single
nucleotide polymorphism , P& 4 g 2 & 1) 58 DNA
3 F b 10 SO S A R LA Y, R A A st A 2
WFFEJ7 1, 0 BT 4 L I ) 1Y 33 A% 5 4 6 TR ()
ZREIE A Ak 384T R IR AE U G &R Lt AE Ak R T
W8 98 S ) ) A% B i 2 . TR BERF N 51 2R H It
T AT /INZE SRR oK T e A
AL Y I TR AL 1 KL A T 58 A AN () X 1) R
KEDIHT

F R S 1 23 T Fn i ST 1 2 M0 I ) 1Y s
PEFNE 50 TR0 5 v 39 S50 3 0 LA s
T8 H WA ) VR 8% R R AL RE AR P

9o JE ) A Al B A R 00 0 L A ) R S A
Yy Br (23 30 58 R K A5 T B9 T 4 A R R
FE ARG, R T OGS S 0 A, A BT R Sk
Yy, BEAT 99 I T 24 M 0 3 R A W e A
FHHTHE e AR 23 FR 10 B0 B 4 7w g, 6 A
Py B B B (BT B A B AL s T B, o BT R
J5 ) T A 2 1 7 S 3B AE 434k O 0 I ) 1 B0
AR G s DR RIVAE ) 0 R R T S A 245 4 T A
FVHEAT A 25 5 F BT 55 o BT I ) B0 AL 0
B EAE PP L, AT I KRBT D Y 3
Tt RS T E A
1.2.5 fZBEHK

B EHAR LR RGEHAR AL BB (M2
STIRTAE 2 NI IS I 5 27 NI 2 WV s N R ESE R g
¥R | 3E 40 5b ot % (Near infrared spectroscopy,
NIRSHEA LI RAREA A =5
HR KRB FAR ATHE AR FZ R E AN T
Y E RGAR B R AF AL DL S Ak 3R O3
B, T 3 AR LA S 7 4 AR ) s
AT RS AR AL B e B e e B B,
PEFEAH SRR S G o A7 B ER T W00 %
g I ) A AR BG4S O T T I R SE L o T
B g 3 BT R T R R SRR AR 48 (Decision
support system, DSS) i 3 4 8 R 4t %4 # DL K
A LA 00 S G e LA AR g T A
A S R REL . BB B R (RS HOR I
GIS 7 AR %5 i 4 2, TR AL S iR 45 AR il NIRS #
AR AR T e Dy TR RN T ATHOR E
B B YR F AT 2 A T

D EERAEHEEA

3 3 ) P A5 H RO R H AR R AR B9 23 B, ] DR
PHEGER EARREE . KERAEERE HTHEY
I T R G R W, AT LS SR P 0 T RN A R A AT
DL KA A R B B A 5 s DA e B A, Ol
s A PR B SO L MW R 23 0] R R FRIE K
A=Ak, AT AT LA G 145 o0 B R AT 0 5 U
& H s R AR R AL O BRI LUR T S AL
R AR 9 D DR 9 A 2 AT 1R R E Y
1 P A5 A B B R AT 9 T A5 A T G B
Gy AT, R U SRR R I TR AL L EAR
REAE B2 B R AE 6 4 R TR ) A AR A g A R R
B 2% 2] & T X AR YRR 4 B2 Ak B
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HEAT I E H AR A )RR, 7 e R TR R A )
BRI BEBE S E RS E 2R ) RO AR A
ek AL E Y R E oK ER B R H T
2 PR W AT b, 0 H R I JLAR TR 2 > 1Y I
FHAVK J BSR4 5 1 L T R AL 3 R 1 A )
TN AR B PR AL e R i AN E VT A
S PR R R

2RSHA

F) KR I, 23 e — R B BEAE Ak, DA il
W) O 3 R R R AR T A R e AR e, A
I, AT DL A1 A5 IR O 35 B 52 AR KR AT 1R R
LRI v &7 TR KA I o Bl P | B WS A XN ETR
IR 32 JE% O T 5 0 E 2k 5O 1 AR Y 12 JEk
SAREE o O 18 BB R AT A A O3 B, 4 IO
AHOCRRAE , 2R 5 b A =R ) A Y, AT 3 A 90 3 Y
TSRS I S SR R AR R DT AR RO 2R PR AG A
T XF 22 P 3 AT T & B DU 5T, A kR
OO G M R R 8 R i s i
JER 100103105 OV i T g 100 100 T A OR /D
HOHr, 0T & 2 1 @t 3l i& B (Hyperspectral
remote sensing) Fl £ O 3 #& & (Multi-spectral
remote sensing) . H T & &R 5 A L & MW1FE
B AR USROG A Bk B £, Bl T AL
FOR B A e A TR A3 BRSO v, T IE LR T
BT 6 WA Y B B H i3 2

3IGISHFEAR

GIS & —Fh i K 0y i 385 B r g s R 40, ]
AT BE R A s E LRGP . T 4%
1 GIS(Web GIS . WebGIS @ Web-based GIS) % J&
W . GIS ] H T4 5 15 5 2 0 A A8 A B
W A5 (B4 Ja) o3 B R R AR I S B S o b A
A=) IS A A e AU TEA o 3 3 R AR 35 4 BT
I AL R B Ao B R AR BRI A B
ISR A o T 2 ) a0 A K, GIS HoA iR
KA =5 8] 43 A Dy ag , PR, A s 3 = 18] 3l 25 A A%
RS N % . FREE T GIS #4177/ A&
SR N FURY R N 2 0 T R R
CHt Tilletia controversa Kihn(TCK) 5[ ALk
P95 CHH Erwinia amylovora 51 )" 4 Z Fhojp # 1%
& 9 25 8] B A TN K R R s AR B AR £
TS I B R T2 T GIS H T F I
N R N = 2 R E¥- b

Bi7 36 FA A W By 4 4R AR T KA A S L3SV R
8 4 1 T BT 2 A A ) AT SR ST B T R
KTH., EI]}DAESM RS (BeiDou
navigation satellite system) 2y AH 3¢ #F 5% F i 1 4 fit
TR HF .

UDF-EARAN R EFZN

T W) 32 20 I WA= e 5 7 A B B AR AE 4 5
i) 52 {5 G R A7 I B 1 A2 Ak, DT 2% 5 BOLL A1 R 5 1Y)
Ak, AT LAA) AL AD BUAR B R R AT TR AE e
R, BRLLAP R B R C T E W E Y
{2 G AT 2 TR RN LT 0 R AR LA
T g RGO R R PR AN A
ZLAM AR AR L35 #AE JC A BL OB 28 N 5F I A
T DL S W ORS U B4

5)NIRS # A

NIRS 7 A S —Ff B T4 i T 2050 63545 B
() 422 3 W7 R, — M 2 2ok e Y T 2T A 6 1S A R
WOE 2L AN 6155 B R A 20 & 22 0 i AT 1R R
b B, e A E PR R ) BE AR T AR AL, AR R T fE
DU b A & s AL 90 R s DL A A I A1 A0 O X
AL E R EAR B, B B AR R 3 A5 AR A
WAE R B Tk S fF B aE o e A, n) SE B R
SO A I O R AR D o T
P PEAR Y 5 B 14 S M TR RN E Sy B LA
g SRR 7 A I I AR
1.3 NAE@E
L3.1 o FTEDFEREMYRERATFHAT

9 R A

143 A= W 2 B R AE A W s L 0T A I R
I ey g

Y2 B IS Wi g Ja  TE BAE AT A — D
B AE U 58 o PR B S AR A P i e
Yo X TR 2200 FOR U, A IR R A B A
R ARG TR A M2 W . R e 7 AR s BOR
799 35 T 0RO R K i R A AG I, AT DAAE S T
B R 5 L S ARSI 35 ) = G AU IR L ] O e
3PN R 4 B A R A RAR Al AT AR R A
IR R T R B A RO . k4R
NS B o e a7 (S S 2 o A 7/ LI D
il PCR . #3, PCR(Nested PCR) .real-time PCR .
LAMP RPA 25 £ A 9 47 79 ¥ K 4% G i) H 4 4
20T (45 T A T, AT LA A T ) A IR A, A
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1717 S B0 95 6 5 300 G Y0 RN W ) 4, Huang 514
ST — BN 2R S T LAMP K 5 v il Zhao
AEUSIHE ST T — 3T PCR A /N2 25 559 oA T
B AT AESE RN 1 d S R T BN 2 i R i SR
B BT AR AR YL s Wang 5 g 7 T — Fp 2 T PCR 1]
T I RE BRI /N v /N S 5% e T AR AR G
(7 35 W IR AR A5 P ST T — BN AR R B R
12 Y4 1Y real-time PCR & A I Jy ¥ , 7R3 #0 12 h JR
BRI A N2 o R SRR R . Zeng S
T — A PCR 7 T4 I/ 22 1108 0 1
Xt /INAE VAR AR B, RE S B PCR AT 2 d
S0 38 1B 9 T 0 0 AR 4R U s Zheng SF 1 ST T —
ol FH T A DN /N 22 R BN 2 i R iR R
YLy real-time PCR J5 . DuZ5"0 RPA i R 5
78 J2 A i 4K 2% (Lateral flow dipstick, LED) £ AR 4
258 Wk T — B D AE R S I (Pyricularia
oryzae) 1) RPA-LFD J5 ¥ , 1% J7 ¥ a] 75 i 5 §ij 46 i
BN T FP 0 /K A 4 o i) A R ) T AR AR % o

2053 F A= W 2 B R A A ) e i R T R
I v iy g

T real-time PCR, & #3772 M AH Y 19 4
2 v g T ) A A IR )y v S T
() 3 L PR 6 1 A7 W, R LA P A 7 e R A A
o J5E TR 6L, R S R 43 AR 2 HOR BEAT 0 T
ot 26 5 I B0 A8 o A S AROUE 5% 1 1 AT A 42
60 B, By 52 KA A s I TR A SR S e O
H A S J5 B A8 T2 28 AR H AR RL, E LU o 5
WA HAT IS . RIS FEYHHEAR  ED
TR RS bR g AT DA PR X T R) R, B 48 5K
BTN SRR N ORI TR N R
o5 TR LA B S B R T (Valsa mali) (SF RS
% B (Botryosphaeria dothidea) F1 3 5 4 BE i
(Marssonina coronariae)" ™ %5 22 Fh J J& 18 H [a] 4 $2
i F 19 E B E . Cao %W E BLFR VYR
Burkard-7d & 75 2 A 1l 92 4 2547 1 (] 28 b/ 22
R 0 TR 43 A 96 4T 42, R real-time PCR 5 ¥ i
AR e . Wang 8@ T —Fp 3t
T qPCR A [A] B 7 2 4G 000 6 978 2 4 4 912 09 /N 22 5%
BRI NEE VR IR TR /0N 22 o e TR v
BAE 58 S50 R A6 ol B A A S SR AN () s R A
P 25 A B R TR 96, OF AT 52 e 58 Ot & PCR
BTl B A 3 SR S TR S L SO TR R S 2R

o i TR A AT s E . I R IR 1 R
I XoF T 0 fiff A 338 v o T ) o SIS R ) 2 OG
FLOMPE IR M5 B, AT DL T A A 55 e R AR
A, LG B RS . TR AR -
b I Y E PR AE A DI AR A T ERE TR R
O d o 2 Yin H R T IE RS
RS o e AR S e 6 Y i PCR 5K
BT R AE A TR E AN [F] b DX KR PR 4 5 Y Sk
i W 8 (Fusarium spp.) . 1 # B 4 #1 (F.
verticillioides) FIR ¥ #4052 & Fh (F. graminearum
species complex) f{) % I 5E .

3) 43 A W 2 BORAE R SR ) R AR B AR
e i 1

I3 T AW A HOR B T 22 i e AR 3 3
WD, DLATE 5 95 T 40 1 T A 4 B B S R st A% T AL
R, S 3 T0I 5 3 B A AU B R AR R A T
SCHE . Cao%57E 34 A K R ] Burkard-7d 5E %%
2T P A% R AT R A AN B R e TR AR
74, AT RO 48 3 EOM real-time PCR X 2
Tl 7 0 00 ) AR VR R S ek A OG0 R B Bl AR
AR AR AL, 2 W] -l #2252 R 5 real-time PCR &
B R 45 G AT DR AT RS RPN 2 R e T
B WEI B R DY R) ] Burkard-7d E 25 X P
il B2 4% L6 /N 22 E88 9 AN [R) B P i Y TR] 5 X
23 il R AT 25 AP /N 22 DR s T AR AL T AT L A
JH i 100 22 3T BN real-time PCR 3% 2 Fh 05 ¥ fr 1)
6 -1k FE Z 8] 19 ¢ R A B S B A 45 R 5 Cao
e R EE S G eSS e S o4 S
JE 1t PCR AR X ] FH 96 4 412 25 76 59 2 el oy 47l 2
4 3 R 2 s AT S SR 0 T RIS SR A B T A
F AT I, WESE T X 3 e i TR AR Y R AR
28 A AR

4) 53 F A W) 2 BOR TE R W s ) B A s A% Oy
B iy iz

BT oy T S BOR A 35 AL o3 #r L B
GE T 22 Bl T W 1) R A 35t A% 2 DA R 25 AR T o
Ll ) b R A PR/ TG Pk A Oy 2R AR TR] Y a5 A% R
F 01 HT R T TR) Y 2R 2 O & TR OC FR AL A
R B MEE R 18 4 ISSR 51 ¥ Xt 2011 4F
2012 4F R4 H 12408 CHIR X VBT A E oK
B 5 55 R 72 A T AR IR AT R AR 5 A% e b L S ORSR
WY, 3 AN (] i X K R 5 0 TR IR LA A e it
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LA S, 4% Ml K g 7 55 9 10 00 4= e TR R DR ]
T W 4 2 T OK B O B 0 RS 2 R L At b X
TR TR PR G VR T AR R P AR AR R X
) K 506 IR AR B ROK X ROk
55 100 45 G R 3R 1 K i b KRNV R 5 A R OK R
J5 55 9 W42 B 5 AT Be Sk B FR R Rl LLAM A b IX
B ik 3 25055 ) Y 11 %5 ISSR 51 91 % 2014—2016 4F
SRAE A AR VL IN JHT VL 0T R RN RE ) oK R O
Jo5 T 60 > T Bk AT R AR 3 A% 20 BT, 25 SRR I
B E b 1 0] 0 4F JBE () R B0 B AL A8 5 AN IR &
KR 75 55 95 1) 0 15 % RS 2 R, 4 0 HL TR VR T
kAT EAERREGE X A% H
SSR 43> FARIC X 2009—2010 4 7 2= N H R 10U 1
B VE R PG R B B /N &2 A% e bR R R 4y B AR AR Y
961 A~ BRI MR E AT E MR35 1% 40 BT L 45 SR BH , VUM
S5 I TR 1) 3 1 22 B KCOT AR U B AIG L Be P 8
HA ), Beda b H A B RS R R K B i
J7OGIR] A7 AR A RS TR AR DU
L 55 00 ] BT B P L H A B R R A TE R R
LI F VU N R LA IR SR 4
T Ry TG JCRR 2 2% 5 95 A T B S — A HE R A ST 1 st
fERER . T T AR HON A IR E 6 82
3 7INFZ i ol AL A 00 7 S UL T, DA S R
[l SR £ AR A5 551 1 S5 85 i bn A, I H 15 %5 SSR 43
FARIC 51 HEAT R A AL 23 B, S5 R R T, H O R
T RER B L R 2R R BB R
T4, DLH R B I 4% 55 0 B B T AL BN
L SCE S A B I 04GRRSR

5) 43 F A W 2 B R AR SR B 24 M A R
e Rz

0 0 R T AR R 2 2 T BUR R A e
2itk . RIS F A FE AR LA Yk
PUZG M 0 AR S 3l i BT R R S, nT D)
SERREI PR o TR k. REC g
T — S R 4 2 v PCR R I 5 327 F LAMP
R 5 3R o 0 R A T 2 R 1 A
DR A N Ay A Bl FH AR 24 i AR A -

6) 43 F 25 W 2 F AR A A W B v 3 RS T op
i 0

R << 5 PR 35 PR 2 40 3l o 42 b IR 4,
FH 5 B - A 5 AR AT LA A AR A B S I
CRO B REIN o 53 F 25 9 2 H R O R pis 1 2k A

o I B AR T AR B LD T B, R R B PR R IR A
b e 8 M B 4y T AR, T LA IR AT B 1 S A
CRU RN AN 3 B, A6 Bl T8 5 AT 09 358 1% 27 BE ail A
5¢ P R PO PR W B o 3 DR O BE R B R
B IR T EIIEAL TNEPUR B REEN Yro .
Yr9 M Yri8 4y Fhric i Fe 5 1 L 45 S 3R B, T FH 4%
T ac 2 AT AR R B e e DR EE AT A RORE I
Bl AR 745 B OKRPUR T R R 34 S
AR SSRAR L 40 > 2 B M SSREFICHAT T &
KU 5 I T b OC A DR R O st AL 2 R
YA . BT AR PUR SR Yrs L Yr9.Yrl10,
Yr15.Yr18 Fl Yr26 (53 F bR ic X H o 4 223 43 /)
A2 AR G S P AT B AR B e Ik R R S ARG, 4 R 3R
A, AT 48 5 AF I e 25 B B4 /N 22 4% 51 Rl oy i A
92.8.12.77 .22 F1 112 {5y , 41 4y dih Fofr oo oA A 00 ) 4%
o] (L0 47 2% 455 o M 1AL

3 Ay AR W 2E R T B AR AR 10 9 R R
YIS B DL LA E R PO S UE B AT s B A
PR S AL BL A S A A T SRR E R
LB A 2 50 0 18 R R L B B RRORI S R A
A )
1.3.2 RBEHREHDREARTFHE T LR
1.3.2.1 A5 B HORAEFE W 3 2 40 W 9 1
MG REARTEAEY N F RGN b & 4% 7 H %
FER o 38 B AR 9% R G0 (L3806 3% W R 7
TR ARG A THRRS . T
FE )95 22 e W D v, D B I R 3SR AL AR
NSRS NI T T A5 3 NI L/ 1 NI
“3STHIAR CATHCAR GEAF B ARG BNz N, el
AP AR F AR FNIRS $ AR 2 8 32 21 F A0, I s
A B A5 B A S R e . (5 B
AR T U RUE AL R E & A MR AT
Vi) 0 2 [i) 3h 2% 40 A s R W R [ 3h R
SE TP AE AR Y IR B I W A RS/ R/
Ay A /AR RR DL /A B A A W 3R A
BB T K 9 5 AR R AT A SC BE kL, OF HLA
KB AC AT 5T A4 RHIE 2K 52 9 L A R AL
S A B A% R = S T T o N 4 )
SE B 16 R STt B I it A T AR A S

1) PG Ak B3 47 A 1) 197

P A5 A 30 A 28 A5 Bl 4 s R
o R AR g D R g T T A
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F ARG RIER R T R E A CHE IS
SC, U HOR AR R IR B A5 Bz 2 b
TN DU BN A BT, [ IS, O 2 2% W) IR X
— J7 M o FE T AR b B R (e T R R OF
(RN 1) A 1| Rl S - I I S E I
B0 RIS RR R A D e T R A B R 1Y 9
FRBN BB SR Z W R MY ErymE, Hh
Y R 22 B8 SO T IR B2 2 1

s G R A BN A, i R AL G 0y P 8 T
i, B ET 3R AR AR P R B AL A A IR R
AR ) AR 1Y 2 i AL RS 5 R A L aE ak B AN TN
BT AL & 411 BRI 106 1 241 1845 7 Xk 47
I EGCR B o 53 A, AT LU 45 1= 9 5 TR 5L
P 4/ v AR O i EURYY B A TF R T A /N
PR BT R " AE App (Application, I R
7O, AT R 8% 04 s E R S iR . B T IR S A
FH R B R T A S R G R
JRE LT A SRR G IR R k. BT
PG A 3L AR, 96 7 Fiff B2 41 12 19 9 it 7 9 5 19 I
BAHMNIT O LTI, T3 98 IS (Augmented
reality) il AT $ R ) AR % #E IR 5% (Augmented
reality goggles/glasses) T # i & B i T il & . ] 52
PAE Y% E H s T TS bR e
W, PG A BB R Y 2 T T R RS
WM K AR S A, BG4S B R B8 W T
HE ) B 27 22 AN F 98 5 T A4 AR 1 T B G AR
4T RSO MR 4 B A5 i 22 B AN BE AT 1Y E P
IR AL R E s AT

2)RS AL H

FE T T Z iR W s 5 00 3 U2 AT 5T
KR Z W e/NE KR BRI ESE R A ')
(B AE ) b B T Y SR T e K
i T b e 2 R L A T SR RN L K R A AT
o 3 A 2N i AR B DA RN B 2 ] 43 AR
S3 BT RE S M R R KT B ORI T M e R i R
U 52 3 9 I ) 4 g i b T F I A i R A
RV SEEE T RS B FE IR . AN, RS 6
AT A0 Al T A A PR

A DLA T 3 a7 1 SO0 A L R R SER
TAHL A ABL TR S A6 6 85 300 60 [k
A7 F W Bl o ABLPE R Y B v, TE AL R
W F BF9E B g5 3G 2 o A Jo A LS 2 A AL
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1. 22 CHIfE; 1. 58 °C, & WIH| FHFA LT b A H AR T i
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b, &5 R B, ] ) T2 H R T 5K T s D 1 | R
49 8 T Rty 22 5 0 [R] 42 T 90 A o TR 28 08 1 Kk e .
R S AT T AR LT AP AR B R AR AR /N 2 4
R AR LG 3, AT /N 22 A o P e 7 R DR A RN
PR 15 48 BOEAL o 45 7 18 SR TG A BLEE 3
K6 £ % 1% & 2% 1 Thermal Capture 2. 0 #4 A /£ 1Y
BRICH ] ¢ A= /N2 R e /N 22 0k 245 L L Rl BT
AW AE BRI Z e 1011 BP #2246 (B AL
AR W PR 27 T BILAE T A A T PR e I
DATAY 25 B R WY, ) FH BE WL AR ARAS) 2 A A5 A A AR

Al LLZE A R RS HAR NIRS $ A F LT 4h %,
16 F AR A8 Sz R R YRG0 R T, 5 7 40 )
28 38 TR B A A B D R R ST i Y e R A T R
WS, % ¥ RS H AR M AE R, 52 80 X 3K 7 1 9 35
W25 6 9 F AW FHOR 256 R oAb 45 Fh 4
AR A T — R Ak T WA R SEEE A B
b B RE AL 3 W
1.3.2.2 A5 B HRAERR F A5 DR Fi i )38 A=
DU i R R A AR A R B A B A
S A T H RS A ) Ay A I OCEER FE BG, XE
AL IR, AT DDA I G R A A R R R AR
P 00 G O 2 X, DA R o R SR ) 4
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AU 1960—2001 4F 3 B X 5005 N &
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RYTT SVMP ) P S R4S 22 Bl PIL A 2 2 AR
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B 1AL A i 0 AE A R Al O T A M
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A A BN A28 00 A AR R R R 7 A 4
PAF R H B2 P NE BB E AT SR
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TR 2N TRORE O TR 1 A X AR e i, S I AN R RO TR R G
14 S I S0 R0 9 4 Al B R HE T IR 55 Pl
AN E (7NN I A o o R[S 3
ot BT WebGIS S8l T 0 KA /N2 K
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A D T L A B RO B R HE T IR 55 L BE T
FIF I 33 345 48 Ak B FH AF 58 Hr oL (Centre for Applied
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I WebGIS $eA I B/S 4 IF & 1 oh [ o 4% 2
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NS WAL CH B R 5D | 3 R AERZ BRI
TC 4 A% i 22 B4 P2 I 55 4 L 45 B R AR Eclis |, 40
B 24 H B B0 oK Ok 3 d b % 2 0 5 0 T 19 =2 G
O, TE Hb BT 1R 25 2R 3 2ok AN [ 3068 s 50 AT 4 1
I3 IR AL 95 T B 0 o A A 0 L T L
B 36 8 it S Y AT R A8 A A N AR e A%
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W& T /N2 AR B IR E B  BUE R G % R G
/N FZ iR B T A AR MR 5 & 42 Chttps://
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P, Al TR/ N AR AT 1 B 3l S0 /)N 22 8 2O ok
B B AR T AL L IR AT A B kB TR 5
FEAT R BRI R GEAERR S VLI LB
FUB AL 45 4 B R FHRCR IR 45 R R W, R HZ R 5
A ARAF B O AR B, DA JE R AR
FR2EhE B BRI & T /NSRS N
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i NS B R T Uk AE T E R,
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Ay, 50 T R ORD il R A R . TR N
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A 18 TT DU i K e B0 3K AT B R T AR A B
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Jre g & By ¥ FUSE 2 B VR AT 30, R HE R 3 AR A -
1.3.2.4 S HLBL LR A )05 T AT #0581
N TSR LR A Y AT R
FBt o g i @ S LA AT LT R A )
AT 2 AH A 5 CRH 19998 35 30 28 R RS el 1) s
TP UM I B W R R il 1 sk SR A
), AT DL D fig I 50 55 T vk O i S0 5
MESE . AR RI SER T IT & T AL R R R AT
SIS AY 25 A i 1 R B RS 19 18 A~ F 4
SRR AL R R kAR AT R Y 10 TR ALY
B, A IZ AR Y ] AR 4 SR e R A R0 R 8 A5 A, X
B A AR EY P AR AW Z H AT S A AT
B o B 3R B TN 2 A R X AT
A PANCRIN B 1 /N 22 55 55 93§00 M 1 A B8 A A
PANCVDE, Xf /N22 55 55 3P0 V47 A B2 047 1 #8%
PIBFSE, I F JH PANCRIN $E4T T /N 22 5 45 9 bk
T AR AR ALURF 57 R0 R A S B YA /N 22 2% 5 e AR AU
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B R G0, HALHE 124 FBERL, Rl 9% &R G 0T LU
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T BN E AT R R G I MEE R R, i
AR fif UL AH SCRIF T, T B 0 5 3 7 T A RIF5Y
1.3.2.5 (FEFARLERFHERFE SN F
MAEEHEAR  ELTFE THYREDSS %A%, L
FF & Re A0 F P s e ok o X A LA R
AR ATH AR (GISHE AR DSSEARTF L THT
GIS W RAEY R MEB IR X R G 2R G R
A B A B T S B IR DLOR O 12 W R
753 S Ty RE T 45 S AT LA P Ak o g o, R
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BLIEH R I R AR 2 3R G RN AR ) AT DL 4R
b 3 B IR IS, H 2 i 4 A3t 1 B v A SOR 22 2 [
AR B X6 AH I 9 T — A A, T AN R AR AR v
KA DU AL A R A B IR e R AN . I i 2R
A ATHEORGEZFEOR s T 35 8 38 B 54
fiE 1A (Embodied agent) B #F % .

1.3.2.6 A F M A B4 Y 5 R AT BOPE A AR
PR T RGEAIBA g FRON B AL e T
JEPEAL AL R 5 DSS 4 R E A A T Y
FVAT A FIFE T, o0 T e AR O I 98 A0 0 i At
TTLH, ZREMEmB T MHC+H+HIEF PR
T MW E AT S AR PDEDpic, 1%
Y H A R I 2 41 43 DL K 2 AR 3 AT
AWy o i R Y TR R N, ) R B R A e s
(] v % B — b A BSOTR A R AR 09 AE ) T A PN i
25 AT B A HEAT B, A B W] AE S N H i bl
FH T8 & AT BRI 5% R VE Ry A8 ) 93 3 AT 2
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Applications) 15 7 , 3 T Excel ] fF , 5 T — M
Yoo 5 AT 2 R AL, AL 4G Weibull #5144
UG ST R 2 Ay A5 n TR W IR AT A
AR PR AT A W T B T B s e B o Tan
SEUPURI D Visual Basic W5, HF & T — 4] LA
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growth modeD) |\ X] 31 ¢ #& B (Gompertz model) | 5
4y F B A& (Monomolecular model) | 1§ % #% #!
(Exponential growth mode DB A #)9 35 Ui 17 i 8
B 0] 30 25 19 71 5 ALK 1 Epitimulator®, 2 3K 44 7T 78
AN b2 A A A v A e
TAT IE R I A B A AR AT DL AT E . R e
B A D W0 AT AR R AR T R ik S AR
P AVER Y 0 R AR A5 PR AR R B S, 0 7R B TR AL
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T FNTF R 5 W5 R A . T O SR
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WREE AR REE FF 3 AT O 4
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TEFRAERE MR IEAT T 3 Hr . L% 2020 4F 4 %
KA BN BT A N A2 I 0 TR A DA M 2021
AR E BRAE A IR G0 R H R BT L
P 5t M ORI SR /N2 A B, R T 12 XF SSR
514 AT BER 8 AL 43 BT L 45 A K3 40 B LR Ll
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ALK AT 23 1] i A6 % 47

W3 T B W 2F B R B TR Y e e A
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HEA 21t g DU, 3 A e AT o AR B
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