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1-Introduction

It is possible to detect the symptoms of agricultural products diseases before the spread of the disease, by
using spectral data, advanced remote sensing methods and satellite images. The spectral indices extracted
from the red and near-infrared regions have a high ability to extract and determine the amount of disease in
the leaves and canopy of plants (Ashurlo et al., 2014). Zahirnia and Metinfar (2015) studied the
identification and classification of the vegetation types in irrigated wheat fields and the prediction of wheat
crop yield in southwest Khuzestan. The results showed that almost 40 days before wheat harvest, NDVI
and GNDVI indexes had the highest percentage of estimated wheat yield with estimates of 86.73 and 72.83.
Skakun et al., (2017) prepared a zoning map and wheat yield assessment for a regional scale in Ukraine
using Landsat-8 and Sentinel-2 images.

During this study, it was found that the fusion of Landsat-8 and Sentinel-2 images improves the
preparation of zoning maps and crop performance evaluation. Also, the fused use of these two images
reduces winter wheat yield estimation errors by 1.8. Based on the ten-year study of wheat yellow rust in
Khuzestan province, the outbreak of the disease is usually in the western areas of the province, the vicinity
of the Hoor al-Azim wetland, and the appearance of the first spots of yellow rust at the beginning of March,
and no signs of the disease are observed in the region before this date. Regarding temperature and humidity,
January to February is suitable for the appearance of wheat rust disease and its development in Khuzestan
province. Considering the strategic climatic and agricultural condition of Khuzestan province, the
objectives of this research are to detect and zoning the wheat yellow rust in the study area using Landsat-8
and Sentinel-2 satellite images in the desired period, to identify vulnerable areas and to zone vulnerability,
comparison of the performance of Landsat-8 and Sentinel-2 sensors in detection and zoning of yellow rust
disease.

2-Material and methods

Data used in this research include Sentinel-2 and Landsat-8 images, as well as field data related to diseased
and healthy areas (received from the agricultural service center of Am altamir village (Safha) through an
interview with an agricultural expert in the area of Maksar village and its suburbs. The satellite images used
in this research include Landsat-8 and Sentinel-2 images related to the period of planting to harvest. In this
research, SNAP, ArcGIS 10.5, Google Earth, ENVI 4.8, Excel 2013, and Office 2013 software were used.
Preparation of satellite images was performed in the following steps. Layer stacking, Resize Data, Quick
Atmospheric Correction, and Darksubtract were applied and finally, the image normalization, vegetation
indexes, and classification were processed. NDVI, GNDVI, and MSI indices were calculated on three dates
related to the health, onset, and peak of wheat yellow rust disease, also in the next step, wheat yellow rust
classification was performed in three states based on Landsat-8 image, based on Sentinel-2 image and based
on Fusion (IHS, GST, and BT) of these sensors images. Finally, the accuracy assessment of the outputs was
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done. The purpose of carrying out the mentioned steps is to detect and zone wheat yellow rust using remote
sensing and GIS. Identifying the most effective index for studying this disease, as well as identifying the
image of a sensor having the best classification result for this disease, are other goals of this research.

3-Results and discussions

In this research, the NDVI, GNDVI, and MSI indices were calculated and interpreted in the three dates of
wheat health, onset, and peak of wheat yellow rust disease in the study area, to identify the most effective
index to study wheat yellow rust disease in the study area. In the next step, the zoning and classification of
this disease at the time of onset and peak of the mentioned disease was done based on Landsat-8 and
Sentinel-2 images and also based on these images integration to study the process of spreading this disease
and also identifying the image that has the best result for this goal. According to the results, in the disease
outbreak area, the extent of healthy vegetation at the time of onset of the disease and also its peak compared
to the period without the disease has greatly decreased. These results show a good agreement between
disease outbreak points and plant indexes. By analyzing the obtained results, an inverse relationship can be
seen between the extent of the class having high values of vegetation indices and the peak time of this
disease. According to the visual and statistical interpretation of the results, the total area of the parts with
vegetation index values higher than 0.4 has decreased significantly with a peak of this disease compared to
the time of wheat health.

The MSI index had the weakest performance in the study of wheat yellow rust in the study area, while
the GNDVI index was the most suitable in both the beginning and peak stages of the mentioned disease.
Based on the results, the MSI index had the weakest performance in the study of wheat yellow rust in the
study area, while the NDVI and GNDVI were the most appropriate indexes. According to the results, the
accuracy of wheat yellow rust classification maps is higher than the accuracy of studied vegetation indexes.
Comparing the results of using two types of optical images of Landsat-8 and Sentinel-2 sensors, to study
wheat yellow rust, shows that the classification map of the disease in the beginning stage using Landsat-8
image and the classification map of the disease in the peak stage using Sentinel-2 image has had the best
result.

A comparison of the results based on vegetation indexes also showed that NDV1 had the best results in
both the onset and peak stages of the wheat yellow rust disease. Zoning of wheat yellow rust disease based
on the fusion of Landsat-8 and Sentinel-2 satellite images with three methods GST, HIS, and BT, and field
data was performed. According to the results, the class related to severe disease at the stage of disease onset
is wider in both GST and BT methods than the classification based on the IHS fusion method. Along with
the disease peak, the extent of this class has also increased. The IHS fusion method has the best
classification result of wheat yellow rust in the onset stage of the disease, while the GST method has shown
the best result in the peak stage of the disease. A comparison of all the classification scenarios implemented
in this research shows that classification results based on the fusion of Landsat-8 and Sentinel-2 images are
the best scenario to classify wheat yellow rust in both the onset and peak stages of the disease in the study
area.

4-Conclusion

This research aimed to detect and zoning wheat yellow rust using Landsat-8, Sentinel-2 satellite images,
and these images fusion during the period of vegetation health, the onset, and the peak of wheat yellow
rust. In the first stage, the vegetation indexes of MSI, NDVI, and GNDVI were used to investigate wheat
yellow rust disease, and finally, this disease in the study area was divided into 5 classes no vegetation cover,
water and humidity, severe, moderate and low disease by using Landsat-8 and Sentinel-2 images, and also
by fusion of these images with three methods of IHS, GST, and BT at onset and peak of the disease.
According to the obtained results, the MSI index had the weakest performance in distinguishing wheat
yellow rust in the study area. While GNDVI was the most appropriate index in both the onset and peak
stages of the disease. The results showed that the accuracy of the classification maps of wheat yellow rust
disease is higher than the accuracy of the maps of studied vegetation indexes. It can be concluded that the
classification of wheat yellow rust disease using Landsat-8 images based on the regression relationship
calculated in this research has more acceptable results than study of the disease based on the usage of NDVI,
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GNDVI, and the MSI vegetation indexes. In addition, the MSI index had the weakest performance in
identifying wheat yellow rust in the studied area. While NDVI and GNDVI were the most appropriate
indexes.

The accuracy of the classification maps of wheat yellow rust disease is higher than the accuracy of the
studied vegetation index maps. Among two output maps, the disease onset map has lower accuracy than
the disease peak map. It can be concluded that by using Sentinel-2 images, the classification of wheat
yellow rust disease based on the regression relationship calculated in this research had more acceptable
results than studying the disease using NDVI, GNDVI, and MSI vegetation indexes.

Comparison of the results of using optical images of two sensors of Landsat-8 and Sentinel-2 for study
of wheat yellow rust showed that classification of the disease onset stage using the Landsat-8 image with
RMSE equal to 0.845, as well as classification map of the disease in the peak stage Using Sentinel-2 image
with RMSE equal to 0.845 had the best results. A comparison of the results based on the vegetation indexes
also showed that the NDVI index had the best results for studying wheat yellow rust in both the disease
onset and peak stages. It can be concluded that more than one type of satellite image can be used to have
more complete results. Due to differences in the characteristics of different sensor images, the use of these
sensor images together will provide more accurate results. According to the results of this research, the IHS
fusion method had the best classification result of wheat yellow rust in the onset stage of the disease, and
GST has shown the best result in the peak stage of this disease. A comparison of all classification techniques
implemented in this research showed that classification based on the fusion of Landsat-8 and Sentinel-2
images was the best technique to classify wheat yellow rust in both the onset and peak stages of this disease
in the study area, which proves the high capability of satellite images fusion in improving the classification
results of wheat yellow rust disease.
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Fig. 1. Study area of the present research.
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Table 1. Properties of Landsat-8 satellite images (Omari et. al., 2019).

Spatial resolution Wavelength Spectral band
30m 0.43-0.45 Band 1 - Coastal aerosol
30m 0.45-0.51 Band 2 - Blue
30m 0.53-0.59 Band 3 - Green
30m 0.64-0.67 Band 4 - Red
30m 0.85-0.88 Band 5 - Near Infrared (NIR)
30m 1.57-1.65 Band 6 - Shortwave Infrared (SWIR) 1
30m 2.11-2.29 Band 7 - Shortwave Infrared (SWIR) 2
15m 0.50-0.68 Band 8 - Panchromatic
30m 1.36-1.38 Band 9 - Cirrus
100 m 10.60-11.19 Band 10 - Thermal Infrared (TIRS) 1
100 m 11.50-12.51 Band 11 - Thermal Infrared (TIRS) 2

(Polat et al., 2022) Y- Jictiw o lgnle jglas Slasin -Y Jgos
Table 2. Properties of Sentinel-2 satellite images (Polat et al., 2022).

Band Central Wavelength (nm) Spatial resolution Description of goal
1 443 60 Ultra Blue (Coastal and Aerosol)
2 490 10 Blue
3 560 10 Green
4 665 10 Red
5 705 20 Visible and Near Infrared (VNIR)
6 740 20 Visible and Near Infrared (VNIR)
7 783 20 Visible and Near Infrared (VNIR)
8 842 10 Visible and Near Infrared (VNIR)
8a 865 20 Visible and Near Infrared (VNIR)
9 945 60 Short Wave Infrared (SWIR)
10 1375 60 Short Wave Infrared (SWIR)
11 160 20 Short Wave Infrared (SWIR)
12 2190 20 Short Wave Infrared (SWIR)
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Table 3. Date of the used Landsat-8 satellite images.

Wheat status Image date

Health period 06/02/2020

The onset of the disease 09/03/2020
The peak of the disease outbreak 25/03/2020
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Table 4. Date of the used Sentinel-2 satellite images.

Wheat status Image date

Health period 31/01/2020

The onset of the disease 01/03/2020
The peak of the disease outbreak 31/03/2020
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Fig. 2. Methodology flowchart of the present research.
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Table 5. The vegetation indexes used in present study.

Formula

The used vegetation indexes

NDVI = NIR — RED/ NIR + RED

GNDVI = NIR- GREEN/ NIR+ GREEN

MSI= MIR/NIR

NDVI
GNDVI
MSI

Razban, ) s,ls 135,15 ol sleclale 4 g i
(2018
Sl lie Gil33 4 (MSI) ol ol o Ls
il oo i3l S s T a8 LalSin el Lol 5
oy IRl 5 el 1888 s> s Lix I
Sl Ol Sleis 4 el M o Dl WS
a5 Sl 0 gz e pleed plnly g o098 (wles
(LS i axdlas o ey ol Gles o S 06l o
5 Sipwol ohhs Ll (Jyame oy Saoie
MSI UL polie 0gd co dolls piwnwsST Oldlas

Lt (S ol i) ol e (a5 easmsglas
Sooro 3L e V5l i, B 5l sl ol i

Tro

Slyess Gioles NDVIE a3 ls Coje 0 ke

Bl oo (2LS b by e Jlegle 5 (Jad
el ol 5o 608 s dlaly Sl esliiul uizen
ol o Sl alexsl g 1 g ks B 99d e
3 eail g (B SIS el wle (gund o>
sadszlWol ass GNDVI asls ssi atwls yglas
o255l NDVI doles 45 1, 3o b 45 ol NDVI
gl 2l a5 ol el (pl S (oo 08 Wb
Sigy 5o Jedg S clalé 4 el Sk jsbas Sy
b olsew 5 GNDVI pl by el e 2LS
gy Elgl (S sl NDVI a5 wis o ade glosl



\ O)Lo..i: NY o)jd AREAY )Leﬁ

-

wa S e M >
a8 iy (69,5 ol e jfﬂ;uf/:#:,t&l,

poodd 3l ol peal ade Glp weSae oS
AV & D aal) oi wales Jlocl 5 Jole Lolol
.(Pohl and VVan Genderen, 2016)

aizbl

(Balal))

a, =b, —Proj, (b,) (Fakl )

a, =b, ~Proj, (b,)Proj, (b,) (Valal)
8, =b, -3 Proj, (/)

= (Aakal))

laail slaws M g sl slaylop b ga ol jo a8

a,

Crn =—

ik aizx polar (BT) g9l bows saal o,
wre Sleg, Sl Wb o ) bl g WS e Jbos )
iz 1) JusSoy 2 (o el e gy nl 0 e
ooliiwl 3,90 Sileg,Soby pgal (A5 (2lidg; 5 035
Sote Py (rl )0 S (oo Rl 1) Gl wl B e
Ssdee plal plFgiuce ad g0 50 ehigar cewl S
Aol wlal » BT 34, .(Rangzan et al., 2019)
A akail)) 05 oo Jlosl 2

BT, = MS_pan

MS,
Z‘: (Aalayly)

S MSi 5 el Seslog, S5k ugas o PAN as
BT o..\....:Cu..o‘ Jowe 55 adolss s Ga.».'a X pgeal
Pohl and Van) (\: akl) oses o olas |,

.(Genderen, 2016

- ‘d"-“))
a1 __ PAN-@, *NIR
" @,MS, + @, MS, + 0, MS,

oleiy Hlop Grale gulvaidb (g, -F-Y

(SVM)
‘T—J.._._..w 9 ACawad 4...]3‘ )"5L'4" g ‘m.\..f S,) &:)
, MSI , GNDVI NDVI _als sl _asls

frs

Mardaneh et ) cawa Y b +/f 5l olS iie olp
.@l., 2020

Sloylagdlo wolay gudds —V-Y

Beali o jhg, 5l eolainl L sasS o, K5 sl
ooty 3ali 5l Gus 0h S 5 ololids 35 pglas
Cewd (_g‘).a LQJ—‘ Slells! g/..S)J caliSes ‘_gl.avo..\m
4.».]9‘ )JsL»a.: A Caond aS Cowl ‘_g‘odlo L> Rgas Q¢)5—|
Lo (Karimi, 2016) vl (6 ypdon awbe Slelb! ol jls
Geib slp S (e slab, Sl GReeh o
o eolazul

(THS) eLal S5, oy JouSy (e 3285 39,
aloyl)) 59 o 00l 5 (Glade —glil -S5,) HSV as
9 (¥ akal)) () S Slelbl S5e jsbas wily oo o)
L1, RGB pgas &G (F oY akl) S H) ol
Pohl) oS S5 5 70 a4 (2ol Jow 5l oolax!
.@and Van Genderen, 2016

R
I B BB g
vilel L L 2| lg
e & %[
I S
V2 2 () abayl )
I_(R +G +B)
3 (Yalal )
H —tan’l[\g]
v (Yalayl )
_ 2 2
S=WV,"+V, (Falal )

Sy i 4 S g H g aiies Lo 50 Jras anlyd o
oo oo plas Ty glsl g

S3lesol Ghey o (GST) opessl -pl,57 oo Lol

@ el bl b wiz polas ln Gedl

A5 skl oy, SO plsie 4 il e« uilylssS

5 b iz el hos Bl g, nl ogh a8 S

oS By 5l 1, ead (sloan Sasleg SOl il



\ O)Lo.ai: NY o)jd AREAY )Leﬁ

-

wa o s, N L
a8 iy (69,5 ol e jfﬂ;uf/:#:,t&l,

oL e 5 Ashourlu Jlse olge a0 aslasls o ke
Sle ) b sl asle 053 agh 0 (Y4)F)
9 23,5 (o p Sloged 93,5 K slas)lem (plulis
oS g dalze ool 1A 0l lis e am s ] (goue
ol 9 Eord paS Culle LU 4w (o 358 sl sl
PP Fe B Ed S Oype Sl adhie o 6l
ashaie )0 pauS 0,5 S5 (5 lew andllas a0 Ll
zol 5 E9rs Ol »o olem (nl Gunail 5 sonay
Oezres 9 Vo Jiwtiw 5 A-cewad polai aly » )lews
Gy 01,8 B o slosl pglas ol Gudls elel
A (2 e &S S pgal Geizren g 090 dalllae (5 len
dwls ol 00,5 Slulis 35 o)l pgas ool o,
Rl Ay g g adlas 5550 (LS slaasls
Gl 5 Sy yrdi e 5 285 D50 b asls
Gumaadl as as e o ol bl Aol glaasas
Solow @ol 5 970 095 99 ;0 puiS 5,5 S5 s)lew
ol bl s s s ol 0 g C8S Oyso
A plsl lbazas
NeYe[eY]F &6 Acewod gl
0,90 dw 4 bgy e a5 YoV /oV/YD 4 YoV+/-V/ 1
(Y JS8) cé8 )8 bl aail oo

45) ol E5ed Jome adlate ;0 ¥ SO ol b
YOy K0, sleepls pluls IS s 3l
i ghlo a8 Wl olS ibgy Cag (adl e
C3| 0)454\.5 9 (_g)Lo...» &5)....) Lu G| NDVI ua}L...J )L\M

dw )b

o9 0,90 b anolie jo g0k malS (g lem 33,8
ot bl oo il gl ol el 42ls (5 Lo

5T L oo o lis NDVI as s 0lie U 1) o lomy

D¢l g0 0300

vy

o lgale 90 cnl polas 2ol 5l Jol> pglas )5 uizresn
Dol ganaib SVM) (loiy lsp ndle (g, L
S a oyl ame Lol 4l asiyl 4 a6 LSVM
Sl CB0 L (o285 Slis aliBee (sl )l )0 vy (o0
ol S oo Jos pgal gunaib g g5lSesls jo e
5 a8 Sewl oal Ol (g S0l 0,80y, S 5N
.)5.».: < oolauw! G w 9 U?“""")f) o)
ouisS gowsasd SVM (Chandra and Bedi, 2021)
JlS S pimley] wiges SO a4 a5 cl s
U?"’"“ gl 6)‘;\-?%"-‘-“-?)-.’ a0 b as slesls
bl b b air iy ) Jols syite JuS
ools las o Hlo p G Glgie 4SSy s o
Lz Sy losls a5 WS o 5,8 SVM 50l o
S5 JB g9, slad o bt Ojee 4 b
plxil SVM sosS gunail o Sl oiie
wlS wx eSS ganaal G gl 4 U ogd o
(Giorgos et al., 2011) oS Jos
Tl maw cxo 9 g,bT (o5, -0-F
slaisl uw Core g 5380 ndd jelaie @
slaii i Cos 3 MSI .GNDVI NDVI
Sl o pasS 0,5 K55 olew gol 5 £950 onailb
OF 5 1) SUslee) ads eolizwl (VY alal)) MAE

(VY alaly)

AOY adaly)

AT R
slgaslsy p g (b5 Sl 9o Sl iegh cnl o
Gosdiyy jebiie 4y pgal ganaib 5 e g BLS
Gl eolaiul puiS o)) S g)lem adllas
ol aw plddze plo lawg ool pll Gl
ool adllas o 1, g3 b MSI 5 GNDVI NDVI



\ O)Lo..i: NY o)jd AREAY )Leﬁ

-

e s, . &e
a8 iy (69,5 ol e jfﬂ;uf/:#:,t&l,

cNDVI ua?l.w asled Lol aislo 6)Lo...» uj..\.t 0,99

aal 35 patls ol s el sanlie 5 GNDVI

g g0 0830 (65l 28,5 zol L GNDVI

aw slp MSI LS by asle 5o aolsl o
‘_g)Lo..».) C5‘ 9 r:d..;f uj.a) 6)L~4 0,99 ‘_gL.\.'J.g‘ ol 0,99

nEriN

FTSNRN SIENON SISTIUN S1SRUN 3190MMN 31ET00ON

(O JS5) o alne

4RFIRUE 487 I930VE 4RFXINYE 4BRA230ME 4RP24'0CF 4BCISI0NE 48°2T0°E 48CI8'0ME

.
“'@ '
5

eI

a NDVI in vegetation health period (Landsat 8)

NDVI

: 7 5
0 ~ L

0 3

e Kilometers

SISO SIPENON SICTION S1SRIMN F199%00N 31E10 0N

AECIENE ARIVIHIE ARCIPOCE 4RCITMCE A8C2407E 4RCIS30TE 48IT0TE 48C2E30TF

4RCIROCE 4ESI9HT 4R°210°F

TOUN 380N IPTOUN 3110M0N 31°12'0"N

J1°50UN 31°60UN 31

GNDVI _alS iis oasls arsbre orizan
9 r:d.j s.i;) 6)‘.4«.\) 0,99 G‘MI ol 0,99 4w 6‘)4

LF JS) cé)8 plel (g len 79!
30 5 pals cpl 5o eael caews mls &b

L oanlio ;o ok (iels g lem 38,5 zgl 9 £9,0

RCIRTE 4RSI9MIMT 4RC2IOTE 4RC2IONE 4RC2NNCT 4RR2S0CE 4RR2TONE 48°28'300E

n
z
b NDVT in beginning period of the disease (Landsat 8) "'@"" =
&
4 =
o4 (R o -
o e g l‘." . @
= 2" a +
vg “@ e oy o
Yellow rust of wheat b ) 3 2 s
-3 30 o o 5 o-u ek &
- . e © :
@ Non-vegetative cover L }*’.‘ ogy r{{«bc,;f?o & g PO z
® a0 O FEaw o -
o Severe yellow rust El o. 5 OD @ oA e co z
a E =
® Moderate yellow rust g L LS 3 06100 @ o )
==} : =
. ®
@ Litle yellow rust a® v Py o z
© : =
© -] Eid
o o © =
e N 4
NDVI {3
=
-1 L z
0 . A ?
0 3 -
e O Kilometers s
=
@
=

4RCIRYE 48°19IUE 4RCINDNE O 4RCIZZOVE 4RMNME 4RCISZANE 4BPITONT 4RCIRNE

AREEA0T. ARCIA0NT 4RC2S300T 48CITONT 4RCIZUOVE

N
H NDVI in peak period of the disease (Landsat 8) =
= a 3 o . =
JE) 0% % © -
) O ga'® o a iy
] ; E o o o . a

Yellow rust of wheat ] '3 o ¥ ~p L
z - . - ‘P ] ©e oo e
£ | © Non-vegetative cover Re oo B o e, o a £
£ e el g w2 B 080 "g® L] - z
=1 @ Severe yellow rust . ¥ LI Uo‘fag%o 0" o -
_; @ Moderate yellow rust OQ .. . DU o @80 X j ;
7 1 @ Little vellow rust y ° ® =4 =
2 2° A Y z
= wg B8 0 . =
z —— - il - z
£ | xov1 5 z
z L, 5
£ 0 e £
z e Kilometers z
= ’ -
in i
- -

SEEINOTE ARIATE ARSZIOCE 4R2300E SKPZNTE AKSISAINE SK2TONE AKCINTA0E

OYA9 093,58 7) pasS 0,5 K5 (g low 79l (€ 9 (VYWAA aianl VA) £4,5 (IR oo V) ol culls @ slao,o NDVI -Y IS

Fig. 3. NDVI index for a) vegetation health period (06/02/2020), b) onset (09/03/2020) and c) peak of wheat yellow rust

disease (25/03/2020) (Landsat-8 images).
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Fig. 4. GNDVI index for a) vegetation health period (06/02/2020), b) onset (09/03/2020) and c) peak of wheat yellow
rust disease (25/03/2020) (Landsat-8 images).
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Table 6. Statistical accuracy assessment of vegetation indexes achieved from Landsat-8 images.
MSI GNDVI NDVI

Peak of the Onset of the Peak of the Onset of the Peak of the Onset of the

disease disease disease disease disease disease
0.986 1 0.944 0.943 0.959 0.958 RMSE
0.973 1 0.892 0.890 0.919 0.918 MAE
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Fig. 8. GNDVI index for a) vegetation health period (31/01/2020), b) onset (01/03/2020) and c) peak of wheat yellow
rust disease (31/03/2020) (Sentinel-2 images).
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Fig. 9. MSI index for a) vegetation health period (31/01/2020), b) onset (01/03/2020) and c) peak of wheat yellow rust

disease (31/03/2020) (Sentinel-2 images).
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Table 7. Statistical accuracy assessment of vegetation indexes achieved from Sentinel-2 images.
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Fig. 10. Zoning of wheat yellow rust using Sentinel-2 images for a) onset (01/03/2020) and b) peak of wheat yellow rust

disease (31/03/2020).
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Table 8. Accuracy assessment of classification maps based on fusion of the Sentinel-2 and Landsat-8 images by using
RMSE and MAE statistical parameters.
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