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ABSTRACT

This research aimed to develop a soil test kit for organic matter, phosphorus, and
potassium by using reactive paper/active sensor paper-strip and a smartphone application for
rapid, convenient, and accurate result interpretation. The system is linked to web application
that automatically generates fertilizer recommendations. This soil test kit was improved from
previously Department of Agriculture soil test kit by adapting standard analytical methods,
namely KMnO4 oxidizable carbon, molybdenum blue, and cobaltinitrite, for organic matter,
phosphorus and potassium, respectively, based on colorimetric reactions on paper test strips.
Images of the test strips were captured using various smartphone models under different
lishting conditions and used to develop deep learning models for predicting soil nutrient
contents. Three models AlexNet, ResNet-50, and MobileNet V3-large were evaluated, and
AlexNet showed the best performance, achieving an accuracy greater than 85% with a very
good reliability level. The developed kit provides results within 2-3 minutes, with an average
cost of 72 THB per sample and a shelf life of one year. It automatically reports numerical
values, nutrient concentration levels, and fertilizer recommendations, reducing errors associated
with visual interpretation. Field implementation in 218 pilot plots under the Agricultural
Productivity Enhancement Learning Center network demonstrated a reduction in fertilizer costs
by 18%. In 2025 through the provision of soil test kit under the Department of Agriculture’s
driving project total of 732 testing kits, covering 36,600 samples, were distributed across more
than 50 provinces, encompassing more than 732,000 rai of agricultural land. The project
resulted in a reduction of 878,400 baht in the production cost of testing kits and a decrease in
expenditures for laboratory chemical reagents by as much as 41.3 million baht. In addition,
fertilizer procurement costs were reduced by 334.5 million baht, leading to total national cost
savings of approximately 376.7 million baht. The results demonstrate the potential of the
developed soil test kit as an effective alternative to laboratory soil analysis, supporting
appropriate and sustainable soil nutrient management.

Key word: Soil test kit, Paper strip, Web application, Fertilizer recommendation, Reduce costs
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1. Waunyeansiasulneldwugesinsenynagay Lﬁ@L%ULLﬁJu@JWBJUﬁﬁLﬂﬁ (adsorption pad)
nagUURINTEAwAaRUiUdveIUATen BunIedng naaeunle KMnO, oxidize
carbon method Weanesa nageune Molybdenum blue method waglnunaiduy
NAABUAIE Sodium cobaltinitrite method

2. WU UNATUF MU UNANTVAdR ULAZLUANAN1INIAADU
2.1 WAIWNTEUUNTBTUNAILATIENUDIYANTIFERY

Andendegfuisthumageufuduwesnseaumaasy S1ua 610 feea Hu

nauAudioanden (Fine-textured soils) $1uau 200 fagn nguAiilauunats (Vedium-
textured soils) $717U 200 §79814 uaw uaznauALIevE (Coarse-textured soil) S1uu
210 29819 DrenmMFveUfAT 17 nadeuiieg wAud U uenTauAdDY
Tuanmefifuasainaunndnaiy 2 anme As neluenas wazaeuenenas Ineldaunsmln
6 i;u Town Iphonell, Iphoneld pro max, Redmi note 8, Sumsung AO4ds, Sumsung A54
WAz Sumsung S21 Fe dwinang lusunsuussinanauazi nEuLUUT a0 0T oviuneAn
Fwasgvisinemshud ulnelduuudiass AlexNet, RestNet50 wag MobileNet
V3-large loefiansaunainan (Mean squared error (MSE)) %59 ArANARIAAA Budtaes
Wae 1Wudad Tausvans amwesuuusannIsnensel (Regression model) (@unsil 1)
ynAn MSE ¢ uanein wuudaesianuusiudhgauaslndifestudeyaasanniian

MSE = 1/n x 3 (prediction - actual)’

il n Ao uudeyariavun
predicton fa  Adviungla
actual Aa AR

\donldluinaii i gadmniuiaung szuvussifiuuiinasinomsiuAus alud®@ siusw
AuuztNslFJenuAinsgiaiureinsuivnnsnens dmsvasisssuuiuIndeniual
WATIIAY (NTUIVININYAT, 2548; 2553; 2566)
2.2 Waukeundiadu (Web application) Lﬁam'ﬂ%muuazmewasz’faaga

W ouraTEUUN1381UAIIIATIEUINA U INTEATYNAADU LAY TEUUA LI HANLAT
pseiau anunsesuadnssnduduay wanadussduanugauauysaldmsuiiy
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3. NIAFRUUSYANENNYANTIREBU

TnevnEeUANULIILEN (accuracy), NN (Specificity) Aula (Sensitivity) Wazaaa
Yoo (Test kit method validation) Tneldduuszans uauun (Kappa coefficient (K))
TnaSouifisunaiinsgineldanyanaseuiunaiinszivesiosfifing ulsa
At uturesTuIuNang A lddusedu ¢ Uiunata uazgs (Table 1) fuan
% accuracy, %Specificity, % Sensitivity kag Kappa coefficient (K) #nug@unis 2 - 8
(AOAC, 2010)



Table 1 3-class confusion matrix of test kits and laboratory results categorized by
concentration level for calculating accuracy, specificity, sensitivity and Kappa

coefficient (K)

Test kit Concentration level
Sum FN TN
Laboratory Low medium high
Low w (m h Lab(l) Im+lh mm-+hh
Concentration
level medium ml mm mh Lab(m) ml+mh (l+hh
eve
high hl hm hh Lab(h) hl+hm W+mm
Sum Kit(1) Kit(m) Kit(h) Total Sum(FN) Sum(TN)
FP ml+hl lm+hm lh+mh Sum(FP)
TP 8 mm hh Sum(TP)
% Accuracy = TP+ N x 100
TP+ TN+ FP+FN (2)
TP
% specificity = ——— x 100
mw+N (3)
% sensitivity = L x 100
TN + FP (a)
accuracy - random accuracy
Kappa coefficient (K) =
1 - random accuracy (5)
Taeh
random accuracy = pipz + (1-p) (I-p2) (6)
TN+ TP
1 =
P P P INAEN (7)
TP + FP
P2 =
TP+FP+TN+FN (8)

4. M3An¥e18N5IHNUTDIYANTITEDY
Anwnavesguvniivenunadesluszesdu (Short-term stability) vostingmaaay
wazansiadiinisdniiuiioumgdl 5, 30, 45 wag 60 B3 AMNATIA YU fB 0, 2, 4, 6, 8 Lag
10 Uai wasdnwanmensdatureniiemeaey Tuussytasinne neldanmeauay
Tuszaren (Long-term stability) Tnsmsidufigaumgiosasiivlugifuiigamad 5 osn
walea ilofmuno1gvesyanTIadey Ainan 0, 2, 4, 6, 8, 10 uay 12 Loy Waniing1zs
ﬁwvﬁgmﬂﬁuanﬁaawﬁaaLA#WSspecﬁophohmneuysnuﬁzaznaﬂﬁﬁwuumaﬂﬂﬁﬁﬂimﬁu
AMULENYIBENA Regression analysis WANTUN te < to WEASTIN AALEDES (SO, 2024)

5. Mstuidounasidegnstiuselend Seilneusalliiulininnnis inumsns vnena atuayy
1AsaN13NuleuIgvaInINIBINIsNERs Uselluduunsiiyoseninaisnisuufves
nensNsiarAuEinsldlanmuAnes iR ulagynnsIaaey
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NANISNAADILAZIANTA

1. faugansaeulnfndensuweinszaumageutia Cellulose membrane tiaiduusiu
AnduasAll (Adsorption pad) Wi mageuivdvaIUizen wiiliAansasuawnIves
Agogsimau Waunduransnaeudsaunsnangunsallévianun 7 Ju (Figure 1A) andunau
nsedeuld 1 Tuneu anszeznarlunimedeumie 2-3 wiil Weifsutugannasouiia
(Figure 1B) 904n3139N150WA15 FAUNUNTINARYARTINFOU anasanaz 4,800 Um {Uugnaz
3,600 UV B 50 f19E N anad 1200 U fetn Anluseway 25 Andusiununisiveigi 72
U siafaeg e vide 24 UmdesumIvageu ieiflsuiufununnngiauluresfiins
NIAYINSINEAT TBNSYIAFBUAY 400 U awvhlannsnansulszanallunisindomaind
dmsvimneiauluiesufURMSIRS 376 umTensageu %i5e 1,128 Umsiesiiogns Andu
Joway 94

(A) (B)
Figure 1 DOA soil test kits A) DOA-OM, P, K soil test kits with web application B) DOA-OM,
P, K soil test kits

2. WU UNATUF MU UNANTVIAdR ULAZLUANANITVIAADU
2.1 WALITEUUNIBIUNAIATIENVDIYANTIVEBY
M sEnHusuUIaes WuT wuudiaes wuuSians AlexNet fif1 MSE dnitgawiniu
0.066, 0.063 Ua 0.304 (Table 2) nanvingldimuduiusiunaiianzimaiesufiing
dwsuduriseing (Figure 2A) Weavlesa (Figure 2B) waslnuwvades (Fisure 20) auandu sy
WUUI1a09 AlexNet ﬁammzamﬁ%ﬁﬂﬂﬁwmszwmiémmaﬁmswﬁqummmaau ol
Table 2 Mean Squared Error (MSE) of model predicts the amounts of organic matter,

phosphorus, and potassium in soil

Model MSE
oM P K
AlexNet 0.066 0.063 0.304
ResNet-50 0.134 0.211 0.441

MobileNet V3-large 0.114 0.285 0.481

sexrat image = OM

(8)

Figure 2 The predicted and actual values used the AlexNet model for predicting
A) Organic matter B) Available phosphorus and C) Exchangeable potassium



22 Wannduseundiedu enslinuuazuansadoya
seuvaggniminegluguiuuresduieundiatu aansadiddlsesulairuduusmes
(Web browser) 139 uazdayaazgniaiueguu Server amnsaviauuazidnfsle 24 d2lus
iudumesile Inglassaimwesivweundinduidmnusenounan 3 d laun dnuanmadimsy
Al nurs ant i ukeundiadu (Client) diulszananadeoya wazdmdnnisiivweundindu
(Web server) mslfnuiuneundindudmiugldnumluamnsadndeilaidunisldnulit
wiiuled Tnenissulnangunin iesuiinszdau ssuvazuanawatiuiaavusuim
5199115 Useilusgauadaauanysalvesaudmiuivusazyila vamuusinslddeniy
AinsziRudmiy fnlsiasusia luafiddey Uiduthiu s dudn waedn S
ni1 25 wilafle (Figure 3) Bsfguaszuvanansaiinduuzthvosiidlalunsdnfidoyafiufiule
waznadnseiilfazgnifuliluguteyaifiothunliusslovd soly

i

Figure 3 Web application for fertilizer recommendation of DOA soil test kits

3. MAEUANYNABINIUEN (Accuracy) Specificity, Sensitivity wazauUdede (Test kit
method validation)

1NNsTIERaNIIaaaudunseing eanesa uaslnunal@uuveininaensenny
wuwoiveaeulaglfiuueundindu Taelds uiunnaisvessuresnszaumageu fanun
11,827, 10,038 waz 11,516 7w @ wsuduviedng veanesa waslnuna@en audidu wuin
Han1sviwngegluyinfedfuiealjUanis (True positive) 913w 10,913, 8,535 way 10,232
A (Table 3) Antduanuuaiugndosas 94.7, 89.5 uar 92.3 dmsu dunieing vearlea uaz
Tnunadey auaay %aagﬂuazﬁuﬁma (WHO, 2006) Anduuszaviaualuvinfy 0.88, 0.77 uay
0.83 AszAuamd estu 95 % fianuud ofieeyluszd uAafin 91nranITMAGeY WU
A1 Specificity, Sensitivity 8¢/ luseduu1nninTeay 85 Fuld munedis nansvadouTes
YARTINARUAINTAUTERINTTAUANLTWIRUS s o s luAUlnRanaeTeeinTesay 15
(WHO, 2006) il aiisufuganadeuiiuresnsuinnainens wuin yansiaaeuiinauiiy
fuszavsnifiatu Insamzyanseaoulnunaden fanuuluduiiniudosas 19.3 uas
Fndlsyavsuaul iudufesa 59.6 farnideieiiutunszsudunanalusyduiunn
(Table 4) L@n371 YARTIvEBUKAZLIVROUNAATUAINITaBWKATATIERA Ul D 19N B
Udotie amsathluldiduesesdielunmsussifiurnugauanysaivesiudmiunsldony
ATIATIENAY NALNUNITIATIERl TR URNSlA



Table 3 Number of soil sample results from laboratory and DOA soil test kits with web

application according with fertility rating major nutrient

Test kit
Laboratory Organic Matter Available Phosphorus Exchangeable Potassium
Low Medium High  Sum Low Medium High Sum @ Low Medium High Sum
Low 6062 143 0 6205 2331 861 16 3208 1623 246 97 1966
Medium 103 3355 4 3462 307 2569 214 3090 268 1041 347 1656
High 2 662 1496 2160 9 96 3635 3740 28 298 7568 7894
Sum 6167 4160 1500 11827 | 2647 3526 3865 10038 1919 1585 8012 11516

Table 4 Comparison of accuracy, specificity, sensitivity and Kappa coefficient between
DOA-OM, P, K soil test kits with web application and DOA-OM, P, K soil test kits

DOA-OM, P, K sail test kits with web application DOA-OM, P, K sail test kits

Parameter Yy b K oM b "
% Accuracy 94.7 89.5 92.3 95.5 85.7 77.4
% Specificity 96.0 91.9 94.1 96.6 88.9 82.1
% Sensitivity 92.3 85.0 88.9 93.3 80.0 69.6
kappa 0.88 0.77 0.83 0.90 0.69 0.52

thyanaeuliinunsnslianuaiddunmeaun Smin anenssni nsed awan Undugs
wersysal uassedin undununsnstgn Unduthitu 41 Soe 4l &2 e (ueaiag vidou &
lo d1ly) Inenensdnuau 120 518 A3pg19AUTILI 143 (79819 3INNSMANLFURUS 819
NAMTNAFDUMBYARTIEBUNAL T BIUfURMNS Ui farwduiusegnslidoddad ssada
NNIIUATNAFDY Tnodaduuseans anduwus () Wiy 0.899, 0.992 way 0.937 d1%U5u
YANTINHOUBUNIBINg (Figure 4A) Weanesa (Figure 4B) uavlnunaley (Figure 4C) sy
uaneI1 YamsraaeukaziuLeUnAduTiRaTY aunsaliveaeuiegsRudmiunisuda
HaUsgnaunshiawuginslilemuaninsenaulaeg1aiiussdnsam

Organic Matter (%) Available Phosphorus (mg/kg) Exchangeable Potassium (mg/kg)

s y = 0.8167x + 0.5378 800 1000

4 . BOD y = 0.932x + 34.055
_ [ = 0.899 .. . 600 y = 1.2148x + 0.9232 r=0957*"
T3 . ool e ¥ Z _ e £ 600 =% - .
i, 3 " 2".'-‘- % a0 "= 0992 S 5 e e
& 4 san il 3 e 2 400 T

L A 200 " 200 o o

gl - F %
o o e 0
0 1 2 3 4 5 0 100 200 300 400 500 0 200 400 600 800 1000
Laboratary Laboratory Laberatary

Figure 4 Correlation between laboratory analysis results and DOA-OM, P, K soil test
kits with web application A) Organic matter B) Available phosphorus and C)
Exchangeable potassium



4. M3AnwIIgMstUYeIYAnTIREaY

Mnmsfnwanuadsslussezdu nui qmmﬁi@iﬁmaﬁiamsﬁ"fﬂLﬁuﬁ’lmaﬁmmam%'a
Tnunaeou uag Sodium cobaltinitrite duansazany KMnOs , Ascorbic acid Wag 1nenving
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svpzen WU MaAUinud 5 esmwadea uasfiguvnivies aseduaziiensieaoud

a a Y] a . ' Y] P %
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Figure 5 Short-term and Long-term stability results

5. MstundeunanuIdegmsliuselev
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Figure 6 DOA soil test kits workshop
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5.2 fndonqudiFoudnsifiaszaviamaudinens (amn) AanundouiamungiuFeus/
waseudinaluladnsifiuszdvsamnsudniiv uazanansaimeluladluvetena/
fneveAlilANYATNTANNTN ANn. kaz Ann. 1A3eYe AnFenwUawuLuunslEleny
AnTeaulaeliyansivaey WIsususuunsiddeduisvesnunsns lunay
\nwmsnIRuLUUAUgnuzey Sadamesysal $wu 13 518 Sen Swingasontl Sy
10 578 Wweln damdaynamis §1u3u 20 518 T1lne dandeelass 911w 10 518
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uay 16-16-8 Waegmsay 50 nn./ls nauiiwdinliegns 15-15-15 uay 46-0-0 lnAvgnsas
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gavanysallivnzaudenseigivlavesivisdesiinislidefivanisnsujifives
nwmsnadieliifismesiorudoansesiis uaranuUasiusuuiomn 218 was iwesns
ffunumstotanis 1964 videls mnnwesnslddemuaieseituaziifuunmste
ﬂsJLa"S'sJ 1,506 Uwwisls anawady 457 umaels AnlundsSovay 18 (Figure 7, Table 5)

MnMsAnnuNTIEF U uMSNEALaE MSIA LA BINAHA RYBIUUAIT UL UY
naNNYAINIUGNRN 911U 5 918 Uazinunsnsugnnieudiuig 10 518 Wisuidiey
wUJURvennuasnsfunmsieenumdnsiviauleag ldyansiaaey wagldmealulad
vesnsuivImsinuns Tud 2568 wuin LhsnumInsUgARnazUszaun1IZYIAYULRAY
lsaz 1,300 U Lwil,ﬁaﬁmﬂ%’ﬂam:uﬂ'ﬁLf»msﬁﬁuﬁﬂﬁmwmﬂiﬁwawﬁmﬁu%u Rl
Aaarils feeldifutuisldosr 3,913 vw WwReatuneasnsiivgnndsunaslite
puAeTgiRuliseldifiutuddios 23,973 vIn (Table 6) wanyin Minelulagves
N3u3YINITNYAINTITYenua1InTIziAulag YanTIvaeU FrelrnensnIaIunse
4ulFoehiusyaniam fuandafifivduuazanning shlianduyuniswdnuasing
frlsffiutuiidaay
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Figure 7 Comparison of fertilizer costs average under farmers’ practices and DOA soil

test kits with web application recommendations



Table 5 Comparison of fertilizer costs under farmers’ practices and DOA soil test kits with web application recommendations

Fertilizer costs (Bath/rai)

Number
Crop Type of Farmers’ Practice DOA Soil Test Kit Difference (Bath/rai) Diff(e;e;nce
farmer max min average max min average max min average ’
Tamarind 13 2600 1300 1969 1607 1145 1389 307 -1070 -581 -29.51
Sugarcane 10 1850 1850 1850 1982 1031 1695 132 -819 -155 -8.38
Vegetable Crops 20 1080 1080 1080 1286 649 947 206 -431 -133 -12.31
Hybrid Maize 9 1944 920 1403 1301 863 1006 381 -819 -397 -28.30
Maize 10 1150 940 997 1120 980 1037 160 -80 40 4.01
Durian 156 7650 1330 4484 4490 470 2966 2660 -4796 -1518 -33.85
average 2712 1237 1964 1964 856 1507 641 -1336 -457 -18.06

Table 6 Comparison of production costs, yield and profit under farmers’ practices and DOA soil test kits with web application

recommendations

Farmers’ Practice DOA Soil Test Kit Difference
Number of
Crop Type farmer Cost Yield Income Profit Cost Yield Income Profit Cost Yield Income Profit
(Bath/rai)  (Kg/rai)  (Bath/rai)  (Bath/rai)  (Bath/rai)  (Kg/rai)  (Bath/rai)  (Bath/rai)  (Bath/rai)  (Kg/rai)  (Bath/rai)  (Bath/rai)
Vegetable 5 5650 2000 4350 -1300 5400 2683 8013 2613 250 683 3663 3913
Durian 10 31623 744 36305 4683 24853 1031 53509 28656 6769 287 17203 23973

A
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9350 NARISEYIA wa g0 InGTums. 2568, yansiaaeuleanesaluf (Phosphorus soil test kit)

9 9

AYRauAvRUAsIaUN 2503002039. nsunsngauvnelaya nsensamaive.

a o

9350 NARISEYIA way g0 InGTumns. 2568. yanTaeulnuvadeluf (Potassium soil test kit)

9 9

?ﬁ’waauﬁw%ﬁ’mmﬁuﬁ 2503002040, nsuniwdaumstleyg nsensaswiaive.

9350 NP5 g0 NEIUNS way WA WnATISNa. 2569. YANTIRARUBUYSYIng WA
(Organic matter soil test kit) eyAvEtasianil 27302, nsm3ndaumataan nssnsaemdee.
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