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Fig.1 General situations of study region
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Table 1 Remote sensing data and meteorological data used in this study

Hutne KA I WEECA/ZH) R geR R HER (days)
03/14
LS GF-1/WFV 05/18 16m 4
06/17
Climate Hazards Group InfraRed Precipitation with
. [19] 04/01—05/11 0.05° 5
) Station data ( CHIRPS) """
B
level-3 MODIS global Land Surface Temperature
04/07—05/09 1km 8
and Emissivity 8—day data (MOD11A2)
1m’
g
=2
B2 AERAETERTREE

Fig.2 A schematic diagram of sample selection
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F/INZE IR WA TR (R 7
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Table 2 Vegetation index used in this study
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A —fb M B a5 NDVI PuirPrea) 1 CPritPrea) Rouse et al., 1974, >
HETm R B FE EL EVI G (prs=pra) | (ot Cy X proatL—Cy X pyutL ) Huete et al., 2002, >

PRI  JE T )12 et S 030 B A T ) 20, e PR SRL 8 R R A A 1
MUIABE SRR bR, 4 T 2 . HENREER, 8¢5 1 BA) B4R 51 /N ol
WA T, A/NEARKEIAM SRR Z 085, R WK, R A i, m
T, BEIAFIEEIIIEX 2014 4F 4 F 3 2014 48 5 F da) 4 8 B SF-24 4 2 06 5 4 5
H SRR ( LST,.. g .~ Precipitation,,, s 4, ) AER ORI W AR TR f) 57— 70w A AR

WFFER N FEAS T KRR SAFAE R -5/ N2 ORISR TR (#23).
S5 B8 NDVLee s EVLger LST g . F1 Precipitation,,, s_y,.. 19 T 4 56 P {H ¥/ F 0.01,
PR REAE R -5 PO & A AT B35, T/ INAZ FRis W A Y Fry ey s

3 HEXEMTER

Table 3 Correlation analysis results

- , .
Ak NDVL,..,. EVL LST, i Precipitation,,, s u,.

T R BRSO 0.0, 7 AR B S K 0.001
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Fig.3 Standard Q-Q diagram of characteristic factors
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Table 4 The results of characteristic factor normality

ND VI crsee EVILonee LST 0 5 daye Precipitation;e, s day
Shapiro-Wilk 1EZSPERIG Y P {E 0.085 0.613 0.103 0.141
Y S Sz, R104 . S A /\ ANY
WEE R AR A e /N 3 T X 45 AR AR R 743 A pRE S A TG, 36 5 912
T & SHOT R LG S5 AU
x5 WMEER
Table 5 Fitting results
FEIER T 53 A1 AL J o
NDVI, e 0.6888 0.0269 0.3
EVL,.... (x-u)? 0.6225 0.0664 0.34
average (x) = ex| )
Ry T
LST o gare 11.17 0.0669 1.14
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120 ;
100 ou 120 100 e
100f(X>{ 2 S (x) {
- 100 {
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= 80 —0.6888 0=0.0269 = 80f
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= 60 1 = 60t i
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i | o L
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Fig.4 The relationship between characteristic factors and the wheet health status
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K P (NDVL,,,,,.) . P (EVL,..). P (LST, ¢,.) Fl P ( Precipitation,, s_4,. ) 43 3 A4 i
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BORH RS B NE TR X 4y, DR SRR BEE T, I EL 50% 1 8 R
KRG, BN HEERY MEERE (P < 50% ) FIESR (P >50% ). HAMIFFEIRTEEL T
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Fig.6 Probability distribution map of wheat disease in the study area
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Fig.7 Wheat Powdery mildew monitoring results using three methods, including classification and

regression tree ( a ). Random forest ( b ) and probabilistic model ( c )

2.2 HEETAL
KI5 T FH S i A B b, WOR R — kB T W 5 SR RS BE TR UE . 25 Wy
P EEE SRR VE R . AR nﬁﬁﬁ\%ﬁﬁﬁﬁK@m%ﬁﬂ%m
6 HIELNLEREBEBIE

Table 6 The overall verification of the monitoring results using various methods

SEBRAEA S, JRiIRE S

(L SiyiReS W2k ARG Kappa 2%
) e ik | .
Yiadees 28 1 29 96.55  83.33 0.63
i 7 12 19 63.16
B ElEL ) \
pogil] 35 13 48
il K 80.00  92.31
Jiides 26 2 28 92.86  77.08 0.50
R 9 11 20 55.00
FEAILARAR
poyil] 35 13 48
il K B 7429  84.62
Yz 26 0 26 100.00  81.25 0.61
R 9 13 22 59.09
M3 AR R
S 35 13 48

il A 7429  100.00
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Fig.8 The mis—probability distribution of the wheat powdery mildew monitoring results in the study area
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Wheat powdery mildew monitoring using probabilistic model
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Abstract: [ Purpose ] Wheat powdery mildew is one of the serious crop diseases that affect

the food safety in China. Integrating multi-source information ( Earth Observation—-EO,



92 - XUMEE A BT A 2/ N R e D 72

30 1

meteorological, etc. ) to support decision making in the sustainable management of wheat
powdery mildew in agriculture is demanded. The purpose of this study is to acquire detailed
spatial information of wheat powdery mildew using remote sensing data and meteorological data.
[ Method ] The GF-1/WFV remote sensing image of March 14", May 18" and June 17" in
2014 were used to extract two vegetation indices including normalized difference vegetation index
( NDVI ) and enhanced vegetation index ( EVI) . Meteorological data including Climate Hazards
Group InfraRed Precipitation with Station data from April 1" to May 11" and level-3 MODIS
global Land Surface Temperature and Emissivity 8—day data from April 7" to May 9" were also
used to get the parameters delineating the environment condition such as average land surface
. In the field work,

42 field sites were collected in study area and the degree of wheat powdery mildew in these sites

temperature ( LST ) and average precipitation ( Precipitation,.,_s_g,. )

per-8-days
was recorded. An independent t—test analysis was used to test the difference between disease
and healthy sites based on calibration data. Those vegetation indices and environmental factors
showed a statistical significant ( p<0.01 ) and were identified as optimal explanatory variables
for developing the powdery mildew monitoring methodology. The powdery mildew monitoring
methodology based on probabilistic model was established to monitor powdery mildew occurrence
of wheat in Guanzhong Plain, Shaanxi Province. The result obtained from the probabilistic model
consists of the distribution of possibility of infection, the monitored map of powdery mildew
and the distribution of possibility of misclassification. The distribution of possibility of disease
infection could represent the wheat landscapes as continua. The monitored map of powdery mildew
was compared with results of monitoring model developed using classification and regression tree
( CART ) and random forests ( RFs ) . The accuracies of models respectively based on validation
samples were obtained to evaluate the difference of performance of the models. [ Result ] The
results showed that the overall accuracy of the probabilistic model was 81. 25%, which is higher
than RFs model (77. 08% ) . Although the present accuracy of probabilistic model was relatively
lower than the CART model’s, it was more stable when using different training points set, which
indicates probabilistic model has a better performance in recognizing powdery mildew. Besides,
the distribution of possibility of misclassification was consistent with actual classification of
validation points, which means it could provide references for evaluating the monitored map.
[ Conclusion ] All these results reveal that probabilistic model could be used to monitor the
occurrence of wheat powdery mildew.

Keywords: wheat; powdery mildew; multi—source information; probabilistic model; remote

sensing.



