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Application and assessment of a warning model, CARAH, for
potato late blight in China

Huang Chong'. Liu Wancai', Zhang Bin®

(1. National Agro-Tech Extension and Service Center , Beijing 100125, China; 2. Guiyang Plant

Protection and Plant Quarantine Station , Guizhou Province , Guiyang 550080, China)

Abstract The model, CARAH, played an important role in potato late blight warning, forecasting and disease
control after application in China. Forecasting of appearance date of diseased plants, assessment of disease occur-
rence and control effect assisted by the model in some potato production areas in China were analyzed and as-
sessed. Factors affecting the model, such as cultivar resistance, regional climate, etc., were also analyzed and
some advices were proposed to further the research and application of the model.
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Table 1 Relationship between infection of Phytophthora infestans and duration and average temperature during humid periods

SR/ C {@iEH/h - Humid period
Average temperature 2 Mild H14  Moderate H  Severe tE Extremely severe
7 16. 50 19. 50 22.50 25. 50
8 16. 00 19. 00 22.00 25. 00
9 15. 50 18. 50 21. 50 24. 50
10 15. 00 18. 00 21. 00 24. 00
11 14. 00 17. 50 20. 50 23.50
12 13.50 17. 00 19. 50 22.50
13 13.00 16. 00 19. 00 21. 50
14 11.50 15. 00 18. 00 21. 00
15 10. 75 14. 00 17. 00 20. 00
16 — 13. 00 16. 00 19. 00
17 = 12. 00 15. 00 18. 00
18 — 11. 00 14. 00 17. 00

D R ARG AT 2 0 R R R AR KT 9020 MRS IA) . A SRR I S T R AR R 3 b IR R S A 2R
ehORT RIS TR]R I 4 b DU RE 333 R AN S () A R 200 5 (5 e i T A i 48 b U4k 24 WO 1 R Yl (R AR i
Data in the table were cited from Xie Kaiyun, et al'*), Humid period (HP) means duration when relative humidity>>90%. If HP is broken less than

three hours, the HP will be considered as a continuous humid period. If HP is broken more than four hours, the HP will be considered as two differ-

ent ones, If HP>>48 hours. the every 24 hours was considered as one HP, and the infection will be extremely severe.
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Table 2 Conce value
TR EJEE/ C  Temperature

84> Score

<8 0
8.1~12 0.75
12.1~16. 5 1
16. 6~20 1.5
=20.1 1
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Table 3 Monitoring sites for potato late blight in China
—— g .
Province R MRl iRt monitoring sites monitoring sites in a county
H K Chongqing = 26 82 3.2
e Guizhou 9 47 69 1.5
paJil Sichuan 7 16 21 1.3
= Yunnan 6 14 20 1.4
MJpIT. Heilongjiang 4 6 7 1.2
W51 Inner Mongolia 7 33 68 2.1
Hf Gansu 10 24 26 1.1
Blpg Shaanxi 5 23 32 1.4
T & Ningxia 5 13 23 1.8
11174 Shanxi 6 7 7 1.0
11175 Shandong 1 1 1 1.0
W4t Hubei 9 14 21 1.5
43t Total 69 244 377 1.7
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Table 4 Comparison of appearance dates of diseased plant between CARAH model and field surveys

CARAH RIS B4R U SME

e . o . Eﬂlﬁ]t!jlbyﬁ% Infection generation and number " o
DREEK GG WSGEE/  @BF Bt e A — A ALy HARAC R
Planting area Year  Site (altitude) Cultivar ~ Resistance Appearance date of s v Data from
diseased plant Rk 2N}
Infection generation Score
B 270) L ET HS 04-14 31k 7.0
FM Guizhou 2014 B 580)  HEHIE HS 04 -29 31 5.5 [10,14,18]
FHA 3200 BEHE HS 04-28 301K 7.0
=H#B(880) B 55 HS 03-18 3R 1R 40
FIM Guizhou 2015 7P (410) 25 5 HS 02-27 31 4.5 [
Jiti = (720) 5 HS 03 - 30 31 7.75
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43R 4 Table 4(Continued)
CARAH R AR IR 4
FH ] Lo Infection g:feratji—oﬂl; zlz\nfn%er
A= X B S QR /m) A btk B/ H —H in CARAH model B U5
Planting area Year  Site (altitude) Cultivar ~ Resistance Appearance date of Data from
diseased plant Rk SHA
Infection generation Score
2012 THIR — 07 -26 381 % —
Hiff Gansu 2013 bR/ — 07 - 24 31 = 1]
2014 THIE = 07 -23 31w =
B3 2700 HEE2 5 R 04 - 28 5481 %k 5. 75
HH580) @ HH2E R 05-13 548 1% 2.0
JFRHCL 320)  EHE 25 R 05-12 5481 % 4.5
&3 270) 3B S 04-14 31 7.0
B4 580)  thE 35 S 05-03 31k 0
S Guizhou — JFRH (1 320) ¢§§% S m—@ 3@1& 7.0 o
B3 270) BEN R 05— 05 61811 1.5
BB 580) HEN R 05-13 5481 %k 2.0
JFRH (1 320) BEAN R 05-12 548 1% 4.5
B3 270) el R 04 - 28 581 % 5.75
EE (1 580) AN R 05-13 5481k 2.0
FFFH (1 320) AN R 05— 14 5481k 7.5
pg)i| Sichuan 2014 Jule NE=S S 07 -07 3R 1k = [19]
3 — 04-07 3R 1 7.0
ik = 03-01 31 7.0
St Guizhou 2013 BT — — 06 - 08 ST IR 7.0 (i3]
Y — 04 -09 31k 7.0
KK = 05-30 31k 7.0
Hf Gansu 2012 _ R Aelygiie HS 0625 * B [17]
2 2000 FEH ARG — 07-10 541 -
2010 AR 1000 A5 08—1 S 05-09 5481k 5.0
2011 A 1000 HWOEEE HS 05-21 548 3% 6.0
H K Chongqing [16]
2010  FEHBC1 5000 S5 MR 05-23 31k 3.0
2011 EHBC 500) R 3 5 S 05-31 481 =

D “="FoRAM . 340 T RAEHAELE 6 A 18 H . R.MS.S.HS 435I /R 2 S RN TR  H BB e i 8% .

“—” indicates the data was unavailable,

* ; Date of first infection of the third generation is June 18. R, MS, S and HS indicate the cultivar

is resistant, moderate susceptible, susceptible and highly susceptible to Phytophthora infestans, respectively.
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Table 5 Relationships between infection of Phytophthora infestans and disease index

- RUAREL [F2/ 3/ €4 FARYRRRE R AR RUHH/ %0 Jafiife s RAERE ...
R bl Number of infected Number of Number of different infections Ratio Di O BRI
Year Cultivar Number of infecte umber o g isease ceurrence [
generation infection 1% rh & WE  EE R index level
2013 [ % 3 = 15 39 9 4 18 56.4 43.6 24.9 — [20]
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43R 5 Table 5(Continued)

P, BAMRE Rkl GRRERERE BRI R BRI
o ‘uu. Number of infected Number of Number of different infections Ratio Disease Occurrence o
Year Cultivar . . . . Data from
generation infection 1% rh & WE  EE index level
LR 11 65 3 15 6 41 72.3  21.7 82.7 =
2014 LT 11 60 2 4 7 47 90.0 10. 0 89.8 — (18]
#H O TR 11 51 5 8 4 34 74.5 250 5 83.2 —
tha 3 5 10 40 - — — — = 100 —
[24]
2013 ™ g _ _ _ _ _ _ _
B 3 = 10 47 91. 8
2006  HESE - 7 - - - = - - 33 — -
2007 HE 5 — 9 — — — — — — 9 —
2012 — 6 14 2 4 4 4 57.1 43.9 46 —
2013 — 6 17 6 5 6 35.3  64.7 34 — [
2014 — ) 7 6 1 0 100 8 —
2010 e 6 19 2 4 3 10 68.4 31.6 23. 23 — [o]
2010 — 10 47 9 16 4 18 46,8 53.2 =80 — (5]
2011 — 5 10 2 2 4 2 60 40 15. 15 —
2012 — 8 13 3 3 3 4 53.8 46.2 12. 19 — L21]
2013 - 8 20 4 5 5 6 55 45 14. 8 —
— 14 65 9 14 14 28 64.6 35.4 — 4~5
— 12 47 12 5 5 22 57.4 42.6 — 4~5
— 11 48 9 11 11 20 65.2 34.8 — 4~5 .
2013 [
— 10 47 9 6 6 23 61.7 38.3 — 4~5
— 8 21 2 11 3 4 33.3  66.7 — 3
— 4 13 6 2 2 2 30.8  69.2 — 2

D) “—"FORICHEIER . SRR 1 9.2 90,3 9.4 9.5 B IR R A R R A R AR R R T AR R R A

“w__»

ately, severely and extremely severely, respectively.

: the data were not obtained. Occurrence level of 1, 2, 3, 4, 5 means that potato late blight occurs mildly, relatively mildly, moder-
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Table 6 Possible relationships between infection of Phytophthora infestans and occurrence level in the field

BYARK B R ERYER - R ARG L HH ) A R
Infection Ratio of severe and extremely severe infection  Ratio of moderate and mild infection Occurrence level in field
10 E r>50%% - P B 2B R A LR (4~5 20
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5 LI — r=80% fie AR &R (L~2 50

2.3 BiBRBEEFERST
2.3.1 TR DR E IR 5

TR B S — PP R TV L BB . —
Je i A2 e B LR AR e R JE T R T . DR il
EBRA 1 B 10 SR e A 7% CARAH #E R4 T A9 5%
B . CARAH BERURS Lo ik B ] & R R
(TN Ay FET T A% SR8 i 114 T By 4 BT i 4 3t 14K
Yo TSEAER . ALK YE CARAH BiTUHE G 40
IR BEH )RR MR R R W] K38 CARAH LR S &
Bijif i 4 i SR MR BB AL (H i T AN Rl Bk
ity LR AN ] DX 38 % 2 R BE o v O o AR 3 B ]
FAAEZE ST D15 SRS AN L 460 T B, 23 264 3
PR X2 AR AR MR BRI R A T i
A M B R (3R T s U B K@ AE S %
P e L DX 97747 SR ) B il SR it R M B0 9 B

5 3 VAR IR AR BRI ES 5.6 AU 1E2E 1 IIRALBY
K 4~6 JpIIFIRS 1 ORISR - LU [l b
7~10 d JIRIFHEZSHIB IR 1 R AR T BT R
R 2 SEAT BRI R ) Bl P S

(D) wEah A, s WIS 30 d V. Buk
B2 3 AU 1 ARG AR U - IR AR 5 d AR
AR A UL Zicdh  4F R Conce A3 BT, RS 1
WA BRI Conce SMETTTIA 3~7 Jrif . E IR
PEAR B IEATBIIR : H 46 WY 30 d J5 2= kY]
N B TREACER 1 iR Gl ] Conce ME I IX 3
~T7 BN E AR A AT PG R DR E
RS W AT

(2) HahF . TERTIIE IUE I . U 5
55 A 1 IRPLA TR ARIEAK 5 d WRA
HRARAL 1) IR 5 B0, XoF B Conce SM B3, RAXEE 1



¢ 156 5 4Ly 2017

AR Conce SME Tk 3~7 73 & IR 4P
VAN EAT B s FEAE W WO U5 1 IR

{2 YRR IE I Conce 4METH % 3~7 400k FIVA T
REFPATHNG A2 S E 2R o0 1k,

x7 CARAH KBS TR DR EBRERERE
Table 7 Control strategy for potato late blight under guidance of CARAH model

A AP A EEN=p ] Jiti 24 B ] Wit 245 751
Cultivar resistance Growth period Application time Fungicide

ol R A TG WL 30 d Y 3R T B LS AR 1 ARG Mt 1 A TR 7

HS variety Hi1 30 d J5 IR Conce SMH K 3~7 4t Wt 5 T 1 A% TR 7

rhURR R A T 2 A 58 1 B LUR &A1 AR Wit (R 1 A% TR 5

MS variety iz CEX el Conce JMHIk 3~7 43} Wit Y T 1A A% TR 5

2.3.2 CARAH EA 3 2 T o 17 18 3R 247
CARAH HRIER i FEIR A R EBOW R 52545 3
PBILLUG RS 1 UYL SEEA TR AP I B 36
A P T i B NPTt 36 5 PR BRGR A T BT iR . A4S i
RIGHSE R s CARAH FERIE S 114 T 4% R 3
BTG ARG T B R BABOR > 2 AT

KB E B I 76 . CARAH F A3 TR I BiA - B
BT IR 56. 690 ~67. 3%0, H IR 97. 626 ~100%0 5 AH X}
T AN R Bl — W AE T4, 4% ~100% . B A8 %%
HIAE 57. 9%~65. 2%, HEP=IEREAE 12, 3%6~29. 4%
(3% 8) s X By 1k h % S W 52 i 5 S e 5 466 [l 7 & i
RRIE T BIRNE.
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Table 8 Control effect of potato late blight under guidance of CARAH model

FE [ e 2 i 4 A X B%8/ V0

Final disease index Relative control effect HmR/ N B
s i fy o \ \ Yield ki
Site Year Cultivar . . H i it R . A B it R increasing  Data
CARAH Common CK Common CK _— from
control control
Pu )i 4 Ya’an, Sichuan 2010 EaRibzes 0 64. 00 88 100 100 = (23]
2013 i 3 5 23.74 — 100 — 76. 60 —
3 5 23.48 — 91.78 - 74. 40 —
St FH Guiyang, Guizhou e 13. 44 = 82. 00 = 83. 68 — [24]
2014 55T 10. 00 = 83.19 = 87.98 =
HE e 19. 96 — 100 — 80. 04 —
2010 — — — — 67. 34 78. 41 17. 16
St g7 Weining., Guizhou 2011 = — — — 67. 21 75. 17 21. 63 (25]
2012 — — — — 66. 53 77.52 14. 23
M & 3L Xiuwen, Guizhou 2010 WY 0. 28 11. 42 23.23 97. 55 98.79 = ro]
SN Libo, Guizhou 2013 — 0. 38 18.11 35.55 97. 90 98.93 — -
&L Xiuwen, Guizhou = 2.63 14. 00 81. 21 = =
T [# )5 Guyuan, Ningxia 2012 2 3 = 30. 80 = 88. 60 = 65. 24 14. 81 [26]
2011 - 6. 38 - 15. 15 — 57. 90 32. 30
T HE P Xiji, Ningxia 2012 - 4. 59 — 12.19 - 62. 40 29. 20 [21]
2013 — 4.10 — 14. 80 — 72. 30 29. 40
2 7 5 2.70 — 20. 00 — 86. 50 23. 30
H# KK Tianshui, Gansu 2013 KA 11 4,20 = 22.50 — 81. 33 14. 85 [20]
M2 3 = 8. 90 — 24. 90 - 64. 16 12. 34
[f2 3 5 5. 20 — 18. 50 — 71. 89 23. 81
Hiffais Yuzhong, Gansu 2009 KEATE 4. 45 = 32.50 = 86. 31 25. 00 (17]
[ 2 5 5 4. 15 — 35. 50 - 88. 31 29. 27
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FEMISZER » DT W D35 — R B 4% 5 W I A7
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KT CARAH BRI 3 L R AL, iy 3%
SRR 7 X R AL 22 57 K Ff 2 2%, CAR-
AH AFETRLAS AT BE A T 5 A0 A% 56 i % ik 3 9%
[ BT B S % 37 X, H AT AR 45 Ml S e CAR-
AH AT HE A i o r -t A 7 3 X A8 28 Ji LA Y
FHECA R A 0% 11y 2L 1 B A 22 118 D . 4 Ja B
Fl%E CARAH #ERIAE L T5 1 07 A [A) A2 25 X8R
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