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Abstract. Rapid and simultaneous determination ofnitrate (N O and potassium (K+) ions in soil samples
using ion selective electrodes (ISE) was investigated. The compatibility of ISEs with soil extraction solution is
a challenging subject as various effects such as pH, ionic strength and interferences have to be considered as
well as efficiency of the extraction solution. In this study, 30 agricultural soil samples of different properties
were extracted with 0.01 mole.L-1 Al.(SO., and the extracts were simultaneously measured by N O -- ISE and
K+ - ISE in a flow system. The results were compared with ion chromatography (IC) as the reference method,
and the regression analysis between IC and ISE results was yielded high correlation (R. = 0.986 and R. =0.951
for K+and NO3, respectively). It was concluded that, ion selective electrodes can be used with 0.01 mole.L-1
Al:(SO. s extraction solution for rapid and simultaneous determination of nitrate and potassium in soil

samples.
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INTRODUCTION
Necessary information about soil physical

conditions, nutrient status, and chemical proper-
ties can only be obtained by performing appro-
priate soil analysis. Since nutrient levels in soils
are the main criteria for fertilizer recommenda-
tions, soil analysis are importantinterms ofmini-
mizing the environmental impact of fertilization
practices by enabling efficient fertilizer usage.
However, conventional soil testing methods
which comprise of soil collection from the field
and soil chemical analysis in the laboratory are
costly and time consuming processes, such that
numbers ofsamples that can be analyzed are lim-
ited and monitoring of spatial variability in soil
nutrient concentrations is difficult. Drawbacks
in conventional soil analysis methods have led to
the investigation of fast in-field monitoring sys-
tems, which ion-selective electrode (ISE) tech-
nology is prominent. lon selective electrodes are
accurate, fast, economic and sensitive methods.
They are more economic than conventional test
methods such as AAS, ICP-OES, and UV/VIS.
Among many advantages ofISE technology, por-
tability is especially striking as it can enable fast
and in-situ soil analysis. ISEs are compatible
with on-line analysis, and many ofthem are com-
mercially available for use in various matrixes
and significant progress has been made in ISE
technology in recent years by development of
various ion-selective membranes includingNO™
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, K+, Ca2, and Na+ which are the most impor-
tant soil nutrients, and also many researches
have been carried out to develop phosphate
ion-selective electrodes (Tsukada etal., 1989;
Carey and Riggan, 1994; Knoll et al., 1994;
Xiao etal., 1995; Chen etal., 1997; Levitchev
et al.,, 1998; Wroblewski et al., 2000;

Bratovcic et al, 2009).
The selection of an extractant suitable

with ISEs is often a problem in soil analysis.
The extraction solution should be compatible
with ISEs while extracting the target ions
from soil samples efficiently. There are vari-
ous extraction solutions available in literature
foruse in soil analysis and some ofthem were
studied with ISEs and successful results were
obtained (Wang and Scott, 2001; Wang et al,
2004; Zbiral and Nemec, 2005; Ciesla et al,
2007; Madurapperuma et al, 2008; Matula,
2009; Bortolon and Gianello, 2010; Kahveci
and Atalay, 2010; Bortolon et al., 2011).
However, the conventional extraction solu-
tions such as KCI, NH OAc, Mehlich,
NaHCOs are not suitable foruse with ISEs be-
cause oftheir high ionic strength, high acidity
or alkali. On the other hand, previous studies
have shown that Al (SO ) solution can be
used as a soil extractant and it can success-
fully work with ion selective electrodes
(Poonia et al.,1974; Roth et al, 1991; Plank,
1992; Taber et al, 1993; Hartz, 1994; Smith,
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1975; Kalra,1998; Baranowski et al., 2002).
Efficiency of extraction depends on many pro-
cess parameters and artificial neural network sys-
tems are widely used to determine optimum pro-
cess conditions by mapping complex nonlinear
interactions between inputs and outputs
(Aitkenhead et al, 2012, Zarifneshat et al, 2012,
Soares et al, 2013, Dursuna and Ozden, 2014). A
simple multilayer neural network model consists
of an input layer, a hidden layer and an output
layer. If radial basis functions are employed in
the hidden layer, it is called Radial Basis
Function Neural Network (RBFNN) model.
RBFNN models canbe used for function approx-
imation, regularization and classification
(Bishop, 1995).

The aim of this study is, first, to determine
the optimum conditions for simultaneous nitrate
(NO") and potassium (K+) extraction from soil
samples by using 0.01 mole.L-1 Al.(SO4: solu-
tion and second, to investigate N O -and K+ mea-
surement ability of ISEs by comparing the re-
sults with ion chromatography (I1C) analysis.

MATERIAL AND METHODS

Flow system
Tests ofthe NO 3and K+electrodes were con-

ducted with a flow system (figure .) that con-

tains commercially available all solid state
NO3 and K+ ion selective electrodes and a
data analyzer. It has a measuring cell into
which the electrodes were inserted, contain-
ers to hold solutions (. and . ), and a control
unit that allows simultaneous collection of
voltage data from the two test electrodes (K+
and NO - measured relative to the reference
electrode (R). Each testbegan with the flow of
0.01 mole.L-1 AL (SO, s baseline solution.
The desired volume oftest solution was fed to
the flow line by using 3-way mini valve as
shown on the scheme (figure . ) and measure-
ments consistently continued under computer
software control. As the tested solution
sensed by the detector, which consists 0fNO3
-ISE and K+-ISE in this case, peaks with dif-
ferent heights were observed according to the
ion concentrations ofthe solutions. Each indi-
vidual test solution was introduced to the flow
line when the baseline equilibrium had main-
tained. The electrodes were first calibrated
with solutions that were prepared by dissolv-
ing 2.528 g of KNO; in 0.01 mole.L-1
Al (SO, s solution and diluting it several
times until the final concentrations of
1.25x10-3, 2.50x10-4, 5.00x10-5 and
1.00x10-5mole.L-1were obtained.

Figure 1 - The scheme of the flow system that uses NO" and K+ion selective electrodes as detector
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Optimization o fextractionparameters
0.01 mole. L-1 AL:(SO.: extractant, which is

compatible with ion selective electrodes, was
used to extract NO" and K+ ions from soil simul-
taneously. The parameters that effect the extrac-
tion efficiency were determined as soil:
extractantratio, shaking time and shaking speed.
The soil sample which was chosen for optimiza-

tion experiments had a sandy loam texture (%
63.03 sand, % 21.14 silt, % 15.83 clay) and its
pH and EC were 5.80 and 0,13 dS/m (1:1 w/v).
An experimental design with 3 parameters, 5
levels, s repeats, 2 answers (NO3and K+) was
set due to the central composite design (CCD)
model (tables . and: ).

Table - Codedvaluesofcentral composite design (CCD) (Liu etal, 2006)

Parameters Coded Parameters -2
Soil: Extractant ratio (w/v) XL 3
Shaking time (min) X2 5
Shaking speed (rpm) X3 140

Coded Levels

-1 0 1 2
4 5 6 7
75 10 125 15
170 200 230 260

Table -Central composite design (CCD) (Liu etal, 2006)

Experime Coded
m Parameters
No X 0 3 Soil: Extractant ratio

1 (wiv), X1
1 - -1 -1

1 4
2 - 1 1

1 4
3 1 -1 1 6
4 1 1 -1 6
5 - -1 1

1 4
6 - 1 -1

1 4
7 1 -1 -1 6
8 1 1 1
9 - 0 0

2 3
10 2 0 0 7
n 0 -2 0 5
12 0 2 0 5
13 0 0 -2 5
14 0 0 2 5
15 0 0 0 5
16 0 0 0 5
17 0 0 0 5
18 0 0 0 5
19 0 0 0 5
20 0 0 0 5

Each experimentwas carried outthree times
and the mean values of the results were used in
training of RBFNN models. Every set oftraining
data was composed of three parameters
(soil:extractant ratio, shaking speed and shaking
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Actual Parameters

Shaking time Shaking speed
(min), x2 (rpm), X3
7.5 170
12.5 230
7.5 230
12.5 170
75 230
125 170
7.5 170
12.5 230
10.0 200
10.0 200
5.0 200
15.0 200
10.0 140
10.0 260
10.0 200
10.0 200
10.0 200
10.0 200
10.0 200
10.0 200

time) as input vector and their respective ISE
response as output. Each extraction parameter
was scaled between .. and : to improve train-
ing efficiency; likewise ISE responses were
normalized between 0 and 1. Since ISE re-



sponse is proportional to extracted element con-
centration from soil, optimization of extraction
process is equivalent to optimization of ISE re-
sponse. A symmetrical Gaussian distribution
function was used asradial basis in RBFNN mod-
els. Spread constant for Gaussian distribution
function was determined by testing different
spread constant values between 1and 5. Error is
calculated by taking mean square of difference
ofactual extraction rate and predicted extraction
rate by RBFNN model. Leave-one-out cross vali-
dation method is used for optimization of neural

network structure.
Extraction
All reagents were prepared by using

deionized water purified with a Milli Q system

(Millipore Direct Q-UV3). Chemicals were
purchased commercially from Merck (Merck
KGaG, Darmstadt, Germany). Soil samples
were extracted according to the procedures
described intable 2 in an orbital shaker (Stuart

§S11),0.01 M Al (SO, s extractant.
Comparison o fISE with IC
The new extraction method needed to be

tested with awide variety ofsoils to represent
the extreme features of agricultural soils in
Turkey. Forthis purpose, 30 soil samples were
provided from Soil, Fertilizer and Water
Resources Central Research Institute in
Ankara. The properties of 30 soil samples are
givenintable 3.

Table 3-Chemical and physical characteristics 0f30 soil samples used this study

EC, Textural EC,

D pH  4s/m  class D pH  gs/m

1 825 043 Heavy Clay n 855 0.29

2 802 045 Clay 12 785 058

3 798 047 Silty Clay 13 822 09%4

4 787 o039 OWYClay 14 817 038
Loam

5 782 064 Clay Loam 15 805 044

6 785 086 Loamy 16 8.10 051

7 801 055 Sandy Clay 17 7.83 0.62

g8 796 042 SNWCRY e g0 0m
Loam

9 79 0.62 Sandy Loam 19 7.75 0.67

10 733 034 Loamy Sand 20 76 0.62

NOTE: pH and EC measurements; 1:1 w/v, 25 0C.

The soil samples were extracted with 0.01
mole.L-1 AlL(SO. s solution at optimum condi-
tions, which were previously determined by
CCD and RBFNN model approach as 5.1
soil:extractant ratio (w/v), mixing at 245.6 rpm
for 10.5 minutes in orbital shaker. The extracted
samples were filtered with Whatman No. 42 fil-
ter paper. Every extract was analyzed with NO 3-
ISE and K+-ISE in the flow system, and with ion
chromatography (IC) as areference method. The
IC analyses were held in Soil Water Laboratory
in Ataturk Soil, Water and Agricultural
Meteorology Research Station Manager.

72

Textural D EC, Textural
class PH  dSim  class
Sandy 21 771 049 Loamy
Loamy 22 788 041 Loamy
Loamy 23 6.78 036 Loamy
Clay Loam 24 770 033 Clay
- 25 482 0.08 Sandy
26 641 040 Clay Loam
Heavy
Loamy 27 732 261 Clay
Loamy 28 7.72 041 Loamy
29 803 028 Loamy
Sandy 30 814 042 Loamy

Analytical grade (Merck) chemicals with-
out any further purification were used in all
experiments. Aqueous solutions were pre-
pared with deionized water (Millipore Direct
Q-UV3). Soil samples were extracted in
Stuart SS11 orbital shaker.

RESULTS AND DISCUSSION

Optimization ofextractionparameters
Optimum conditions for the extraction

process were deduced to getmaximum simul-
taneous extraction ofN O 3'and K+ Two differ-
ent RBFNN models were constructed with dif-
ferent spread constants and fitted with the ex-



perimental results of CCD. For NO3, a RBFNN
model with 1.3 spread constant provided lowest
relative mean squared error. Similarly for K+pre-
diction, a RBFNN model with 1.9 spread con-
stantvalue was used. For each of 3 extraction pa-
rameters, uniformly distributed 40 data points
were chosen between the lowest and highest val-
ues in CCD. Thus 403 input vectors were
formed. Corresponding ISE response was pre-
dicted for each input vector by utilizing trained
RBFNN model. Since there were 3 independent
variables (extraction parameters) and one de-
pendentvariable (ISE response), a 3D isosurface
plot was appropriate for visualization ofresults.
In figure 2a and 2b, three axes of plot denote ex-
traction parameters. Surface was specified by

Hi

connecting inputvectors that have a specified
isovalue (here, ISE response). Isosurface plot
is similar to contour plot where contours are
specified by elevation value instead of
isovalue. In figure 2a and 2b, isosurfaces with
ISE responses 0.7, 80 % and 90 % are given.
As ISE response increases, volume occupied
by isosurface shrinks towards to the point

where maximum extraction ratio is achieved.
In order to determine the optimum ex-

traction conditions, predictions of two
RBFNN models for each element (K+ and
NO3) was summed and over this total ISE re-
sponse, optimum conditions for extraction
were determined as 5.1 soil:extractant ratio
(w/v), 10.5 minutes shaking at 245.6 rpm in
orbital shaker.

(b)

Figure 2 - Isosurface plots corresponding to isovalues of 0.7, 0.8, 0.9 normalized ISE response
for soils extracted with 0.01 mole.L-1 AL(SO.:, (a) NO" and (b) K+

Comparison ofISE with IC
The goal of this research was to develop a

NO3and K+ions measuring method based onion
selective electrodes (ISE), so the newly devel-
oped soil extraction procedure was applied to the
sensor system and the results were compared
with those obtained from IC. Regression analy-
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ses were applied to the results of ISE and IC
measurements and high correlation of R. =
0.986 for K+ and R2 = 0.951 for NO3were ob-
tained (figure 3). The NO3and K+ISEs used in
conjunction with 0.01 mole.L-1 Al(SO.:
extractant provided results in close agreement
with IC analysis.
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Solution K determined by IC (mg.L-1)

Solution NO; determined by IC (mg.LJ)

Figure 3 - Relationship between soil extract K+ and NO" determined by ISE and IC, (a) K+ - ISE
vs. IC, (b) NO3-ISE vs. IC

CONCLUSION
In this study, a flow system with two differ-

ent ISEs was evaluated for the simultaneous de-
termination of NO™" and K+ ions in soil. 0.01
mole.L-1 AL(SO.,s was chosen as soil extractant
and the ability to extract NO" and K+was investi-
gated. A new extraction procedure was deter-
mined by optimizing the extraction conditions
with RBFNN model approach using central com-
posite design (CCD) data. The newly developed
soil extraction procedure was tested with 30 dif-
ferent agricultural soils from Turkey. The rela-
tionships between the concentrations ofthe soils
obtained with ISEs and with IC were investi-
gated. The NO3-ISE results showed high corre-
lation (R. = 0.951) and almost 1:1 relationship
with IC readings. The K+-ISE results also yielded
high correlation with IC readings (R2 = 0.986);

however they were not as close to ... line as
NO3- ISE. This may be caused by the poten-
tial drift in K+-ISE. The results show that the
use of ion selective electrode technology for
simultaneous N O - and K+measurement can
be performed with the developed flow system
in conjunction with 0.01 mole.L-1 Al (SO.:
extractant, at least for 30 soils included in this
study. Additional researches and tests with a
broader range and number of soils are needed
to further validate the applicability of these
results.
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PE3IOME
C. Kapagar, 9. 9peH, 3. YetnHkaiiq, A. Wenankun, C. OseH, C. [leBeun

OAHOBPEMEHHOE N3BNEYEHWE N MOTEHUMOMETPUYECKOE OMNPEAENEHNE
KANMNA U HWTPATOB B MNMOYBE C NMOMOLWbKO MOHOCENEKTMBHbIX 3JIEKTPO40B

Mup ApacTupmaselenuctupme A.C., CTambyn, Typums,
sevinckaradag@ mirholding.com.tr, Ten : +902124837070

BbI10 UccnenoBaHO ObICTPOE M OAHOBPeMeHHOe onpeseneHue H1Tpatos (NO™) 1 noHos Kanus (K+) B
MOYBEHHbIX 06pa3sLax C UCMonb30BaHMEM NOHOCENEKTUBHBIX 3nekTpoaos (MNC3). CoBmecTumocts NC3 ¢
pacTBOPOM 3KCTPaKLMW MOYBbI AB/ISETCA CNOXHBLIM 0BBEKTOM, TaK Kak HYy)KHO pacCMaTpmBaTb pasnyHble
a(eKTbl, TakKMe Kak pH, cuna noHa u nomMexu, a Takxe 3PHeKTUBHOCTb IKCTPaKLMOHHOIO pacTteopa. B
[aHHOM nccnegfoBaHuy, 6binn B3aTbl 30 06pa3LoB  MOYBbI CEMbCKOXO3AMCTBEHHOrO MpefHasHaueHus ¢
pasnuyHbiMu cBoiicTBaMu ¢ 0,01 mosb. L-1 Al(SO. s 1 3KCTPaKTbl 04HOBPEMEHHO M3MEPS/IM NPY MOMOLLMW
NO3 - ISE n K - ISE B NpoTO4HOI cucTeme. PesynbTaTtbl Gblny COMOCTaBAEHbI C MOMOLLBK VOHHOM
xpomatorpagum (IC) B ka4yecTBe 3Ta/IOHHOrO METOAa, & PErPECCUOHHBINA  aHanmM3  pesynbTatoB MIC n ISE
nokasan BblCOKYt0 Koppensaumio (R. = 0,986 n R. = 0,951 ana K 1 NO3, cooTBeTCTBEHHO). Bbin caenaH
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BbIBOZ, YTO, MOHOCE/NEKTUBHbIE 3M1EKTPOLbI MOTYT 6bITb MCMOMb30BAHbI C IKCTPAKLMOHHBIM PACTBOPOM o o 1
mole. L-1 Al (SO s MO/b 4na 6bICTPOro M OfHOBPEMEHHOIO OMpPeAeneHnsa HATPATOB U Kaiua B 06pasLax
MoYBbI.

KnroueBble cnoBa: MoHoceneKTMBHbIe anekTpogbl (C3), aHanms NoYBkl, HATPAT, Kanii.

TYffIH

C. Kapagar, 3. 3peH, 3. YeTunkaiia, A. Lennukum, C. O3eH, C. ﬂ,eBeqm

MOHAbL, 1PIKTEME/ 3/IEKTPOATAPAbLL KOMEMMEH TOMbIPANTATbI KAIA MEH
HUTPATTAPAbI KATAP ANY XO0HE NOTEHUMOMETPN1K AHBLLTAY

Mup ApacTupmaselenuctTupme A.C., blcTambyn, Typkus,
sevmckamda2@ mirholdm?2.com.tr, Ten : +902124837070

WMongpLy ipiktemeni anektpograpabl (M13) naiifanaHa OTbIpbIn TOMbIPaK YArifnepiHeH HWUTpaTTap
(NO™) meH Kamii noHgapblH (K+) Te3 XXaHe KaTap aHblkTayra 3eptTey XKYprisingi. WIS"Hiy Tonbipak
3KCTpakumscobl epiTiHgiciMeH Yiinecimainiri KYpgeni o6bekT 60bin Tabblnagbl, eiTkeww pH, noH KYi meH
Kegepriuep cekingi TYpni scepnepai, COHAan-ak aKCTpaumabIK epiTiHAI TMIMAINITIH KapacTbIpy KakeT. B
3eptTeyge 0,01 monbfeH L-1AL(SO.: 6actan TYpni kacuveTTepi 6ap ayblnwwapyallibliblkka apHairaH
TONbIpaKTbIL, 30 Yrici anbiHabl, X3He cbirbiHablnap 6ip mesette NO-- ISE 1 Kt - ISE KemenMeH arbiHAb!
KYVlese entuenpi.

HaTwxkenep sTanoHAbIK 34ic peTiHae noHasl xpomoTorpagus (IC) kemeriMeH canbiCTbipbingsl, NC n
ISE HaTvKenepLULL, aperpeccus/bik Tangaybl Korapbl e3apa 6ainaHbICTbIbIKTbI KepceTTi (R. = 0,986 UR. =
0,951 K +x3He N O ). VMoHbIK ipiKTemeni afeKTpoATap TomnbIpak YArinepiH4eri HATpaTTap MeH Kanugi Tes
X3He 6ip me3eTTe aHblkTay YiuiH 0.01 mole.L-1Al(SO. s MO/b 3KCTpaKUMA/bIK epiTiHAiMeH naiifanaHyra
60nafibl fiereH KopbITbIHAbI XKacanipl.

Krnmmi cB3gep: noHAabIK ipiktemeni anektpograp (113), Tonbipak Tangaybl, HATPAT, Kanii
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