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EHER  RHEREACERSHAEYRE RN TRBRIEE « 1 HHERMIREE
A&EEREEA (Growth model) KA S - SEHRA > THSIFEHREERR (Nonlinear
regression model ) o —fE AN ERKASH LI TF#&%E : Exponential, Monomolecular, Logistic,
Gompertz, Log-logistic, Richards, Weibull #% » fI& 1 Fix °

1. —BEEAPRBERERITZEREN

Table 1. Growth models that have been used for analysis of disease progress data.

Model Equation
Exponential y = yo exp(rgt)
Monomolecular y =1-[(1-yo)exp(-rmt)]
Logistic y =1/[1+exp(-{In[yo/(1-yo)]+r t})]
Gompertz y =exp{In(yo)exp(-rst)]
Log-logistic y = V{1+H(1-y)/yilt"e
Richards y =[1-B exp(-rgt)]VI"™ if m<1
B =1-yo!'™
y =[1+B exp(-rgt)] """ if m>1
B =(yo)'™-1
Weibull y =1-exp{-[(t-a)/b]’}

1978 £ &% K ZEAFEGHEEARRRERTR 2/ BRE UL Logistic iR EE& G/ 5
sREEAl 8 B ERARRBEREH  BAZHSHTED - HE > FLL Gompertz A Y
= exp[-Bexp(-kt) ) Bo& 1977-1986 A E 5 EMARRYEREE > FHALEREERD - Jt
S o BT DARE B0 B 65 8 S B RS B A R 5 LA Monomolecular, Richards, Gompertz &
Logistic BIAKAA 16 BEBBEEABRTERBRRBERTR - LB HE Xl %
(transformation ) # > fERRIFMEEE - L R2 ZA/NKRERHEE S (Goodness-of-fit) 5 4 S
Rz WO 2 o f% 2 54 0 16 FEE P Logistic R R2ERHL 1 - Wit > SAAHE
2 BETT S B Logistic 1 2 A R EEFS BUR AR 8558 B B (- PR BRI < E 12 7 Logistic
AT TUFE SEERIeEE A% KBE KRB LR E SEEEIERE 16 HE
BTl BEEZRE - £3 8T HHE% (Infection rate) S HEFNZEFIEE  HS 16 R
M il A-E 5 SR8 B -
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Table 2. Coefficient of determination (R2) of four disease progress models used for curve fitting for 16
leaf blast epidemics.

©)

Fungicide Coefficient of determination

Treatment Monomolecular Richards Gompertz Logistic
1 0.510 0.716 0.909 0.984
2 0.519 0.720 0916 0.986
3 0.518 0.718 0.912 0.986
4 0.633 0.682 0.786 0.930
5 0.835 0.905 0.971 0.992
6 0.934 0.953 0.979 0.988
7 0.867 0912 0.967 0.988
8 0.751 0.854 0.949 0.988
9 0.513 0.724 0912 0.981
10 0.418 0.663 0.892 0.975
11 0.586 0.686 0.857 0.959
12 0.516 0.664 0.840 0.931
13 0.459 0.665 0.890 0.979
14 0.635 0.728 0.885 0.974
15 0.657 0.710 0.839 0.947
16 0.630 0.689 0.804 0.948

x3. FIHEE RS BRARBLBERERRE  HREERFESE RS TR

Table 3. Comparison of final disease severity, infection rate and areas under disease progress curves
(AUDPC) for rice leaf blast by Duncan’s multiple range test.

Fungicide Mean

Treatment Final disease severity Infection rate AUDPC
16 0.6323 A 0.02806 A 0.5210 A
4 0.6297 A 0.02802 A 05188 A
15 0.5597 BA 0.02540 BA 0.4570 BA
14 0.5391 BC 0.02490 BAC 0.4379 BC
11 0.5084 CDD 0.02322 BDC 0.4136 BCD
13 0.4770 CD 0.02175 DC 03877 BCD
10 04742 CD 0.02169 DC 0.3850 CD
12 0.4436 ED 0.02070 D 0.3622 ED
3 0.4401 ED 0.02015 D 0.3568 FED
2 0.4394 ED 0.01977 D 0.3537 FED
9 0.4296 FED 0.01956 D 0.3487 FGED
1 0.4238 FGED 0.01950 D 0.3430 FGED
8 0.3588 FGEH 0.01572 E 0.2933 FGEH
5 0.3493 FGH 0.01526 E 0.3856 FGH
7 0.3429 GH 0.01484 E 0.2810 GH
6 . 03104 H 0.01300 E 02561 H
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Table 4. Regional forecasting models for disease prevalence of rice leaf blast in Taiwan.

District B Model R? SE
Taipei Y=-16.779+0.81 IMIT-4.156 WS+0.292EV 0.82 1.11
Hsinchu Y=-525.531+97.146MAT,-5.888MAT,2+0.1 18MAT,? 0.82 2.66
Taichung Y= -41.07+6.24MT,-4.38MIT,+0.72PD, 083  1.82
Tainan Y= -69.729+2.424MAT,+0.443RH;,-0.057PR, 079  2.62
Kaohsiung Y= 26.808+2.458MAT,-0.252DS,,-0.153DS-0.375PR 096  1.87
Taitung Y=-155.389+4.62MT,+8.717TR;+0.205DS,,+0.105PR, 092  3.63
Hualien Y=-75.587-5.973MIT,+7.944MIT,+1.151RH,-0.076PR, 0.98 3.06

+1.309PD,,-0.306EV 5

MT: Mean temperature. MAT: Mean maximum temperature. MIT: Mean minimum temperature.
TR: Temperature range. RH: Relative humidity. DS: Duration of sunshines. WS: Mean wind speed.
PR: Precipitation. PD: Number of precipitation days. EV: Evaporationl.

% 5. 4R HE SRR R TR

Table 5. Regional forecasting models for prevalence of rice panicle blast in Taiwan.

District ; Model R? SE
Taipei Y,=25.027+0.888MIT;,+0.25EV,, 0.72 1.51
Hsinchu Y,= -53.698+1.048MIT5+1.973MIT,+0.064DS 0.78 2.28
Taichung Y 3= -50.237+6.212MT+0.802MIT ,+2.033MIT,-5.072MIT,-1.844TR |, 0.84 2.56
Tainan Y,=38.307-1.003MAT,,+0.012PR;-0.098EV |, 0.81 0.77
Kaohsiung  Ys=-61.063+4.503MIT;+0.352PR, 0.73 6.80
Taitung Y¢=-13.285-0.104PR,+0.343PD,,+1.454PD;+0.703PD, 0.94 1.75

Hualien Y= -185.705+10.92MIT,-7.454TR,+28.914WS, 077 750
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E 1986 & HEREEVREFFRB B SEFHERIHRLER - ME—EHAL®
BECHEY  EREERERESF - —BREREERRLEERE  HEAERTER
BARERBYKE L B (Critical date) ZFH#Al - ATEAMA O ERBV R (BKRE=01%
ZBH) ZRI 5K AEAERHERE  (DREREEAOPCREHBRBEAZARER
MR QERAAPESE - RIHBBEERABHSR (Coincidence) - HRIKNFRBEEE 10-
32 CRAGEHEME 60-100 %2R 117 HEREHSET T  RATRIMHTED 2SS BERE
EHZ 10 BESRT  A%PAFEREETHER : DY SEREHERE (Daily cumulative
predictand) » Xi 7% 16-24 C K 88-100 %z FRIBREMESH T » HLH/NFFEAGE -
HAEAMEAWT

Y=0.01340.059X5,+0.316X75+0.150X7310.137Xg3+0.130X,+0.245X5+0.033 X g6 +0.153 X g7+

0.375X0510.375X 11, ‘

FAEARUMH A RAMEEASRAIRKBR LR R B ARG ETHE
(leading indicator) »EBRES Y = 24 -EBRA AP HIRALERE 4 H 10 B (BidEHR#E 32 %) XU
A - EREERG 1A - MHIRIERFRIRAE > AR REM > FTHEER > IFEABRIHRK -

2ARBERMBRERTABOD

RERAEFR > ThRPERMBRET - RBERTHEMBEZEF (clement) KHRH -
B RERAUTEAAMGEERERFANEE - ERAFRRAEE Y - S8l - #
B ERHE  fR T BRETHAIE o KR iR R ) B AT B - BN
g 125 RAZRBEZ 2GR WAL FHLEEr 915 (days until disease onset, DUDQO)
B e (days until maximum disease incidence, DUMDI) Z #;EE@#E R (¥ 6) > i LA Gompertz
# 5, Yn=exp[-Be(-kt)| 3% &3 BHEAKR - B LAER > AfUE2fABERRBERFL
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Table 6. Ridge regression models for forecasting curve elements of rice leaf blast epidemics

Element Model R2 SE
r Y =-0.217+0.0154MINT; 0.684 0.316
DUDO Y,,=31.732+0.209RH89,-0.068DWP,-1.714TR; 0.991 0.009
DUMDI Y,,=64.869+0.6243RF,-0.1264DWP,-1.8702TR, 0.976 0.024
3. R B AT

MYIREZEMAMZHIE > 21T 1980 ER L% > F5RFLREIEVFERENERRE
B EABEHNSIL  RABHEABEREMESINLTE -

1991 EREBEH T HBERELRBSHZEAE 8 BfAH > BEA/NH 200-1,000 F 5 L4
RA%E - iR A AR (Quadratic sampling)  HHEBEERETHR > AR —FHLARA
- UAAERMATHREEEAE (%) - Ak EASEERAVREMRTE - BEMEdER
(Index of dispersion) - BEEE$58% (Lloyd's index of patchiness) - Rook BEHEEt & > Moran’s I
W R ZeR% % O +HR8 (Spatial lag autocorrelation) » ¥ EEMRBRHRM T MHEE - 14 - I
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7 BT S T BT EL B M SR I LUK R o SRR B 5 1 IR BEEE AR (Gradient analysis) e

SAFEERINE T R SR R THT  HIUBHAE S B FHIRREHE 3.79-35 %M »
IREMAETEF I RIRERE 7.94-1661 %zl - A—BAEHNARRELEREEESR - /i
5 2 7 BESCIE B (index of dispersion) & Lloyd's BERIEB(DIG AR | - T RERBKER
Rz ik 2R SR S R > IR EWE (aggregation) Z R - HEEEIEHZ K/
AR ERECUNAEHIAAMAEZR ; HRHRIBE T LBMELERERRE » B MTuZE
o BRAENREE ) S A AN E BHRISEES 1.03 - MIR/EHEM C £ 6.22 - H4t > Moran’s
K RET B RAADN ES S8 BBIZIHKAR 196 > EEA%a=005 - %%
F-FAEARRKEEN/NFREREEE—HANMER > WE 1 - X 8 5IF Rook's HFtE
B BRI R EE - P sp (R RENERE - FARRERER sp BEN/IMEBHRESES
TR FRAG - XSETE—FAEEN z @E AR 1.96 (FEEAEE =005 - HE—HEH
HIZETR BVR 4 0 1 2 FERE Y o

HIRENBRNBNSHMEEESEEE RE2 - B2 X7FEL A EREHERS
MERFRERS  WHEESRESESER  BETRRRFEMNAEMNE - 8/8 BRAEH
MR LERRRE  TEERER - HANEENES -
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Table 7. Indices of dispersion for rice leaf blast in Henshan and Omei.

Location Plot Mean disease  Indexof Lloyd’s index Moran’s I statistics
severity dispersion  of patchiness Moran's]  E(I)? V(I | Z %

Henshan A 21.48 7.15 1.29 0.615 -0.005 0.003 12.14
B 8.24 21.88 3.54 0.575 -0.002  0.001 19.80

C 34.82 9.43 1.42 0.689 -0.002  0.001 19.87

D 3.79 4.37 1.89 ~0.395 -0.002  0.001 13.77

E 29.82 1.37 1.03 0.517 -0.004  0.002 11.19

Omei A 7.94 10.32 2.17 0.801 -0.001 0.001 35.33
B 16.61 18.65 2.06 0.666 -0.001 0.001 29.05

C 4.76 25.84 6.22 0.755 -0.002  0.001 24.82

z.  E(I): Expected value (I).
aa. V(I): Variance (1).
Xx. | Z|: Observed value for testing randomness.
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% 8. FIA Rook’s 5+ & MIBR HEFS BUR PRI S 5 5
Table 8. Results of Rook statistic for testing randomness of rice leaf blast.
Location L R sp b w lags BW E(BW) V(BW) 1ZI

Hensan A. 6 35 30 46 164 1 46 130.29 46.80 12.25

B 1 99 286.34 76.50 21.36
2 118 270.80 77.27 17.33
3 138 255.27 75.81 13.41
4 128 239.73 72.06 13.10
5 125 224.19 66.06 12.14

C 10 44 30 239 201 1 151 410.85 202.71 18.22

2 181 383.99 189.66 14.70

3 205 357.13 176.51 11.41

4 226 330.27 163.31 8.12

D 10 55 5 134 416 1 181 382.15 144.98 16.66

2 193 358.15 139.29 13.95

3 204 334.15 131.34 11.31

4 216 310.15 121.19 8.51

E 7 35 30 147 98 1 137 215.92 103.00 7.73

2 133 195.68 93.72 6.42

Omei A 20 50 10 196 804 1 198 608.89 198.41 29.13
2 274 586.80 197.69 22.21

3 290 564.72 195.53 19.61

4 297 542.63 192.08 17.69

5 311 520.55 187.28 15.28

B 30 33 35 186 804 1 256 588.58 184.79 23.55

2 281 566.34 185.04 20.94

3 368 547.10 184.28 13.16

4 375 527.85 182.63 11.27

5 406 508.61 180.05 7.61

C 16 35 10 89 471 1 76 286.30 81.40 23.25

2 101 272.64 82.21 18.88

3 113 258.98 81.71 16.09

4 115 245.32 79.86 14.53

5 134 231.66 76.69 11.09

L: Line
R: Row

sp: Critical value of disease severity.

b: number of black lattice.

w: number of white lattice.

BW: number of black and white connected lattice.
E(BW): Expected value (BW).

V(BW): variance (BW).

I Z): observed value for testing randomness.
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Fig. 1. Distribution of rice leaf blast in fields.
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Fig. 2. Map of severity of rice leaf blast in Henshan and Omei.

A, Three-dimensional response surface.

B, isopath contour map of the disease fields.
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a0 2 R Xanthomonas campestris pv. oryzae (Ishiyama) Dye Fi3|#2 » B&#®E
ERERES— o 1985 ELF > JRHEREEHABRESES - R FROEHRRERITS
REGEHEEHEL  E0R% - Fill BERZ K RERTEHERBIE T EIER o EEREET
BE 2R ER 0 LUBRHRRIT <8 -

1991 - HFRSHEREFMRBLZERENERBBEEZ AERRER o FIR=@ER 5
PR B BRI B 4 S R IR BAEE ¢ (1)FE F§ Monomolecular, Logistic, Gompertz & Richards 1% 32K
RRBER BB RET 0 M Logistic i X584 5 QWA Kruskal-Wallis H SR BREE
B HBETRRRBEHFEECER BRI BRRBZHMBREGTER RERHE p 85 0.0176
EERE 5.6333 /N BPERRERBHEEZEZR ) KEMERBEREE  BHREHR p
B8 0.5839 > HLEAE 03 A BRMAFEFEEZR | HBRTRAKRZENBRBEER  URE—
RAB - BRESER ) KHKREHEp @R 00176 » BPRERBZEFEEFREZER -
M S E— B B R AR B BUK R IR R A BN < RO 0 50 AR RIS p {EF 0.8933 0 TH
BRI p B 0.8731 » ¥ RKOEE A o BT R I8 A0 49 B 9 2 B K VR HE B R AT AT R )

B HREFERBERSNE  FHAEELERIEEAEAERRRITFEEKERRZ
BR > LRI ERBREIETERASER - A RER > REZBENOEMRATEELE
BHEAIEEAENFRTER ACBAERE KA ZIEIER 84 - S AMHRERE QM -
B OMEKEEERRRITEREREEZ EHEMY 0 KE S %EEKYE - A HERBEELHBFL
HEMRFEAE N > SEAREEREEYTE 80 %LU LY.
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Table 9. Comparison of the epidemics of bacterial leaf blight of rice for different basins.

Category p-value Critical

Difference in mean disease incidence between different basins 0.0176 5.6333

Difference in infection rate between different basins 0.5839 0.3000

Difference in final disease intensity between different basins 0.0176 5.6333

Relation of disease incidence of FSB to proximity of the source of water 0.8933 0.2257

Relation of disease incidence of TCB to proximity of the source of water 0.8731 02714
2 F

M HBEEREHITS LNER —FEERBERSITREBRAEY  5— T AMNERERRER
FERENRIR - STRESHOEHESH  HRRERERARBRMGHER  BRPRENRR
MG HRRERSEHRRETHBITAKIR -

SEHESR » ARARKRERTRNWESE  FERAMK T HEREE - BHA - S HREAA
WEMEL  EREREARESRSER > BEHEN - TR AR HERAEN > URE
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LA H REENES 5K EHRNBE BB (Geostatistics) R RBTSS : FIE %
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BHIME  aBEEFENHRRRERERE - Wit MAB5ERKFE RERTSSHEE
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(12) et H R EABAERERITRZER

Feature Articles

Application of Statistical Methods in Epidemiology
of Rice Diseases in Taiwan

Yih-tyang Huang? and Tea-yuen Huang?

Summary

Epidemiology is the science of populations; the study of the development and spread of
disease as well as disease forecasting and management. In Taiwan, statistical methods have been
used to study the disease epidemiology of rice leaf blast since 1979. In development of disease
forecasting models for rice leaf blast, the infection rate was calculated based on the Gompertz
growth model; key climatic variables were selected by the principle component analysis; and
models were developed by the correlation and regression analysis. In evaluation of fungicides for
controlling leaf blast of rice, the Monomolecular, Richards, Gompertz and Logistic models were
used to describe the progress of disease; Duncan’s multiple range test was employed to determine
the difference between infection rate, AUDPC and disease severity as the parameters for fungicide
evaluation. In the spatial pattern analysis of rice leaf blast, Rook and Moran’s I statistic, and spatial
lag autocorrelation methods were used to test randomness of disease. Three-dimensional mapping
method and disease gradient analysis were used to determine the disease focus and direction of
disease spread. In the study of epidemiology of bacterial leaf blast, the Monomolecular, Logistic,
Gompertz and Richard models were used to depict the progress of disease; Kruskal-wallis H
ANOVA Test employed to compare the disease incidence at different sites of the same basin to
proximity of source of water; and correlation and regression methods were used to build up the

forecasting models.

Key words: Statistical methods, Application, Epidemiology, Rice disease.

1) Taoyuan District Agricultural Improvement Station.
2) Institute of Statistics, National Tsing Hua University.



