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Prediction Model of Soil NO, -N Concentration Based on

Extreme Learning Machine
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(1. Key Laboratory on Modern Precision Agriculture System Integration Research, Ministry of Education ,
China Agricultural University, Beijing 100083, China 2. Key Lab of Agricultural Information Acquisition Technology,
Ministry of Education, China Agricultural University, Beijing 100083, China)

Abstract: The soil nitrate-nitrogen ( NO, -N) is essential element for crop growth. Because of the
obvious advantages on cost, applicability and easy-implementation, the nitrate ion-selective electrode
(ISE) was demonstrated potentials in both laboratory and in-field researches on soil available nitrogen
detections. However, problems of unidealistic selectivity and potential drift usually limited the application
of ISE. The extreme learning machine algorithm was used to decouple the signals of nitrate ion-selective
electrode from the interference of chloride. Three data processing algorithms, including drift correction,
Nernstian model and extreme learning machine were systemically analyzed. Experiments were carried out
on the self-designed multi-channel nutrient detection platform. Totally 150 soil samples were selected for
the system validation. The experimental results indicated that the accuracy and consistency of sensor’s
scaling equations were effectively improved by drift correction algorithm. The variations of response slope
and intercept potential were reduced by 3. 67% and 7.25% , respectively. The neuron number in hidden
layer of the extreme learning machine was 14, which were tested as optimized parameter. The extreme
learning machine could effectively decouple the interference of chloride from nitrate ion-selective electrode
in saline alkali soil. The maximum absolute error and root mean square error were 6.36 mg/L and
4.02 mg/L, respectively. In conclusion, the research results can provide references in the related studies
for soil detection by ion-selective electrode.
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Fig. 1  Structure diagram of extreme learning

machine network
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Tab.1 Experimental equipment and technical parameters
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Tab.2 Physical and chemical properties of soil samples
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Fig.3 Flowchart of samples detection
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Fig.4 Response potential of standard solution

before and after drift correction

R 4 F R, [ — 4 vV T AR R U 3 i
fsf 1) B S 950 %, ARG o B I L i R R (i) A g P
1 mg/L il 250 mg/L JE ML ARER S8 1 RS 5 3K
28 B 2 v A 22 43 B3 F 36 mV A 10 mV

RO 26 TR R TE S, B Ik 3 1) RS 51 W ek
2.1 mg/L 1 250 mg/L i, 7 ] 26 v 18] 4% S 45 o o



% 6 1)

TR GE . TR A 2T AL B4 I S P A B B 5 97

P2 22 4 /N 1T mV L8 mV, £ g g i 7 A 4 KK
Ji i 7 00 e J3E 7 A O o 2 B A A

3 R R D 40 e o Ak PR I R T RS T
PR AhRE T R, LI A RN 3 B, th Rl
HL A5 FE ORI A2 25 R S AR AR
Nernst g 5 7 - Ji 4 %04l 2 Nernst 5 5 15 75 0 i

AR K B LAY U BV e ik 7.93% A
20. 09% ; {574 15 1E 1R Wi RO o 23 P45 A AR BE S 4 vk
R L U A LB R E 2 A S B B B Y
T B3 B, A 4N E 1.56% F1 7. 48% .
U, A A I Bk n] WY B e A% S AR AR E O R Y T
YA — B,

®3 EREREVEREABRNAERSEEE

Tab.3 Slope and intercept of calibration equation before and after drift correction

Kk i¥GRAEH ERALIE
Wi B 432 S/ (mV - decade ~ ') I WL A7 Ey/mV W )3 242 S/ (mV - decade 1) A7 Ey/mV
1 66.26 +0. 35 48.46 +2.58 66.26 +0. 36 48.45 +2.58
2 60. 04 1. 40 58.35 £6.22 67.27 £1.56 41.71 £6.95
3 61.28 £1.42 49.13 £5.49 64.51 £1.50 51.14 £5.78
4 56.76 +3.04 60.61 £5.92 66.33 = 1. 81 49.27 +3.45
5 52.16 £0. 37 77.63 +1.38 65.54 £0. 47 48.16 +1.73
¥f 59.30 58. 84 65.98 47.75
o 7 A 22 4.70 11.82 1.03 3.57
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Tab.4 Relationships of ISE and optical method predicted soil NO, -N concentrations of different models

. ‘ e RAL 24X 1R 25/ ¥R/
LAY LRI Oy N H B p E 1 .
- (mg-L7") (mg-L7")
JE A HAE + Nernst y=2.60x +41.54 0. 90 29 0 * 52.70 ~117.00 78. 30
K IE + Nernst y=1.68x +23.56 0.91 29 0 * 25.00 ~57.22 39.17
HERRIE + ELM y=0.73x +8.53 0.94 29 0 * 0.05 ~6.36 4.02

TE: * LR 3 ,p <0.01,

W75 NO, -N J5 d I B 0[] F) 15 2 B /N — 86 TS
KIE 5, ELM B2 AL i i) NO, -N it & ik Ji 5 i B2
HZ B A LM ST &y y = 0. 7320 + 8. 53, I E &
BOR 0. 94, 4 X 1% 25 (i fe KAH M 6. 36 mg/L, 347
iR 2N 4.02 mg/L, ELM + 3 NO; -N Jf fik 4 i
o 00 A5 Y 5 R o v A T 4 R ] 3 B Ry B A — B

P LA T (Y & Xof 1R 22 1K O AR R 2 i 3 A
T HE NOS -N J5i vk 5 0 A TR ) A R AR E A
D) ELM AR50 0 3 b A A 75000 1 E e A o

I 22 31 F 000 B o 2 T LR i 119 3 b 00 A6
T E AR AE NOS =N J5 ¢ J8E 0 2 245 2R 22 [] 14 246 % i
ZEREAT 22 AR B R AN S PR

x5 BRERNIEFHSR(NO, -N)RERENTUEEENSELRSHT
Tab.5 LSD multiple comparison analysis (ANOVA) of prediction models for ISE detection of soil NO, -N concentration

PR () PRI 1/ (mgeL ™) B8 S A B (mg L) , W
JE#R Nernst 76. 47 HIE + Nemst 38. 14 0 ®
K IE + ELM 72.88 0 N
B IE Nernst 38.33 VR RCE + Nemst -38.14 0 ¥
K IE + ELM 34.74 0 N
JEH B + Nernst ~72. 88 0 B
. - 1% 1E + Nernst -34.74 0 «

T R, p <0.01,

3 AR IR ) - 2 s X R 22 43 )l 76. 47 (38.33
3.59 mg/L, Gt 45 R B R 3 HZMIAFTE R & 2% 5
Mo ALIE ELM B8 57 UE NO, -N Jo 0 kB2 A6 ) 45
SR TA) I SF- 2 446 ) 1% 25 B A T 8 B Nernst B0, 55
W 1E B Ji s B0 S ST 11 2 LS AR i) ST 35935 25 1) 224
Sy Ry 34. 74 mg/L A1 72. 88 mg/L,

PRI, B 308 49 P R G 00 5 4l 22 T S G I Ak B
Jei, B ELM 55 57 A T90 00 ASS 78 ] 458 4 b, 410 £ 5
fid £ CL™ T4, b B A AR 3% AT 52 B0 % 4 38 NO, -N
P8 Y B 0 o

3 Hig

(1) BRI Skl W 42 v 1% J e A o T A
S — B W) B R A8 R A R A 0 i 4 T

(65.98 £1.03) mV/decade F1 (47.75 +3.57) mV
TR P, 2 Bl R D e X80 0 Sl i/ 1 367 % Al
7.25%

(2) BesoZ iy pf 22 o0 B J2 ELM A8 B v [ IR
I MRRZEN — D RN R o Fe T8 7 RE % sl ik
[ NO; -N 5t f 3 B U ELM A5 0 22 5 31 2, 3 I
AL B J2 3 R8O 14, i I 2R 4 307 MR iR 22
N 5.06 mg/L,

(3) %7 ISE £/ ELM + 3 NO; -N Ji & ik Ji
T ASE TR AT A e A ) R B CLT I, T M
PR 5 DT ML Nernst R, 55 b o 46 00 25 2R 22 18]
F4 - 25 20 0] 5% 22 TS 7 ARR 25 73 391 0 3. 59 mg/L Al
4.02 mg/L,

& % x Wt
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