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Combined canopy spectral and leaf physiological observations in
model development for wheat stripe rust detection
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Abstract This study attempted to combine measurements from both passive and active sensors to form a retrieving
model of wheat stripe rust severity. In a disease inoculation experiment, besides the survey of disease severity,
measurements of both the passive canopy spectra and active foliar fluorescence were carried out at two key grow-
ing stages. Prior to model development, a feature selection protocol is implemented to identify optimal features
serving as model input variables. Based on different combinations of the selected features, the retrieving models of
disease severity were developed and compared using the partial least squares regression (PLSR) method, to deter-
mine the best feature combinations at different growing stages. The results based on the optimal spectral features
and leaf physiological observations on Flav (flavonoids), Chl (chlorophyll) of different combinations at wheat
flag, early filling and grain filling stages had a better performance, with a precision of r*=0.90, and RMSE=
0. 026. Compared to spectral characteristics alone, comprehensive canopy spectra and leat physiological observa-
tions improved model accuracy by 21% , showing that the combination of the two kinds of data could improve the
disease severity estimation precision. The study can provide a new pattern and idea for the development of wheat
disease monitoring instrument.
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Table 1 The names and forms of vegetation indexes for wheat stripe rust disease monitoring
432 Category TH 5%k Vegetation index P18 A5 Description JCHR Literature

Sk BRI e R NLI (Rnr? —Rr)/(Rnir? +Rg) [17]
Broad band RDVI (Rnir —RRr)/(Rnir +Rr) %5 (18]
spectral feature NDVI (R —Rr)/ (Rnir +RR) [19]
GNDVI (Rnir —Re)/(Rar+Re) [20]
SAVI ((Rnir—Rgr) * 1. 5) /(Rnig +Rr+0. 5) [27]
SR Rair/Rr [21]
MSI (Rnir/Rr-1) /(R /Rr) +1)%? [22]
SIWSI (Rnir —Rswir) / (Rnir +Rswir) [23]
TVI 0.5 % (130 * (Rnir —Re) —200 % (Rr-Ri)) [24-25]
7S U B A S B PSRI (Reso —Rso0) /Rrso [26]
Hyperspectral GI Rss4/Re77 [27]
vegetation index SIPI (Rsoo —Ruas) / (Rgoo —Reso) [28]
MSI Risoo0/Rsig [29-30]
NPCI (Reso —Ruz0) / (Rego +Ruzo) [31]
ARI (Rs50) 1= (Rego) ! [32]
DSWI (Rsoz +Rsa7) / (Russ7 +Resz) [33]
NBNDVI (Rss0 —Reso) / (Rsso +Reso) [34]
NRI (Rs70 —Rg70) / (Rs70 +Rero) [35]
WI Rooo /Roro [36]
PRI (Rs31 —Rs70) / (Rs31 +Rsz0) [37]

D RarFRITLLAME B % Rr 2R Al WG — 20 B I T %6

Ruair: Reflectance of near-infrared band; Rg: Reflectance of red band.
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Fig. 2 The correlation analysis of wheat whole growth

period spectrum characteristics and DI
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Table 2 The precision of the inversion model of wheat stripe rust disease severity at flag leaf stage and grain-filling early stage

Ari 2l 4 Combination of variables R?(SFHy,) RMSE(SFy,) R?(SFus) RMSE(SFys)
SFs 0. 891 0. 027 0. 520 0. 057
Sl ey 0,509 0,08 0.5 0.0
SFs+NBI 0. 891 0. 027 0. 507 0. 058
SFs+Flav+NBI 0. 902 0. 026 0. 537 0. 056

1) SFs RRIGHERHE s Hyp FRom i i6i s MS Fm 2060k (k4 & L P &bis . FIE.
SFs: Spectrum features; Hyp: Hyperspectral; MS: Multispectral; The dotted line indicates the optimum combination. The same below.

MA IR /N2 ST s Gl A g4
5 Flav 78RR R GE 2 B0 R iR 2 0. 9055

ZICIEBAR RS Flav BB R® fE20. 549,
G5 IR (R 2 AT Flao £l A B8 (5]



42 5 2 SRR A A5 T2 G A R A UL £ /)N S 2% 55 9 M D ASE AU B 5 < 43 -

4 A ERIIE B S B AR Y 2 B E a5 W R A R IR B TOEIE R AL . SR SE
G IR g T R R R R AN RS 5 Flao fEAEERU/NAE ST I S Uil .

x3I ERPPMEZFFRFBCFEERERIUBE

Table 3 The precision of the inversion model of wheat stripe rust disease severity at grain filling stage

A5 204 Combination of variables R?(SFHyp) RMSE(SF ;) R?(SFus) RMSE(SFys)
SFs 0. 730 0. 144 0. 335 0. 225
SFs+NBI 0. 737 0. 142 0. 630 0. 168
SFs+Chl 0. 739 0. 141 0. 424 0. 210
SFs+Flav 0. 761 0. 135 0. 522 0. 191
SFs+NBI+ Flav 0. 752 0.138 0. 704 0. 150
SFs+NBI+Chl 0. 739 0. 141 0. 472 0. 201
SFs+Chl+Flav 0. 770 0.133 0. 714 0. 148
SFs+NBI+Chi+Flav 0.734 0.143 0.713 0.148

R4 BIEBHNEEFRFBFEERERIBE

Table 4 The precision of the inversion model of wheat stripe rust disease severity on the whole growth period

2204 Combination of variables R?(SFmyp) RMSE(SFpy,) R (SFus) RMSE(SFus)
SFs 0. 387 0.192 0. 338 0. 200
SFs+NBI 0. 585 0. 158 0. 565 0. 162
SFs+Chl 0. 590 0. 157 0. 574 0. 160
SFs+Flav 0.416 0.188 0. 524 0.169
SFs+NBI+Flav 0. 594 0. 156 0.576 0. 160
SFs+NBI+Chl 0. 531 0.168 0. 502 0.173
SFs+ChitFlav U, 52 6, 1ol 0, 620 0, 1oL
SFs+NBI+Chl+Flav 0. 541 0. 166 0. 610 0.153
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Fig. 4 Scatter plots between measured DI and estimated DI at flag leaf stage and grain-filling early stage
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Fig. 5 Scatter plots between measured DI and estimated DI at grain filling stage
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Fig. 6 Scatter plots between measured DI and estimated DI during the whole growth period
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