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Fig.1 Schematic diagram of soil electrical conductivity
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Fig.3 Schematic diagram of soil electrical conductivity sensor
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Fig.8 Field test of the sensor

4 HER55h

4.1 frERIEER
FiAt s AL E 4 5 DDB-303A LS RGEFEM

BRI T, ERME 9 Fox. MNEFHLIEH, H
SRR R S{HS DDB-303A HL SRS
M FHREEHREMERR, PIEaMZ)=1.161x+0.272, ik
TR R=0.995, WA, RPEITHHESRELK
AR AE DN 5 39 S i B P v AR 1

—
N

—_
=]

y=1.161x+0.272
R*=0.995
P<0.001

£ 5 Conductance/S
o o
~ %

(=}

02 04 06 08 10 12
A 2 % Electrical conductivity/(mS-cm™)
B9 @FREREFTHE

Fig.9 Calibration curve of electrical conductivity sensor
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Fig.10 Stability test results of electrical conductivity sensor
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(AR, F A it i A% TS m] DUSE PRt 58 A [A) AR
A AT, AT LA L3 L R AR AT DA RO

F 1 BSEMEHREMIXBS-3001 &R LIRKER
Table 1 Results of soil electrical conductivity sensor and JXBS-3001 sensor experiments

F gy DDB-303A € bR A JXBS-3001 L5345 3% Soil electrical conductivity sensor
Sample mﬁ?ﬁﬁﬁﬁﬁlm W2 AE YR - WA Yoxf iRz i
number &) Measurement value/  Absolute error / . o, Measurement value/  Absolute error/ X o

/(mS-cm™) (mS-cm'l) o S~cm’1) Relative error /% (mS~cm’1) (/LS'CI’II-I) Relative error /%
1 0.383 0.380 =35 -0.91 0.381 -1.6 —0.42
2 0.485 0.481 -3.6 —0.74 0.492 6.6 1.36
3 0.560 0.546 -13.8 —2.46 0.554 =59 -1.05
4 0.688 0.713 245 3.56 0.703 14.7 2.14
5 0.811 0.841 303 3.74 0.830 19.4 2.39

—A— - LR (JXBS-300)
Air-soil process (JXBS-300)
—— LR R (RS
soil process (sensor in this study)

Air-
—A— LR R (JXBS-3000
Soil-air process (JXBS-300
—o— LR R RSO
. Soil-air process (sensor in this study)
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Fig.11 Result of response time comparison
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20.6 'C, XREMEAEIATER G, EHRWE 2 P,
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b 2, Horp, thdk 1 FSFRHE SRR 333.7 uS/em, P
Bl E KR AN 11.48%, W& K K452 % N
25.30 uS/em, T ARFHRTIRZEN 7.88%; Hidk 2 B P31
KN 136.8 uS/em, I TIEEIKEN 9.25%, MIEHIHK
KA RZEN-11.36 uS/em, F KAHXTIRZEN-7.91%. 45
ERTRAE I L B AR AE PR HOA [R) A7
KRG FE R, AR 2 N-11.36~25.30 uS/cm, FAXTRZ
H=7.91%~7.88%, FREHB T 1) LT 2AL KA 7] LLEAT A
IF) 358 r S 2 pg B 0

*2 BSRERRIHRENEESREENSFREEITLL

Table 2 Comparison of field test results of soil electrical conductivity sensor with standard values measured in the laboratory

S Number aAE PRI WM AT B X B
Moisture content/% Standard value/(mS-cm™)  Measurement value/(mS-cm™) Absolute error/(uS-cm™)  Relative error/%

1 13.16 0.330 0.336 5.92 1.79

ik 1
Field 1 2 11.00 0.321 0.346 25.30 7.88
(40°03N, 3 10.02 0339 0.329 -9.24 -2.73
16729 4 11.72 0.345 0.354 8.86 2.57
Hith 2 1 11.31 0.144 0.132 -11.36 =791
Field 2 2 8.98 0.119 0.117 -1.97 -1.66
(40°00N, 3 8.06 0.136 0.130 -6.51 -4.79
116°37E) 4 8.63 0.149 0.140 —8.88 -5.97
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e G AR LI B AR AR, WA RO L
BB KA AU BT S S5 AN A - S ) 45
ErIRPER . 7 - e S 3 0 R B A AL A A A
SR IR K AR FERI B s AEAZ A A AR A 7 il
HEAT 5 3R AR AR F R AT RV L R B, X LU
B S AR M A= 7 2% B4 S e R SCSEEL  R A L
ASCHET DU i JR PR v (0 B AR R, RS R
%, BV, AT RBEREARKALAE LR B, 2l
TR T R AR S S B LR R, Bl

Thae i & 5208 it i, RIE(S 5 A ZERIS
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H5TdfE; Hob, Wi maTr s HThReinE, W
HiFZoheedn, FEEMEENTE— PRI R . 78
SEIEZMT, RS SRERSRRERELMEXR,
P RECN 0.995, TEAN[A T RIKFE R LR IE S0 &
HIbs e R 215/ F 0.76 uS/em, FEESZIG RE 40 N GRJE
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KR, WERH R=0.995; TAERE RIS REH,
TEAE @) IR S 2K T, D& A AR I 2235 /N T
0.76 uS/em, 545 KR WA L RAL AR AEA R L3
KPR B B R PR S AR RS e

3) fESLIE M CGEE 25 C) BLE T AFES
RIREERLRE (BKER<15%) , FIHE T SR ALEK
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Design and experiment of a sensor for in-situ rapid detection of soil
electrical conductivity using four-electrode method

Zhong Xiangjun, Yang Li*, Zhang Dongxing, Cui Tao, He Xiantao, Du Zhaohui

(1. College of Engineering, China Agricultural University, Beijing 100083, China;
2. Key Laboratory of Soil-Machine-Plant System Technology of Ministry of Agriculture, Beijing 100083, China)

Abstract: Soil electrical conductivity is an important parameter that characterizes soil quality and physical properties. The
rapid acquisition of soil electrical conductivity can provide effective data support for accurate management of agricultural
products such as variable-rate fertilization, variable-rate seeding, and other soil improvement operations. At present, the
collection of field electrical conductivity is carried out before agricultural production, and special electrical conductivity
detection equipment is needed to carry out large-scale data collection and generate a spatial distribution map of electrical
conductivity for planting plots. The operation of this method is cumbersome, time-consuming, and laborious., and the detected
electrical conductivity value is difficult to accurately reflect the real conductivity in each link of agricultural production (such
as sowing) due to at the time lag. Aiming at the above problems, a rapid in-situ detection sensor for soil electrical conductivity
was designed based on the principle of the AC “current-voltage” four-electrode method. It is used to carry on different
agricultural production machines to realize the real-time detection of soil electrical conductivity and online adjustment of
operating parameters. The STM32 processor was taken as the core component of the sensor, cooperating with the power
supply circuit, AC signal source circuit, effective value detection circuit, and other peripheral circuits to build a hardware and
software architecture, to realize the high-precision in-situ and rapid acquisition of soil conductivity. The four probes of the
sensor are in direct contact with the soil, all of which are made of stainless steel solid material with a length of 65 mm and a
diameter of 3 mm. The probes are fixed on the PVC fixing plate with a pitch of 20 mm between them through the nut. The
sensor probe and the main shell are connected by the shield wires to avoid the cross-interference of signals. The fixing plate
can be separated from the main shell to adapt to different working environment requirements. The STM32 processor controls
the AD9833 signal generation module of the AC signal source module through SPI to output a sine wave signal with adjustable
frequency and amplitude. It obtains data through the communication between IIC and the RMS detection module, and
processes, displays, stores and transmits the data. The LCD1602 liquid crystal display module adopts four-wire communication
to display the output value of the electrical conductivity sensor in real-time. An integrated SD card storage module is used for
real-time storage of data. WiFi wireless module is integrated with ESP8266 as the core component to realize wireless data
transmission. The reserved interface can also be equipped with GPS equipment for location information acquisition, which is
convenient for later function expansion. The designed power supply circuit adopts an independent power supply for each
functional module and main chip to eliminate signal interference and improve detection accuracy. The designed electrical
conductivity sensor has been calibrated and tested for working stability. The calibration test results show that the electrical
conductivity values output by the electrical conductivity sensor are significantly linear with that measured by the DDB-303A
conductivity instrument, and the linear fitting correlation is 0.995. The experimental results show that the standard deviation of
the measured value is less than 0.76 u4S/cm under different soil electrical conductivity levels. Soil samples with different
conductivity concentrations (moisture content<15%) were prepared under laboratory conditions (temperature 25 C). The
contrast test of soil conductivity detection accuracy and response time was carried out by using the designed conductivity
sensor and JXBS-3001 sensor. The test results show that with the increase of soil conductivity, the measurement errors of the
JXBS -3001 sensor and designed conductivity sensor also increases. Among them, the absolute error of the JXBS-3001 sensor
is —13.8-30.3 uS/cm, the relative error is —2.46%-3.74%. And the absolute error of the designed electrical conductivity sensor
is —=5.9-19.4 uS/cm, the relative error is —1.05%-2.39%, indicating that the designed conductivity sensor has a smaller
measurement error than the JXBS-3001 sensor at a lower production cost, and the measurement accuracy is reliable. The
response time comparison test results show that the response time of the JXBS-3001 sensor in the two states is 2.23 s, and the
response time of the designed electrical conductivity sensor is less than 2.01 s. Conductivity sensors were used to measure the
conductivity at different locations of the field at a temperature of 20.6 ‘C, and the results were compared with those obtained in
the laboratory. The results show that the absolute error is —11.36-25.30 us/cm, and the relative error is —7.91%-7.88%. The
designed sensor can switch between different working states more quickly, and realize the rapid and effective acquisition of the
information of the soil electrical conductivity. In summary, the designed soil electrical conductivity sensor can rapidly and
accurately detect soil electrical conductivity, which can provide a high-precision detection tool for soil information collection
in unmanned farms.
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