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Abstract: Infectious crop diseases can cause significant food losses due to their explosive nature. In re-
cent years, the rapid development in many areas, such as pathogen inoculum trapping, remote sensing,
geographic information system, global positioning system, atmospheric circulation modelling, molecu-
lar biology, artificial intelligence, big data analytics and Internet of Things (IoT), has made it possible to
predict crop disease development reliably at a fine spatio-temporal resolution. In this review, we re-
viewed the current status of research and development in monitoring and predicting six major diseases
of wheat, rice, maize, and potato. At the same time, we also identified some key research questions on
crop disease monitoring and prediction in China that should be tackled in the near future in order to ex-
ploit fully these technology advances in disease management.

Key words: spore trap; real-time quantitative PCR; “3S” technology; intelligent information technology

HEJE A — O AR [ R E AR AR, X R R e R TR R ORIk
[, R AEAR A — BEF T O P ER E HESIOIR LR SO W15, 2021) 0 B ZRIRARER L4 4T

JEBWUE  [H A AREA RS (31772102) , RMPARAS TRAAEYE 1 5T 217 W5 B 1t H
* W (5VEH (Author for correspondence) , E-mail : xphu@nwsuaf.edu.cn

Wk H 39 . 2021-06-28



11 BH NS5 VR W Tt o 1t e 299
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T H T e ] G oA o 4 A R
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FHU AL 43 T 0 4 8 A R ) R A (X7 A
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FEAREH T AL TR CFAL LRGSR AR T —
PR VR s 3000 i 48 2R O A s =X G /N
2016) . 2009 4 LA , FEA b B A g B2 5 00 A1 K
SCRET TR e VR e HUE W T B Ak
Ve & e 102 T AR EY) H AR L E R
PRSI TV R G- (KT A FEE i, 2015) ;20194F,
PEILAMBI K2 T T e s He s
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AR, VEP 35 W I T B B AR W 8, it
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(Frenz & Elander, 1996) i #& 47 & (X Hi 55, 2018)
B (Gu et al., 2018) 45 . X 6y ik 32 2l i
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W, 255 58 V3 FPUmTE S D 3R A 7 3 A s
1.1 FEAEFHIERAREEYRELN PR
] A1 %) 647 32 B R i 9 2D R | Hirst 7E
1952 FF B0 T A sl 25 2UHf e a5 <l
= MESL AR B TEAERS S 2 mm/h 1)
Yo b i HEURE R A XU AR AT R ERORE 1 TE X
JA\J] (Hirst, 2010) - Hirst 464 42 %5 72 J5 0 8% Bur-
kard 7 25 AT L A5 T A, X AP A A A
I, AT LU TR TER A e iy b sl 5 145
7 d el 1 BBz, e T DU 7 d 1996 T
(5 (5¥,2010) . Rotorod 7£ 1957 4F- 15 11+ H fig %
FLRCR AR A A8 R i 16 A R A
o TR NE B, 5 40 & A il 4R R WS SE L (Frenz &
Elander, 1996) . [E N 19 i 4 #2 B2 R A58 1R T
1956 4F, 15 AT E Dk (1956) R BE A Vi $E 25
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B FER (%) 3 DA R S5 6 - U ) — N LR R
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25 3 JEAE AV A6 AR TS 955 1 ¥ 259 (Yang et al., 2010;
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B AR T W P R GE, nl LAy 5 L AR
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Pan et al.(2006) #| Ff] Hysplit 4 F1 M5 A , #: 57
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WERM TN T K 545 1 Phakopsora pachyrhizi M\ EF A&
LU 2E A 56 [ AR e 8 B LA E & M AL R S 0, O A
LT AR ERE S L B DR 5 9 e 350 21 58 EL
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DT (B P A8 T T R AR RN T A v s R AL
) BCH EAT A0 0T, L3 b 22 [R) /N2 A4 1
TAT ELAT B i WA DG | 28 LI IR A 2 i g 1] 3k
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FIR A, A TR ORI AN A G
MR WA, HLARR T A 5 A REUR BUAIT i

Biiif , FEORFE BTG A S RO 2 BAT, Wi
U 0 5 A2 2 7 1 A qPCR MY
PCR (22~ F1JH 25 4K,2020) . qPCR 1 T-AESL LG
AT 118 S AW 00 0 0 o 1T Y2 R, A kg 3k
T DNA 7K 14 qPCR FlJ: T RNA /K F- () gPCR, 7E
DNA 7K1 qPCR £l 75 [T, Barnes & Szabo(2007)
SEPLT A ARV ARAE AN e B AR R
URURAE (2010) I AZE AR ST T H RN I i 2%
5 7 DNA 2 [ 4 I 75 7% 5 Zheng et al. (2013) F] ]
qPCR 77543 5% I [A)AS ) s [X A i i /N 22 i
AR, - 55 S BRyE 2L (1) /IN22 255500 R DRy o s 17
FEBIEAT LB, 25 R R R[] b X /N 22 1 e
qPCR K ) 4393 185 46 505 S B 19 16 B0 1) f
F A 5 Cao et al. (2016) FIA B AR AE (2018) 43 Fl
FIZH AN 28 S h/INZ FURY IR TR RN SR T A T
S W, B T R 2SS N ORI R AR
33 A 0L VAR B2 1 sl 2 AR AR 5 S8 TR 45 (2019) Xif
23PN AR T LA T iR 4T qPCR A, B
T IR I b X INAZ R T AL B A SR AR B A
T VBRI A5 (2016) X6 28 S h R LS A A0 7251 7
qPCR N, 45 5 BH ARSI B A 2.4~24.0 4~ 53
ftlF KL K 41 DNA ; F 3855 (2012) F| H B E qPCR J7
W, ST T —Fh B[R] ARSI K R AL R T A T K
6\ Sogatella furcifera V& PN R J5 7K 5 B 2% 8 47 s 2f
(southern rice black-streaked dwarf virus, SRBSDV)
EERATE . HET RNA KA gPCR K6 I AH e WF
FEARGE R, TR (2013 )38 LT RNA K F- 1
qQPCR B AL T % /N 4555 DA IR T 1 I
ARUEEFR IS (2015) R FHZ B A E T H a] A
ANFE I H R A T ARG I s, IR T TR
HR B R IR AN R X /N A TR A B
42 ETFHFHEHANBERE

H i, 1 qPCR 4 A HEA T T 100 (1) 48 &
Wit 2 . AERIE I (2010) AEMAE 245 (2011) 43 5
FHAZAE A W0 (] 75 AR AR e /N 22 10K TR R 2R 85
AL, R 23990 15 48 B0 S B 155 8 8004 A
A3 ST T /INAE R RN A 0 1) & A R O 5 XA
(2018) &Ny T T 40 T 66 B0 1—3 A P34k
JE I /NZE OB A TS AR 5 T 74 (2015) A H
qPCR H7 A W B 4 5 7716 10 /N 22 25 T, 45 A Tl
JEE R B ARG - A T H R A R s
22 3R T WA 55 9 2 00 MR 23R 1) T A 584 5 Dhar et al.
(2020) ] F qPCR 43 A X} 25 A 5% 5 76 8590 P4 Bree-
mia lactucae 1T 5 HEATWEI , 3iF B 24 22 S 4



304 MY R %

Ejid 49%:

THIE A 8.55 4 /m’ I 75 B A T FR BRI B 25 o

FIF 53 FH AR A 799 T W 0 904 R S piof LR

VD I B B A A B R, T AR RS A
Yy T F IR o 3 0T 4G B A A F ] g
B, AR R A 3 A TV 7 B BB T I e DA d
E K 25 AR e B A 2 RE R )y =R S i
ARER IR RIS, A o3 R A T S W
e fr AR AR B 5, FLERERON & 2%, 306 13k
JEHERN G UAT — 2 AIHERE
5 ETERUEANRERNIME

VLAESR , N TR RE A Rl , 7EAR 224 R AU A1
AT TN . B, BN S T ST
BB F AR ) T I T R S, TR
< O U (1% Al SR AN RO |, VR T K T 1Y)
BB 29 T A
5lg$§“wﬁmmrgwm

BREALEE AR 195 T W = B A A

ﬁﬁfﬁﬁ%ﬂ&@#&ﬁﬁﬁﬂﬁ@%ﬁﬁ&
1¥ﬁﬁﬁﬁ$iﬁWWMEMQW%mm%ﬁi

7,2019) . ZEE (2015 )iz FHZ MG H A WIS
SR, R I B SR g R R A —E Y
U B AR 2 A, R FH I B AR 0 25 1 T S BN AR i
9 B4 ER S0 WD 5 X 95 45 (2014) 1] I ft o2 AR HE S
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A 5 (2019) 81 THF AN TR AR A Zh
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Android THLRYVEYRE FH B REIS KT R G¢ , MR R 1L F
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I 5 % (Brahimi et al., 2017) 3575 [0 (I 45,
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L5 (2016) BT T FE T4 ) 1) 8 b o R BRI T
ARG, LT R G xR, S R RE X ok A
AP RE BhDSRAE . S M e 8 e Ml
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Table 1 Predicting models/systems for major crop diseases
) S el A AR
s Ftn Ko e EAEE
. System/model Model parameter Reference
disease technology accuracy
INE NIRRT (TXLX) - FHRTA IR AR o | SR BAWG W 5E, 1981
5% A simulation model of wheat stripe rust Initial inoculum source, rainfall, cultivar resistance Basically Zeng et al., 1981
Wheat  in spring epidemic (TXLX) coincide
stripe /N SR R S SRR (SIMYR) - SR BRI E AR X R SeARME HBESE, 1983
rust Dynamic event model of wheat stripe Wind speed, sunshine duration, relative humidity, Basically Xiao et al., 1983
rust (SIMYR) rainfall coincide
INZ SRR B A T - RAAYR VHASE I ARERE 2HW SEYE BN, 1991
Dynamic forecast of wheat stripe rust %1 H ™ A A Highly  Yangetal., 1991
Average temperature in December, average consistent
temperature in January, rainfall in January, number
of raining days in December, number of raining
days in January
TR NZ RN E L KRG Prologifi i BRI IR PR A a8 it PRI L BAWG FMER, 1996
Expert system for management of wheat Prolog Rainfall, temperature, snow covering days, area Basically Sun, 1996
stripe rust in northwestern China program ratio of susceptible varieties coincide
DU L IX /N 2R B AT L JEE - BRI B AR A 4 B E . SEMS /S, 2000
T s Ay 4 JFA Highly  Huetal., 2000
The prevalence prediction model of Initial inoculum source of spring and autumn, area consistent
wheat stripe rust in Hanzhong area, of susceptible cultivar, April rainfall, April average
Shaanxi, China temperature
I FH s 2 TN /N A2 2 B A e KA #5728 WU 90% L I+ = ERAE, 2007
Prediction of wheat stripe rust by Atmospheric Upper-air wind Over 90% Yun et al., 2007
upper-air wind in China circulation
BT AIB E /N SRR T KA w78 W VA EHEEEE, 2009
Prediction of wheat stripe rust based Atmospheric Upper-air wind Highly Wangetal., 2009
on air flow circulation consistent
LT GIS /N SR TS R 58 GISHA  “FRAR 3—5 A MR REC TS S P, 2008
The monitoring and prediction system GIS i Highly Luo et al., 2008
of wheat stripe rust based on GIS technology  Average temperature, temperature and rain coeffi- consistent
cient from March to May, disease index in peak
S VGALHIX A S0 AR R - KRR AR 92%L)F Sharma-Poud-
Yield loss model of wheat stripe rust in Winter temperature, winter rainfall Over 92% yal & Chen,
northwestern of United States 2011
RN LTI TR PR AR I AR R LR 85% AL BN, 2015;
Prediction model of incidence rate of Molecular  Initial overwintering inoculum source, cultivar Over 85% “R—H45,2016
wheat stripe rust at greening stage technology  frost resistance, temperature, duration days Ma, 2015; Zou
etal., 2016
JEEHFE /NS AR V) R TR 8 - TREE XTI R 929%L) I El Jarroudi et al.,
A weather prediction model of wheat Temperature, relative humidity, rainfall Over 92% 2015
stripe rust in Morocco
o /N A B SR T DX T - INEAAERS AFMT2CHRE AT &EWE Xu et al, 2019;
A TR AR AR TF-4CiREL Highly ~ Huetal., 2020
Predicting overwintering of wheat Wheat with strong or weak winter hardness, num-  consistent
stripe rust in main epidemic region in ber of days with daily average temperatures below
China -2°C in winter, number of days with daily average
temperatures below —4°C in winter
ANEE Berg Ll DX/ TR A TR EE PR - SR AR ELEEE (A K 90% LA I 14 53R 4E, 2008
F1¥39%  The prevalence prediction model of Area of susceptible cultivar, temperature, precipi-  Over 90% Xiao et al., 2008
Wheat  wheat powdery mildew in Longnan tation
powdery mountainous areas
mildew /A2 BRI TAR L AR - 10—12 J1 B 2845 1—5 JT iiR% 0% R i 85% A b BR21/E,2010
The prevalence prediction model of TR RSB A LA Over 85% Li, 2010

wheat powdery mildew

Temperature, humidity, rainfall, number of dis-
eased leaves, proportion of susceptible cultivar
from October to December and from January to
May at following year
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Crop Key Prediction
. System/model Mode] parameter Reference
disease technology accuracy
FETFRAMFRE R NE b SRR KR TIRIREL 80% L) I i mAE,2014
THR A Atmospheric  Key atmospheric circulation index Over 80% Shang et al.,
Prediction model of wheat powdery circulation 2014
mildew based on atmospheric
circulation characteristic quantity
IINFZ ORI R T A 1Y SRR A LT B R R R R PR S R 78% Zhang et al.,
The occurrence degree prediction Remote sens- Red wave band reflectivity, precipitation, tempe- 2014
model of wheat powdery mildew ing technology rature, solar radiation, humidity
JINZE PRy e ER TR T A FTAH IR WIATAIE A B XUn] 8RS SPRIHARS 83.6%  Caoetal, 2015
The severity prediction model of wheat Spore trap Initial inoculum source, temperature, wind direction,
powdery mildew technology  vapor pressure difference, average solar radiation
/NZE RO A TR R AR T A 2 KA RAFRGAFAE 80% LA L TREEEE,2015
Prediction model of incidence area rate  Atmospheric ~ Atmospheric circulation characteristic quantity Over 80% Yu et al., 2015
of wheat powdery mildew circulation
TESI/INAZ PO R A AR TSR 3 SR A TR SRR B GAHE 84.2%  hEEEAE,2016
The occurrence degree prediction model Remote Vegetation index, land surface temperature, remote Ma et al., 2016
of wheat powdery mildew at grain sensing sensing meteorological characteristics
filling stage technology
WAL &/ N OB R R BN RS 3A PR 3 A T AIFEK 4 LRIRE 47 85% AL 1B, 2018
Early spring prediction model of winter Atmospheric HAJFREE .5 A T A K Over 85% Feng, 2018
wheat powdery mildew in Hebei circulation Humidity in mid-March, precipitation in late
Province March, humidity in early April, humidity in
mid-April, precipitation in late May
IINZE B I T T BT AR ITEOR Sy FRRTETEE 1—3 H P B4 XUH,2018
The disease index prediction model of ~ Molecular Molecular disease index, average temperature Basically Liu, 2018
wheat powdery mildew technology from January to March coincide
IINAZ EARIA & A A SR T A Y - i AT AN R N N s 91% Hamer et al.,
The occurrence probability prediction Temperature, humidity, wind speed, rainfall 2020
model of wheat powdery mildew
N BETHIRERANE AR ERR IR TR EOR 4 7 i) g S TR SRR Y R R BEAMERT JRIAR T 1983
JREE  Prediction model of wheat head blight ~ Spore trap The number of ascospores trapped by high-speed  Basically Zhou, 1983
Wheat  based on infected head rate technology electric spore trappers in mid-April accurate
Fusarium SETIp5RRA 0 /NAZ SR B2 TUIASE 7Y - HHBES 10 d NRYRERT L JHER)S 10 AT SIS mIEAE, 1984
head Prediction model of wheat head blight A RS 10 d NEYRN H Highly  Gaoetal., 1984
blight based on infected head rate Rainfall within 10 days after heading, average consistent
temperature within 10 days after heading,
rain days within 10 days after heading
PREEIR A AR TR A Y TEFHRE AR TR T H R R TR 80% AL RE R,
The incidence degree prediction model ~ Spore trap Number of spores, number of days of rain, rainfall, Over 80% 1984
of wheat head blight technology average temperature ?;1862 & Yuan,
N SR TR TR B - SPRRHRSIEE | H R H R 80% LA L 7oA, 1995
Prediction model of wheat head blight Average relative humidity, rain days, hours of Over 80% Zou et al., 1995
rate sunshine
INZE TR RE A AR - b /AT 83% FIIHEAE, 1999
Prediction model of wheat head blight Groundwater level Shang et al., 1999
rate
INAE SR L T A - TFAEIS 10 d TR JFAEIS 10 dAORHXIREE . 84% de Wolf et al.,
Prediction model of wheat head blight FERT 7 d AR FR I TR] 2003
severity Temperature 10 d after anthesis, relative humidity
10 d after anthesis, rainfall time 7 d before anthesis
N PR B A T E T A - TRLEE AR W4 Shahetal., 2014
The prevalence prediction model of Temperature, relative humidity Highly
wheat head blight consistent
/INAE SR o RE R T Y Bef PETERERAT R AR SRS RN ] . 75% K-, 2015
Prediction model of wheat head blight ~ F A& FEAER 22 Rl 1T M e e ) Zhang, 2015
rate Intelligent Husk-producing straw density, heading and first
technology rainfall time after heading, flowering period, wet

duration time of wheat ear surface
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Crop Key Prediction
. System/model Model parameter Reference
disease technology accuracy
NSRBI A TR E T A - FeihEF2Ere il B % 4 ) T RJRERT It 4 R A1 85% LA MIBTRSE, 2019
The prevalence prediction model of ENEEAS Over 85% Bai et al., 2019
wheat head blight Percentage of ascocarp of rice stub, rainfall in late
April, number of rainy days in late April
INEEIRBEIR A T A R T AR GISHA 4 J PR R RN i AEXHTRE IR 90% T3k, 2020
The prevalence degree prediction model GIS April average rainfall, relative humidity, tempera- Ding, 2020
of wheat head blight technology ture
TR IR A T R S T A 2 - 6 H AP AR R AR R ARXREE 7 A B 80% LA L BAHESE, 1995
Rice The epidemic trend prediction model of ) e i AR ARSI T L7 A A A4 Over 80% Huang et al.,
blast rice blast TP R At Pl I R R AR T 1995
Average temperature in late June, minimum tempe-
rature, relative humidity, maximum temperature in
early July, minimum temperature, rainfall, relative
humidity in mid-July, diseased leaf rate of suscep-
tible cultivar, planting area of susceptible cultivar
R Tl e e S TN - 5 H BRIRKAIE 3 H Al H IR AR 95.2%  PRFZESE,2005
The incidence prediction model of early Water pressure in early May, sunshine hours in Chen et al., 2005
rice neck blast mid-March
TR S i 50N T A4 A A FATAHEEOR, f7Hcd G RIE XGE AUE) WA koKL, 2016
The promoting index and predictive ek R Number of spores, temperature, humidity, wind Highly  Zhang, 2016
grade model of rice blast Spore trap speed, wind direction consistent
technology,
intelligent
technology
VIR A T FR TS R GPS GIS AR L | 90% L) I Pengetal., 2016
The occurrence area prediction model ~ GPS technol- Temperature, rainfall Over 90%
of rice blast ogy, GIS tech-
nology
TEIRL o 75 T A2 2 - 5—6 JT I . 5—6 J RE WIS RS, 2017
The disease index prediction model of May-June temperature, May-June rainfall Highly  Liuetal, 2017
rice blast consistent
FERIRER A G I il A 7Y KA RAFGHREC R T R R MR F B RIS RESE, 2017
Long-term prediction model for Atmospheric  Atmospheric circulation index, sea temperature Highly Xuetal., 2017
atmospheric grade of rice blast circulation factor, temperature, humidity, rainfall, sunshine consistent
e R 0 A A T R T A 2 - FPPRAGRL, AP AR | F R F RN 86% WA, 2020
The occurrence area prediction model Daily average temperature, daily average relative Huang et al.,
of rice ear neck blast humidity, sunshine hours, daily rainfall 2020
LR LhESTEIRIEN R A R AR R - AR L | Wi R TR FAY G WEERES, 2009
Moyes PR Relative humidity, rainfall, temperature Basically Yao et al., 2009
Potato The meteorological degree prediction coincide
late model of potato late blight
blight  EBMEG G MEIAE R fbioR  RE W FEWIE WIRR4SE, 2010
The infection risk prediction model of  Intelligent Temperature, rainfall Highly Hu et al., 2010
potato late blight technology consistent
LRI R A AR T A T GISH A IR R AP SR (AR R L IR (AR WS Hijmans etal,
The occurrence degree prediction GIS Maximum relative humidity, minimum relative Highly 2010
model of potato late blight technology humidity, temperature, rainfall consistent
R B AT R A i AR - SRR PR IR SRR AL 87.5%  BREMSF,2012
Quantitative prediction model of Average temperature, mean precipitation, the Chen etal., 2012

epidemic degree for potato late blight
LR e T AR A -
The occurrence forecast model of

potato late blight

bR SIS T A 2 -
The occurrence risk prediction model of
potato late blight

longest consecutive days of precipitation

R R AR YU H PR | H P2 78% k4%, 2018
TRE R Lietal, 2018
Average daily temperature during sporangium

germination and infection, average daily relative

humidity, rainfall

AL R P SEAHER Cucaketal., 2019
Relative humidity, temperature, rainfall Basically
accurate
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Crop Key Prediction
. System/model Model parameter Reference
disease technology accuracy
E N TR KB T ATt A - TA TRERETR B AL R BUMEEL 85.56% RIS, 1995
K¥EHH  The disease index prediction model of A1t Yin et al., 1995
Northern northern corn leaf blight Disease index in late July, cultivar resistance,
corn leaf weather score index, agricultural measures
blight  F RKBLRIRHFHEE ogistic L - IR E] P AR R R FEVIG RS, 2005
The disease index logistic model of Time, disease index growth rate Highly Li et al., 2005
northern corn leaf blight consistent
FARTBERT H GRS - AT | R AV S TR, 2007
The daily growth rate prediction model Cultivar resistant to disease, rainfall Basically Wangetal.,2007
of northern corn leaf blight coincide
AR RBERG A A P P AU AR 2 - I R LR FEEY) A Tanetal., 2010
The occurrence degree prediction Disease severity, infection rate Highly
model of northern corn leaf blight consistent
AR IBER B D R I A AR A - FT-HIRLE )T A R FARWS THEFG, 2011
The single spot expansion area predic- Ten-day average temperature, ten-day average Basically Yu, 2011
tion model of northern corn leaf blight humidity, ten-day rainfall coincide
T AR RBEJo 175 i BT AR 2 GISEA, TRLEE DL R A ] M XBIRBEAE, 2016
The disease index prediction model of ~ HfigfbHi R  Temperature, humidity, rainfall, time Highly  Dengetal.,2016
northern corn leaf blight GIS technolo- consistent
gy, intelligent
technology
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