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Coupling Calibration Method for Multivariate Nonlinear Soil Electrical
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Abstract: In order to solve the problem of inaccurate measurement of soil electrical conductivity sensor

a nonlinear coupling calibration model without considering water content 6 within considering 6 was
proposed and the calibration and verification tests of soil electrical conductivity sensor were carried out.
The calibration test was conducted by using the sandy soil of the apple orchard in the 10th Regiment

Xinjiang Alar China. With deionized water and NaCl totally nine group of moisture content gradients
and six groups of salinity gradients 54 soil samples were designed. The electrical conductivity of soil
samples was measured by soil electrical conductivity sensor and high precision conductivity meter
respectively. According to the coupling model the three treatments without 6 with 6 and with 6
subdivision were fitted respectively. Finally a field verification test was designed for the same apple
orchard. The results showed that the conductivity EC, measured by soil electrical conductivity sensor and
conductivity EC; measured by conductivity meter were positively correlated with the soil salt content.
However EC, was increased with the increase of § while EC, was decreased with the increase of §. The
results of cubic fitting showed that @ had a significant effect on the measurement of electrical conductivity

and the residual of the cubic fitting was decreased gradually with @ subdivision. The fitting determination
coefficients R* were not less than 0. 839 which were gradually increased and the fitting accuracy was
increased. The verification test results showed that the proposed coupling model could effectively improve
the measurement accuracy of soil electrical conductivity. The calibration method can provide a basis for
the accurate measurement of soil conductivity and the calibration of soil conductivity sensors.
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coupling

12023 -03 -31 12023 -05-16
: (2022A02003 -3)
(1988—) E-mail: weiyimu@ yeah. net



10 357
0 6
ER
20
2 EC °
EC, EC,.
EC, .
21
3 o
2
EC ! »
EC, ’
o ECU Al 14
N . EC, ”
) . WANG *
7. RHOADES *°° -
EC 9
EC
- 3
- (1);
(I); (1Im) - EC, 2 24
0
) EC, ’
¢ EC,-EC, -0 EC,
- EC,-EC, -6
° 6 9
EC,
( Electrical resistivity ER) * 777 | ER
( Electromagnetic induction EM) 7" | A
( Time domain reflectometry TDR) ™ . EM
1
519
\ , 1.1
TDR (1)
; 0 ~20 cm 6.1%
ER 1400 wS/cm 28%
1.52 g/cm’ 11.05 g/kg.
(2)
10. 0% -
17.5% < 25. 0% « 32. 5% + 40. 0% + 47. 5% + 55. 0% «
‘e 62. 5% .70. 0% 0~8 9 .
ER (3)
2 4 ER NaCl( 99. 8% ) 0.
PWM \ 1.0.1.5.2.0.2.5.3.0 g/kg A~
EC, ; 4 F 6 .



358 2023
(4) EC, 0.5% F-S
54 1 .
3 0 1.5 kg 1:5
PVC ( 16.0 cm 14.5 cm) 2t
NaCl NaCl ’
NaCl
e 2.1
6 cm NaCl EC, EC,
K 12 .
25°C o
1.2
(1)
3 0
(EC,) EC,. EC, 0 EC,;
1=012 8 o
(2)
3 10g
1 E aCl
8 h C, NaC
2 EC, EC,. EC, 0 Fig.1 Relationship between EC,; and NaCl additional amount
EC, ,i=012 -8
1.3
EC,
g EC, EC, 0
a+ay +ax+ax F1) 2 EC, NaCl

— 2 2
Y =(aq, +(ll%1 +a2x2 +a3x1x2 +(14.961 +(l5%2

( 12)
(1)
y—— EC, pS/cm
x EC, pS/cm
% 0 %
%y EC, pS/cm
a~a, ~ as
1.4
( <)
RS - ECTH - NO1 4.5~30V D
EC,*

+5% .
BANTES20

Fig.2 Relationship between EC, and NaCl additional amount

1.2 EC, EC, NaCl
NaCl
ER EC,
1
0~8
ECO o
I EC,
I



10 359
|| ( ) ( )
EC, EC, ( )
29 o
0~8 °
ECI o 2' 2
4 1.1 0~8 9
NaCl A~F
EC 3 EC, EC,
. o
EC, °
s (1 (0
F1 6 EC, EC,
1 4 o
EC, EC, EC,
1 400 ~2 800 wS/cm o
EC, EC, ( Difference ratio D,) A~F EC, EC, °
a, EC,
b ECECy o
) x © o la, |
0-8 Dy~ D, o]
3 o 3
- A~F R
0. 839 F1
EC, 30 . °
DT
EC, EC,
( 1.2) EC, EC,
DI’
Dr
31
4 1
2 Fig.4 Fitting result curves of treatment 1
(2) ( 2)
F2 0 EC,
EC, 2 2
RZ
1 2 R
0.978 1 o
ay( )
1 o 2
¥ AB C~F
3 EC, EC, D, 1 A.B as(

Fig.3 Change curves of difference ratio D, of EC, to EC,



2023

360
1 2 3
Tab.1 Treatment 2 fitting regression coefficient and evaluation index of three treatments
A B C D E F
ay 1195.35 1614.67 1 896. 57 2024.52 2443.66 2592.55
2 as -0.04 -0.28 0.35 0.13 0.12 0.08
ay 0.33 2.02 -4.16 -1.22 -1.23 -0.90
1 0.931 0.923 0.924 0.970 0.839 0.958
2 0.997 0.998 0. 996 0.998 0.978 0.997
R 3-1 0. 999 0. 999 0.999 0.998 0.998 0. 999
3-2 0.999 0.986 0.999 0.999 0.999 0.997
3-3 0.999 0.997 0.999 0.998 0.999 0. 996
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