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Fig.1 Distribution of test sample pointsin Jiangsu province
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TERFFE X Ik 90 ASWLIAE S, & $E 60 AN MIIAE
AN IRTEIIAE K S50 etk BE M= SuE A T
AT A HoAth 30 AN WL s (1) A&/ N2 AR TE I AR K S 40
FeRE BRI SR AR F TR L, WA LS 2012
FRBEE, REXFREXTS 54, 2014 FHEKE. &
NAKEXE 5 4. HTL/DNZHIEI RGP R
MEAIE, BERE SR, SRR NERG
25d A CALECKRID AFRERRIEEER T o S
RAIOAE . FEARE ST H ISR 15.8~26.3°C, HHER
AIXTIEE 39%~87%, ZI)6/ 3 0.041~0.112, T4 4h
S 0.321 6~0.486 8, il a4 11.9%~31.8%; ilE
FEA H#H S 171~251°C, H5 S M0 EE
47%~T76%, L¢3 0.042~0.099 5, UTZLAM iR
0.3217~0.507 2, JilHHE%L 11.2%~32.1%.
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£ 1 AR AR H SRR S &N R TS
TREURIM S R S ASFEHA R E H SRR S &N E R
BRI 15 T 2R A O R B R AR R, 1T BLAS [RI A ) R
& B R 2 RWAATE— E R IA M, A I fa) R
& H AR 2 R A PR B B KF, i 3 HIYRIR
5 5 BRI SR ECN 0.93, 5 HYAIRS 7 HY
RN 10 H SR B AR DS = 5053008 0.96 F1 0.91, 7
H¥%RS 10 HSSUR B RE, HAHXR RS
0.97. IKFTAS RIS 8] R H 38 0] ) v FE AR S, AT LA
HEAT 22 B ) R H SR B AR L e A B

x100% (3)

*1 FRMEREBHKESZNEFRBRHE
R EE S
Tablel Correlation coefficients between average temperature of
different time scale and disease index of wheat scab

3 NS MRl 7 BB

WS Byl

paa Do Dalvaeme LR AR GRS
index temperature 3days 5days 7 days
Hiy<iR 011 1
IHHAU  0.75** 0.41* 1
5 H¥AE  0.77%* 0.25 0.93** 1
7THESER  0.72%* 0.18 0.83** 0.96** 1
10 AR 0.62+* 0.31 0.80** 0.91** 0.97%*

E: B3 (P<0.05), **EE (P<0.01), FH.
Note: * represents significant (P<0.05); ** represents highly significant
(P<0.01). The same below.
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*2 AFEMBEREBH=ESEMNEESZNE
FERFIFRHEREXRE
Table2 Correlation coefficients between average air humidity of
different time scale and disease index of wheat scab
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Disease [¥ Daily AvgkriairiMEAveragefE Average air
Data index  averageair oA or humidity humidity of 7
humigity UMY Of Tt S s days
Y 3days ay ay
HigmxhegsE 047 1
SHWHME e grgw 4
|
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SHIMMANE 00 ggorr o1 1
B
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THIHREE 6 egen 0480 0.77%*  0.91** 1
JE
10 Eiﬂﬁmﬁ 0.63** 036 0.70%*  0.83** 0.93**
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TEORHK DU 18 1 AE 1055, KORIB IR JLR . I
BRI GRS EAE 37.2%~62.3% [, £ HRE it
PSS AT 44%~62%2 7], BIREK, Z5E.
I SR ER S A R AR S RS E B A K S
dabr, 2 A R I A SR S R febr .
WE FMm, AMEAFTRRN S IR0, Bk
AR BE PR AR AT, S S AL (1) B R

[ 1=9.573x-29.555
| R=0.584 5 (1=60)

S
[y
N
w

[ =0.002 6x-6.910 1
| R=0.608 4 (1=60)

)
[=)}
%)
(=)}

N
~
T
[
~

Rl
T
o
T

I 455K Disease index/%
=

W45 %L Disease index/%
=

) 0 . . L . )
68 6000 10 000 14 000
H: it Biomass/(kg-hm2)

b. A4k

b. Biomass

3.6 44 52 6.0
IR AL Leaf area index
a. MFTRIBUREL
a. Leaf area index
- 45  y=0.505 9x-5.678 4
R?=0.574 6 (n=60)

(%)
N
T

5]
~

—_
oo
T

Rel
T

I 455K Disease index/%

0

25 36 '4‘7 P l 6 80
I -4 2 % B Leaf chlorophyll content/%
c. MR i
c. Leaf chlorophyll content
B2 X Et@mRissi. AHERTEELE
57 ERRERKA KX R
Fig.2 Relationship between leaf areaindex, biomass and leaf
chlorophyll content and disease index of scab in winter wheat
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[ 4 /N A K S H 5 18 BOL IS Fa bR 2 18] & BRI 480
BIE, 0 T &/NE LALL BRI GRS RS
EIETEFR PRI M B R (R 3), BIEICIEFRIRE 51,
B NIR GEZAMERD RT#E. RED (DB K
%, NDVI (H— L ZEEMBIEED. RVI (LLEE B
%0 A DVI (EEREERED.

*3 ZNEWTRERSHGERBBIERZ B HHEXRE
Table3 Correlation coefficients between growth parameters and
remote sensing spectral indices of winter wheat

MERREE NIRRT pep ogy

A/ VR Leaf X Near

Data LAl Biomass chlorophyll infrared . eflzeclf:gce NDVI R
content  reflectance

B 077 1

RSN

tji_,? 0.63** 0.63** 1

O

&';;Rz 0.69** 0.65** 0.68** 1

;;Z —0.77** 0.77** -0.66** —0.44* 1

NDVI 0.85** 0.83** 0.77** 0.70**  —0.94** 1

RVI  0.83** 0.86** 0.74** 0.67**  —0.93**  0.97** 1

DVI  0.82** 0.78** 0.78** 0.95**  -0.69**  0.89** 0.85**

HE 3 B, /NGBS e brAH B
Z IR R RECR/ANE FAE], Be/MEN-0.44, fRKME
N 0.97, i A AN [R] B BE FR AR 1] A 1 m IR —
NIR S if % F1 RED J i % 2 [ FIAH G RAIG, A OC
KR, ZEERFELDEEKICE SOV S HEE
YENERKIBUFHT, RHLLARUIE 8, RS ZE 2 PR,
LA B SO ZR A N 5 A/ NI ZERT, X
MRS, H RS R AN, LA B U R
ARG, 1% — N TR B 615 s S5 R AE A IE 2 2 Ay it
AT AN AR B I ) R R . NIR TR
SAMEYE SR R AEAE O, MR R =067, HA,
5 DVI WAHG R, X RECN 095, RED &
H=AE A A AR R, 5 NDVI A R 5
I, FHRRECH-0.94, —AME B F8 BRI B IEAH O
KF, =FNMMZREEI =085 NDVI 5 RVI 2 i
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0.63, LAl 5A:Wy& 2 [a] A % S8 ok, HAE N 0.771 5,
(B S il T 4 /NF2 e B ik e 555 1R PR R B i R Y A ek

#* 3, B RED TR EAFRLNELEKSHEIN
AR KRR LIS, NIR A% NDVI. RVI ELJ DVI 5
ANAEMNEERKSH 2 BRI IR R NDVI 5%
N LA Z A PRS- 3 T IAH ¢ R4k 0.85;
RVI 54 /N2 ey A oM e, HAH I RECH 0.86;
DVI 5 & /N2 ik SR 2 & s A A SRR T, A oG
FEON 0.77, KBk, ASCESE NDVIL RVI F1 DVI 4 5IfE
NENE LAL AYE g R e g (EUED
IR O 28 H DU B A /N2 7R 800 1 18 B0
AR AR
2.5 ZNEFREHFFEREEBMGNREE S 50E

W8 2.4 7347, BT &N FEEKSH G EIRCEE
B B BEAR O, AT LURIAH NDVIL RVI AT DVIE =4
BB AR R B G AN LAL D I ik R
FTEEANEKRSHTER., 44 21 ~23 o,
ARHIER: 5 HWARIR. 5 HYZESMXHEE . NDVI,
RVI il DVI AAGURFFIE N AR, &N EREWHHE
THEIREE R &, MR T SER RS s B
FA) 5% 5 90 975 175 T8 BOE AL A (winter wheat scab
remote sensing estimating model, WSRSEM) , PLSZHLIX
3 RUBE 4/ IN 2 A 01 7 0 i 155 8 4 P e SR A o

WHDI; = AXTEM; + B xWET; + CxNDV/|,

+DxRVI; + ExDVI;+F (4)
7 WHDI,; ( Disease index of winter wheat head blight, %)
Ak G TR B A /N A AR AR B I T 2L, TEM,
CCH MNEILRIER 5 HIAE, WET, (%) ~NEICR
FER) 5 H )2 SAHAHERE, NDVI NG T R IH—1b %
HEBEE, RV NGO EMER RS, DV A
BICRE 2GR E%. AL B. C. D. E I F 91
B, %8 0571, 0.157. —32.22. 1.314. 20.239
H1 6,522,

Bl 3 A A&/ INZ O 1 T 7R 005 1 4B B S ME 5 Ak DU
HZ R ARE, WTLUEH, W5 X EIERE S AN
URAEIR E R S TR B 11.2%~30.1% 2 7], 2 H0FE 5
TR 16.7%~26.9% 2 [A], Ff &A1 ZE FAER IR . 2012
SRR 2014 AFRAZAT T X 4 A /N 22 AR BRI 0 T L R AR
By, XA/ PR R R OKRE N, R 51 BT
FEAR T B OGvE, A 5T B BA IR 3k A5 4k H 2
AN R ERIGEIG . B 3 PR B s 5 A4
THEBN—8, g RBUN 0.755, BANHIRE MIAHRZE Rk
bh, ZHOPE BN IR 11 R % (K 3HEL
i, RMSE (root mean square error) ¥ 5.3%. AHX}i%
729 9.54%. 15t A FUA R IR 0 U R 3R 5 OIS B

B RV & /N TR B T PR BB I A Y, A L A
TAERE, AT LA B L 2 XA /N2 U AR 3 708 20 (X AT 2
fitil o

B 3 AR AR E R R 48 A5 M S 45 M 69 P AR
Fig.3 Comparison of measured value and estimated value of
winter wheat scab disease index
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REITERE R T SRR R AR & /N2 50 R
SRR, A0 ME SRR 2 IR %S 5UE Bk A
Wr 2 INZE B R G DL, 1R IR v A R G5 B e bradk
ITANEREME, SR, FHik, 281X =877k
IR S5 s AT & /N o A B DR it 72, )T
P 1 A6 /INF 9 25 1 S R 2R AL B e 5 3 T 1

FL X T 4 /N 22 595 1 0 973 (2024 308 e W U JT
Bz, T T AR B A A Ao A 9228 A NS
SRR AR SR IR BESESER R RAK RS,
P e AL AR 8 B R DA K% P ) A A 2 L ) ki) 2
KPR AR FEAERE R (HEEAM Y
MR R¥ESH (CEYE. MR Esm e
e R e USRS S (NIR k%, RED
SAFE L NDVIL RVI AL DVD ST M oe,  HoAh s
IR Wb Y« 6 RE DL RO T A v 75 g — 2D L. 7E T
NBEFEH R R 7R H SR B SR
Xt A& /NFE R B (SR T 220 I AR Sy b 2 I (]
R (1d. 3d. 5d. 7df110d) HBSIER S AR
VR 5 /N IR B P AR A B OG R A L, g
G T 5 HB/SIRM 5 HIYZ SARRHRE &N E
TREIR R A E B AR, X AT AT 78 4518 M B i
WREEE.

ARHIE T BT A /N2 U A% 1 75 B3 993 1447 38 S A 0 7
T, PUONGRAE IR VI X IR AT 4N 2 AR B BT VA 1) 5%
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Estimation on winter wheat scab based on combination of temperature,
humidity and remote sensing vegetation index

Li Weiguo®, Huang Wenjiang?, Dong Yingying?, Chen Hua®, Wang Jingjing®, Shan Jie*
(1. Institute of Agricultural Information, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, Ching;
2. Ingtitute of remote sensing and digital earth, Chinese Academy of Sciences, Beijing 100094, China)

Abstract: Scab is one of the main diseases of winter wheat in Y angtze-Huaihe River region in China, whose monitoring and
forecasting timely in large area will help to adjust the pesticide spraying measures reasonably and realize the purpose of
reducing disaster and increasing yield. In this study, we carried out remote monitoring tests of winter wheat scab in 4 counties
(Donghai, Lianshui, Taixing and Dafeng) of Jiangsu Province in Yangtze-Huaihe River region, analyzed the interaction and
relationship between winter wheat scab characteristics, climatic factors, growth parameters and spectral information, selected
major scab’s sensitive factors, and established the remote sensing estimation model of winter wheat scab disease index based
on interactions between spectral information and climatic factors. The results showed that: 1) There is a good
correlation between the daily mean temperatures in different time scales, of which the correlation between the daily mean
temperature of 7 days and the daily mean temperature of 10 days is the highest, and the correlation coefficient is 0.966 5. The
correlation coefficient between the daily mean temperature of 5 days and the winter wheat scab disease index is the largest,
which is 0.772 6, indicating that the daily average temperature of 5 days in different time scales has the most obvious effect on
the occurrence of scab in winter wheat. 2) Similar to the daily mean temperature, there are different degrees of
correlation between the daily mean relative humidity at different time scales. The correlation coefficient is the largest between
daily mean relative air humidity of 7 days and daily mean relative air humidity of 10 days, and its value is 0.933 7. The daily
mean relative air humidity of 5 days has the highest correlation with winter wheat scab disease index, and its correlation
coefficient is 0.784 2, higher than the daily mean temperature of 5 days, which shows that the daily mean relative air humidity
of 5 days has a higher influence on winter wheat scab than the daily mean temperature of 5 days. 3) There is a positive linear
correlation between winter wheat biomass, leaf areaindex (LAI) and leaf chlorophyll content and scab disease index, and the r
values of the linear trend fitting are 0.608 4, 0.584 5 and 0.574 6, respectively, which reach the significant level, and indicate
the large population density, high canopy density and over vigorous growth of winter wheat are the main incentive for scab. 4)
Remote sensing vegetation index such as NDVI (normalized difference vegetation index), RVI (ratio vegetation index) and
DVI (difference vegetation index) has a good correlation with winter wheat LAI, biomass and leaf chlorophyll content
respectively, and their correlation coefficients are 0.851 6, 0.854 9 and 0.772 7 respectively. NDVI, RVI and DVI can be used
to replace LAI, biomass and leaf chlorophyll content to participate in modeling. 5) Combining 5 sensitive factors i.e. NDVI,
RVI, DVI, mean daily temperature of 5 days and average daily relative humidity of 5 days, we establish the remote sensing
estimation model of winter wheat scab disease index based on interactions between spectral information and climatic factors.
The estimated value of the model is consistent with the measured value, root mean sgquare error (RMSE) is 5.3%, and the
estimation accuracy is 90.46%. It shows that the estimation model in this study can effectively estimate winter wheat scab in
Y angtze-Huaihe River region in China.

Keywords:. diseases; estimation; temperature; winter wheat scab; spectral information; relative humidity; growth parameters;
Y angtze-Huaihe river region



