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4- Modified Soil Adjustment Vegetation Index
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6- Spherical Model
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Figure 1. Geographical position of studied field in north of Golestan province and spatial distribution
of 101 samples taken from A and B separated fields
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Table 1. Applied indices in the study and corresponding equations. In this equations TM4 and TM3
are 4 and 3 bands of TM satellite, respectively.
P e Jse &
Vegetation Indices Equation Refrence
Difference Vegetation Index (DVI)
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Normalized Difference Vegetation Index (NDVI) -
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Ratio Vegetation Index (RVI)
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TM4-TM3 (¢0)
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Infrared Percentage Vegetation Index (IPVI)
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Modified Soil Adjustment Vegetation Index (MSAVI)
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Table 2. R? and significance of vegetation variables and yield relationship in tillering (first stage),
booting (second stage) and seed filling (third stage).

bl sl F O S A sl bl
Number of points R? Vegetation parameters
o [ 0) S S
101 23.17* 0.148 (Ul o) Sz e 2t
Leaf Area Index (first stage)
101 51.08°° 034 (22 o) S 2 o 2l

Leaf Area Index (second stage)
(W"‘ > 0) fﬂ C}a“ el

101 0.03ns 0.003
Leaf Area Index (third stage)
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Dry Matter (first stage)
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Dry Matter (second stage)

101 92.49% 0.48 () S5 oile
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Table 3. Descriptive statistics of studied variables in tillering, booting and seed filling stages (as the
first to third stages), and yield

Sl
F R o e I W s
<% Kurtosis  Skewness Maximum ~ Minimum  Average  Unit  Part Variable
SD) (V)
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Table 4. Selected Kriging methods to provide vegetation cover maps using geostatistics method and
estimated erorr for each given map.

OSSlep p3als oSSk oSl S d bosss o9, i

L;’MQSLEJA U;-”;;\ U;.[::ﬂ Selected model Intrenrgto}:(zigon Variable
0.463 -0.063 0.412 (Circular) sl s (Ordinary) _J sexs (Js) > ) LAI
0.364 0.115 0.306 (Spherical) 5,5 (Disjunctive) las  LAI (first stage)
0.888 0.210 0.705 (Spherical) 555 (Universal) sl (p35 4= =) LAI
0.593 0.102 0.456 (Circular) (sls s (Universal) jlg= LAl (second stage)
0357 -0.082 0.338 (Gaussian) S (Ordinary) _J sexs (U5l al 0) St 035
0.187 0.079 0.138 (Exponential) L  (Disjunctive) las  DryMatter (first stage)
1.124 -0.078 0.854 (Exponential) L  (Disjunctive) las (p3s Al o) K2 035
0.756 -0.0002 0.623 K-Bessel (Disjunctive) JLas  Dry Matter (second stage)
1.948 0.819 1.603 (Gaussian) S (Universal) jlg> (p g o) S 035
1.462 -0.042 1.310 (Exponential) L  (Ordinary) Jjses.  DryMatter (third stage)
1.177 0.498 0.873 (Exponential) L (Ordinary) ) yens 5 Shes
0.762 -0.041 0.602 (Spherical) s s (Ordinary) Jsss  (yield)
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Table 5. Correlation coefficients between vegetation indices derived from the images and vegetation

variables and their significance in tillering, booting and seed filling stages (as the first to third stages),
and yield

(Vegetation indices) b8 sl jasls A e i
P o
Vegetation variable
MSIA v IPVI G2 Gl DVI TVI NDVI RVI ¢ Image
058 058" 058 057 053 058 058 056% e St il
Dry matter (first stage) ol YY
060 0.60°  0.60° 059  057% 060" 060"  0.58" Il e S e o252 22 March
LAI (first stage)
p3 dlo o S22 o3le

-0.002  -0.002  -0.17" 0.05  -0.002  0.06™  -0.002"  -0.06™ B
Dry matter (second stage) TN

p2 oo Sy b a3l 19 April
LAI (second stage)
p3 dlo o S22 o3le

-0.04 -0.04=  -0.03  -0.02  -0.03  -0.02  -0.04  -0.03™

0.20° 017 015 017 007 0107 017 0.16™ :
Dry matter (second stage) TN

p3 b ye Syl axls 29 April
LAI (second stage)
pre s Sl a8

0.10m 0.11ms 0.07m 0.15m 0.14m 0.10m 0.11m 0.170

-0.04= 001 -0.06™  -0.02  -0.04  -0.03  -0.04=  -0.01™

Dry matter (third stage) 9 May

Yo

0.11m 0.11m 0.10m 0.11m 0.11m 0.10r 0.11m 0.11m A
Yield 25 May

YA

0.04  -0.07%  -0.18™  0.004"  -0.03=  -0.06™  -0.04  0.03™ A
Yield 28 May

e

-0.004 -0.004™  -0.03»  0.01™  -0.004 -0.01™  -0.004™  0.03 . el
yield 6 June

Dls pre oyl pde NS s y5 0 é:w 03 I3 sme ik Aoy ) CL"" BRI EYPOR L
**_Significant in 1% of probability, *. Significant in 5% of probability, NS: Non-significant.
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Figure 2. Fitted logestic peak model to imprtove description of the relatinship between yield and LAI
in tillering (A) and booting stages (B) and dry matter in tillering (C), booting (D) and seed filling
stage (E) .
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Table 6. Applied linear relationships to calculate vegetation variables using image-derived indices

RE S RE Sl
Equation Vegt?tatlon Index Equation Vegestatlon Index
variable variable
y=2.8872x - 0.1868 DM1 NDVI | y=0.6601x -0.3631 LATl RVI
y=5.4128x -4.1577 DM1 TVI y=3.876x - 0.3057 LATl NDVI
y=0.0215x - 0.1064 DM1 DVI y=7.2545x - 5.625 LAII TVI
y=1.5477x - 1.4293 DM1 Gl y=10.0303x - 0.2723 LAII DVI
y=3.4829x - 1.2125 DM1 G2 y=2.0883x - 1.9903 LAII Gl
y=5.7743x - 3.0739 DM1 IPVI y=4.6559x - 1.6701 LATl G2
y=1.9321x - 0.1866 DM1 MSAVI | y=7.752x - 4.1817 LAII IPVI
y=-1.5407x + 5.8641 DM2 MSAVI | y=2.5943x - 0.3057 LAII MSAVI
y=10.4879x - 0.2202 DM1 RVI

‘:)3 d}f))&ié-a)LAZDszJ}\d;-JA)é&i}uLASDMl nd}] d}-f)égfcza»uyLZLAll

LAIl, DM1 and DM2: Leaf area index (first stage), dry matter in first and second stages,
respectively.

4..:;.;.:4.‘.@5‘)3 ib_zb wl)lobw‘)dﬁgféuw_ﬁéjﬂwwib_:bub‘)j]g:«w.b)‘w
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Table 7. Evaluation of different methods usedb for wheat yield estimation in Armey fields of
Golestan province.

Srmerci e oSl ety Gl oSl Gl Sl Qe s g g eslind 55 ine s i)

(Correlgtion ot olas o ot ot Applied method and variable for yield
coefficient) (RMSE) (MBE) (MAE) maps
- DMI o, RVI Larls
0.746° 0.733 0.141 0.599 e

(RVI Index and DM1 variable)
DMI sz s NDVI axls

0.726" 0.716 0.137 0.589 ]
(NDVI Index and DM1 variable)
DMI e 5 TVI jaxls
0.721* 0.718 0.137 0.590 2
(TVI Index and DM variable)
DMI iz 5 DVI jaxls
0.738" 0.747 0.155 0.615 e

(DVI Index and DM variable)
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0.745%

0.711%

0.728**

0.728**

0.743**

0.733**

0.728**

0.737**

0.742%

0.719*

0.733**

0.733*

-0.148 "¢

0.318 "¢

0.535"

0.226 "¢

0.067 "¢

0.404 "¢

0.725

0.717

0.716

0.716

0.732

0.718

0.715

0.739

0.725

0.720

0.718

0.718

0.849

0.800

0.722

0.836

0.844

0.780

0.138

0.139

0.136

0.136

0.122

0.119

0.120

0.130

0.120

0.122

0.119

0.119

0.102

0.032

0.002

0.158

0.081

0.122

0.594

0.591

0.589

0.589

0.597

0.590

0.589

0.608

0.593

0.593

0.590

0.590

0.699

0.604

0.541

0.675

0.688

0.606

DMI iz 5 Gl el
(G1 Index and DM variable)
DMI iz 5 G2 ol
(G2 Index and DM variable)
DM Lz s IPVI asls
(IPVI Index and DM1 variable)
DMI1 i s MSAVI sl
(MSAVI Index and DM1 variable)
LAIl ,s s RVI 2xls
(RVI Index and LAI1 variable)
LAIl ,s. s NDVI 22l
(NDVI Index and LAI1 variable)
LAIl iz s TVI jasls
(TVI Index and LAI1 variable)
LAIl ;s s DVI axls
(DVI Index and LAII variable)
LAIl ;s 5 Gl 2xls
(G1 Index and LAII variable)
LAIl ,ie 5 G2 2xls
(G2 Index and LAIl variable)
LAIl sz s IPVI L axls
(IPVI Index and LAI1 variable)
LAIl sz s MSAVI L axLs
(MSAVI Index and LAI1 variable)
DM2 sz s MSAVI a2l
(MSAVI Index and DM2 variable)
LAIL iz 5 bl
(Geostatistics and LAI1 variable)
DMI1 sz 5 bl
(Geostatistics and DM1 variable)
| 2N A C W RS
(Geostatistics and LAI2 variable)
DM2 iz 5 bl
(Geostatistics and DM2 variable)
DM3 iz 5 bl
(Geostatistics and DM3 variable)
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Figure 3. Actual and predicated yield using TVI index and leaf area index in 19 test points.
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