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3- Inverse Distance Weighting
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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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1- Global Positioning System (Garmin 550)
2- DELTA-T

3- Ordinary Kriging

4- Universal Kriging

5- Radial Basis Function
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Table 1. Descriptive statistics of studied variables in tillering and booting stages (as the first and
second stages), and yield harvest

Sl o

FO N S “nS N e

) T Kurtosis  Skewness Maximum  Minimum Average Unit Part Variable

(SD) (cv)

0.63 0.44 -0.75 -0.08 2.65 0.20 143 m2.m A (Js) > ) LAI
07 060 -0.26 0.58 2.98 0.08 116 m2m? B LA

(first stage)
0.81 0.19 0.16 -0.18 5.77 2.07 4.16 m2.m A (p52 4> LAI
095 0.20 1.9 -0.87 6.65 1.56 464 mim?2 B LAI
(second stage)

0.97 0.19 -0.35 -0.31 6.77 2.56 4.93 t.ha't A 5,Shes
1.06 0.20 1.68 -1.11 6.63 1.74 5.10 t.ha! B (yield)
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Table 2. Semivariogram's parameters used to study spatial structure of data related to tillering and

booting (as the first to third stages) and yield harvest
4 glaskad ;

K 3

=) 3w 7

DR TR e I S .
ective Sill ¢ Fitted model Part Variable
Nugget/sill  range (m) Nugget

0.33 882 0451  0.150 (Circular) slenls A (0 d ) LAI
0.33 3133 0.6758  0.2258 (Spherical) s s B LAI (first stage)
0.33 537 0.667 0.222 (Spherical) s s A (es3 4>, LAI
0.36 599 1141 0415  (Circular) slenls B '-Aétgsgg)"”d
0.32 847 0.88 0.283  (Exponential) .l A s Slas
0.33 599 1.224 0.408 (Spherical) 5 5 B (yield)
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Table 3. Evaluation results for different interpolation methods to interpolate wheat LAI in tillering
stage in the two field sectors (A&B) in Golestan province.

e Ao S S
RMSE MBE MAE e RMSE MBE  MAE e Kriging
Model Model
Circular Circular
0416  0.093 0.350 (o 213) 0.463 -0.063  0.402 (o 213)
spherical spherical
0.397 0.108 0.335 (63,5 0.477  -0.063 0.420 (63,5
Exponential Exponential
0.389  0.114 0.326 ) 0.491 -0.098 0.443 () yens
Gaussian Gaussian Ordinary
0452  0.124 0.356 (s 0.479  -0.089  0.430 (s
k-Bessel k-Bessel
0.396 0.090 0.344 (ot ) 0.493 -0.095 0.437 (ot )
0.403  0.077 0351  (c.b) Stable 0515 0139 0463 (<L) Stable
Circular Circular
0.399 0.107 0.334 Slo 1) 0.486  -0.065 0.427 (o p13)
spherical spherical
0.392 0.108 0.328 (55,5 0.481 -0.064 0.419 (55,5
Exponential Exponential
0.385 0.112 0.320 ) 0.473 -0.061 0.396 ) Sl
Gaussian Gaussian Universal
0.390 0.089 0.336 (55 0.479  -0.089  0.430 (55
k-Bessel k-Bessel
0.390  0.092 0.336 (ot ) 0.493 -0.095 0.437 (ot )
0401  0.077 0.347 (<) Stable 0515 -0.139 0463  (c.b) Stable
Circular Circular
0.377 0115 0.313 (le 213) 0.473 -0.018 0411 (lo 13)
0.364 0115  0.306 gie;_l;a;l 0.467 -0.021  0.401 S?erlgl
Exponential Exponential
0.374 0132 0.313 (W) 0.472 -0.011 0.370 (L) il
Gaussian Gaussian Disjunctive
0.378  0.094 0.327 (55 0.465 0.028  0.356 (55
k-Bessel k-Bessel
0.370  0.099 0.315 (ot ) 0.465 -0.007 0.365 (ot )
0.368  0.096 0.314 (<) Stable 0465 -0.002 0.368  (c.b) Stable
0418 0.051 0.343 IDW 0.473  -0.090  0.409 IDW
0.504 0.156 0.416 RBF 0520 -0.108 0.465 RBF

L s e e 53 S e e e e i Sl A
Unit of the table data is m2.m2
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Figure 2. Leaf Area Index map in tillering stage using geostatistic method in two field sectors (A&B).
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Table 4- Evaluation results for different interpolation methods to interpolate wheat LAI in booting
stage in the two fieldsectors (A&B) in Goloestan province.

B A i
RMSE MBE MAE o RMSE MBE MAE o Sz S
Model Model Kriging
Circular Circular
0594 0102 0.457 (o p13) 0.904 0.235  0.747 (o 13
spherical spherical
0598 0.101 0.471 (53,5 0.916 0.248 0.753 (53,5
Exponential Exponential
0.613 0.098 0.484 ) 0.918 0.232 0.752 () yens
Gaussian Gaussian Ordinary
0.598 0.095 0.455 (55 0.909 0.238  0.749 (55
k-Bessel k-Bessel
0.620 0.105 0.503 (Ut ) 0.915 0.207  0.726 (ot )
0.617 0107 0502  (c.b) Stable 0.914 0.208  0.727 (&.b) Stable
Circular Circular
0.593 0.102 0.456 —(d‘ub) 0.906 0.210 0.718 (o 1)
0.598 0.101 0471 sr()?se)rjlgl 0.888 0.210 0.705 %T:;—E?I
Exponential Exponential
0.650 0.078 0.506 ) 0.922 0212 0.727 ) Sl
Gaussian Gaussian Universal
0.628 0.077 0.473 (s 0.914 0.214 0.722 ()
k-Bessel k-Bessel
0.640 0.119 0.510 (o ) 0.909 0.204 0.723 (Ut ©)
0.638 0.121 0510 (c.b) Stable 0.956 0.196 0.768 (&.6) Stable
Circular Circular
0.710 0.151 0.614 (o 1) 0.950 0.171  0.766 (o 1)
spherical spherical
0.717 0.162 0.621 (535 0.949 0.172  0.756 (53,5
Exponential Exponential
0.730 0.157 0.630 ) 0.940 0.169  0.759 ) Slasl
Gaussian Gaussian Disjunctive
0.715 0.147 0.618 (s 0.946 0.175 0.764 ()
k-Bessel k-Bessel
0.741 0.164 0.637 (o ) 0.937 0.170 0.757 (ot )
0.741 0172 0640 (c.U) Stable 0.938 0.171  0.758 (&.6) Stable
1110 0.394 0.938 IDW 0.968 0.197 0.767 IDW
1112 0.405 0.951 RBF 0.991 0.221 0.719 RBF
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Unit of the table data is m2.m?2
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Figure 3. Leaf Area Index map in booting stage using geostatistic method in the two field sectors
(A&B).
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Table 4- Evaluation of different interpolation methods to interpolate wheat yield in the two field
sectors (A&B) in Golestan province.

B s A s
o o S
RMSE MBE  MAE Jos RMSE MBE MAE Joo Kriging
Model Model
Circular Circular
089 -0.133  0.663 1196 0510 0.882
(L_gla).ll.b) ((_glo).lb)
herical herical
0762 0040 0602 DA 1183 0516 0960 oo
($35) (595
Exponential Exponentia
0791 0038 0611 LL&) 1177 0498 0873 —p—(@u) | Jgans
0789 0032 o0g00  Coussian 1204 0518 o0gor  Coussian Crdinery
: 0. : (s : : : (s
0794 0052 oe12  <Bessel 1177 0507 ogsa  Besse
: -~ ! (s 5) ' ! ’ (s 8
. Stable
0794 0054 0611  (cub) Stable L1177 0508 0882 ..
Circular Circular
0896 -0133  0.663 1196 0510 0.882
(‘_gle)ilo) (6"’):‘.“5)
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0762 -0.040 0602 i 1183 0516 0960 oo
($3,5) ($3,5)
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) (W S
G i G F 3
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(=55) (55)
0794 0052 oe12  <oessel 1177 0507 ogs2  <oessel
’ e ’ (s 5) ’ ! ’ (s 8
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0794 0054 0611  (cub) Stable 1177 0508 0882 ...
Circular Circular
0950 -0102 0.717 1197 0612 0992
(dlo}ilo) (610)3‘0)
0953 0109 o710  “pnerical 1204 0614 o995 Spnerical
: : : (3,5 : : ' (3,5
Exponential Exponentia
0909 -0132  0.657 . 1203 0604 0.989 .
(&) (el Jlail
Gaussi Gaussi e
0925 -0103 0679 ausstan 1195 0606 0989  oooon Disjunctive
(55) (55)
0.894 -0.135 0.654 k-Bessel 1205 0604 0990 <oessel
: 0. : (Ui 15) : : : (Ui )
) Stable
0900 -0127 0656  (oub) Stable 1201 0600 0986 ...
0965 -0.143 0698 IDW 1249 0582 0963  IDW
0970 0187  0.700 RBF 1193 0555 0.955 RBF

Unit of the table data is ton.ha!
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Figure 4. Provided yield map using geostatistic method in the two field sectors (A&B).
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Table 6. Correlation coefficients between extracted values of LAI in different stages and the yield
from provided maps using Geostatistic method
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Figure 5. Relationship between the yield and leaf area index in tillering and booting stages in the two
field sectors (A&B).
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