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Field validation of PBcast, an infection risk model for Phytophthora blight of pepper, was conducted through
a designed field experiment in 2012 and 2013. Conduciveness of weather conditions at 26 locations in Korea
in 2014-2017 was also evaluated using PBcast. The PBcast estimated daily infection risk (IR) of Phytophthora
capsici based on weather and soil texture data. In the designed filed experiment, four treatments including
routine sprays at 7-day intervals (RTN7), forecast-based sprays when IR reached 200 (IR200) and 224 (IR224),
and no spray (CTRL) were compared in terms of disease incidence and number of sprays recommended for
disease control. In 2012, IR had reached over 200 twice, but never reached 224. In 2013, IR had reached over
200 three times and once higher than 224. The RTN7 plots were sprayed 17 and 18 times in 2012 and 2013,
respectively. Weather conditions throughout the country were generally conducive for Phytophthora blight
and 3—4 times of fungicide sprays would have been reduced if the PBcast forecast information was adopted in
the decision-making for fungicide sprays. In conclusion, the PBcast forecast would be useful to reduce fungi-
cide applications without losing the disease control efficacy to protect pepper crop from Phytophthora blight.
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Fig. 2. Daily mean ambient temperature and soil temperature monitored by an automated weather station installed at the chili pepper field
of Chungcheongbuk-do Agricultural Research and Extension Services during the growing seasons of 2012 and 2013. Daily mean soil tem-
perature were estimated were estimated by a sub-model of PBcast (Do et al., 2012) based on observed ambient temperature.
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Fig. 3. Daily precipitation and soil water content of the experimental field which were estimated by sub-models of PBcast (Do et al., 2012)
based on observed ambient temperature, precipitation and soil texture data in 2012 and 2013. Soil texture data were obtained from the
National Institute of Agricultural Sciences, Rural Development Administration of Korea.
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Fig. 4. Disease progress curves of Phytophthora blight of chili pepperin 2012 and 2013. Error bars were the standard errors of 4 replications.
The dashed vertical lines represent the dates of first symptom observation in CTRL, IR200, and IR224 treatment plots, respectively.
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Fig. 5. Daily infection risk (IR) of Phytophthora blight estimated by PBcast at the experimental field during the growing seasons of 2012 and
2013. The dates of fungicide applications were indicated for RTN7 (¥), IR200 (V), and IR224 (V).
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Table 1. Schedules of fungicide applications for routine sprays at 7-day intervals (RTN7), forecast-based sprays when infection risk esti-
mated by PBcast reached 200 (IR200) and 224 (IR224), and no spray (CTRL) in 2012 and 2013

Monthly number of fungicide sprays (date)

Year Month
RTN7 (date) IR200 (date) IR224 (date) CTRL
2012 Jun 4 (5th@, 12th A, 19thll, 26th@) 1 (15th@) 0 0
Jul 5@rdA, 10thll, 17th@, 24th A, 31st) 0 0 0
Aug 4 (7th@, 14th A, 22nd M, 29th@) 1(26thA) 0 0
Sep 4 (5tha, 12thl, 19th@, 26thA) 0 0 0
Total number of sprays 17 2 0 0
2013 May 1 (30thH) 1(30thH) 0 0
Jun 4 (6th@, 13thA, 20thll, 27th@) 1(215t@) 1(215t@) 0
Jul 4 (4tha, 11thll, 18th@, 25thA) 0 0 0
Aug 5(2ndM, 9th@, 16th A, 24th, 30th@) 0 0 0
Sep 4 (6tha, 13thll, 23rd@, 30thA) 1(16thA) 0 0
Total number of sprays 18 3 1 0

The fungicides were alternately sprayed using cyazofamid 10% (@), fluopicolide 5%-propamocarb hydrochloride 50% (&), and mandip-

ropamid 22.59% (H).

Table 2. Incidence of Phytophthora blight pepper plants under dif-
ferent fungicide spray schemes

Incidence (%)°

Treatment®

2012 2013
RTN7 22+24 0.7+1.3
IR200 37824 1.5+2.6
IR224 61.8+21.4 3.0£3.0
CTRL 68.4+26.4 21.3+£20.6

°RTN7, routine sprays at 7-day intervals; IR200 and IR224, PBcast
forecast-based sprays when infection risk (IR) reached 200 and
224, respectively; and CTRL, no spray.

®Mean of four replications and standard deviation.
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Table 3. Analysis of variance with orthogonal comparisons on the
treatment effects

Year  Source of variation df SS MsS F
2012 Block effect 31,9786 659.5  1.83™
Treatment effect 3 155343 51781 14.35%
(RTN7+IR200) vs. 1 154424 154424 37.70**
(CTRL+IR224)
RTN7 vs.1R200 1 43 43 001"
Error 9  3,2487 361.0 -
2013 Block effect 3 263.8 879 053"
Treatment effect 3 1,608 3869 231"
(RTN7+IR200+IR224) 1 11505 1,150.5  7.80*
vs. CTRL
RTN7 vs. 1 59 59 004"
(IR200+1R224)
IR200 vs. IR224 1 44 44 003"
Error 9 1,506.1 167.4 -

“ns, *, and ** indicate not significant, significant at P<0.05, and high-
ly significant at P<0.01, respectively.

7] RS 943 49 IR 7]&& IR=2003} IR=2242 A3}
AEYA| A= FE F3UTk FubE e
Z Gl 82 4 e A APl e R
< 1S o IR200 o ZHA| A5 23R 24 Do
5(2012)0] A|A|RE IR224 &l ZHYA| Z|2|of| B|sto] F o] Ha
ARl AFFAAAE B7FskGAch A2 oln At A<
22317 4 Qe A2 BAAAE 725 SN A
A A B E gt I3k 7198 4=Z(infection risk
threshold, ZF99d AAI1Zh-S A& 8ok 3t (Hughes, 2017).
OFAYA AN AtA] A Bl gt A7t 2]
wehe] 23S HH oFARA| A= RS E1F A7
A Agj et of| A Al Ttoll= A aeiH] Aibs A=A
MEZ FNo] GrhA HERSS 27 FolelekE 7109 7
Ao WIAR B 299 v PAE B0
© A& HoZTh
] el ol B o WAL A4S B 2012603}
2013 7k BE515E 2ol = 714 87 Rfolo]] 7]QlsHe Ao
WO 201230 £ A2 E e EPRROR 9l
of ol 37 WAEh] AFetg ot 89 W o] Tk g
Aol A AL EP4E 2o] FEEo] M2 A
o] o] So3Y R0 WErH §H 2013Wel 5469 F
ok oy Yol A3HeE X 2.3} B4 B 7o) Al FEo] W

2459

Table 4. Number of warnings and recommended sprays that
would have been issued by PBcast to control Phytophthora blight
based on daily weather data observed at 26 locations over S. Korea
during May 1-September 30 in 2014-2017°
No. of warnings
(No. of recommended

Location sprays)
2014 2015 2016 2017
Inland
Gangwon-do Cheorwon 19(8) 9(4) 16(6) 12(5)
Yeongwol 23(7) 6(4) 10(5) 12(3)
Gyeonggi-do Suwon 10(3) 3(1)13(6) 4(2)
Yangpyeong 15(4) 7(3) 14(4) 8(3)
Icheon 12(6) 4(2) 12(4) 12(5)
Chungcheongnam-do  Buyeo 27(7) 7() 18(3) 15(5)
Cheonan 14(4) 4(2) 16(6) 9(3)

Chungcheongbuk-do Jecheon 39(8) 4(2) 16(5) 6(2)

Chungju 17(5) 2(1) 6(3) 4(3)
Boeun 36(8) 16(4) 16 (6) 26 (5)
Jeollabuk-do Sunchang 24(7) 26 (6) 28 (6) 13 (5)
Gyeongsangnam-do  Geochang 35(9) 40(9) 21(6) 11 (4)
Miryang 14(4) 21(5) 17(4) 8(3)
Gyeongsangbuk-do  Andong 23(6) 10(3) 13(3) 6(3)
Sangju 22 (6) 10(3) 21(6) 11(5)

Seashore
Gangwon-do Gangneung 24(6) 17 (4) 31(7) 8(2)

28(6) 5(3) 31(8) 9(3)
Yeonggwang 21 (5) 19(6) 27 (7) 13 (4)

Chungcheongnam-do Seosan

Jeollanam-do

Haenam 35(5) 46(7) 37(6) 7(4)
Suncheon 43 (8) 36(7) 24 (4) 18(5)
Jeollabuk-do Gochang 37(6) 31 (5) 30(4) 29 (6)
Gunsan 39(7) 26 (5) 29 (4) 14 (6)
Gyeongsangnam-do Namhae 31(6) 29(5) 15(5) 9(5)

57(11) 22 (5) 47 (7) 18 (5)
20(3) 26(5) 23(5) 6(4)

Seogwipo 40 (5) 49 (7) 25 (5) 20 (4)
°Daily weather data were obtained from the Korea Meteorological
Administration (http://data.kma.go.kr).

Gyeongsangbuk-do  Uljin

Jeju-do Jeju

o] AR 0 2 wha] A|ZHE|g) o) 798l = BukAY 31
o] X grop BAA =7 LolFd A S 2 Azt
YA © 2 phytophthora sppell 23 IS EY 5 25

)
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shele, §FARdo] A WolshH ABAE A A A9 1
oh el §RAE WESel ABAE BANTIH et
2 Ukl &5 71 37| ol th(Duniway, 1976, 1979; Hord 2+
Ristaino, 1992). Phytophthora spp.2] FFARG2 &2 2 E0f|A]

(}11

= oS FAste] A3 WolsiA| -2 oA = thgr
o] §-FALE WESITE 115 AP P capsici= 10-24°CollA|

G2 FAo| & Hd|(Katsura, 1971), 12°ColA G52+ B4
o] 714 2w 24°Col ] A7 Wobsh Aol Bobrct
(ErwinT} Ribeiro, 1996). 3t P. capsici7} 22-24°Coll A= F+F
S FAFt= §-FAGo] 50% n|gtolals B 1% QIth(Bern-
hardt®} Grogan, 1982). o|2{3t 2o W& f-F2hde] ol i
¥ o]0} 7§ mOpAE olsio] W2 kel S Sl %
o]2 Q5o 2012 2013 7Ho] Hrgef ZFAIA A FAdol
Yebge Ao Bkt

2012 300= UYL IR0 2247k4] 223t o] glof oA A
27 ZF Bl a7t E7Hs sk 2013 0= AetAl € 33 A
2 IR200 oA UA| A=) e} 13] A£3F IR224 o2 EA]| 22+
Ztol A AT = FAA ool gtk o] 22 £
WA QAFEA 9] 7]20] = IR YA Gk (infection risk thresh-
old)< IR=2245 Aaf) AbgA] AZL 322 13] 2 Zo] % IR=200
= 71222 FAYAIE 33] AT Ao A ET = 2
AoV il 5 GlEHE A olel itk s 20124 A8

HE & W R dAGS =7 &2 735 99 WAl Afe
= 9128 & 4 SIch. WebA PBcast S AL 8310} o2
AE T A AL S5 24 IR DAk ] -
830, 313 Aulls7re] Aol A AT AtE Hste] 2
SH 02 QAL BE 4 9k

R A S 917 2 71 AAS Bt B Il AR
£ utglo 2 ZAE g gjof stth(Hughes, 2017). £3] PBcast
w3} Zro] 7|k B9k 34 8 AS 9138 Arisk factors) 2
$3H P o3 mee) A9 PRl 712 2P
ofgih WYL chopet 42 Beld B aclne] 454
AT Ue 2 ade) 37290 tet AR RS ol &
So] WS o] 25 Alo| AMHO R 414 87 whzolck
whfA] 9F0 2 PBcast HE-S ThoFst X3} tha o) AR B}
so] R QAIGES A3 et ik BA2AE £ 979} Do
£(2012)2] AF}E Z3¥8 0 IR=2002 7|50 2 713 o] o
RPALA S E TYHE A8 A0

oz ]
=a
=8 Eo}oq 2014-20174 2 SFufe] 2% o3 2 2
ool 4% 4+ Sk 9 WA THs A4S At Mool wet
2 Zol7k isiek AFAO 2 2 v) ZuISL sfuket 1227

3|(Ft 203N HAek AHE 2= 201420179 59 A= 2po]7}
AT A - wid Bt 203] F= Y A FE7F DR
1, 0] 59 1999 30Q Sot AR 0 2 7-8ulth Hukay
A AE7 AR Lol A= S-EuEhe] a5 Aulet
Boz & o A Y-S ARE o2 A EA5H= Ae
2 7rsfiof ghek ERE o WAlE At A Y] kA x| &7k
79= 7HHT o 4d 5ot M= 2671 X9 g o) B ’,5-_-‘-?7\1]
AP 231221 493]9T} 319 2006W0] LEE 2o o
Aol A 20051 113 AR WA AtA| AE3l7) 8. 3§1E
H 1%]9)th(Bae, 2006). whakA] THeF PBcast E%_lg 3-835}9
AHFAE stATHH AotA| AEZ3+E 3-43] £ 5 AN
th 7FAo] 9lot.

S uEtollA= 20057 E 113 A AP FF0l 4
2o g2 BE7] AIZITHKIm 5, 2010; Kwon 5, 2017). 0]
5] ma b g A BB Aok 51
AgA o] Hasdo] 2A stk sHARE 9HA 2014-2017
d A= 2670 XA Q) 7| AAEE o] g-5te] BAI3F Aufol| x| B
L vho} o] o) W] AR BAE ofHs) AHEetw 9]
i, Ao S5H IF FF Sl ZEAYAA AF
HEA TP =7} 20% °l%° 5= FA=EUHKwon F,
2017). web o A
AE A3 A=tA] A3z of 7 ] of gt AHEH S fiste] B
A= S0 3] Fagt 7ol

ZAE22 0 2 PBcast mElo] g WY 97 o=
st o] JEAHRE BT B A A23eE S
HA g Al E RS A A 5 9;1‘3}- QHH a3
e Sof what gd vl 7t A E 3
= ot F3 A Sl iR ¢ ﬁl%l Q7o g A+
7} @ @3}tk T3} PBcast RElo] T2 AL =0]7] YA 1
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2 o

13 o) AR o222 PBcast ERAZE A7S
2012-201349 E9F 2285}t 18] 1 201420174 £t 22
Lhet 267) 2804 PBeast mel o} §5}e] WAL kst
Stk PBcast dl2 74Tt EAJARE o838} Phytophthora
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A2, THACTRY) Mol g0t AgA| AEISZ
W3sirk 2012¥0ef) ZFGFE7H 200 o] 4po] 28|41, 224
oJAF1 79 Glgich. 201392 200014 38], 224 |4 131
t} RTN7 Hg 7= 201243} 20130 173], 183] Ar=st4ch
Setete] /R AL 15 A Aol sk AL
270l PBcast o5 FHE BEF B9 AHEISE 348 7
442 4 9lrk 2940 2 PRcast RS 1 g0 2N
BEE oo PPA B gaglol HPA HLISE 2
RIES EER

Conflicts of Interest

No potential conflict of interest relevant to this article was

reported.

References

Ahn, M-, Kang, W. S., Park, E. W. and Yun, S.-C. 2008. Validation of
an anthracnose forecaster to schedule fungicide spraying for
pepper. Plant Pathol. J. 24: 46-51.

Bae, D. H. 2006. The disease epidemic of pepper anthracnose and
importance of controlling anthracnose. In: Proceeding of Work-
shop for the Disease Epidemic and Control of Chili Pepper An-
thracnose, ed. by National Institute of Agricultural Science and
Technology, pp. 2-7. Rural Development Administration, Wanju,
Korea. (In Korean)

Bernhardt, E. A. and Grogan, R. G. 1982. Effect of soil matric poten-
tial on the formation and indirect germination of sporangia of
Phytophthora parasitica, P. capsici, and P. cryptogea. Phytopathol-
ogy 72:507-511.

De Wolf, E. D. and Isard, S. A. 2007. Disease cycle approach to plant
disease prediction. Annu. Rev. Phytopathol. 45: 203-220.

Do, K. S., Kang, W. S. and Park, E. W. 2012. A Forecast model for the
first occurrence of phytophthora blight on chili pepper after
overwintering. Plant Pathol. J. 28: 172-184.

Duniway, J. M. 1976. Movement of zoospores of Phytophthora
cryptogea in soils of various textures and matric potentials.
Phytopathology 66: 877-882.

Duniway, J. M. 1979. Water relations of water molds. Annu. Rev. Phy-
topathol. 17: 431-460.

Duniway, J. M. 1983. Role of physical factors in the development of
Phytophthora diseases. In: Phytophthora: Its Biology, Taxonomy,
Ecology, and Pathology, eds. by D. C. Erwin, S. Bartnicki-Garcia
and P. H. Tsao, pp. 175-187. American Phytopathological Soci-
ety, St. Paul, MN, USA.

Erwin, D. C. and Ribeiro, O. K. 1996. Phytophthora Diseases World-
wide. American Phytopathological Society, St. Paul, MN, USA.
592 pp.

Ferrin, D. M. and Mitchell, D. J. 1986. Influence of soil water status
on the epidemiology of tobacco black shank. Phytopathology
76:1213-1217.

Gent, D. H., Mahaffee, W. F,, McRoberts N. and Pfender W. F. 2013.
The use and role of predictive systems in disease management.
Annu. Rev. Phytophthol. 51: 267-289.

Hong, S. and Kim, S. 2013. The analysis on the production and con-
sumption of red-pepper in Korea. CNU J. Agric. Sci. 40: 405-410.

Hord, M. J. and Ristaino, J. B. 1992. Effect of the matric component
of soil water potential on infection of pepper seedlings in soil
infested with oospores of Phytophthora capsici. Phytopathology
82:792-798.

Hughes, G. 2017. The evidential basis of decision making in plant
disease management. Annu. Rev. Phytopathol. 55: 41-59.

Katsura, K. 1971. Some ecological studies on zoospore of Phytoph-
thora capsici Leonian. Rev. Plant Prot. Res. 4: 58-70.

Kim, B.-S., Kwon, T.-R., Hwang, J.-E,, Lee, J.-M,, Park, D.-G., Ahn, J.-H.
et al. 2010. Resistance to Phytophthora blight of commercial
pepper cultivars in Korea. Res. Plant Dis. 16: 141-147. (In Korean)

Kim, C.-H. 2004. Review of disease incidence of major crops in 2003.
Res. Plant Dis. 10: 1-7. (In Korean)

Korea Crop Protection Association. 2012. Guideline of Crop Protec-
tion Products. Korea Crop Protection Association, Seoul, Korea.
1352 pp. (In Korean)

Kwon, O. H,, Lee, K-H., Jang, K.-S., Kim, C.-Y,, Jeon, S.-G., Kwon, J.-B.
et al. 2017. Revaluation of phytophthora blight resistance cul-
tivars by inoculation of isolates of Phytophthora capsici. Hortic.
Sci. Technol. 35(Suppl. 1): 199. (In Korean)

Schlub, R. L. 1983. Epidemiology of Phytophthora capsici on bell
pepper. J. Agric. Sci. 100: 7-11.

The R Foundation. 2020. The R project for statistical computing.
URL http://www.r-project.org/index.html [10 December 2020].



