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Abstract

In this research, the spatial distribution of N, P and K in agricultura lands of Golestan
province were evaluated using different geostatistical methods such as Kriging, Inverse Distance
Weighting, Radial Basis Function, Inverse Multiquadric and Local Polynomial. For this porpose,
505 soil samples were collected from fields in 2008 and concentrations of these elements were
measured for each sample. The performance criteria for evauation were Mean Absolute Error,
Mean Bias Error and Root Mean Square Error with the Jacknife methods. The results showed that
Kriging was the best method for estimating N, P and K. Because, it showed the highest accuracy
and the lowest error for estimating of these elements. Local Polynomial (degree3) was also found as
the most unsuitable method for estimating of these elements. Semivariograms analysis indicated
that N and K were the best fitted by Exponential models, also P by Spherical model. Result of
zoning showed that amounts of N and P were lower in north and east regions of the study lands.

Keywords: Geostatistics, Nitrogen, Phosphorus, Potassium, Zoning

O S dals 4 s LT B dals ool g3
Sl Olsie Sosls ol GT Gag Jsadld
o) eleal iy o7 3 pela alla 1, SadS
sl b sadie bl g, da g 5 RS 5 ol Bl Al
Slose @ad golel o) slagmeds ol sud Ly
ol SSBS slaghs, 5 osdiee saselh Suas S
C38 nite b 4 e Lol (el Al slagis,
© bl (o) e Gl IS sl (sl
el SBall Glhls S uhlays oo plasdie gy
I8 o g dhals ualie o (Foke 4 by s

doude

ool S sl S5, 50 Sl s s
o8 ehat olhmil o) calls s ol Jgers
St 5 3389 (4l oa gioslas ool
Ol 53 (sl e 0l S AT ol (55555 550
3l) Wl Soes Dl ol e © ds g s
(1386 o<

Sl sl lala (o1 (abssl asede © Sl Cae)
wola @ by glasaly alaiae ] o € el
a9 S allhs 50 dap] SKe LUALL 5 eus


mailto:hossein_k_p@yahoo.com

203

e yolie caainy 5 mesS Cap ol o) slobs) (b))

Gl S Ghas w8 4 o S S -0 s S
© S GO0 pedS gl ) o Slaa i,
el T sole (slasols S
slagi s,y Aidas 5 (1995) ol,lKen 5 5550
S5 S Gae a3 gl 1) obelome)y alias
S S oy € ol lad bl wals I8 (s
Sans S slaghs, © oned G S, Lsad oS5
RS 5 Sl ool gidn cas S S
Sosln 53 1y S S By, «(A8a3 e (1998)
ool o bl L wals 18 sulitn) oy e S yalic
b 2 55T G Gl Gal 45 B 4B
allbe s, dibie 5o o seaie gl b
i gtio 4 (2001) St 5 (sl 5 e
Obss w8L,9 wsosd sl @l bl Gas) i
©oond 1 she wsle Pee S, Sus S
9 e e S S Jaere Suan S slagiy,
Oll Lo gldkis Lo A e &l Suas S
wloke @l S S (ha) O o (ol sn e
Ol ol soliical el sLASIA Hu Gue juaie cilile
el S cose SK G 623 Lululy LS
Ay o gad olaald B 51 ol el o aS sy las
3 Jeols (RMSE) susile 3L classe (pSbe a0
I dsare Sa S L dwlie ju S S8 35
el mas il olas el ws s 7/77 5 0/9
Sans S 0 e S K< ) aulileal b Gue yaile
O2alS wim ;0 10 Ladipas slaas 4 K8 Hu s
5 daelaca (2009 (), Kan 5 Si) 0gs sidis wd suls
O350 selie Sl ol (2009) s
Shealiiad booille Lo (2L Do 1) paally 5 des
1,50 GS' Iodla s SS Ly obel e slagisy
Slis obobe 31 Jeals ladt® sl L aao
S5 3250 055538 9sS b gl (nl 5 bl oSl
el ool da 59 el 5 i olie S s
St gl |y ladad o) ) soldil (a888a, oy
Gl 5 Ol - u S dra s Ll Ho SIS su S

4 Sichuan
® Root mean square error

Sk pen) wuls sa S bls)l polis 38 S
(1386

e S i s SIS S €S 5,13
b Al e i s e o s 1y 0l S
Slai s o dleols slse Ly bty Llase <
OSo 5 obel (o) Gl L pasas (1885 (suess)
1y o sa opmr 1S bl il oS el )] Luc!
bl saas (2000 Sl 5 i) was e olas
Siewas wilgee S SH N dals & bls o
o9 aay Glas LA ) f |y aate Hlage G (blES
Sl s 48 ool anb (SIS SEALL w5y S5
S ose BB 5l sl aa 4 Su s LI o juate Hlude
Lad 5aadl s B (0 S L1580 O Ll CBaa aal aa
St 1 e (soadpomad LBALL ol € ol o]
(1386 SL siws) 0 sad ollin SIS dals 4

Suaa S iy 3 (18388) ollKan 5 (30
woda BB jhad ESI A8 G @l e
olidas ol oo M S s ol BB sl
sl slaile ;S Gl 5o oue oL wdlel (55,538
Wl ol Jie oot € ol oli il .S
6l s oS e oia BB sas 5 T 0 S sl
5 Sl SS ml Sl Jae (ol BB alsy
O350 @lik malie Sl ol (2011) GLags
GLaa®s 5 ceup 1) e o) cadio o aaeslly 5 sl
ol clagis, b 1) selie tpl SlKe (i),
L S S 5 SOy Soate (Ske (Sias S
SoSS 5 soliiil L laaad ) cas as S
b sl P el i el

Sl obobe cga (1386) GLKea 5 (0!
2l 3 et 5o I eale S 0 SIS (35808
S S lagiy, O QLELl Ghwl OIS
S soliinl e S5 S Sy Suas S
slld 5ol Gugs Jilaa 4 e s boob plas w5
Ghos 23 (MSE) e wlase Sl 5 oaeds

! Semi-variogaram
2 Cross validation
3Mean square error



1391 Jlo /1 oylas 22 sl ] ST 5 ol il

g ol el 204

S osdiee cnw Lo S Al oS ou,8 5 alias
35 5l aa Bl AS A g SRl a S LSS A
L (2011 oluge 5 (ooSal (35S) S @il y0 oS
9 AAd (39585 Byan y jolic Fhe (I G da s
O Baa 5osliS Y pens S o aally
gl Srmesy polie S8 0lndS s (Ras5
oubeal s QB (Ll (55,5laS al)l s gane u
S S 4 ol B ol pbpbee aliae slaghy,
Wi o ST 5 edb cans pLoke mae
Bl e o) cense Sua b yalie fpl as

3 suldinu) mue s < Lo (g5 5liES &Y pano

Lagh gy 9 alse
alllas 5 40 aiaie

oo sieslS 21500 spua LK ol
G 36° 44" o claide o bl ool oyl calis
Ly sk 56°14° 551053, e i, 38°5°
©as b olses b ol gl s ol ol I3
God> e g w4 GBOL 5 Lo slesaa
o) Ssddas 5 (9w 5 Jiae) Slea S oo ob e
5 lad ol 5 Gk Gl oS anss (Sl
5 wble Lbd @l € el LeaS sl
S o ool Saa sl iy B ol 5 ol Sbludas
5 Saa ghle | bl caws JS 3 awe,u35
o oad (Sad wb) sle S aan po JSa5 Saday
998 L oslsen slaglish S gosd ol speS
Sl ol dilie ol el sla S5y 5 S
S ple alll paie bilhd Jds o GLwK
© Obal psia cawd Sl S gk wols (Sl
S mlie ssm oY 55 GalS b allas (Jlad ceans
el 51130 51 G by oo (halS AS SIS 5 50
(1388 abi ) cn g5, oo e b Ll

So13 4 ged
Gl S5 o8 laddd g ke 4
505 ala slasols 5 oledlbl (s3,5LaS i)yl S

S chl SIS Sl ) ki < (2010)
S S Gy ) S8 LeaS o WS el Lo
wbobs 3 Jola aas Gubs o S soliil) | Jsans
Clal (awed ) o slassie S (Kol ol
Gl pead cpl dalo oL wd sualine sei X 4o
s obanl wols cues Jaie GWBL ) Jela ol yis
olosad 3l A pboke (2010) o) Kes
L sl 5o b sSidn (s,l3ulls dilaie S liast
Jae 5l dadllas ol Hoasols alasl G gl 138 ;) sulazl
soliinl yealic ol Lim i o (530 @l olas
S ols olid S S i, 5 Jeals lacss ad
) Sl 35500 glola dibie 5 vy pdas
S Sua S i, L (2011) e, 5 Sapskeols
Ml 31 Jeala WL ey 5o 1y sied pead
Aid yuaie clile € uls Glas @l B0 S s
Crl o adlige a5 AT siia ol b BLS ) o
5 el S w5 O (Shewres Gyidey dallles
o saaliie 5308

Ol bss g ) (2004) iS5 sl
9 NOz e w5 wule sl sobe]
Ol gl w58 suliiesl Gl 5o (055,55 ases)
Gl i il b sl Siad S g €S ol
et Gulady e wsln (SKLM)' s s
oere Suas S slagiy, 5 auls dilie i liel
A s glacu syl Ho dold GusSae Asy5y
s
Some (solES Sl e HISLEE age B S
liasd slas € ol S hualola s ol€ wiis
soliieal 5 ou g ol€ a2 ealic (els puie o Sage
a5 g0 4o Jsan Lo LT 5l a5 o
wdles fpadS 5 b (S3ISI al
il el (BB (65,liS elad s S s
Ol 3G el a3¥ o (5058 i saae Jlacl 5l
Ml i aSlae Json g S plie ol
L Lo S ohuss 3 a7 ase odls LIS

! Simple kriging with alocally varying mean



205

(2ie yolis (a3 e ol pej slaybs) (b))

ssliac 3 soliiod Bl aucsliy glya3al ly 5 (1954
(1993) 55, iy ool 52 5 pusel clivd S
dhie Ho ol LB (ES) cuns s ad Jae
olAm) el sud suls lis 1 K o dalllas o) 50
Soso Hhwl huslaS o)) o gune Hu b

IL.’F?-]M

4270000

4140000

Line ]

AW

olidas K5 S ol Gids 5l Gl ) s
g OBl Gl b pbe 5 giuslas
0% e dhiusy Slo Bl 0-30 Gae 31 olaseise
5o S KaA g lads gai .8 S oy se 1387 JLia
8300l (gl wad suly Hsae (ste eZ SIS Guscw
gloainl o o S5 JaS ols B 3508 oS
OoSea g Geadgl) Cadgh (B O saliial LB i

-

AN
v

122090

4210000

i
4140

i
ST

EiaantE dr gl gl

o

L K oamchas

R T =zpazo

Apaznz Mpaca

OLad® lial (55,9LS LB150 53 S (5505 54 gad LB 2S5 Conndy g andllas 5 40 ailae -1 IS5

Ao sl s Loy 5ouss Hlade dolas ol oaiab o h
el 4B g0 L (slual iie Ko solie Gy 4lals
(sl il aad kil 50 oy 4 Gl y Hlade gl S
sa3al 0 Sl ad &y 5o Gl ;e Hu 5 0 Sleuaals
2ol FsaS sladas 31 (has3y ol 5o 0 sd e
a3l sl Pt gl ba 5t ba S S

o suldiil L uuss

! Spherical
2 Exponential
® Gausian

Sl slabs,

L8 g L i3 s b5 51 Gtule3T ol 5
soldiiul dhols 138 Kl 5o b udie SO ol ymid Guls
feal ) e 4 o dubae S ws

ry=—tYizey-ze v M
NG & - T4

¢ h‘l.l_a.au JJLAS‘)__&AS&_X_)‘_\_KA (h)‘r C)T Jdd
9 Xi ‘(Xi+h) Llss JJH&S—AJ‘J_;.A Z(X|) JZ(X|+h)



1391 Jlo /1 oylas 22 sl ] ST 5 ol il

g ol el 206

Oos) s b sad suls Gavadd cops Gulal
o sadie 5aolle G ppe by s o) o il
Sledbl Hludilin 5 Z 5 Y« X Slwas Ll
s S cose phobe ead duwlas
(1996
Pl wl wl

OV o9 S el bigase slagis, des 3
)‘ J.ISL;A oSe cs‘aé.&)l.ﬁm ):»J\:QA )‘ (e c’a.a.u
SSlaa ) sy pulie € cnl ol il o o s
cho Lo gleaalin Jilaa 31 3 Ly (sleaaline
e osbaln pelad b 2B G5 a0l s aeaS
Gud 4S was oo aladl 1) Lasols by g0 Clise w6

2. 02 < .

‘,_“u,:hjﬂ_\;;SJ\\,MJAL;Rgg,:q_)
5 OselS) wiieaa LE dals b b ye o S0 luaals
soliiel uyse Baiad ol Ho € als (1991 Jgs
6 .5 el em L =
S modiy < ousSae a1l ale @8 S 13
T . . .

S3035 maSae dold
(5S35 LU 31 Al 5a sl sy onl o
el cuabge B oabd o) o dlals ol el
O gdipe 5,8 DB Ho peddie (55 Jseae
Wydiee JAS As05s Ol bes sl o
b ) o0 b S K5 slagls € ok
S S slagls o osuls Gnall 1y asuTs s
Ol p LB Lu gheal sy Heb o |, Lag s
O OB ol S oy da 8wl Gl K e 5 58
o LT alals L8 bls Gial,] 5 conlse © o g
S Sy alols gl 48 bl in woSe ok
Gl oo Sl Gy ol aiea sl 4B

*Smoothing factor -
“Anisotropically rescaled factor
®|nverse multiquadric
*Multiquadric

"Thin plate spline

Koom S

el okl (el 55T By S Sian S
il Sl Slagss Soade Sk Gl 5 &
350100 e Ohas ) o OlSie S ok
Lya (1385 (suens) wdbli o cu b Jed sui
oo ol (padS slagiss b o Gass Ll
dleel 50 ddald GusSae a805y o gldeasin
e o8 S ol o Qs S Sy s wsde
Mo (RS 5o 58 redS puilboly (e ol
Jhie ((ad3 5 slyen Siaa S cplly adl g
S ol o ol b« sas e 1y ol slea
L) b saly slaciend Hlgge o 958 4 sanie
L il 5L ssihu glasols & ha JaalS gl <
(1386 SL sius) 0 sad podiiie

:Jﬁ@%ﬁxb&JHé&ﬁd‘)Jlﬁ&‘

n 2
Z* (x) = 2 M Z(X;) .

i=1

Z e Gaie pedd ZF(Xi) dalas ol o
ulie 4 il palata) g bl 59 A 9 X el o
O Romaas ool 51 soliie) byd el X sy 0 Z
o oo adl sl Jb mi s 2 saaie oS ol
Sh b alsl il Jle s pdss S usse sdte &S
S osoliiad b L sse soliiel Lbad Sias S
Jaass 15 OBS wsse sudtie mh 58 Lasals Jaass slagis,
03 (1385 (suens 1386 SL juwa) sses Jlo s 4
oS (oS ladae b Suas S (g, 5l 3a8a3 0l
ad suliiol ol

25 Sl A
Om o owlie al)giae fllaa Ghg, o
“ ;JS...’Z' (5\9...5:34 d3 9das  Ho s ‘sfl.a.ut\.-fb L&

> 0Beo Gl U aas e peradd daly 5y olsie

Linear
2 inear to il



207

e yolie caainy 5 mesS Cap ol o) slobs) (b))

((RMSE) Ui oilas o (pSilie g0 4

N
RMSE= \/1 D Z(x,)-2* (x)))? [6]
N K=1

ol Lo osud a9l Llaie ZX(X) Valas ol Lo
N JXi dads o sud (5_)55_}‘_\3\ Llade Z (X,) Xi
il oo blES slaas

598 58 g el 0n 50100 e swiaslis T Sia
Oad oS 5 (Sha aily sl dhali Hi 51 o1 Hlate
Sodle Odse ‘J‘J BY) aJ)Lr. J\:\M Qﬂ‘ el d“).;.\‘
o5l 6S) e by (Joe soosle h) cate
Olas 50 15 sad sualie yaulie 3 Bluas) Hlude (Jus
JA.A JJJTJ:M(SJAJJA QL:.’LSJ.LAJA“)A MBE.\AJJA
.JJ‘JS 39209 6.9‘).;3‘ Qdi =2 QT BERRILERY u\g.&
po9 iy hpas 5 slae 53 Ol e 55 58 Y gare
s> S w3l 5isS (RMSE) o slas o Sileo
BUBYRR e PR I I ST ERY I = R SV . 1%
80y Gredd Hlale € ol o) SoLle Wed Hie
Obage) il o a3y e ol Tads cuaeS S s
AIcGIS 5 GS+ (slalnilass 5 3adas ol Lo (1385
ok suling) 9/3 as

G g b
lesls (55l i

ool el obalas alasl 5l U
Oos Jless Osel Jud 5l sobel Jolaie sla s
0505) dhug 38 cose Lasal s

BB s € ad Gedde B smew O Ssal S
ol slasaly oS cuad Jloyp mi s 5 saliiul
SuaSy Son wad Jlop cab )& By, b uaie
W lare dmys O Jlaial mla 5o Hiad yale
saal 1 Jgan so dalllas o) 90 (slauiie Lo s L]
050080 Llate was o GLES il S Heblea ol
am 50 0/02- 0/22 lass ) dadllas o) g0 dilaie o S

(1387 ) Kan 5 (suom g sal)y 85 1385 ;Lago)
Glae 3 daly 3 soliial L S5y Jele Jlads
g s

2. D"
i=1 !

2l oo (B35 Ol Jolae 0 5 J sgae 4l

e sl e

Sa aiwliel (g5 ) Golad ol 59
SOk GLGh 55 23S Gas 3 sl b
S ol lgieal Galead Sl s b ool oot suliiol
S a5 st C33a aslae BUE 31 S L a
i S 055l ol slae L& (55, 5 4l
5o sasls Sy ally Jae 4 a8l Hlake Gupe
SUy s ad L15SE Jae ol (bl alas gl
goud saali e ,olis a5 b cules ,0.(1386
slasbas o aa s s Ghy, »a o8s sad a),l 5
) 5Silse (MAE) L 3 llas (oS3l (55001
553 g0 4dis) 3550 sl 5 (MBE) s
sull 5 s y) s 8 wwlas (RMSE) (olasse
6 L5 4Lasly, 3 suliieal b La,lias ol lasia (2000
lael Saeuds

(MAE) o 3llas (Sl

2|2 iy = Z0x)| [4]
MAE = 1=

n

(MBE) Wi sl s o:Slis
D@ F(x)— Z(x;))
MBE = 1=l

[5]

n

LJacknife
2Mean absolute error
3Mean bias error



1391 Jlo /1 oylas 22 sl ] ST 5 ol il

g ol el 208

aoss 35 51 G salinad Lls pauliy ol yen 4 o
S slasuits (1985) Suably guidids 5o ol
BE) J.L.ZL MJJ35 )“)3‘}“4 C.:“)w.s.\a':»u:s‘)...é (5‘)‘..\45

88 0 18 0k edioeis b slassite s S

29 o Sike B4-417 51 soliial B analsy Ll
Bl shesh Sl 5i3 Gals il ga Gl L3 oSS
S G QLK Gl o, slas el He solail
Sonis s g il a SIS o 8 S e 100

K ERPIPFEI WO B P R PRPS

—

e 31l Skis (S iy awes oSk A1 e
(%) <l ks
0/036 30 2/52 0/83  0/22 0002 012 Ao i
12/49 88/7 6/76 2/18 100 0 1407 o SAS 5o Ske i
91/75 35/17 1/89 008 417 B4 26087 . SJS seS e el
0/404 6/23 -0/65 0/09 719 5/57  6/48 - pH

S5 Llie Wb J sl adla o ael cwss 07418
Lale s cuadly Lo Ll adl i glaks
G Gl oS wias oo Ol |5 shee ) YL Huolie o 5a5
G labd 3 adb oo suite Bobal s3a ek Lo
G Loy olntss ol Ho olhuds ssay cle
2S00 Do soSedlwl 5 ol ndisa slea Juls
(1386 SL, i)
Obas wsobel ey Alids slagis, O Lo
a9 Sams a3l 5 ea 5 53eS gls Siaas S
08 ousSae undin wl Jao S S (i,
Shad 8 LI08 sam S o elad ol pb iy,
OBy calllan Gl S suliinl 8, g0 Jasm s 12 o
oS g b (iYL 3 daju s se sltlen win
st GALE sy cpsialial 5 ols las | e

(3 Jsaa)

JS 03555 2530
Sy asag pae b ssas o ¢l
GoosliS slagae) sugane o S G300 SIS
e suad ad Jae (i (B30 3 ey QLS Ll
& e Joe wiilo 3l olasse psans s5b] by s
(20)

O3 e o) sael 2 Joua Hu Jae o sl i),k

Ak s Jae (ol (lge
Ol ael s 0/57 555500 sl ] @ gleaks
EER ) LA&J‘J Ls_.slSA Jl:\’ALA.U Lﬁ’tf-}-)‘ (5‘_):’ CA.)A.uZ!
g_é;lué u_'sls.a )‘:\’AL‘.&I (5‘)‘.) JES EPX )fi:\A A.A.:l.-iLj

IS 0308 sln glaks 31 Hlase (il ool L9

andllas 55 50 (5la ice Lad ki o (5o ol ~2d gutr

S e A e (%) 2L auls Cii Slasas il ol 53l dde Jueey
s kila 3L i 4 g
311 0/57 15720 0/98 0/418 sl JS 055
2/660 0/62 26130 0/629 0/235 $sS oslizal LB i
0/01 0/56 7530 1/02 0/431 sles oslizl bG wonls




209

1/053

0/790

0/526

0/263

0/000

0/00

4370/12

(M) dols

8740/24  13110/36  17480/48

&5\»JSC}j}j’f&]baﬁubj)‘jdh}dﬁdbﬂd'ﬁ—zg}sﬁ

DS Ol (55,018 (2151 53 S JS 03528 e 53 bl o) St b5 -3 dsar

RMSE MBE MAE Jao s,
0/230 0/002 0/170 635

0/229 0/002 0/170 e Koo 5
0/231 0/002 0171 S

0/246 0/002 0/181 o

0/231 0/005 01172 ey A Sl al b
0/290 -0/003 0/217 Gl oS (55

0/238 -0/002 01177 1

0/262 -0/001 0/195 2 o pn Sl s
1/340 -0/086 0/364 3

0/232 0/006 01173 1oy

0/237 0/007 01177 2015 e sSe bl 035
0/246 0/007 0/183 3015

S wosla o8 olelime) lie Gy, 4S sy oo

OV 52 S5e Mihie Jelse 5 site g 4 paie

I dilie S 59 CATie Gl Ol 5 ol (S

1387 sum e s9l5E) ol anasd 3hlie sules 4
(1383 ), Kan 5 spuls

08 oS T e US (300 (udigy i

S ool © 4o b ol sud suls olas 3 UK

L S 0300580 0edS o i oS 5 clulas

%;Tc;l\)@alal’c@&ab&ij@l_j_}jslx

S S Ghgy O 50 4S8 WS 5l oo Jued)
5 ol Gl @l (1993) Jsulls 5 o susla
sk s el gladae 5l GBS 4 Pare (55588
(1386) ollKan 5 ol dadlas o a3 S solai
JS G500 iy 1o G Sy Sias S g,
oy il ol Uas Hlass JSlas e 1ols Judos 4



1391 Jlo /1 oylas 22 sl ] ST 5 ol il

g ol el 210

0/09 i) S350 Llie ,U<a 800114 gus)crcl
G Olhwl osia cad ) Sk (w4l s
S plie soa 0¥ (1Al L Gills (Jlad o

(1388 4l ) i€ oo il A Sl 5l 50

FR I L)
' '

41 20000 4180000 4240000 4300000
i 1
1 1
1 1

4060000
1

4040000

N O

€100 Soae 9 Ol e 4B Cpl Bl (Siian S a5
oS solin) K AL 65, 0laS &Y eans aul g3
> bl 51 AS bl 5 Jled glajia

T T
240000 2RO

EFI O

plodari] il EEIn Il a
) \

- - - |3
E
=
a
g
El

- - i
2

|
LE
re
| =

|
LE
ra
| =
§
=
a
g
El
E

S
Ko eters
SE00C0 Lo} B ilili]

Koy S Pas b JS 03958 shuag 428 -3 JKs

Gody suiS 5 She Jelse 5 (1386 SL ws)
5 35S dhaa 3l eyl olbilae @ ol S b Gl
52 S (1994 o)Sen 5 5alS) wo Al de)3e o]
rolic ooliie m5 8 &els 5 oug S50 oG S5
Sle ALl 3 0/62 85 € laks 51 s
31 (1993) J5ullS 5 &Sl ol Sl sa o s
o Shed G olhndS wom sl eSS e

0 S soldil 4..\‘...“.&? al_; JETRYEN alg..fh;u)
o) Alide slagigy Gu s S ol plas mls
ad3 gl 1y S e Suan S G wsobel
(5:))\9‘.415 U"'A‘J‘ s gdan Hd sulail d.sl:@ ).5.4.4.\5

osliiul BB jaud 5,40 5
slaomas o (535l los Ghassy ol e
(4 Ka) ws solanal 55,5 Jao 3 solaia) L5 i
sl Sb wlaye poans Gidls SN ) Juls
09 (2ds92) ws Ladas mle 4 cans 51 (RSY)
i}’\,m el s 5ie 26130 ):GE dals (o5l ol
S0 @il S5n3 S o € Lid aile gpalic
Sl Sk Lab wals sl @805 L8b wals
ssas Ko SIS ALl T 3 Guy oS il (glalals
3 o ey el laie K 4 Ll puiSad 5 als
A gab Cp SIS LSl & Sun 55T dals 31 5 e
aieea Koo 5l Jie ladisad 5 Gals s



A — e yolie caainy 5 mesS Cap ol o) slobs) (b))

ool @l S S iy, 5 5o (2011) oL,
0SS suldiu) (SWL dbie S Hild SIS ol juas
25815 sl 55 (2011) Glhage 5 (oSl (5 S
1 Shaan S (o) cae gyl @da 50 Jied yuale Hlads

abidie gladas 3 aas e &l QLK oLl
oS € ug Jas (piolie ol Jae s S
ACIUPXEN JRCHLIRY FRCPUPNNSTL (TRVRE | FESTRPR AN
ol S suliinl b s so sltbandin (B, Gxines
O aliols ol sie ¢ dlad (ki (ial L3 4a
5 Sooles,E (MBA=16/919) wi walis I

OpaS sl (s Cpl w8 S pdlel s (rSaslie
55 MBE ;MAE 1.

0.63 . ®
i

047, '."'
Lol g

0.31¢

0.1a:

0.ao : : :

0 11155 22309 33464 44618
(1) wloals

030l J jind (gl OF 4 ok o3ls 5310 Jde 5 0 285 slas i =4 IS5

OndS (55,58 bl 53 eslizal | Laud eest 55 s)bl e sl By b)) @‘5'4 Jadr
RMSE MBE MAE J

23
11/006 0/005 71923 S35
11/005 -0/004 71870 P Koy S
11/132 0/003 7/951 S
12/071 -0/153 8/471 JESptES
11/207 0/232 71970 o sSas ay L Pt sl il
13/890 -0/368 9/990 s oS (55
11/119 -0/054 71933 1as,s
13/006 -0/076 9/137 2 4= 5o Slardi
46/295 -1/092 16/919 3 s
11/136 0/239 71937 lolgs
11/407 0/023 8/087 20l 5 o sSre dolb a0y
12/062 -0/100 8/504 3ol




1391 Jlo /1 oylas 22 sl ] ST 5 ol il

g ol el 212

oA sl Shed 0 S Hlale adly e Hlsds Sl (Gare
WS ssliid B i e SK g 4 Jpeans
i canls) Ll pl go8ud (slag S B a4l
i el pla polie 5 LU o, 90 o Slac
el el (1378 5<Sle) uols (S S 0 s a g0
1y Slicel el 5o soliical Ll it 3lSe ol jeis
Ssay s SEA dad p SaA Lulyd o (lse
Sod s Jled 5o el oly S 5 (Sal obSs
slags sy o Soml PH Gide (Swsl ol
dlon 3 Gl (53550 5 (208 Fhlie 5o asie gl sl
ol by GBS 5 sSo S SSoun slaglie e
slas S G yme il (ool sads sals olas Lasaly)
£ 5 GoooldS SV pmns Wl 5o LA ol

240400 pte il ] ERioad

;_;.LE‘.‘ (5‘)4 solail J.\L“Q )ﬁ.a.u& U.\“):;.\ aa

st 5 (SSLe) w488 S S o 8 SELS 5o a S b
U IS E A S AR IN T S| g
S S pPH o sl pH 4 e 60l cuniliaa
sod oS oliud b assasll 5 cal slag s 5/5
YL PH o sl oo o Jslasls Sbiguny @opm
SA od )ﬁ.a.u& ufl:\?;‘ ‘a..\.c. CAPS “© Jngo Sy L
oSlae cga (Sl oS @ GlLS LS Sy

L R lilili] 441aaa
1 1

40604000 A1 20000 4180000 A ML
1 i 1 1

4000000
N

50

Kilomz=tars

4180000 -

3000

A0E0000

[ EE:1

- E-12
-_12-17
. 1723
- 2333
- 3-54
—_— G

400000

T T T
Z4Caan ZACCn Faocan

T T T
il SCanaong R bbbl

Kiom S oy b oslital bl s guag adi -5 s



213

e yolie caainy 5 mesS Cap ol o) slobs) (b))

JLQ.L.:L:&. u‘).i‘. JLT ‘s)l-a.u‘ (5:))\5‘.:25 Qm blg:u.uf‘
A

;__.\.LE‘.‘ (5“)4 saldil d_»\:q ‘s:u.ut\e 63‘).;4 KEN
5 Sk w418 8 Ll 5o 6 SIS G 6 S Le 230
BB pally obole O Jeols s (1376 a2
sad sals olas 7 JSE o s S (B, b osolin
=) o) Glas LB Gg was ol e el
U..s“).;.‘ KEN J‘ )3&3:;\& 88 gdan I Qtu.u‘ (SJJJL.:LS
O 05aeS 5 bl Jlad syl 5l adas u soliil
ad saaliie bl Cne 5 o Gble Ho yidu
Ol s als Lo aally s Vgl (7 )
s o bSO g uﬂ LS| (uw! sLusk)
S K o, Gad dewt 4 ke aglas (S0
Gowdy L}:\S;‘)J-JJALJOCA-CQ«SL.;JJ‘JOTJJ:IASJ
LS 5l adiie 5 analS Gines 5 ally Gad
sotalsd) ssdise sws Lol o 358 suslic s g
©) Sk Gloee Qll o2 3blie ool 5a (1379
S T olgs 5 (Sialis 700 51 5YL b gie b
Sod oy Jlad 3ble 3 YL (e ,u 2/2-3/5)
ol ol () sads suly Gl laeas) cwdl oGl
paealiy Slds (g pdiud 5 SIS Olda 4 sake Wl S e
Bhlie Lo el GRS ale olsSe oigas sl
slacaS 51 5o of @las ) Gll ose 5 o
US‘S E_QJ-I-A-A ‘:J.C. ‘&jotm Qf‘ L bJ)a.:Zn:Q K) 'as‘Jlo
o o8 Skl o Saw 5 el glas S
s by sblis

oslitul bU el 5,40

Sl a5y pae L asas oo ¢l
slagae) 8o gane Hu soldinl L5 avilly juaie SlSo
Jae fpada (83150 5 umy <Ol (a5l
Jae (o5 calie Glgte 4o ol Jao e yuids an
o9 L paiSans Jae slasiel )l (6 JSis) wd s 3S
(0/56) it w4 (glaalsd ) e .ol sual 2 Jgaa
Jo8 ol bw gt SIS HlALL s ga 5 sianlis
ol dalllas 55 50 dilaio Lo suliicel Bl arcaliy (sl
09 5 (Ore B8 0) ol jlaie (gl Laiyus an S
S A Lw w sl it 318 Gl s
BB aaaliy dalllas Gl Lo adl Gl 0 a s Bl g5 g
1/02 ascs euls jlaie 4 36 7530 dioly o salasl
G Ol S 4 GhLs S (plala HadS ad s
o alals Galydl Ly pui sl asls s Sl
O3 (s1os el Gl 531 5] san (55150t pal 00 sane
Jae G351 59 (1386 Sk ) il o i
soliiwal JoB v caliy (gl (slalsd 31 ey s o
Gl 51 il Y sare Hlule (pl 4S wel sy 0/431
ol Gsad 4323 5 @S 85l (gl s

dao e b Sy S (g, oS uls Gl il
o9 suliinl B8 anully Hlase B s i Sl wdling
Opoirslials Laas o D1 golasnsas (sa 3bLe
sol ciun sge gllaadia Gigs b Las,sls
Oeotdm 3 da,u asge daasin iy, Sk
colis oS ool GBas Of O am 5 cusls 1, A
SS aalllas 505 Jsua) wss cas 53538 ol
(1388) ol,lSan 5 (230 5 (2011) oLage 5 (255!
ey (SISe ol il a0 slon San S i 5
2l 5 el mde Ho ol o soliial L



1391 Jlo /1 oylas 22 sl ] ST 5 ol il g ol el 214

1/055 | L
0/791
0/528
01264

0/000

0/00 2750/66 5501/33  8251/99  11002/65
(M) 4ot

o3l JG sl (5l OF 4 0 03ls 55310 e 5 (0 285 (slad i i =6 IS5

LS Oliasl (55,5058 o211 53 pralty ji e 3 ()l o3 S Bs5 b3l =5 saer

RMSE MBE MAE Js s
8/078 0/474 6/570 655

8/015 0/670 6/538 les Sy S
8/009 0/471 6/512 S

8/750 1/563 6/987 s e

10/621 3/533 8/051 s oS ol 5

8/366 1711 6/778 1 )s

12/236 0/957 71874 2 > e (Sladkardo
15/343 1/535 8/478 3 4o

8/057 0/672 6/523 Log

8/214 0/876 6/616 2015 e sSn Lol _m305s

8/592 1/001 6/861 3ol




215

e yolie caainy 5 mesS Cap ol o) slobs) (b))

2solnnn SEII)IEIDEI

4240000
1

d‘IB?UOU

JEISUIUUEI

dﬂﬂ?ﬂﬂﬁ

50

35(]'000

[ lKilometers

HHHHMHHF 45EIIUEIU

424000

4160000

4080000

o120

121160
B 161-200
B z01-240 L
N z40-230
B z81-320
I 220-380

4000000

[ bl s

250000 300000

150000

400000 450000

Koom S oo b ooliasl B sy (guinaigy 42 -7 JS

o5 el 0508 Lol ol 8 3ol 31 S3eS oyl
aaliie Uil ot 5 gin 3blie Lo Jid suliiol
a3 Ol 5o sad g slaadd ) sulital b .ud
sad laa (y Saa Gllie lias 53 (535S 4na 55 ()l sSse
Goaas b ol ol 5l sl alad) was gy,
L @le ose LS Lo S jslie ol
5 bl bl olallhs (S gpilols clawsm
OB Gl Hu SIS el e sl
S saldiil
Sl Seulpes

e ota slael 5 SUSIS 5l i sin
OLl bl b plie 5 (s3,5LaS ©lidas X s
S OSAS aamials (ha g5y ool 5o 1) solSes culg <
W3S so S8

GoS dauia
S Sy o ol e
‘s.n.b“)‘ o 4731\5‘ J)JAAJ& ).n.éLt.c (5‘)4 ;O:\MJ

12 0 oo as caba LBuK bl g5 slas

2o

o b e glben i (B (2LOke Jsem gy
salie Gl abole o 1) 2edS (n ool 3
sl e Grsid @b Ghas o b olas
rolic il (pedS Gl e pAS 5 S
5 hd (S (50 b Gl v Some
e & Sim S il ola oo woliiod B avculiy
ok s e sl ba G 5SS 5 WL il Rl
G ooniie K sl oo olel (el clie (i, S
S o 5 IS8l ek Jolge 5 side gl
nbes 6 1) dbie Sy o 0aTie Gl Ol 5 9l
e S ol oL suidigy B ol asesd 3llis
Sod s Pt glagias o shd 5 JS (50



1391 Jlo /1 oylas 22 sl ] ST 5 ol il g ol el 216

ouldicul v,y 90 C._'Eu

Slaolind by JT sule Jlutie S 0 SIA IS @) Hlate 0567551386 (3 Jloja 5 o ole) dane J (3 ol
dae UK bl GUSA jw Lal) 5 paan 5o e SHmShan S San S Sas S slaghy,
23‘336&&.@ 4 éJLA.Ail ‘ﬁAJJL@A’ JJA U-!:\-\]c C_\tm 9 LSJJJLJZS ‘:Jl:,

s 243,51 sl Bl (g 5B (63 5405 s 5 slae Bl il ileT 4sli 51388 4L
SLosos slags sy o0 1387 (I Glhas s 5 1 soms (b sugens @ oo OLeLld ) susm e 2l)(B

roige 5 pole das pladad; el uedn) o] AS Gl Shs Sl Sludl ful ogs SIS
B3-70 (sladain 5 s lad a g9 Jlw . ol sl iuas]

Bhlie 5o S (Slgouaa colaa s 5 59 5l Gaed slaghss Lo 18383ica shags 5 o A LLA o (5ol
1

Looue obl adlal (5555laS olidas oyl S goaliala bl 445 1388 50l 5 ¢ e (b 230
asle ol&aly ol S asle o KK fraasdl oVlEe LA 277 dadin Lol o)y SiSE ) suliinl
OESL GBS b il 5 (s555laS

dadn 453 .sS.l:!: ‘)4.:4‘.1:: .‘AJJ J.‘.A 'L;’Sls'c JLQT ¢(5ij¢9: .1385 ‘G (Edans

(8508LES B sal S Gl 59 0SS Gseme Oluding b o Slae (Rl o Slul 5,5LaS 1378 o S Sk

.WSB.GJJJL:}S&_}JAT‘)&.JJA}S

O Ol sy
Aishah AW, Zauyah S, Anuar AR and Fauziah CI, 2010. Spatia variability of selected chemical

characteristics of paddy soils in Sawash Sempadon, Selangor, Maaysia. Malaysian Journa of
Sail Science 14: 27-39.

Carlson RE, and Foley TA, 1991. The parameter R? in multiquadric interpolation. Computers and
Mathematic Apply 21:29-42.



A — e pole gaainy § omesS Caa el (e sl gy (b))

Carter MR, 1993. Soil Sampling and Methods of Analysis. Canadian Society of Soil Science. Lewis
Publisher.

Cahn M D, Hummel JW, and Brouer BH. 1994. Spatial analysis of soil fertility for site-specific
crop management. Soil Science Society of America Journal 58:1240-1248.

Issimail MH and Junusi R, 2009. Determining and mapping soil nutrient content using geostatistical
technique in a Durian orchard in Maaysia. Journal of Agricultural Sceince 1(1): 86-91.

Istok ID and Cooper RM, 1998. Geostatistics applied to groundwater pollution: globa estimates.
Journal of Environmental Engineering 114(4): 915-928.

Jackson RB and Caldwell MM. 1993. Geostatistical patterns of soil heterogeneity around individual
perennia plants. Journal of Ecology 8: 683-692.

Karczmarczyk G and Renman A, 2011. Phosphorus accumulation pattern in a subsurface
constructed wetland treating residential wastewater. Water 3: 146-156.

Knotters M , Brus DJ and Oude Voshaar JH, 1995. A comparison of kriging, co-kriging combined
with regression for spatial interpolation of horizon depth with censored observations.
Geoderma 67: 227-246.

Lioyd PM and Atkinson CD, 2004. Increased accuracy of geostatistical prediction of nitrogen
dioxide in the United Kingdom with secondary data. International Journal of Applied Earth
Observation and Geoinformation 5: 293-305.

Olsen SR, Cole CV, Watanabe FS and Dean LA, 1954. Estimation of available phosphorus in soils
by extraction with sodium bicarbonate. US Department of Agriculture. Washington DC,
Circular.

Pang S, Li TX, Wang YD, Yu HY and Li X, 2009. Spatia interpolation and sample size
optimization for soil copper (Cu) investigation in cropland soil at county scale using cokriging.
Agricultural Sciencesin China8(11): 1369-1377.

Ruppert D, 1996. Loca polynomia regression and its applications in environmental statistics.
School of Operations Research and Industrial Engineering, Cornell University, New Y ork.

Shi J, Wang H, Xu J, Wu J, Liu X, Zhu H, and Yu Ch. 2007. Spatia distribution of heavy metalsin
soils: a case study of Changxing, China. Environment Geology 52:1-10.

Sokouti Oskooel R and Mahdian MH, 2011. Spatial variability of macronutrient for soil fertilization
management: A case study on Urmiaplain. International Journal of Soil Science 6: 49-59.

Triantaflis J, Odeh IOA and Bratney Mc, 2001. Five geostatistical methods to predict soil salinity
from electromagnetic induction data across irrigated cotton. Soil Science Society of America
Journal 65: 869-878.

Uyan M and Cay T, 2010. Geostatistical method for mapping groundwater nitrate concentrations.
Pp 1-7. Proceedings of the 3" |nternational Conference on Cartography and GIS. Nessebar,
Bulgaria



1391 Jlo /1 oylas 22 sl ] ST 5 ol il g ol el 218

Webster R and Oliver MA, 2000. Geostatistics for Environmental Scientists. Wiley Press. 271p.

Wilding LP, 1985. Spatial variability: Its documentation, accommodation, and implication to soil
survey. Pp. 166-194. In: Nielsen DR, and Bouma J (eds.). Soil Spatial Variability, Wagenigen,
the Netherlands.



29 e yolie caainy 5 mesS Cap ol o) slobs) (b))

1/053
0/790

0/526 *

La.af.duv.a—

0/263 | !

0/000

0/00 4370/12 8740/24  13110/36  17480/48

(M) ast



