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Calcium Magnesium Sulfur and Iron in Soils
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Development of Test Kits for determine Calcium, Magnesium, Sulfur and Iron in the soil
is thought to have a small step, easy to use, know the results quickly and do not use chemicals
that are harmful to users and the environment. By applying soil extraction methods for calcium,
magnesium and iron extraction using Mehlich Ill single extraction and determination of calcium
and magnesium content by using EDTA Titration, iron by using phenanthroline method and
sulfur analysis using soil extraction method with Ca,HPO, and determine sulfur with
Turbidimetric method. Performance test And the use of calcium, sulfur and iron test kits using
200 soil samples in Phichit, Roi Et, Nakhon Nayok, Samut Prakan and Nakhon Pathom for
growing mangoes, rhizomes, vegetables, corn and cassava. Evaluate the efficiency of the test
kits By using the results of the soil sample examination with the developed test kits compare
with the results of the laboratory standard method. Calculate the accuracy and find the
statistical value of Kappa coefficient (K) which is the criterion for evaluating the acceptance or
reliability of the test kit. It is found that the average accuracy of the test set is 81.0 percent with
the Kappa coefficient (K), which is equal to 0.57. With the reliability at a good level (P <0.05)
when compared with other test kits, it was found that the other test kits had an average
accuracy of 72.2 percent, with the Kappa coefficient (K) statistically equal to 0.22 in the
acceptance criteria at moderate level. Assessing the satisfaction from the users found that the
test kits have easy to use procedures. The analysis time is only 5 minutes, compared to other
test kits which take 10 minutes. The average cost of analysis per sample is 58.84 baht, while
others has an average cost per sample of more than 85.00 baht. That the developed test kits
are 44% cheaper than other test kits in the market. It was concluded that test kits can be

carried easily, suitable for use in the field.
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A70879 UseillulsednSnneesynnsiaasy tagniA1anuuaug (accuracy) A31uba (Sensitivity)
AN (Specificity) VDIYANTIAABY AINTOYANANITNAFBUINYANTIVEOU (Expected results)
LAZNAN1INAABUIINYBIUHURNTS (Obtained results) Ingldnauinas (TP) Ae wan1svaaaulagly
YnnsIvaeulinaaututuresa sageuludedsgensaiunantsageuluriesljiinis wauin
Uaey (FP) fie namsvaaeulagyansiaaeulinamnududugslurnsiinanismaaeuluiosfonng
Tinaaudutudi waavtasu (FN) Ao nansvadeulngyansiaaeulinarnududuiluyuyina
nsnaaeuluesufuRnisiaranudutduas wagnaauase (TN) fie nanisaaeulaeldyansivaey
Tnannududuinssiunanismeaeuluriesu jiAns uazuseliunianada Kappa coefficient (k)
Weusuidusyiuresniseeusu niennuiniedio (Degree of agreement) Aisziuauideiu 95%
puAns T 1 wiouvieUssiiuAiainuuiiug1reagAnI9aeUALAI19T 2 An3Suns National
Association of Testing Authorities, Australia; NATA (2018) W.az Validation of proprietary chemical
methods (test kits) 1113589 Association of Official Analytical Chemists; AOAC (2010) lneiignslu
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AL (% accuracy) = (TP + TN) % 100
(TP + FP + FN + TN)




AUl (% sensitivity) = TP
x 100
(TP + FN)
S v (0 i i —
ANUINNE (% specificity) = N « 100
(TN + FP)

Kappa coefficient (K) 2 ((TP x TN) = (FN x FP))

(TP+FN) (FN+TN) + (TP+FP) (FP+TN)
A58t 1 A1adR Kappa coefficient (KK) ieUszfiuseduvainissensu wiernuundede

(Degree of agreement) fiszduauLdasil 95% (AOAC, 2010; NATA, 2018)

AadA kappa (K) value UssLliuseauuIn1seausy ‘w‘%ammmL%aﬁa%wmmwaau
0-0.20 Poor agreement
0.21-0.40 Fair agreement
0.41-0.60 Moderate agreement
0.61-0.80 Good agreement

0.81-1.00 Very good agreement




M13197 2 UszlludseanSn1nuesnnsivaeuanAIAaLiug % Accuracy) (WHO, 2006)

% Accuracy  Ranking Rating MsUsLliuUsEEnanmYAnsIvdeu
>90 to <100 Al Excellent Kit is almost perfect
>80 to <90 A2 Very Good  Kit requires very little intervention for up gradation
>70 to <80 B1 Good Kit needs little improvement
>60 to <70 B2 Moderate Kit needs considerable improvement
>50 to <60 C1 Average Major interventions required for up gradation
>40 to <50 C2 Below Average Major interventions required for up gradation
Lots of R&D inputs required for compliance with
>30 to <40 D1 Poor
quality standards
Lots of R&D inputs required for compliance with
>20 to <30 D2 Very Poor
quality standards
Lots of R&D inputs required for compliance with
>10 to <20 El Very Poor
quality standards
Lots of R&D inputs required for compliance with
< 10 E2 Very Poor

quality standards
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muzdulufulalagldieada Mehlich Il waztenaienlgluiasians

vhenaria Ca (NH,OA) Mg (NHOAC) Fe (DTPA) S (Ca,HPOy)

Ca (Mehlich 1Il) 0.947* - - -
Mg (Mehlich IIl) - 0.934** - -
Fe (Mehlich IIl) - - 0.851** -
S (Mehlich IIl) - - - 0.471

FMIUR YN (N) 60 67 56 70

U A g % a (] v ’Oj o . o U o a a A
NNSAALEENUIENaNARUYN LA leUNenaTa Mehlich Il @usvanawaaldey wuni@ey way
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wian wazlaunenans Ca,HPO, @ wsuanamuzsulufu naassaianuluwnavilefuuazinsizrnusunu
wAALTEY wuNTPeunwanUasulanle3s EDTA -Titration method SasnzsiUSunamunaniiadialanleis
phenanthroline Method haz3tas1giusuranusdulufua1838 Turbidity method wagun
v o & | | a ¢ a A A & A a v ° ) a ' |
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(correlation coefficient: r)

N e SuUszansanduwus (correlation coefficient: r)

Ca (Mehlich 111y Mg (Mehlich I11) Fe (Mehlich IIl) S (Ca,HPO,)
auLﬁaazLﬁam 0.895%** 0.947%* 0.986** 0.878**
ﬁmﬁaﬂmﬂmq 0.963** 0.897** 0.935%* 0.867**
a‘lJL‘ld:EJMEﬂU 0.886** 0.938** 0.944%* 0.912%*
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- EDTA Titration Colour: Reaction Ca and EDTA with Murexide Indicator form
LAgLYgd
pink to wind-red complex at pH 12
- EDTA Titration Colour: Reaction Mg and EDTA with Eriochrome black T
LN UL
(EBT) Indicator form Blue-green to -Wine-red at pH 10
. o Turbidimetric Turbidity: Sulfate reaction with barium chloride to form an
[0
method insoluble barium sulfate salt which produces turbidity.
< Phenanthroline  Colour: Iron reaction with O-phenanthroline to form an
AN

method orange-red coloured complex.
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ihenate Tinseiuiuauaaidey uasunndifeniiuaniudeulddae33 EDTA Titration
AnziSnaundniiadnléeneds phenanthroline Method
- dumeunisadn il
1) sfuun 2.5 g lalurauiavuiaian
2) thenain Mehlich Il U3uas 25 S0adns
3) wenduna 5 undl
0) faidly 5 il elAumnazneu
- dumeuinUiinu dedl

a a = P
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1) gaansazaefudiulaun 1 Taddns tdluviauiivuindn

2) \Wundu 5 Sadans

3) WNasazane NaOH 0.5 Jadans

4) AURBUALALKRBS Merexide 0.1 g

5) Wuans EDTA 0.01 M U3u1es 5 dadans

6) W lINULE RN VARUAITAZAENINTFIN a1TazaneaslidluTuanunlUtes
purudtuslUa g
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LLNﬂUL%UNV}LLaﬂLﬂaEJUVL@I




1) gaansazanefudilaun 1 Taddns Tdluvauiivundn
2) Futhndu 5 fadans
3) Wuansazate NaOH 0.5 dadans
4) RuBuALALMS Eriochrom Black T 41u2u 1 vign
5) @dans EDTA 0.01 M U3uns 5 Jadans
6) WwelmdnAusaieudiuaisazaleuinsgiu arsazareasdanlenduainuiniy
tomuandudumluaadidiugs
1) gaansazaefudilaun 1 Taddes ldluviauiuwndn
2) Wnthndu 5 fadans
3) Wfua1saza1s Bromophenol Blue 911U 2 wen
4) @) Sodium citrate UIU 2 KA
5) ua1s Hydroxylamine hydrochloride 0.5 daaans
6) a3 O-phenantroline 0.5 laaans
7) werliiiunanisudivansazaleninsgiu arsavatsaziidnasduainsouluidy
puAudtuaInAlUge
2. yansasuiusiulufy 1935dnuwlasusudnduvesnsaninfiusiy CaHPO, kagdnsIem
USuauaae3s Turbidity Method
- Supoumsara fil
1) seduun 5 ¢ laluviaumvuindn
2) thenarn Ca,HPO, Usuas 25 agdans
3) wendunan 5 ufl
~ dupeuinuSina fil
1) geansazarepudulan 5 Taddes Tdluriauivweiébn
2) Wy BaCl, 0.5 ¢
3) 1#N Gum Acacia 0.5 laaans
4) WA AuRdIFLNAANNYUTRIENTaTaNe WsUiUasaza1uu1nsgIu Lagdnnugu
nnteglumananuasdudusiilugs
Mndudaiuiuiieud dnanmsmaseudildnnnisiufaseseninsihes1eiu tenade ua
anselidmsuiaUsunauna@on uundi@en waznan waziuziu Wusuliaenndasiunanisnaaauain

WU UAMT smnauanunsouendlatnuumussauanuuty wastilunaaaunisldau (md 1)



Calcium (mg/kg x»&* Wi Magnesium Test (mg/kg)
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waaldey uuni@eufivanudeuls wianfadals wag fugdulufuiinuduiusedsiided Ay daiuis

AnsenildluvieslUanis Insdduussdnsanduius Mnfdu 0.873%* 0.856** 0.724** uaz 0.900**

ANUAIRU ANUNTNA 2

Relationship between Mg concentration from testkitand

Relationship between Ca concentration from testkit and
laboratory (mg/kg)

laboratory (mg/kg)
oo 1000

y=0.4256x+8.5991

y=0.3892x+27.189
r=0.856**

1200 r=0.873%*

©
=
S}

1000
600 -
800
600

400

200

Ca concentration from testkit (mg/kg)
Mg concentration from testkit (mg/kg)

*3”
0 ]
0 200 400 600 800 1000 1200 1400 1600 1800 2000 0 200 400 600 800 1000
Caconcentration from laboratory (mg/kg) Mg concentration from laboratory (mg/kg)
Relationship between Fe concentration from testkit and Relationship between S concentration from testkit and
laboratory (mg/kg) laboratory (mg/kg)
120 20
110 4 y=0.3655x+3.9931 1 0.6149x. 0.0817
] =0.6149x- 0.

100 | r=0.724%* Y 0 s00ws

16
90

80
70 A
60 -
50 -

14
12

Fe concentration from testkit (mg/kg)
S concentration from testkit (mg/kg)

8
40
6 -
30 1
4 .
20 P °*
10 1 2 .
* o0
0 - 0
0 10 20 30 40 50 60 70 80 90 100 110 120 0 2 4 6 8 10 12 14 16 18 20
Fe concentration from laboratory (mg/kg) S concentration from laboratory (mg/kg)
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Calcium test kit Magnesium test kit

no. of no. of

Ranges
False (-) False (+) True samples False (-) False (+) True samples

0-100 mg/kg  7(35%)  3(15%)  10(50%) 20(100%) 6 (30%) 3 (15%) 11(55%) 20 (100%)
100 - 500 mg/kg 3 (15%)  3(15%) 14 (70%) 20 (100%) 5 (25%) 5(25%) 10(50%) 20 (100%)
>500 mg/kg 6(30%) 4(20%)  10(50%) 20 (100%) 5(25%) 5(25%) 10 (50%) 20 (100%)




Total 16 (27%) 10 (17%) 34 (56%) 60 (100%) 16 (27%) 13 (22%) 31 (52%) 60 (100%)

[y [

nadsUANgNFaINsIFuyanTnaeulunsieseiiuziu uasmanludu lneliyansiaaoud
faurtulaedlFrugansasousiuiuannndt 30 598 nan1TinesidogsAumudsaudud o -
25, 25 - 50 wazanndi 50 fadnsudedenlansy wudr wanisldyansiaaeuiianeiiugiu daiugn
fios¥enas 60, 75 wag 55 muddy Tuvazfinansiinszsimanmeyansiaaeuiaugniesiesas 70,

60 kaY 75 AUAIRU (AN51991 6)
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1111171 20 518

Sulphur test kit Iron test kit

no. of no. of

Ranges
False (-) False (+) True samples False (-) False (+) True samples

0-25mg/kg 5 (25%) 3(15%) 12(60%) 20 (100%) 3 (15%) 3 (15%) 14(70%) 20 (100%)
25-50 mg/kg 3 (15%) 2(10%) 15(75%) 20(100%) 3 (15%) 5(25%) 12(60%) 20 (100%)
>50 mg/kg 3 (15%) 6(30%) 11(55%) 20(100%) 2(10%)  3(15%) 15(75%) 20 (100%)

Total 11 (18%) 11 (18%) 38 (64%) 60 (100%) 8 (13%) 11 (18%) 41 (69%) 60 (100%)
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Magnesium test kit

Calcium test kit no. of no. of
Ranges
False (-) False (+)  True samples False (-) False (+)  True samples
0-100 mg/kg 6 (34%) 2(11%) 10 (55%) 18(100%) 4 (22%) 4 (22%) 10 (56%) 18 (100%)
>100 - 500 mg/kg 3 (14%) 3 (14%) 16 (72%) 22 (100%) 4 (18%) 4 (18%) 14 (64%) 22 (100%)



>500-1000 mg/kg 6 (19%)  7(22%) 19 (59%) 32 (100%) 9 (28%) 1(3%)  22(69%) 32(100%)
>1000 mg/kg 6(21%) 4(14%) 18(64%) 28(100%) 7(25%) 3(11%) 18(64%) 28 (100%)

Total 21 (21%) 16 (16%) 63 (63%) 100 (100%) 24 (24%) 12 (12%) 64 (64%) 100 (100%

2)  nageuanugnieweInsldnugaasvaeulunmslinseiiuziu uasminlunu Ingldye
nsrdeuiiantulpedldrugannaaoulaodldeusiuiu 41 519 Swnuiiegisiu 100 g wanis
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Sulphur test kit no. of Iron test kit no. of

Ranges
False (-) False (+) True samples False (-) False (+) True samples

0-25mg/kg 4(20%) 5(25%) 11(55%) 20(100%) 2(11%) 4(22%) 10(57%) 18 (100%)
>25-50 mg/kg 3(14%)  5(24%) 13(62%) 21 (100%) 4(18%) 5(23%) 14 (64%) 22 (100%)
>50-100mg/kg 6 (19%)  9(28%) 17 (53%) 32(100%) 4 (13%) 1(3%) 22(84%) 32 (100%)
>100 mg/kg  5(19%)  5(19%) 17 (62%) 27 (100%) 4 (14%) 2(71%)  22(79%) 28 (100%)

Total 18 (18%) 24 (24%) 58 (58%) 100 (100%) 14 (14%) 12 (12%) 74 (74%) 100 (100%)
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DOA Test kits

Regression equation

Correlation coefficients

Number of Sample

Ca y = 0.9759x + 1.3812 0.847* 83
Mg y = 0.9816x + 1.3695 0.884* 82
S y = 0.9230x + 4.1926 0.893* 83
Fe y = 0.9406x + 3.5579 0.830* 92




2) msldyansiaasuneaoufio1sfurensnIng $1uaundn 80 faeee ileUsuidiu
UsednSamuesyansivasy lagnieiauuiug (accuracy) A31ula (Sensitivity) A1
(Specificity) wazUszifiunA1adi Kappa coefficient (K) Wiausuifiuseduvesniseensu nioniu
Undofie (Degree of agreement) fisssuaIuITotiu 95% W%auﬁgwﬁzLﬁummwmmus‘imaqsqm
ASIAEOU HAN1INAFeU Wui1 M3ldgnnsiadeunaaeulnauealenuun iy Augdy wan Tudu
83, 82, 83 Ay 92 F19819 MUEINU LWIHUWIBUAUNANIINAADUMIETTY0IUSURNS (A15797 10) Wa
INATIATIENAFRAVDINITATIVVILYANTIVADU WU YANTIFADUTANLNUET Wiy 79.5%,
78.0%, 82.1% wag 88.0% mua1iy dAuly Wiy 75.0%, 61.8%, 69.2% Uay 95.9% MUAGU Lax
fiAus N WU 62.1%, 80.8%, 90.0% WAy 89.7% AuaTsU nadsuAuULdetelnelyann
Kappa coefficient (k) wuin SAinAU 0.53, 0.53, 0.64 uar 0.60 Anua1du Uszdiuanuindedeves
YANTINABU NUI YensIvaeuiuzdy danuindefieagluszfuf (Good agreement) luvaiz iy
pyadouLAaldoy wuniiden wazivan Jamundefieegluinasiuiunats (Moderate agreement) 7i
seuAIBesiu 95 % lagmaniiyansiaaey uraiden wuniidon fuzdu uazwan ansansaaiald

Wwinfu 80, 10, 1.0 waz 0.5 Jadnsusantansy auasu (151991 10)

A15199 10 A1AILKILET (accuracy) ALl (Sensitivity) ANUELNTY (Specificity) tagUszilium

AEDR Kappa coefficient (K) LioUszLiuszAUIIN1589U5U WIANULIDND (Degree of

agreement) N15EAUAUTBIU 95%

Laboratory obtained LOD Accuracy Sensitivity — Specificity Kappa Test kit
Test kit
Test results (%) (%) (%) coefficient agreemen
Expected
Kits No. No. (K t
results
Positive Negative
No. Positive TP (a) =18 FP(c) =11 Moderate
Ca 80 79.5 75.0 62.1 0.53
No. Negative FN(b)=6 TN (d) =48 agreement
No. Positive TP (a) =21  FP(c)=5 Moderate
Mg 10 78.0 61.8 80.8 0.53
No. Negative FN(b) =13 TN (d) =43 agreement
No. Positive TP (a) =27 FP(c)=3 Good
S 1.0 82.1 69.2 90.0 0.64
No. Negative FN(b)=12 TN (d) =42 agreement
No. Positive TP (a) =70 FP(c)=8 Moderate
Fe 0.5 88.0 95.9 89.7 0.60
No. Negative FN(b) =3 TN (d) = 11 agreement
wuEne : TP (a) = True positive FN (b) = False negative FP (c) = False positive TN (d) = True negative

3)  WIgUguUTEANTAMUDIYARTIRARUN R AT U UYARTIRaRURUN WA LU TN AlNg

WaAIUTENA NAFBURIDENSAY AUV 11 WUIgansedouLAaI@ey wunfiley Ausdy uwazman

v '

YU denaiid Kappa coefficient (k) 88581314 0.53 - 0.64 Usellluauiideievesynnsidaousy



Tuszaudunansfied TAnauusiugl aglugia 78.0% - 88.0% Ussliunnulilivesyansiaaeu agly
SZAUADIANIN 1ummzﬁﬁmm’;%@u3uﬂ einadid Kappa coefficient (K) 88581319 0.10 -0.70 Useidiu
mmndedevesyanmiaaeusglusziumeldied Tamuuiug) aglurag 56.7% - 85.0% Usziliuay
Hldvosyanmaaou wuth eglussAuurunansdsiiunn adilddmanmaaouiiianndu Sanuindet

ganidledieuiuganaaeudue) Inenwsyansisdeumaniuny
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Statistical metric value Usage value
Accuracy Sensitivity Kappa n No.of  Testkit storage Lab
Test kit )
(%) (%) (K) samples  sost/ time cost/
can be  sample (years) sample
processed  (THB) (THE)
per kit
DOA 79.5 75.0 0.53 83 20 61.24 0.5
Ca “Other1 56.7 80.0 0.10 ar 100 85.00 - 200
*Other 2 (digital) 76.7 88.9 0.22 a7 - - -
DOA 78.0 61.8 0.53 82 20 61.24 0.5
Mg 200
Other - - - - - - -
DOA 82.1 69.2 0.64 83 20 56.80 1
S “Other1 77.8 40.0 0.05 30 100 85.00 : 250
*Other 2 77.3 80.0 0.51 30 50 80.00 -
DOA 88.0 95.9 0.60 92 20 50.78 1
Fe 200
*Other 85.0 90.0 0.70 20 50 85.00 -

wUBLHA : ° = Japan, Germany or USA manufactured test kit n = number of samples

4) Wisugutuneun1idNuYanTIIEey Aun1Ten 12 wag 13 wudngansivaeuitle
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a L4 ! oo ! a v/ a wa = a1 a & 1 v ! dy
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Aoy oA a £ 4 gw o & o a X 1%
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Test kit Method procedure reading Material Time (min) Advantage of DOA
(piece) Test kit
50A EDTA Titration 5 steps 0-2,000 mg/ke 6 5 First manufacturer in
Ca Thailand
Other  EDTA Titration 7 steps 0-500 mg/kg 7 10 -
OA EDTA Titration 7 steps 0-1,000 mg/kg 8 5 First manufacturer in
Mg Thailand
Other - - - - -
oA Turbidimetric 5 steps 0-100 mg/ke 5 5 First manufacturer in
method Thailand
S
Turbidimetric 7 steps 0-100 mg/ke 10 10 -
Other
method
Phenanthroline 5 steps 0-200 mg/ke 7 5 First manufacturer in
DOA
method Thailand
Fe
Phenanthroline 5 steps 0-200 mg/ke 9 10 -
Other

method
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