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Application of newly-developed automatic spore-trap and identification system in
forecasting cucumber downy mildew and cucumber powdery mildew

Gao Shigang' Luo Jinyan® Zeng Rong' Xu Lihui' Chen Lei’ Dai Fuming"
(1. Shanghai Engineering Research Centre of Low-carbon Agriculture, Institute of Eco-Environment and Plant
Protection, Shanghai Academy of Agricultural Sciences, Shanghai 201403, China; 2. Shanghai Agricultural
Technology Extension Center, Shanghai 201103, China)

Abstract: To explore the application of automatic spore-trap and identification system (ASTIS) in the
forecast of cucumber downy mildew and cucumber powdery mildew, the main operating parameters
such as with/without air panicle separator, air-collecting height and air-collecting time were optimized
by identifying the morphology of trapped spores, and the relationship between the disease index and the
amount of trapped spores in high-tunnel were analyzed by monitoring diseases and spores. It was found
that no air panicle separator, 70 cm of air-collecting height, 10: 00—10: 30 for air-collecting contribut-
ed to spore-trapping. The disease indexes of cucumber downy mildew and cucumber powdery mildew
were strongly positively correlated with the amount of trapped spores in seven consecutive days. It was
an important predictive index for cucumber downy mildew occurrence and rapid development that spo-
rangia of Pseudoperonospora cubensi (Berk. & Curt.) Rostov. were consecutively monitored by ASTIS
for days and the amount of trapped sporangia increased dramatically. There was no conidium of Podos-

phaera xanthii (Castagne) V. P. Heluta trapped by ASTIS before disease appearance, and the amount of
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trapped conidia remained negligible in full-incidence period. These results showed that ASTIS was suit-

ed for forecasting cucumber downy mildew, but had problems in forecasting powdery mildew.

Key words: cucumber; downy mildew; powdery mildew; spore-trapping; forecasting
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Fig. 1 Morphological change of sporangia of Pseudoperonospora cubensis and conidia of Podosphaera xanthii in vitro
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LA, A-D: Sporangium morphology at 0, 24, 96 and 408 h, respectively; E-H: conidium morphology at 0, 1, 24 and 408 h,
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Fig. 2 Morphology of spores trapped by automatic spore-trap and identification system
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Sporangia of P. cubensis and conidia of P. xanthii with normal morphology; B: conidia of P. xanthii with abnormal morphology; C-

D: conidia of other fungi.
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Table 1 Determination of the use of panicle separator and optimization of air-collecting height in automatic spore-trap

and identification system

HIT [k
With/without

S

Parameter optimization

S

Air-collecting

A AT %0 & Amount of trapped spores

2014-09-09  2014-09-11 2014-09-15

air panicle separator height (cm) A B A B A B
1T E) S R A With 150 0 0 0 0 0 0
With/without panicle separator ¢ Without 150 1 2 2 1 4 0
S RAE DB R AL JE Without 70 3 3 702 33
Optimization of air-collecting height J& Without 150 1 2 2 1 4 0

A NN T4, B: BNANINE AT A: P cubensis; B: P. xanthii.
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Table 2 Optimization of air-collecting time with automatic spore-trap and identification system
LI F%iE Amount of trapped spores
H 11 Date 04:00—04:30 10:00—10:30 13:30—14:00 16:00—16:40 22:00—23:30

A B A B A B A B A B
2015-04-10 0 0 10 2 0 0 0 0 0 0
2015-04-11 0 0 0 2 0 0 0 0 0 0
2015-04-12 0 0 9 2 0 0 0 0 0 0
2015-04-13 0 0 12 3 0 0 0 1 0 1
2015-04-14 0 0 0 0 0 0 0 0 0 0
2015-04-15 0 0 9 0 1 0 0 0 0 0
2015-04-16 0 0 8 0 5 0 0 0 0 0
2015-04-17 0 0 4 0 1 3 0 0 0 0
2015-04-18 0 0 67 5 1 1 0 0 0 0
2015-04-19 0 0 185 0 6 0 0 0 0 0
2015-04-20 0 0 0 0 0 0 4 0 0 0
2015-04-21 0 0 2 0 0 11 0 0 0 0
2015-04-22 0 0 21 1 4 0 0 0 0 0
2015-04-23 0 0 5 10 0 0 0 0 0 0
2015-04-24 0 0 0 0 0 0 0 0 0 0
2015-04-25 0 0 2 0 0 0 0 0 0 0
2015-04-26 0 0 0 0 4 0 0 0 0 0
2015-04-27 0 0 4 1 0 0 0 0 0 0
2015-04-28 0 0 0 0 0 0 1 0 0 0
2015-04-29 0 0 2 0 0 0 0 0 0 0
2015-04-30 0 0 2 0 0 0 0 0 0 0
2015-05-01 0 0 3 1 0 1 0 0 0 0
2015-05-02 0 0 0 3 0 0 0 0 0 0
2015-05-03 0 0 3 3 1 1 0 0 0 0
2015-05-04 0 0 0 0 0 0 0 0 0 0
2015-05-05 0 0 4 0 0 0 0 0 0 0
2015-05-06 0 0 1 0 0 0 0 0 0 0
2015-05-07 0 0 72 1 3 0 0 0 0 0
2015-05-08 0 0 34 4 1 11 0 0 0 0
2015-05-09 0 0 26 0 23 0 0 0 0 3
2015-05-10 0 0 167 19 4 1 0 0 0 0
2015-05-11 0 0 0 0 0 0 0 0 0 0
2015-05-12 0 0 0 0 0 0 0 0 0 0
2015-05-13 0 0 0 0 3 1 0 0 0 0
2015-05-14 0 0 46 1 1 5 1 1 0 0
2015-05-15 0 0 243 0 2 0 0 0 0 0
2015-05-16 0 0 0 0 0 0 0 0 0 0
2015-05-17 0 0 102 5 13 13 2 0 0 0

P 0.005"  0.007" - - 0.008™ 0.614 0.005"  0.008" 0.005"  0.011°

A BT EG T2 B: BN A7 FIH Microsoft Excel 2010 A4 X5 25 H [RI HE ) 96 B0 e 147 2 3000
K25 WEMERE . **: 04:00—04:30.,13:30—14:00.16:00—16:30 F122:00—22: 30 i i Y #5 IHE B I 6 T ol 2
B T 73 £ 0 F IR 25 /0 10:00—10:30(P<0.01) 5 *: 22:00—22: 304 HE A9 #LIN UMY 1 43 A= AL 7 (i i i 2%/ F
10:00—10:30(P<0.05); —: %A . A: Sporangia of P. cubensis; B: conidia of P. xanthii. Significant difference analysis was

performed among amounts of spores trapped in different time points using #-test of Microsoft Excel 2010 software. **: indicates of

trapped downy mildew sporangia or powdery mildew conidia was extremely significantly less in 04:00—04:30, 13:30—14:00, 16
:00—16:30 and 22:00—22:30 than in 10:00—10:30. *: indicates amount of trapped powdery mildew conidia in 22:00—22:30
was significantly less than in 10:00—10:30; —: no data.
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Fig. 3 Dynamic monitoring of trapped sporangium amount and disease index of cucumber downy mildew in high-tunnel

in the spring (A)and autumn (B)of 2015

R3 MR THESRBIEHNEXES

Table 3 Correlation analysis between the amount of trapped spores and disease index

o 5 JNFE #9% Cucumber downy mildew N A#9% Cucumber powdery mildew
H ] a7 ¥EE UCHEE R RH oy R AR R R H
Date  Amount of sporangia  Disease index  Correlation index Amount of conidia  Disease index  Correlation index
04-10 - - - 2 0.37 -
04-17 - - - 7 0.84 -
04-24 297 0.11 - 16 4.47 -
04-30 10 0.15 - 1 19.08 -
05-07 83 0.80 - 8 41.57 -
05-14 273 44.41 - 24 49.64 -
0.5022 0.5244
09-23 5 0.56 - - - -
09-30 35 16.43 - - - -
10-07 2 858 41.72 - - - -
0.9275

AT PG A H 2 R AT 6 diHe Al P2 oo E T FRue 2 Al — WA EdE. Amounts of trapped spo-

rangia or conidia are the sum of sporangia or conidia trapped in seven consecutive days containing date of disease survey; —: no data.
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Fig. 4 Relationships between trapped conidium amount and
occurrence degree of cucumber powdery mildew in high

tunnel in the spring of 2015

2SR R SN E N R AR A%
) K & (Choudhury et al., 2016) . & E = Fl x| =
(1991) B T N2 Bt s F8 2S5 Tl i &
i B IE AR 56 (R=0.8722) , XI5 %5 (2016) i 57 & B H
[)/NAZ FURy i R 4 5 2 S O R A E A
B I 2 AR G, 5 55 A v B TCRE A AT
53995 1A 155 8 50 160 P B R A DG A 25 R — 3K
Jil 25 A (2007) IS 2 XAl e 8 A0 & B 9T T
IR AR /N FURBYR B 3 A 18, (EUR A R % )
PR RERR BT, X 5 AK I RAFE 2 5, ARl
g, 2RIt M P I — R R BE R T R S
CINDE it B da et Rl (EP ¥ doy: -9 = 1) o 52 s Pl
BR° a1 (3 ikl /a e =X i (6 < 75K 1= ) || EEQRE I el LR (U
B A R0, (R BV 7R s B 21 o A= 96
FIECEATSR AR, 58N TR A A L, ZEAR U
TEFRECT T2 20 AR BB 1~2 M ECE G, BRI
— IR BB PR R G B A 6 -3
PIEEES

— R BRI R AT DL A SRR T

A 3 LAZ RO A, A A T I i 4 T
T B TIRE B 1) T T4 7 1042 A B 1) T i
o —IRMUE REALTHIT R GUEAT A SR IR
B, AR A B9 B 5 S R £ R B —
LR UEST, Miesor BRI R
REJE DL KR SR BRSNS 2 R # i I
BRI ) S ROR £ R AIOCR, , TN AR A 7 2L
TEB T R RV AR LA B 24 SO A i) 55 75 T 75 22
A ey, AHE— AR T T AT I

2 % L Bk (References)

Cao XR, Zhou YL. 2016. Progress in monitoring and forecasting of
plant disease. Plant Protection, 42(3): 1-7 (in Chinese) [ Z4T,
JEl g5 AR . 2016, AEHI T W BUESHTHORDFTE LS . A ORAP,
42(3): 1-7]

Choudhury RA, Koike ST, Fox AD, Anchieta A, Subbarao KV, Klos-
terman SJ, McRoberts N. 2016. Season-long dynamics of spin-
ach downy mildew determined by spore trapping and disease in-
cidence. Phytopathology, 106(11): 1311-1318

Granke LL, Morrice JJ, Hausbeck MK. 2014. Relationships between
airborne Pseudoperonospora cubensis sporangia, environmental
conditions, and cucumber downy mildew severity. Plant Dis-
ease, 98(5): 674-681

He ZF, Yu H, Zhu TS, Wang SY, He WB. 2001. The prediction model
for the epidemiological rate of cucumber downy mildew in
Guangzhou region. Plant Protection, 27(5): 10-12 (in Chinese)
[ F AR, BEAG, AR 28, E%, I SC% . 2001, ) JH B IX BT
R A THCR TS | AR 3P, 27(5): 10-12]

Jiang Y'Y, Luo JY, Luo DP, Zeng J, Zhao K, Lu FQ, Yu Y, Zhang QL,
Li JS, Li HM. 2015. Monitoring effect of remote- controlled
spore trap on wheat aero-borne diseases. Plant Protection, 41(6):
163-168 (in Chinese) [32 K3, % 44, WAV, 4R, U, #%
REE, fivsk, K41, 24 Bl A 0] 2015, AR RN A 1T
TR A0S /N AL 3 114 TSR . AR, 41(6): 163~
168]

Kong XY, Zhang XY, Zhang JL, Qi X, Zheng FS. 1997. Study on deci-
sion-making system for forecasting cucumber downy mildew in
the field and its application. Chinese Agricultural Science Bulle-
tin, 13(6): 29-30 (in Chinese) [fL M, ik & =, k& B, 7,
AR . 1997, Fa i 37 TR o SN DR S R LRI S5 10
TP E e 2B AR, 13(6): 29-30]

Li DD, Cui HQ, Liu F, Wang RH, Sheng YY, Wu X. 2016. Evaluation
and analysis of resistance to cucumber downy mildew under low
light stress. Journal of Plant Protection, 43(4): 621-626 (in Chi-
nese) [P, BEUERK, XI55, Faife, A, R 2016. 55
JeHIn T BN R HUE TN 5 04 . AL IR A0, 43(4):
621-626]

Liu W, Yao DM, Fan JR, Cao XR, Chen L, Ding KJ, Zhou YL, Zou
YF, Duan XY. 2016. Dynamic monitoring of aerial conidia of

Blumeria graminis f. sp. tritici in wheat fields. Acta Phytopatho-



54 PSS s — A RE A T R AR 7 TR 2 AT I R T L 17 787

logica Sinica, 46(1): 112-118 (in Chinese) [XI45, Ik2<B1, 15
47, EAE, B, T o0 R, AR, ARE K, BeEdH . 2016. FFHEIJ
23S/ INAE R T A A 1 Sl S MRS . A S
46(1): 112-118]

Liu YL, Zhang YJ, Cai N, Li XL. 2009. Advances in pathogen and re-
sistance of Pseudoperonospora cubensis. Journal of Northeast
Agricultural University, 40(4): 127-131 (in Chinese) [ X1 #i ¥,
9&%@%, FET, AEIERE . 2000. B8RRI LS POR HEDF i

B ARALLME K 22441, 40(4): 127-131]

Neufeld KN, Isard SA, Ojiambo PS. 2013. Relationship between dis-
ease severity and escape of Pseudoperonospora cubensis sporan-
gia from a cucumber canopy during downy mildew epidemics.
Plant Pathology, 62(6): 1366-1377

Qian S, Huo ZG, Ye CL. 2005. Long-term meteorological prediction re-
search on epidemic of wheat powdery mildew in China. Journal
of Natural Disasters, 14(4): 56-63 (in Chinese) [£k+#%, A H,

WREES . 2005, FIE /N AR A A AT I I < g i
FE. HIRK TR, 14(4): 56-63]

Qu L, Qin ZW. 2007. Advance on cucumber resistance to powdery mil-
dew. Journal of Northeast Agricultural University, 38(6): 835-
841 (in Chinese) [HllFH, ZE% 1 . 2007, B K 1R B b A bt
FaPEMFITHE IR . AR bl 2441, 38(6): 835-841]

Ren L, Zhao BB, Han JC, Liu HQ, Liu HP. 2015. Sensitivity of Podos-
phaera xanthii to thiophanate-methyl and characteristics of resis-
tant mutants. Journal of Plant Protection, 42(2): 176-181 (in Chi-
nese) [FEI, BMAME, 5 E A, XIEUT, XIEFE . 2015, BN FIH
3 T Y T 2R 1 SR B 8 L 9 AR T A 2 T IR
RV 2R, 42(2): 176-181]

Research Group on Wheat Scab, Shanghai Academy of Agricultural
Sciences. 1997. Study on motor- driven apparatus for trapping

pathogen spores. Shanghai Agricultural Science and Technology,

(5): 14, 12 (in Chinese) [ -1 1T AR5 +- T AR B iF x4 .
1977 BB T asmbioe . BiELOLRHL, (5): 14, 12]

Xiong Y, Wang HB, Xiang HF, Zhang HC. 2016. Research progress of
cucumber powdery mildew. Chinese Agricultural Science Bulle-
tin, 32(1): 130-135 (in Chinese) [ A&, £ # VK, 143, skt
I 2016, B IR TR AT 70 0E /e . b A A3 4R, 32(1): 130-
135]

Yao DM. 2013. Application of remote sensing and pathogen conidia
trap for monitoring of wheat powdery mildew. Master Thesis.
Hefei: Anhui Agricultural University (in Chinese) [Ik4< 1. 2013.
TE R 1A 6L PR R ORAE /N Z OB I M e g R FRIE 9
W2 S AR TR R

Yue H, Wu XB, Hao JJ, Cui J, Zhang SC, Zhang XY, Bai ZC. 2014.
Status and prospects in molecular breeding of powdery mildew
resistance of cucumber. Journal of Plant Genetic Resources, 15
(1): 120-128 (in Chinese) [ ¥k, % AUk, MR A, i {d, k7
7, skGess, I . 2014, BT FB R > T F A RS
JESE RIS TRIESAAR, 15(1): 120-128]

Zhao YF, Liu Y. 1991. Studies on the predictive model for disease de-
velopment period and seed yield of ginseng Alternaria blight.
Acta Phytopathologica Sinica, 21(3): 211-215 (in Chinese) [#X
FIE, X 1991 NS BEE AT KA TS HF 7 1t TR
RUATIFSE . AP ERAEAR, 21(3): 211-215]

Zhou YL, Duan XY, Cheng DF. 2007. Estimation of disease severity of
wheat powdery mildew by using data of pathogen spore trap. Ac-
ta Phytopathologica Sinica, 37(3): 307-309 (in Chinese) [ Ji] 75
Mk, BeER s, B 2007, FRAS sl T al e a1
s fliat/NAZ PR TR . A 4L, 37(3): 307-309]

(FTERE: B %)



