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Figure 1. Study area location and spatial distribution of soil sampling points.

SAr Camdse (VS0 35 3 ol
(GPS) ler clicusd o oS L e sel 015
(S D5 b Gl S el A4S e
ol S gladiges iy 5 i (S ol
Sl Cblis g ARG 4 slaial
3 oedsl WIS sl sla iy b g e K

Q) 438 eens Ja g ol Sl

1:Clay

2:Silty clay
3:Silty clay loam
4:Sandy clay
5:Sandy clay loam
6:Clay loam
7:Silt

8:Silt loam
9:Loam

10:Sand
11:Loamy sand
12:Sandy loam

30

S €00 YV bl 1S w5 (5,08 pd gl
bl badh) eddguiazl gola s, w
e Bl T Gas Sl (Gl 315 5 58 glaasls
Vore Sl 5w Yoo Plas alol 4 S CJM
s | eliag Sbt gladsel Ad Gl
S IS il e elal  eddaallle
Sl Gl s (Sl il i) K 4l Sl

20

USDA uuiid pulul p sdkdanlline S sladipad il i Y I3

Figure 2. Textural distribution of soil samples on the USDA soil texture triangle.



ITAY (£) o,lowd (Y0) s S g O Chlis s Widg3s 4 pai

L aS o aenles u¢l§ S 5 yasie Jolg
<=l§ Sl it gas Aol (g Hls pasal 4SS 4 ax
s Sl 3 1 L peiSes 5 s e i ) (h)
S Lo it 3l oy b ¢ A o Aales
S Sl e e GO s Jolp @
TP B4 P PN P SOV L\ e DI T [P SRCIEoY

Dyt

Ly 7rv12
2N() Zi:l [Z(X1 + h) Z(Xl)]

y(h) = )

h dobs & & Slaalie 755 slaxs N(h) Ol s &S
53 ke Sl Z(Xith) 5 Z(Xi) dils 3 s Sl
Y(h) 5 Xols S5 ea SIh alols 4 &S Condge o
() ol o2 L;LNJM&,V.H =33
Ghao ey balds C3s b)) ¢l e
(RY) s sy laslms 5 ablE i Lzsl
Sl s RMSE) Ut Silay e 053 4y Sl
Lol dsles a5 L oslizel (MAE) s glas

w\ﬁ)ja_:b)&)y@

2 _ 1 _ (Z}Ll(yi—?i)z)]
k=1 (Ch,i-30?) ™
RMSE = \/%Z&l(yi — 9i)? )
MAE = =3, ly; — 9l )

0l So3ll b edalive e Jldie ;0T L3 &S
e 5SSl Sldie Py eddsysl ke Jlde
Ceslrosls S sl N5 o5 S eIl
bl S 4 bl Sl ans
25 (Sled ks 45 5 SPSS 24 5 Excel 2007
“@:)}TﬁM}QIﬁWD Jdbe S3le s
s el AreGIS 10.3.1 5 GS™9 slasl53le

YL

LSLM)LJ :é)_,iﬁ X3 @J.ﬁ 9 Laesls ui'a)'bﬁ:
)\J_e\<af )\ vl L; S le.«hj}{) W‘)ﬁ'
Lz Lhob\b JLAJ.: c)j: B8] A &)MJL? SPSS
Q)M \_ﬁyw\ —Q);yjjs Q)AJT )‘ oalaul
Loogs Jb, &5 shls 8 slacsls b S
s s bl b mss 4 cbe la s
5 X5 O3l (sobeliens 2LOsss Shss 3l eslinal
A el ArcGIS 10.3.1 Lo 5 (63, 5lanl
IS S Lo il Glais, 33
"\'iL’ Laoals Lﬁ"&‘ LS:.M/‘}.:_{ QJ}J )\J&L-@.?' WJ
oS5l 0o 5 S0lear ((V0) 555 asis
szjhizjng;»ulﬁgjéuﬂwloiﬁlﬁ
S48 fx.“ua Q)L&A Q‘J.:._.a.? (i) JJ\J L$'<:"“" Ll
63 S0lenl Ll s Sl il Sl 3 b
.b‘yil 4:3J§J.]a_:)3 rl;ﬁJbA‘.“""l"“')J JJL’ASCMN‘
LSLACAP B ﬁ\ﬁy)‘j céJﬁQLML: L5\.4.:.: =
CJL@.?' Ao 42 Lwls )\Jui» 9 J}";Lfd V.M') —aliss
Lol oS (63 S0kal s .J.JL;« S S0
4 (w.a.:.: 5)}.3 J]afb) Zuals JiJ‘?S)J" St
Ll 55 o il (o S sS Jh8) wals oy 3 S
S dol sV L8 e ol et g3 )
sl (63 SOl sl lES
Ol 5l eslizul & ol ime (Solern Lol i
55 ol a5 1l wlie w1, OF 01y e oopl oo
Sl 035 S 5 oblomes Slalo 5 43

Gl ki 1 Gl s aods [ Laesls SIS



el Wiasls 53 g,y 545 pe J.<L.; RGNSy
Ly o5y Sl ol oo Spon SISy
Sl ogd Gl L 055 3L Oyse s &S
0303 55l lsses aalee 51 OT Jldde Xy, i
Sydp oS ol glaesls Sl s T Csa sl
Lo, ssbelims o dosa s ol 51
VW) o 5d o Lol adsl slaesls 4 o lgs sddid>
G 3l 63 Sler gy Sl s (Y
wals o 38 50 Cand b dolee S (63 Slaeals
S S k) wals 2 5 Sa S 4 (an Son kD)
ol olde tagn pl sl eslinal cnl (an
65, Sl 0 easlis oS ol o S Lju" S
Loowbe w28 4 5 b Sny oboss ol

A el Jpems S S 555 5 eslina

oy g

4.5:\)\ \ d}.l} BEl LAL;}J..} LSJL‘T CJL:-J)«G)‘

Foie S ol s jaed S olis .l sl
315 OLES 55 O g sl =5 S 5ad S 05051 5 54
Lol 3l /0 5 5eS Laesls Sl
"\'il" LJ.:'L: v /0 )\ Jju,:m_: ;\ K:a-vv\—:-’ aosls J‘i"\“:
ol (Y0) 558 Jlo g T w35 B Lps his
545 s ol glaesls b w280 51 eslizal L
63, el 5 Ky Osesl s S b Oliess
Waosls polie; gl cpl (gl o A fb‘d\ Laesls (g3,
)‘;9\(:;: B .,L.:J) M}A{fﬁ J\f\ )\ oalaul L:
sl 55 goses Dl=io s, » ArcGIS
wudbw&)o,\.ﬂﬁ)ﬁajm&uw
ol osls Ja3p dslae O enls 25l ol

ji'i" CJ)LJ«A.: S C]G.wd L5.]4;- LJA}}{: Ui\ BEl

adlae 3,50 gla S5 5b] Sl pas -\ Jpux

Table 1. Statistical characteristics of studied soil properties.
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Figure 3. Experimental semivariogram of effective properties on soil fertility (open square) and the fitted

models (/ines).
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Table 2.Fitted models characteristics on experimental semivariogram of properties.
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Table 3. Accuracy evaluation of kriging method in variables prediction.
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Abstract

Background and Objectives: Plants such as rice need to provide their nutrient elements by
using fertilizers to have more production per unit area. For this purpose, it is essential to
recognize macro-elements amount in soils and prepare their ideal maps. Soil CEC is a vital
indicator of soil fertility quality and pollutant sequestration capacity and the properties of
nitrogen, phosphorus and potassium as macro-elements for plants. This research was conducted
with the aim of estimating and mapping the desired properties in order to obtain the results and
maps that could be used in optimum management of fertilizer use and control of groundwater
contaminants.

Materials and Methods: The study area with an area of about 40,000 hectares is one of the
central areas of Guilan province. 247 soil samples were collected from depth 0-30 cm. The
values of CEC, total nitrogen, phosphorus and potassium in soil samples and their descriptive
statistics were determined. The normal distribution of data was analyzed using Kolmogrov-
Smirnov test. Data that did not have normal distribution was normalized with appropriate
transformations. Before the use of interpolation method, trend and anisotropy analysis were
performed. Semi-variograms were calculated using ordinary Kriging and maps were plotted.

Results: The amount of K and P varied from 78 to 269.5 mgkg" and from 2.3 to 56 mgkg™,
respectively. The average contents of K and P were 192.03 and 16.51 mgkg, respectively. The
amount of total N changed from 0.02% to 0.8%, which its average was 0.26%. Also, the content
of CEC varied from 10.6 to 47.1 cmolkg' and its average was 26.72 cmolkg”. The fitted
model was based on semi-variograms of total nitrogen was exponential and those of
phosphorus, potassium and CEC were spherical. Determination coefficient (R”) of models had
high value and the nugget effect/threshold is less than 25%. These characteristics showed that
semi-variograms of properties had strong spatial structure. After specifying the semi-
variograms, a map of their values was prepared using ordinary Kriging. Evaluation criteria
values R?, RMSE and MAE derived for K 0.79, 27.84 and 0.106, P 0.73, 8.17 and 4.63, total
nitrogen 0.72, 0.059 and 0.025 and CEC 0.76, 4.06 and 3.09. Criteria values R*>, RMSE and
MAE showed that accuracy of prepared maps was ideal. With attention to interpolation maps,
spatial distribution of K was good in western, north-western and central area of studied region.
K deficiency was concentrated in southern and north-eastern areas. The phosphorus and
nitrogen content are suitable in the central area to the north and in the south of the region are
deficient. According to the nitrogen and phosphorus map of soil, excessive consumption of
nitrate and phosphorus fertilizers can lead to groundwater contamination. Also, the use of
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potassium fertilizers results its fixation, too. Precise attention to CEC map and on-time fertilizer
application can solve this problem. Therefore, paying close attention to the values of these
parameters in the maps and their critical and optimal limits can optimize the consumption of
fertilizers considerably, prevents additional costs to farmer and pollution of ground water
resources.

Conclusion: Since the investigation of N, P, K and CEC is important for determination of soil
fertility quality, so, the maps of spatial distribution of mentioned parameters were prepared via
determination of experimental semi-variogram with strong spatial structure using kriging. The
criteria of R>, RMSE and MAE showed that maps accuracy was acceptable. Spatial distribution
of K was good in western, north-western and central area of studied region. K deficiency was
almost concentrated in southern and north-eastern areas. The contents of P and total N were
suitable in central and northern areas which their deficiencies were observed in southern area.

Keywords: CEC, Guilan, Kriging, NPK, Paddy soil
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