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Figure 1- Fields and sampling sites in standard virtual color composite image of Shahrekord county,
Chaharmahal and Bakhtiari province.
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Table 1- Vegetation and Chlorophyll indices used in this study and corresponding equations

A sl axls

Jsles

&
Vegetation Indices Equation Reference
e JoA S sl
Normalized Difference Vegetation (NIR-RED)/(NIR+RED) (51)
Index (NDVI)
o s B LS anl
Green Normalized Difference (NIR-GREEN)/(NIR+GREEN) (18)
Vegetation Index (GNDVI)
S TS NIR/RED (44)
Ratio Vegetation Index (RVI)
Sl s oS Lasls
Soil Adjusted Vegetation Index [(NIR — RED)/(NIR + RED + 0.5)] x 1.5 (30)
(SAVI)
S s ol ey alS sl
Optimized Soil-Adjusted 1.6*(NIR-RED)/(NIR+RED+0.16) (49)
Vegetation Index (OSAVI)
S L el POl LS axls
Modified Soil Adjusted Vegetation (2*NIR+1-(((2*NIR)+1)’ - 8(NIR-RED))*?))/2 (47)
Index (MSAVI)
PN R GO
JAE A e NIR-RED 9)
Difference Vegetation Index (DVI)
ol JLG_}.: A)LUJ L}.ﬂw JAS U‘Q}L';'
Renormalized Difference (NIR-RED)/(NIR+RED)"* (50)
Vegetation Index (RNDVI)
. s
e o GREEN/RED (59)
Greenness Index (GI)
ol 3,L (kY L
S A o 2.5%((NIR-RED)/ (NIR+6*RED-7.5*BLUE+1) 31)
Enhanced Vegetation Index (EVI)
BB Lg %
S a2 0.5[120(NIR-GREEN)—200(RED-GREEN)] (6)

Triangular vegetation index (TVI)

Aren oS 5a 8 053l 5 i3 3e,8 Ogle ool G a3 SLAL ¢ sgde 4 55 4 SWIR 5 NIR Blue Green Red wlals =

*The words Red, Green, Blue, NIR, and SWIR mean red, green, blue, near-infrared, and short-infrared bands,

respectively.

q.
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Continuation of Tablel- Vegetation and Chlorophyll indices used in this study and corresponding equations

255 gl el
Chlorophyll Indices

Jsles

Equation

&
Reference

ot 2l
Green Chlorophyll Index
(Clgreen)

Jis 5 S jaxls
Chlorophyll Vegetation Index
(CVD
EONIFOE
Triangular Chlorophyll Index
(TCD)

s e ) ™
Blue Green Pigment Index
(BGD)

; LSy el
Brightness Index (BI)
Sl 4 el 8 A S Lals
Structure Insensitive Pigment
Index (SIPI)

55508 Sk el
Carotenoid Reflectance Index
(CRD)
oS S Sk patls
Plant Senescence Reflectance
Index (PSRI)

SUj e 5 OplS jaxls
Gitelson and Merzlyak (GM1)
J8o S cr o el
Chlorophyll Absorption Ratio
Index (CARI)
old S Jbs IS ol ol als
Transformed Chlorophyll

Absorption Ratio Index
(TCARI)

(NIR/GREEN)-1

(NIR/GREEN)*(RED/GREEN)

(1.2(NIR-GREEN)-1.5(RED-GREEN)*(NIR/RED)"*)

BLUE/GREEN

(NIR+REED+GREEN)/3%*

(NIR-BLUE) / (NIR -RED)

1/GREEN - 1/NIR

(RED-BLUE) /NIR

NIR/GREEN

(NIR - RED) - 0.2 (NIR - GREEN)

3*((NIR - RED)-0.2*(NIR-GREEN)*(NIR/RED))

(20, 22)

(56)

@7

(60)

(38)

(45)

24

(39

(19)

(32)

(25)

Aien oS a3 053l 5 o33 308 Opale e ol o 5o ,3 LAkl pseie 4 54 SWIR 5, NIR Blue Green Red wls #

*The words Red, Green, Blue, NIR, and SWIR mean red, green, blue, near-infrared, and short-infrared bands,

respectively.

9
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Continuation of Tablel- Vegetation and Chlorophyll indices used in this study and corresponding equations

Chlorophyll Indices Equation Reference
ol J5 S o s 2L
bv\a:'
((NIR-RED) - 0.2 * (NIR - GREEN) *(NIR/RED)) (15)

Modified Chlorophyll
Absorption Ratio Index
(MCARI)

ol Js S o o G2l
. 1.5%(2.5%(NIR - RED) - 1.3 * (NIR - GREEN) (26)

Modified chlorophyll
absorption 1 (MCARI1)

i e
Yous 1.5%(2.5*NIR - RED) - 13 * (NIR - GREEN)/((2NIR+1)"-(6NIR-
Modified chlorophyll 5*REED™)-0.5)
absorption 2 (MCARI2)

o5l s oS sl

Simple Ratio Pigment Index BLUE/REED (45)
(SRPI)

ey b s JS €Ky 2l

ol

(26)

Normalized Pigment (RED-BLUE)/(RED+BLUE) (46)

Chlorophyll Ratio Index
(NPCI)
=S5 sl el
Combined Indices
s AS e s Ll el
old g ALS Latld wedd Las 3*((NIR - RED)-0.2*(NIR-GREEN)*(NIR/RED))/ 1.6*(NIR-
St s RED)/(NIR+RED+0.16)

(25)

TCARI/OSAVI
Jos S ol e et ls s
Crp ALS als 4 el POl ((NIR - RED) - 0.2 * (NIR - GREEN) *(NIR/RED))/ 1.6*(NIR- (15)
S et ox RED)/(NIR+RED+0.16)
MCARI/OSAVI
a M Jdsls parla o
A b edd v A jaxls (1.2(NIR-GREEN)-1.5(RED—GREEN)*(NIR/REED)"%)/

s 1.6¥(NIR-RED)/(NIR+RED+0.16) @n

TCI/OSAVI

Aien oS 5a 3 053l 5 i3 3e,8 Ogle el o a3 SLAL ¢ sde 4 55 4 SWIR 5 NIR Blue Green Red wlals =

*The words Red, Green, Blue, NIR, and SWIR mean red, green, blue, near-infrared, and short-infrared bands,
respectively.

¥y



OS2 g lillabus o9 o

(Mean Error,ME) U= -.Sls 5 (Error, RRMSE
V=4 L) 4 plond

N (Vi)

2 _ K
R =1-3¢ 0 N ala
RMSE = [X¥N (vi—¥i)’ A el
1 . s
ME = - 3N, (Yi - Yi) 4 alayl

JSslm s e Vi 5 Yi N Gy Ly, o
9 Y szje)\.l_:\ 4_.:\.$g§_.:) LS‘)—:N (ldalis
4.}\.5&) 6‘)1*-“ &:ijl:ﬂ?}gidaji)bo,\.i J)_}TJJ.

ML’L" ol szge)\.l.:\

cou g b
N slas, Ll Sl lresly i &
23 s s gel Oy 3 p S S il &K,
Jeis S S (s ol i sl OLES Y J st
ﬂ(vfjj.(ﬁ.af'/\l_?\/‘f)é:l_u'u\;(a,\ffﬁ
L}Sa\mﬁub.alzﬁ)u.jb(@f)_:»u:iu
o eSS VI YT e 55,8
ba JdslS Slsmme (Kl g iy i Sl
YO+ AOAY YA/00 5w s s5s, 5 S
e R AL R S RSB VAR
¥y L) :l_ijizf_mé S o Glads & ol s
L@\HWTLNM@\JJJJA (CWERR
slasls sla S g5 5 805 Sl o e
) sl JUl 5 a8 el el g o S 50

3 g u\ﬁg

LS slaslha ) s 5,550 2 s5ladute
= O S 53T (AL Gl e ls 5l salin
O g S 5 5 (Simple linear regression, SLR) e3L
Stepwise multiple linear ) <=l_< 4 flf Wlhe
sladde 03551 Cws 4 &l (regression, SMLR
0 Lfs) s e S Loy olS cbals K, 550

.
y=mx;+c 0 aal
y=mx;+ mx,+ ... mx,+c # adal

WS LS55, L 5 Jbs IS glyme y WU Laily; 5o
sla el oo JAM..A Sla jate =X1, Xa,..0, X
s yuiie o b m s (intercept) <ol C ¢ alS

P S Y
©2017 Systat ) l55lp 5 Lo 55 (55Lal Sl
IBM , SigmaPlot 14.0 (Software

SPSSStatistics Ver. 25 (© IBM Corporation
A Ll 1989.2017)

Inc.

sk an Laesls o s Ve 3liladae e Lasl
ey Ao T Sl G S5 e sl S
A ol Ladics _micwcons 5 b)) ) 5
ce.,\_.i._s)ﬂﬁ)m,ie.umﬁ;m«f?j}l{ .
oo i glaelel aloes L lade v slasl
Lt Sl o s s a3 (R s
JKJLA ,J> (Root Mean Square Error, RMSE)

Relative Root Mean Square ) s slax Ol y

Gols i sad Obo 3 (6)ls i gad ladly (.xf ;fj. sbaalh &, éJLJéLaL;}J—\‘ Jsd

Table 2- Statistical characteristics of wheat leaf pigments in sampling units at sampling time

Sl

e oS SR S b
b ~ u;dﬁ': Min. Max. Mean e Sl (4o )3) S S8
Vezf)r?:bleer; a5 0,55 S Std. Coefficient of  Skewness  Kurtosis
pg.cm'2 Variation (%)
P
é‘ﬁf‘s 0.70 48.00 29.55 10.60 35.86 -0.71 0.21
a
b .
é;l’g‘s 0.50 24.00 15.82 4.96 31.32 -0.70 0.66
B
}cﬁ ’T"S 1.20 68.00 45.30 14.36 31.71 -1.01 0.96
ladiss,5 IS
“‘;’“’T* 2.20 16.20 10.10 3.85 38.10 -0.14 -0.98
ar

ay
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Table 3- The coefficients of correlation of vegetation indices studied with the wheat leaf pigments

a Jis ks b Jss s

L}s J?aﬁ_}ls LA.,\?;},J)E JS

A Jbs IS 4 a8 ls s

Chla Chlb ChIT Car Car/Chla
a sy ls 1
Chla
b sk 0.662" 1
Chlb
8 JS 0.964™ 0.834™ 1
ChIT
RS E 0.680™ 0.628" 0.712" 1
Car
A i PP 0.480" 20.570" -0.170ns 1
Car/Chla
NDVI 0.674™ 0.693™ 0.732" 0.621%* -0.561""
GNDVI 0.666™ 0.690™ 0.724™ 0.619%* -0.566""
RVI 0.597" 0.614™ 0.647" 0.630%* -0.320™"
SAVI 0.658™ 0.673™ 0.712™ 0.580%* -0.565™"
OSAVI 0.667" 0.684™ 0.725™ 0.601%* -0.564™
MSAVI2 0.647" 0.6617" 0.701™ 0.578%%* -0.526"
DVI 0.633™ 0.645™ 0.684™ 0.528%%* -0.558™"
RDVI 0.660™ 0.674™ 0.714™ 0.580%* -0.565™"
Clgreen 0.621" 0.642" 0.674" 0.636** -0.3917
GI 0.625™ 0.633™ 0.675™ 0.629%* -0.359"
CVI 0.613™ 0.650™ 0.6717 0.6027%* -0.508™
EVI 0.654™ 0.663™ 0.706™ 0.593%* -0.512™
TVI 0.645™ 0.657" 0.697™ 0.539%* -0.579"
TCI 0.638™ 0.649™ 0.689™ 0.558%%* -0.513"
BGI 0.558™ 0.569™ 0.603™ 0.667%* -0.248™
BI -0.601"" -0.648™ -0.665™" -0.621%* 0.640™
CRI 0.627™ 0.664™ 0.687"" 0.704%%* -0.414™
SIPI -0.670"" -0.687"" -0.728" -0.490%* 0.850™
PSRI -0.691"" -0.710™ -0.750"" -0.625%%* 0.648™
GM1 0.621" 0.642™ 0.674™ 0.636%* -0.391™
CARI 0.638™ 0.650™ 0.690™ 0.533%* -0.567""
TCARI -0.424™ -0.440™ -0.459™ -0.551%* 0.021™
MCARI -0.424" -0.440™ -0.459" -0.551%* 0.021™
MCARII 0.650™ 0.662™ 0.703™ 0.544%%* -0.590™
MCARI2 0.630™ 0.640™ 0.680™ 0.493%* -0.608™
SRPI 0.6117" 0.620™ 0.660™ 0676%* -0.304™
NPCI -0.636" -0.644™ -0.686"" -0.669%* 0.366™
TCARI/OSAVI -0.590™ -0.611"" -0.641"" -0.634%%* 0.314™
MCARI/OSAVI -0.590"" -0.611"" -0.641"" -0.634%%* 0.314™
TCI/OSAVI 0.507"" 0.487" 0.537" 0.328%* -0.440""

o3V 50 a3 Solsgne ((Sls prn b o S

# NS

ns, * and **: Not significant, significant at 5% and 1% probability levels, respectively.
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ely Gl e I s 3kt glax F o N N
Dependent S ot Solay e
. model F value
Variables SEE RMSE
Chla=-129.78(PSRI)+30.49 0.408 7.18 54,747 8.38
& s Chla=43.78(NDVI)+4.18 0.380 7.30 50.19:: 8.69
i Chla=-26.68(SIPI)+72.24 0.372 7.32 49.24 8.67
Chla Chla=37.37(0OSAVI)+3.89 0.370 7.36 48.12" 8.77
Chla=61.26(GNDVI)-4.78 0.361 7.41 46.42" 8.73
Chlb=-57.03(PSRI)+16.51 0.400 3.18 52.50" 3.69
b sl Chlb=18.22(NDVI)+5.56 0.360 3.22 40.78™ 3.81
i Chlb=25.81(GNDVI)+1.65 0.354 3.36 39.30%* 421
Chlb Chlb=15.52(0SAVI)+5.50 0.342 3.40 38.95" 3.85
Chlb=-11.15(SIP1)+40.37 0.322 3.50 36.61" 4.12
ChIT=-184.56(PSRI)+46.87 0.500 8.47 79.49” 10.82
5 s ChIT=61.27(NDVI)+10.05 0.462 8.80 67.66" 11.31
j ChlIT=-49.31(SIPI)+100.57 0.454 8.87 65.06%* 12.36
ChIT ChIT=52.24(0SAVI)+9.79 0.440 8.90 64.27" 11.44
ChIT=86.02(GNDVI)-2.64 0.433 8.95 62.69" 11.37
S Car=1.33(CRI)-7.88 0.480 2.67 75.69’: 2.92
; Car=-25.87(NPCI)+9.46 0.430 2.81 60.94 3.02
Car Car=12.43(SRPI)-3.19 0.421 2.82 59.55" 3.01
o s 5558 o
a s, Car/Chla=2.72(SIPI)-2.29 0.603 0.154 124.56™ 0.260
Car/Chla

0
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Car e) SIPI and Car/Chla using simple linear regression models

LAl S, S Cd NPCT asls o opl ol

o2t S o GLN D J5 S 4 (g 58
J=25 A8 5 (g g0 a5, b= w

Consy 5 olS (6550 53 ekiasilis 5 ol b

(59 sl oS S5 g b

v

GlasS 53 (084F) oL San 5 WYy

aS sls QLA ( aewiib (slaesls Q\:J,f\zt.ﬂ
s IS 5 sl S5, IS (slsmme LNPCI asls
S 55558 Gladls K, (¥9) AS o i
Al ey 5L Y0 b s Ol
FbS G glag e dsb o3 L35 AS & b okes
(WJio A B s ob ol e



VEee ) @3,)kr (=15 LS Wi ol

40 - -
_ @ b ° * .:” 201 @ .0 o e
3 [ ] o0 P LS 7
1\1({\ . (a) ° ° .* //; P (b) ° o® ° .“.’:/’/r 1:1 line
2.3 § > 3. § % o
97 & ° - g <5 15
fa 2 /// o S E ° .///
= e i = s
1J = 20 o - 1J g o
3 © P Yad 3 O /‘
=?l; s k4 ° e 2 T 101 . -
- 1 £ e y=0.45x+16.65 2 1 g ® - y=0.48x+8.43
- (] e R'=0.475 SN E o 7 2
99 2 10 e 39 % , R*=0.552
j 1 = e j 1 = i
° 3 7 l:lline ° 3 5 s
3 o o
0+ ad
0 10 20 30 40 50 0 5 10 15 20 25 30
(@t i s 33 0)53Sn) 0 505 o3I sy IS (55—no (& yimo (Sl 33 359 500) 03l (g o5 03Il b Jmrdg IS G9io
Measured Chla (pg.cm”) Measured Chlb (ug.cm'z)
— < 16
o rd R g
g @ e g .
175 :‘] 60 - : -7 '1 3 :" 14 1 © 1:1 line/*
' {5 © ° <y -ﬂie (@ o © o
5 )2 o v e s il o ° o‘;/“ o
94 £ . Vol I3 E ° 3
i:s @ e®e jﬂ“; 10 ° 00’ o
o= 4 I =
SEN ® 7 e SR * 4
l g //.. 119 2 ' e
R »” R e
l 1 S o - l 1 < [ ] e
= E 20 [ ] 7 = ¢ 8 4 7 v=0.46x+5.71
213 e y=0.51x+22.85 2= e i
IEE /2" lLilline R™=0570 ]3¢ P 0
1% = Ptd - g 2 e
£ |7 - T
2 0% = 0 T T T T T T T T
0 20 40 60 0 2 4 6 8§ 10 12 14 16 18
0 (6 35 03I S 5t Yy IS glg—ina a6 a3l O g Ui 915 gl
(@20 yimo Kl 33 p 5 9 —Ss0) (@270 st il 33 59 —S10)
Measured leaf chlorophyll content (ug.cm™) Measured leaf carotenoid content (ug.cm™)
1.2 7]
//
o //
1.0 1 © 1:1 Enc/ )
3= (©
Jo= //
23 . -
5 0814 s
E\i 5 /// [ ]
33 R ~
1 E 061 ® s
= E ° y=0557X+0.20
22 e R'=0595
j 0.4 ,// -
° s OM °
7
0.2

0.0 0.2 0.4 0.6 0.8 1.0 1.2 14

sdmid (a5 0303l Car/Chla comui
Measured Car/Chla

4 0555 5,18 (o 15555008 (5 JS J350S (2 b J5 1S (o a Jb 5 JS (Al (slymmn palie oy lal, -V 2
ol o G S5 Jie Sl oslizal b oS s 35501 5 0 (5 Se5ll @ Jds IS
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using simple linear regression models
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stepwise multiple linear regression models
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