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Design and Experiment of Rapid Detection System for Field Soil Conductivity
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(1. College of Mechanical and Elecirical Engineering, Xinjiang Agricultural University, Urumqi 830052, China
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Abstract; Soil conductivity is an important parameter of soil environment and can be used as an
important data to evaluate soil fertility and productivity and make precise fertilization prescriptions. Based
on the principle of “four-terminal method” , a vehicle-mounted fast detection and acquisition system for
soil conductivity in field was designed. The system included AC constant current signal source, signal
detection and conditioning circuit, and GNSS positioning system, which can realize fast detection of soil
conductivity in different areas. The influence laws of soil water content, soluble salt conductivity,
electrode penetration depth and soil temperature on four-terminal electrode output signal were explored
through four-factor and five-level center combination experiment, and the predictive regression equation of
conductivity of soil solution ( ECw) was established. The regression coefficient R* of the equation was
0.996 1. The field tests were carried out with the system installed on the soil conductivity testing device.
The system detection data were calculated based on the regression equation and compared with the actual
values of the laboratory soil sample testing. The test results showed that the regression model established
in the laboratory could be used to calculate the conductivity of field soil solution. The sensor data
obtained by the system on the same or similar path were stable. The predicted value of soil solution
conductivity had a similar trend with the actual value in this region, and could be used for fast and real-
time detection of soil solution conductivity ( ECw) in field. The research result can lay a foundation for
further research on variable fertilization control technology based on soil conductivity.
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Fig.1 Principle of four-terminal method to detect

conductivity
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Tab.1 AC constant current source stability test results
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Tab.3 Test results

%

- = - TR

A/ % MAE Y

(pSeem™)  mm T

1 18 842 14 10 5825
2 26 842 14 10 630
3 18 1326 14 10 4260
4 26 1326 14 10 652
5 18 842 28 10 4350
6 26 842 28 10 508
7 18 1326 28 10 2953
8 26 1326 28 10 722
9 18 842 14 30 4091
10 26 842 14 30 569
11 18 1326 14 30 2515
12 26 1326 14 30 615
13 18 842 28 30 2478
14 26 842 28 30 403
15 18 1326 28 30 1125
16 26 1326 28 30 689
17 14 1116 21 20 5632
18 30 1116 21 20 296
19 22 610 21 20 2317
20 22 1597 21 20 979
21 22 1116 7 20 1956
22 22 1116 35 20 643
23 22 1116 21 0 3061
24 22 1116 21 40 1242
25 22 1116 21 20 1640
26 22 1116 21 20 1773
27 22 1116 21 20 1540
28 22 1116 21 20 1633
29 22 1116 21 20 1720
30 22 1116 21 20 1 566
31 22 1116 21 20 1622
32 22 1116 21 20 1732
33 22 1116 21 20 1543
34 22 1116 21 20 1724
35 22 1116 21 20 1634
36 22 1116 21 20 1531

(P>0.1) K AR EHNRHERG 453 =557
Y =43 895.54 —2201.484 —11.21B -284. 04C -
333.45D +0.42AB +12.59AC +10. 85AD +

0.031BC +20.804> —1.86C*> +1.22D> (6)
A Y—— AL SR A, & 547 0. 188 mV
H [l A5 Y 1) 7 22 43 A Al A iR R B 2 A
BRI 4 SR SIS KOR R TR AR A
VR EE AR R R R R R I AR TR 1Y) 2K L R
22 P =0.8659, A&, A 56 R A8 45 5 1%
BEAIATE BB LR

F4 OARABERFTESH

Tab.4 Regression model analysis of variance

IR A AmE ¥y F P

iy 6.95 x 107 14 4.96 x10° 941.13  <0.000 1
A 4.75 x 107 1 4.75 %107 9007.35 <0.000 1
B 2.66 x 10° 1 2.66 x 105  504.34 <0.000 1
c 3.08 x10° 1 3.08 x10°  584.03  <0.000 1
D 5.08 x10° 1 5.08 x10°  963.79 <0.000 1
AB 2.62 x10° 1 2.62x10° 497.05 <0.000 1
AC 1.99 x 10° 1 1.99 x10°  377.04 <0.000 1
AD 3.01 x10° 1 3.01 x10%  571.17  <0.000 1
BC 45195. 11 1 45195. 11 8.57  0.008 1
BD 1134.59 1 1134.59  0.2151 0.6476
cD 4257.56 1 4257.56  0.8071 0.3792
A? 3.53 x10° 1 3.53 x10°  669.78 <0.000 1
B? 1.996. 63 1 1996.63  0.3785  0.545
c? 2.66 x 10° 1 2.66 x10°  50.47  <0.000 1
D? 4.74 x10° 1 4.74 x10°  89.90  <0.000 1
5% 2% 1.11 x10° 21 5274.82

SR 34027.59 10 3402.76 0.4877 0.8659
giiin  76743.67 11 6976.70

¥l 6.96 x107 35

S B A 2 000 A AR A o R R R g B I,
e R R R A A AR B R R
SR PO AL A
B = (Y -43895.54 +2201.484 +284.04C +
333.45D - 12. 59AC - 10. 854D -20. 804° +1.86C" —
1.22D%)/(0.42A4 +0.031C -11.21) (7)
AR R M 0.998 3, i R 9 0.996 1,
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Fig. 17 Comparison of conductivity data of self-made system with soil sampling data
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