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Disease occurrence and establishment of prediction model of faba bean
chocolate spot in Chongqing from 2018 to 2019
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(1. Chongqing Academy of Agricultural Sciences, Chongqing 400050, China; 2. Hechuan Economic Crops Development Guidance
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Abstract Chocolate spot is one of the most important diseases in faba bean production areas in the world and in
the southeast coastal areas and the Yangtze River basin of China. We investigated the occurrence of chocolate spot
in 29 districts and counties of Chonggqing for 2 years. The results showed that the incidence in Chengkou county
was the least severe, with the two-year average disease index of 40.9, while that in Changshou district was the
most severe, with the two-year average disease index of 73.4. Among the four natural ecological areas, the
incidence of the disease was the least in the evergreen broad-deciduous forest ecological area of Qinba mountain,
with an average disease index of 47.3 in two years. In the three Gorges reservoir area, parallel range-valley
agroforestry ecological area, the disease was the most serious, and the average disease index in two years was
68. 4. The results of correlation analysis and regression analysis showed that the relative humidity in January, the
average wind speed in January, the precipitation in March and the relative humidity in March played a leading role
in the occurrence of chocolate spot. On the basis of the above research, a disease prediction model based on the

occurrence rule of faba bean chocolate spot in Chongqing was established: Y=235.019 46—3. 016 18 X7;—5.575 8
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X,+0.567 9 X5 +0.158 6 X» . The model showed that the average wind speed in November (X7), the average
wind speed in January ( X,) ., the relative humidity in January ( X»;) and the relative humidity in March (X5,) had

a strong linear relationship with the disease index (Y). The establishment of this model provides technical support

for the prevention and control of faba bean chocolate spot.

Key words faba bean chocolate spot;

disease prediction model
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Table 1 Location information of 58 survey sites
HARESK A Z%/)°E i /°N R /m
Nature area Location Longitude Latitude Altitude
PO 1] g3t e b A= 25 X AN R A 5E 106. 150 30. 094 298
Sichuan basin agricultural AT 106. 573 30. 274 225
ecological area i T [a) 4E 105. 867 29. 164 292
A L E 105. 946 29. 365 326
bR S 4E 106. 381 29. 768 241
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453K 1 Table 1(Continued)
HARAEBX Hh ZEE/E HE/°N T4 /m
Nature area Location Longitude Latitude Altitude
D1 Al A= A5 X BT DU 106. 577 29. 902 383
Sichuan basin agricultural [ Rl A 4 106. 626 29. 356 311
ecological area B R T 106. 844 29. 358 296
E=F A 105. 417 29.576 378
2 B B g 105. 589 29. 475 347
KL 7 105. 956 29. 702 281
KR MR 105. 960 29. 765 286
T R b R 105. 933 30. 282 272
T R R 105. 959 30. 315 299
LRy ey 105. 938 29. 876 273
i A F R 105. 972 30. 054 237
TLHEEE R 106. 283 28. 960 334
VLHEDT i $5 106. 439 29. 122 275
BE ||| T 5848 106. 099 29. 444 305
BE 11 ] 3 41 106. 201 29. 650 322
SRR PATIS A R E B AT X BV IH 106. 836 28. 646 471
Parallel range-valley agroforestry FLVT =T 48 106. 693 28. 945 335
ecological zone in three Gorges Kok 107. 034 29. 862 304
Resterioir e K7 WU 107. 221 29. 967 405
proR e V| 107. 823 30. 732 434
PRI 107. 644 30. 498 448
TN H T8 108. 313 30. 666 454
PAELISE= 108. 668 30. 822 420
BEETS 107. 786 30. 368 474
BE K R4 107. 850 30. 334 426
FEIH AR 108. 151 31. 157 450
FFI AR 1L B 108. 028 31. 031 493
HIT KP4 107. 401 30. 184 389
L7k 248 107. 519 30. 375 386
% B 1Ly R AR AE 2R X FILKES 109. 681 31. 026 422
Qinba mountain evergreen broad and LRIIPNY 2! 109. 812 31. 225 482
deciduous forest ecological area AERKHES 109. 375 31. 471 453
LRI R 109. 625 31. 362 360
vy RN 108. 845 31.183 463
Z BHETL 4 109. 019 30. 977 486
FEAT N T4 109. 226 31. 140 418
719 4T IR 109. 449 30. 885 316
T 7 T T PG S 1Ly b g o A A Pl 107. 377 28. 869 453
ABX LR A 107. 248 29. 225 478
Ecological region of mountain T R A 107. 513 29. 856 285
évergreen bl’Ofid’le'dV.ed forest PR T T 107. 120 29. 623 489
in southeast Chongaing R 14 107. 909 29. 279 396
PR I 107. 664 29. 431 405
75 1L g B 109. 105 28. 650 462
FIW R 5 108. 988 28. 594 383
7Y FHJBRFE 109. 059 28. 852 437
7Y FH e TR 108. 955 28. 636 440
AR e 108. 070 29. 941 486
itk E i 108. 207 30. 358 384
EH=S 107. 890 29. 780 426
AR 107. 625 29. 837 358
WOVTL 1F B i 108. 785 29. 347 488
PTKF S 108. 663 29,174 493
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Table 2 Evaluation criteria for the incidence grade of faba bean chocolate spot
AL PR
Severity grading Evaluation criterion
0% Level 0 TeIRBE
1% Level 1 A BRBE FRBERE 2 mA i SRR A<K1024
34 Level 3 3 XA 2 T A o I AR 10 60<CA<C30 %6
54% Level 5 o 7 i 1T AR o i e R AT 30 0 <TA<C50%4 , A A A
72%  Level 7 R AL 2 T AL P R T AR 50 26 <TASCT5 0, 2 Bt A VA kA st
94% Level 9 SR B 2 T AR, I RATET AR 75 26 <CA<C100 %6, i I R R B 7 AR H B AE

x3 BTEREFFRFBEHEXSTINESKBATFSEE

Table 3 Meteorological factors and variables for correlation analysis of disease index of faba bean chocolate spot

SLHF H s i SLHT SRSy
Meteorological factor Independent variable Meteorological factor Independent variable
RS 11 A Xi REIK REL 2 H X6
Average temperature 12 H X Day of precipitation 3 H X7

2 A X4 [k 11 H X9
3 A X5 Precipitation 12 A X0
4 H X5 1 H le
S R 11 H X7 2 H X2
Average wind speed 12 A Xg 3 H X3
1A Xy 4 H Xy
ZH X X 11 A Xz
3 A X1 Relative humidity 12 H X6
4 A X1z 1H Xo7
lg%/k}iﬁ 11 H X13 2 H ng
Day of precipitation 12 H X4 3 H X9
1H Xis 4 H X30
HhHARE 2019 AEX8 2018 AR5, S B 2k 2
2 ZREHWH
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AR 29 > X B Y 48 TR B & A, 2018
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Table 4 Faba bean chocolate spot incidence in 29 districts and counties of Chongqing in 2018 and 2019

I s RS - . T
Nature area Location Nature area Location
2018 2019 2018 2019
DU 1] g A M 2 5 X ST 66. 5 61.8 || ZE L Gk A X il 55.5  42.2
Sichuan basin agricultural sl 64, 4 54, 2 Qinba mountain evergreen HAVE 48. 5 41, 4
ecological area (4523 64. 8 50. 3 broad and deciduous forest % I 41. 6 40. 2
Bl 50. 6 455 | ceelomel aen Z I 53.3 42,5
KE 56.9 56. 2 Z= 52.7 55.3
KE 66. 4 47.7 14 50. 3 44,3
T 68.5 62.5 T 2 T W 74 5 S0 Lt 5 o P m)ll 67.2 71. 4
K52 61.5 58.3 AT X A 58. 6 62. 6
VL 64.5 46.1 Ecological region of mountain N3 42. 4 49.5
B2 53,3 58. 9 evergreen broad-leaved forest 1l 48,3 60. 3
Tty 61.74 541 in southeast Chongqing 5 476 59,7
SR X AT IR R AR E A R BT 59 66.9 K 63.5 62. 2
S K% 72.2 74.6 Atk 53.2 63.5
Parallel range-valley agroforestry Zhp. 67. 4 72.5 B 68. 3 66.0
crcol()gical zone in three i 66. 3 70. 6 T 55.8 53.9
Gorges Reservoir area wH 741 68.0 Tty 56. 1 61.0
THIM 61.7 67.9
T 68 69. 4
Sy 66. 9 69. 9

[f] 22 30 12 AR B R 2 X — Xor s 35 3
0.595 4, 3% R 3 FHAXNREE AL 1 7 A X B %
I A ECA IR AN . O X, — Xy B[R] HEE 1R
FEIA—0.593 6,3k FW] 12 AP EET 5 1
AR P A U IRV &40, N T 1 R X i ot
A G AR BER I I R RIS . B X > X I
)42 R A —0.573 1,3X R W] 3 A K&
1 1 A AR R 6 R SR B 1 I & A 1)

BN o Xo—Xor B 2B A2 RO —0. 427 5, X 3R
HI 1 7 P38 XG5 1 AR R B X 7 R B
WA AR . S AT TR E R AL R® =0. 999 9 i H]
DL b 6 ARG BT 28 R B 9 1 4 B R
i 99.99%,

[FEESTREENAELE i SRR IS I o XN
R S DR 35038 e 1 7 R R B T s B 0 1
R HE A BRI A4 R0
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Table 5 Direct and indirect effects of various meteorological factors on disease index of faba bean chocolate spot

SRS GRS HHEHAR R Hofth IR
Path coefficient Direct path Indirect effect through other factors
factor coefficient —X, —X; — X — X3 — X7 — X9
X2 —0.029 6 —0.013 2 —0.097 2 0.053 1 —0.593 6 0.310 4
X7 —0.121 3 —0.003 2 —0.316 6 0.118 0 —0.140 3 0.0115
X —0.541 5 —0.005 3 —0.070 9 0.036 3 —0.427 5 0.278 2
X3 0.682 5 —0.002 3 —0.021 0 —0.028 8 —0.573 1 —0.134 2
X7 1.146 0 0.015 3 0.014 8 0. 202 0 —0.341 3 —0.257 1
X9 —0.494 8 0.018 6 0.002 8 0.304 5 0.185 2 0. 595 4

1) PJeEZE R2=0. 999 9; FI 43 42 R %0=0. 000 03,

Decision coefficient RZ2=0. 999 9; residual diameter coefficient=0. 000 03.
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The meanings of X,-Xj, are same as table 3
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Fig. 1 Correlation heatmap between 30 meteorological factors and disease index
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