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Fig. 2 The rapid acquisition technology system of soil physical and chemical parameters in farmland
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40°30'0"N
40°30'0"N

107°20'0"E

BAREEEMRCE R . R, H5 2 3
AN R e TS SN AN ST IR T ke
M5 2 W IX . R S i my RO RG B, Firik
TR AR W [B] 43 R | 25 0] o3 HE R G120 B iy
SR ARG N, TS B R AR N LA R
AR E PR 5 3 Pk
3.2 E#EREE

FE AL RS BN T TCVE R I B AR Y i
JFR T B RS EUE B, BN ) 3R
FRUE N MRS AFAE 22 7, X 8022 57 ml i o i s
BOHEAT B T T S gk BV S ek TR AR L SR
fe%, dEmiE HIEAE S A E AL, T
SRR A I Y 12 SR RO IH — 1 22 R AE DL 2L
(Normalized Difference Vegetation Index, NDVI)
HAGR A M FE %0 (Enhanced Vegetation Index, EVI) I
3 1A FE 2 (Soil Adjustment Vegetation In-
dex, SAVI) %% . Ghorbani % " M Landsat-8 Fl Sen-
tinel-2 TLAE QPRI TG AR ER, @it
BAL 22 o AR B BTSRRI A2 0, A5 AR,

[ FH 28 20 P SRR U A 55 1 8 3R 2 /K 43 (ARG B T 3k
10.80~0.89, HESE T TR BB IO AR I - HEAT HLY
ANTHE, ZIEINAFEED LAY TARAF
W4 &1, Liang %5 '™ K H Sentinel-1 & Wi fLI2H
ik (Synthetic Aperture Radar, SAR) 1% 1) fi iz #
K A F UK 3, 4545 Sentinel-2 5245 4 BT
NDVI FIE 4L J5 B 7K = 8L (Water Cloud Model,
WCM), BN B E KA, Z A A
{H-5E AP MAE AT PR E R R 0.65. 5351, Cui
&R AR R, XHEW T B R
(] B[] 7 471) FE 805 144 588 S 15 B500T - S5 58 43 1 i) 1
T, HETTRR i A AR B

[ 22 oz 8k AR Y 7 55 XY R I ERAE SR B
RBGRAE T o FEkE, HHE 2% . LG5
W2, HRZHE RIS T/ 5
S 1 T B SR 4R 7 ¥ R D/ IN IR 58 R 3R X6 J
TSRO, 5 B A B ok i — 2D RO
RO O Y 25 S, (RIS RT DL S | A R R
Ji 2 R L oA B AGE N
3.3 BEDE

FET Ml A R ML A B RE S SRS A A Y 1
Be(5 8., T TR 1R B R AE AR IR TH FRI) M 5 E 2
G NS N E I & = S T e S 1 N A =S
T SRR 5 T A BP0 Rt i 0 A A 24
B R AT DAk v DR R o B 1Y) P T Re T, S
KRR | SRR, R S B AR, R
TR I SR A PR B, B ISR R
JH M 1T S0 25 3% 4505 AT Sentinel-2B s2 5 A T 4R
JUPPJ i ek A3 S i sa Ay, A LE T Bk fiff ] Sen-
tinel-2B 5 R H AL, R 1 030, ¥y 2
(Root Mean Square Error, RMSE) /)N T 2.08 g/kg.
PN AE L RIS AR T R R S i 3 A Land-
sat-8 OLI 5214 . Sentinel-2B 521401 43 5 X} 77 4R
dbds X eS| pH M Na & & E T4, 3k
TR E AN AR B R P TR IR, 45 SRR
M E o 7 T ASE RS B 10 Pl v o A LG T b T
IR IR B AR 4 & o0 Hr, BRI SE 2024 1
RIS AN R EE 58T, 40 SundE 7
Zra T R APLE OGS A S F1 Landsat-8 2203 KR
FIPEEY, SEEE TR = X IR A L
FPREE . WERIAG . AN, A FE N TS
2SRRI Qi s Y e R ANLE
DT A T =G BB T RS, RS R T



26 BEAN (FPIESL) Smart Agriculture

Vol. 6, No. 3

AHLEGIE ST PLS R AR, Iff i Al il 31 1 A
RSN TR DX R BRI, RS E I
FAF RO (R=0.72) , & 1 KRR 18 B
40 s - SR 7 A fiE

5GP IEAE AL 21U BARBOT A 5L
DRI T3, AT RIS HUE BRI
B i 3] 25 8] 1 A RO AR AL, R ] s L 38
FRHERANT AR, PRt TR . 27 (iR
CIE 13 = SN (R ) R D7 W N I €20 = S 35
1+ 08 AR IE K, I HLZRRAE T ] 55 1 5
IR AT BE— 2, 75 0 2 A7 78 I 25 A AN DT R i )

e P, AR 5 AL A B DL 35S R BROR TR R
SR Y 455 D EE A AR E Y AT AT, [k A
AR R S Bk
4 FERERIEA

R H RIS BB 2o AR ik 5
KIECHT TARKIS, (HESLH RIS AR
SRS SR 4T S RO I AT i . RS
HApb RIS UK ERE R, — SR AR R,
AR, AY ey . RBERES: . RbhaEO
AN fERE, LS JRERANGE S BR .

F5 THEAQM AR ERIEREGR A

Table 5 New rapid acquisition technology in soil detection

E RNV SURINIET N FEER gk JrIBR
A WA IR THE GRS T RS TR TR AT A, 5 2 s A I R R
WG T HEE AR G50 R AR 2 S E00 & AR M 5 32 TR B e dee A2
PN Yl THEE AR SR R P AR v AR BRI A P 52 R A A B AT 2 e b
= g THES TR T AR BRI T BB E HER PRINZCRAR XA

41 EMERE wown o L
Ay TR PR DU N A 0T A EE{ . e = — -

ALV BRI AR E L, AL E f ﬁmm{ vo=

HEAE LA (5 B TR R (5 , Bl .

SN BOT I T TR (AnlEl 6) . ARG
WRITCHASTE, KR WL R oy ML IR .
FEIETRAS . MR E AS AN I G RS 55 . — Pl
P2 305 T P R BPLRE Rl 48 K A B i ) S 200 A & e gt
il R S A TS A R T AR ) 4 S T
B R e R Ak, SR 5] XUEE DNA - (De-
oxyribo Nucleic Acid) fi#li€, FBUE N 40
KA, PASZ PR PO> YR BRI . Chen 25
5 DNA Jiff fl1 2 I DNA BRI AL H AR S5 S, Wl
T — T A A K R ORI 4 7 A W A TR
i, AR RS HA BRI T S
P, BB LR T 4 R S o RO R, G
TRNBEBOLEE, 1A, %8k e RS
T AT PFEMEA, WL ™ W T —FMH
TIRBERG I ) (B4 X A A LIRS R 4, KL
PR T ML T LS BRG  E A( E

4.2 INEREEE

FREERE R — 1158 T M | R IER SR
B0, MR FR B T A 1 RO

EWRHITE EEHEOHE S SAEITHY
H6 £htrdERETER

Fig.6 Scheme of the principle for an biosensor

(U m™ o) RGP R 45 ) M B RVRRAE , 38 2o 0
SRS HT LRGP 2 B I 4 7R PR 1 A8 Ak S L
5B PRBERE A W I AR AT LI R O s
Al JEHRHT RS E A, W] LIfETR
o 1 i) P S B R R B R, — SRR BRI )
ZRPY A O A A R R A R A R R M AR
ey, HA-Semitt S - A 2 800 — 2 1 o6
B, Frankl %5 ™ 4557 7 SOM 5 -+ SEI¥ il il 4 ke
ZIAIEF, RO E SOM 195 1 7T L) 4 o 35
WEBRW IF= AE RR e M, R IR R A AR - 44y
B 0 i AR T B AR S8 . e Aol e
A W B I AE A B T &, Lourenco %5 ™ |
FHER B fG = Rk 7 2 X 8 28 A v s g ol - 45
AT AT, S5 REH, REALRABAEAE AT SR T
FURIE M SRR, gl 3 b A S i oo
FEEMGIARME TR Pl TR S
Bo LAk, Franke &F ™l Martin % ' 3L T MR85 %



Vol. 6, No. 3

FALVEAE A L e S RO R AR e 5 i 27

SEOrIRST TR RN G w5 e ST A
WERFIE, D SRR S e S SR I T R
4.3 KHFZ g

R %% ' 1 ) FH R R S5 0 I 2 ) ) A A
FHAL, 38 2 00 2 0 53 AT oK b 2% % B ) IR i L i
S RS B GIERRAE SR IE ) R A S5 S
Hgh 2ttt —Mekul, Kkggtig T DiAE Loy
B LA /NI P 58 ot 38 A W, EL AR ] B
Tk AR BE R RO R A R A
o KMR2EEIE T LLAR G T ARG 0 4 38 1) 25 K R
FE A Jd , EARRAE 1 MR B 2% 3 5 %
JEUER I S KR R AR B AR 2 B i K
IREE P RFIE X — A, B ST T — A 0 i
oK mr T, SRR, 5 YET A AR R+
e K EAXPRE B PR E A E, 3205 1k B SE 6
ETRFELE0.17%~7.01% Z (8] . Li%5E ™ B FH K #F2%
ST RN AR S My 0 S TR B B 114 e i
PEAT T RIAR G, HT T g rOR R g5 A S
T 25 W IS T 5 R A RS LR, A % ) F A
2R AT I NI PR AL T B . Lu S Yl
HRBRZZHEARM T L3 Hg, Cd. Cul &40t
PR W Ty vkl R R B 22 M 4% (Probabilistic
Neural Networks, PNN) Fll RF # 81 5651F T 2 P4 A6z )
() % &, B BPNN I #% R 2% >J HL (Extreme
Learning Machine, ELM) [R]Bf #1338 vp = Ff &
SEI SR, AREY, KFzEX Hg, Cd. Cuis
ety HEEA RAF 0 A S A I EE R
BPNN # AL LA R o vEpe, Hoxt =M E 48
TIER B YR R B 0.95. 0.99F10.98,
+ 4 AR IS YA I R T AR SR
4.4 M5 EEILE

025 e 3 2 A A RS S PO T R 1 AR
SRR T BRI AT, A BT R R T 2 R
R, BIAnIrEE R REE | A IVE . RIS
SR P S 5505 . WE, X T PR ER LI
FE A, HAIEES (] — 75 28 JLAS/NEF . Heggemann
At 190 S BE R RN SVM AL X 10 B34 5 35 114
3 T AT B S A S T, 4 SR S R4y
MA096 (F+). 093 () F10.78 (Fht).
Ak, A RERE S W ARG R R E S +
AL BB R, Taylor 55 i JH 26 495 MS-
700 {5 485 =0 = G585k A0 T A B A 458 40K
238U, 232Th Ml 137Cs A9 36 BEVR I, R FH & [ml

VA5 353 T TG A S A T SR AT BB AN
RRAZIABICE o L RETE RE NS P2 AL ] 5 viEmf 1Y
HR LR, BT A A T i
UYL R R R = T B PR RE, AT AR £
SR ARG A A N RE T AN A /ML

4.5 FHBRFRBEARNAES KR

U B S | FREEREE . KBRS,
T Bl s A I A AT RO R O
B B TE— R R 2 A B RS A
S, AEVETT R4 A 12 SR i et R v o o
BT IR TE , R R ) A Y o
2 BB R 2 L . AR R, § 3K
BRI IR R R RE RO T 5 BRI B2 %K
JEAREME R REK, TS A AT | MR
SR AT LR AT I FLAGE - R i
SRS, R AR A BT Bl 2 X 5 P A
B KBRS 5 2 BRI O R, 14
S M0 L DR L B B 3 £ T AR A —
FOBR A s (0D B RS AN P85 B B, B Ak FRAR X 5T
e, Hoi 55 St 5 22 B BREE R MBS0, T R
AT RIETE . B, J5 S50 & A it . o
PR A B R R TE A KA W RS Y
s B AMARZ IR 5HAb R LR
J, WIRACS: . SR, LGRS 4 T A H
EE L BFR AR B KR 2 N D B R A, 253
A AT ARG AL ST . Ak
Wi, RS BIARA LA T Tk
5 mAS5REE

A RIS B AR S GG L R &
B EE A T 2, FEH 1 B R 95 sk
PR R R AR S AR,
B R 8 B 0 B B R Y,
S HB T e EE A T - M4 B — A % RS AT A
BREAL . SRR R R, W vk
INSEEERP 0 ibhie S7 eI =L I e et 52 017
BHCREE AR BIHFIE O BS B, (A5t
W RAEAE G4 B3 . BRMit B 2 . o) ok
5 e e ) T Ml W £ RS 0 BOF 2 A 32 0 B
W, FETH A Ze S RERO A T FRBE R, JLAT SR
R R AT A G 5 308 R 7 B0 1 3K
W, A B R T U A K, Ay —
AR AR T+ HE AL SRR AR K, e
AR TR, T LA LR PUAS 7 T TF VR AR



28 BEAN (FPIESL) Smart Agriculture

Vol. 6, No. 3

Ui

(1) JFAEAMEEA . BB M TT R A 4
FRARIR G K #s, S M5 B SR TR A
o X B AE B R 2 B Y
JSCR 2SI AR XS B2« ORGB JREAE X  ve F)
W7, AT LA T 2000 T b 8 £ e g HEA T A
RS, BATHE 0 RV e . HAESEPR N
R, 5AF A — S0 (R B, P M e A 1Y
WG RR, EARRER ALl e . A ISR
RS A T e, KRR B A A T 5 HR
KL o Ja SRR RE— A7 R AT e P AT ALY
AU SMIARTY, A3l B 2 2 A T e BRI 1Y
[ BN 9/ IMAFR ST b O A A 5 N AR P R RE RS S H¢
L B S AL i MR I AR 1) el R A, A a4
PR RN, HE— PR e Ak A A
OIMTHYEE , A6k AR GERER I E], DASCBL ISR B
(S M 5 2B s 380, mT M M B A B R
5. RRRGEEBARILEAYME &, IR
H AR S AR s (IR s . 1R
ARG A ) A, DA A A5 B B AR
o

(2) Pefefizs L aefs BARBCE G RITERE, o835
BRI DTk . FE TN AT G AR 2SS0
FORGRAN T3 AR B B IS AT BR | {5 B R
LGB BRNG , ACHAE & RO e B fE S
BUE B PR R . FZH AT 8 i U AT s A
TR B, TEVERE . Bk AR RIS 7 T AT
AWMKIART 2 6] . H o, i 2 24T 55 il 2
K, EE— AR E LR . S TS LA fE
% [] f 5 280 22 AL AR 9 RATE 6 75 R,
JEn] REHB R AR AT 1 5 AL R BT A AR A
MESE RN SO K de e, RT LA E G
FERHERBLL . ARG B e R SR PERE,
J 2 LA SRR A ROk S BRI B TR BE A, A
A g | Bib I 42 ] 25 22 o S35 DR SRR S B
PEmEia NI o

(3) Bk 2 R TR B A, FIH]
Z RN IT R =358 5 9 BUBOE B TR B 42 4
HHRA, A Al 2 SR AR R T K B
A, FEZS A, FIE] L OGTER AR 1A I AR
AWrsgaE . (HBA PR Z Hdsr 17 RIS i
BRI Z B G R, IR RGH T H L
FAEBERE A SR Z %G R IR, AT ) 35 17
MAERYE A frdd . b, TRE BRI E R,

A RN 3 A1 it Bl B BOR AN A8 S o AR B4,
AR M N AR A A 2 R A T IR R AR A
HIRIE AT, SEEE 3R )2 T RN R I A
T, PRAR U 45 5 ) S SR e A B, B
PE o MRS W e g o TR, AR KA B AR
B 5 K, 75 22 HKE5E Google Earth Engine, NASA
Earth Data 55 38 K 1) 2= - 5 %) 28 B 247 504
PR IE) N 2 R A5 e i R R 3l TR 18 R - S s )
SR HEA

(4) WARRZBREHERG E LIRS HUE
JS N R ) IV I (= 8P 1A ST 2
e ) A BB R AR . AR IR, [
PSR UEBHRAR LG, X 2 UREE AT Al A B AU
A DA B A TACOE , B8 s B e, B REHs
AN FEBHEIR AR B AT OCHE, SR BE (e, 4R
B A, AEEAE S . thln, RG22 RS el
BRAEREE AT HAME R, RG TR . T AP
A1 152 28 PIT AR5 0 1 A 174 -5 - b JBR A 7 8 408 5 B
ZRE., ZMENGEEER, B2 P E 5
HEARALARA P4 i o AR Al A A () B8 H0 Y5 ) A
0 RPIE DA R P 5 48 R X A R B R SR T R
THBREHE U B AN G 25 B, HE MR AL TE 2 T Y
AR HERR B 3BT 4 2R . D4, RSBk
BETZ N T4 A B A BB ER, E R
B FR B, WS KA, Ay e
A RE 7 5 AR SE P i 09 R AR, AR A R
VBT JR 0t 4 SERHEE B R HE , MR IH A SR F
EME Y=

TP RAE: AU AEENTE LS AT
BFFE RRAT SR B 4 5

S 30K -

[ 1] ZREEE . ARG L g A [R] ) 7 T 9 S PR
TERFSE[D]. P97 IR, 2018.
LI 'Y X. Analysis of soil physicochemical characteristics
of land utilization types in the south slope of Qilian Moun-
tains[D]. Xining: Qinghai Normal University, 2018.

[2] SEEE, MART, BNSE, 5. ILARE KREEFEM AL
ARAY 3 AR S 25 A IR D PP (0], P R SR
#l, 2023(4): 8-15.
JIAGJ, DU Z Y, MA BY, et al. Soil physico-chemical
characteristics and comprehensive fertility of long-term
continuous cropping poplar plantations in Shandong prov-
ince[J]. Soil and fertilizer sciences in China, 2023(4):
8-15.

[3] sk, M ph . 4 R B 728 U I T AR 48 A 20 Ml IX
SR LS BT T[], )T AR AL T, 2023, 50(4):



Vol. 6, No. 3 FRLHEAF : A ISR R AR AR ot e 5 e 29
189-191, 213. tion of soil nutrients and fertilizer dosage using ion-selec-

[4]

[5]

[7]

[8]

[9]

[11]

[12]

[13]

[14]

ZHANG S B, FENG Z Z. Study on determination of or-
ganic matter content in soil in some areas of Guangdong
province by potassium dichromate volumetric method[J].
Guangdong chemical industry, 2023, 50(4): 189-191, 213.
B, EH L OB E RN E R . S AN T AT
WFFE[T]. B B, 2011(6): 42, 45.

ZHAO J, WANG L. Feasibility study on NO3--N, NH4+-
N determination by spectrophotometry method[J]. Mod-
ern agricultural sciences and technology, 2011(6): 42, 45.
E R bR . 582 W V5 CE R P IG75): NY/T 53
—1987[S]. 1987.

Administrative Organization National Bureau of Stan-
dards. Method for the determination of soil total nitrogen
(Semi-micro Kjeldahl method): NY/T 53—1987[S]. 1987.
R4 2, SRR S, I . B IR - e SRR - SR BT LL (B i
FE 1A W TR R I[I]. AR A B £, 2009
(21): 234.

ZHAO J L, ZHANG S L, QI J F, et al. Matters needing at-
tention for determination of soil total phosphorus by sulfu-
ric acid-perchloric acid-molybdenum-antimony anti-colo-
rimetric method[J]. Journal of modern agricultural science
and technology, 2009(21): 234.

5, Wi, BRAL, 5 A H S - JE ORI E
b PSR [0]. TR ARMEHE, 2017, 58(7): 38-39.
WANG F, YANG J, LI C H, et al. Study on the potassium
determination in soil by automatic digestion equipment-
flame photometry method[J]. Journal of Ningxia agricul-
ture and forestry science and technology, 2017, 58(7):
38-39.

FFi b . AL E L5 pHAE[J]. thPE{E T, 2018, 38
(3): 64-65, 76.

WANG R K. Determination of soil pH by potentiome-
try[J]. Journal of Shanxi chemical industry, 2018, 38(3):
64-65, 76.

XU J W, LIU C, HSU P C, et al. Remediation of heavy
metal contaminated soil by asymmetrical alternating cur-
rent electrochemistry[J]. Nature communications, 2019,
10: ID 2440.

DHAMU V N, SOMENAHALLY A C, PAUL A, et al.
Characterization of an /In-situ soil organic carbon (SOC)
via a smart-electrochemical sensing approach[J]. Sensors,
2024, 24(4): ID 1153.

GONG LY, WANG L, MA Y J, et al. Determination of
available iron species in soil by differential pulse voltam-
metry[J]. Chemistry select, 2023, 8(45): ID ¢202302824.
YONEBAYASHI K, HATTORI T. Use of the ammonia
electrode for analyzing organic nitrogen distribution[J].
Soil science and plant nutrition, 1980, 26(4): 483-489.
ZHAO G, WANG H, LIU G. Sensitive determination of
trace Cd(ii) and Pb(ii) in soil by an improved stripping
voltammetry method using two different in situ plated bis-
muth-film electrodes based on a novel electrochemical
measurement system[J]. RSC Advances, 2018, 8(10):
5079-5089.

LIU N, ZHAO G, LIU G. Coupling square wave anodic
stripping voltammetry with support vector regression to
detect the concentration of lead in soil under the interfer-
ence of copper accurately[J]. Sensors (basel), 2020, 20
(23): ID E6792.

ANUBHUTI K, PREITY M, KUMAR C §, et al. Estima-

[16]

[17]

(18]

[19]

[21]

[22]

[23]

[24]

[25]

[27]

tive electrodes for efficient soil management[J]. Commu-
nications in soil science and plant analysis, 2024, 55(13):
1920-1941.

BASARYGINA E M, ZYBALOV V S, PAKHOMOVA N
A, et al. Information-analytical modeling of soil composi-
tion based on spectral analysis[J]. IOP conference series:
Earth and environmental science, 2022, 949(1): ID
012129.

ZAYANI H, FOUAD Y, MICHOT D, et al. Detecting the
temporal trend of cultivated soil organic carbon content
using visible near infrared spectroscopy[J]. Journal of
near infrared spectroscopy, 2023, 31(5): 241-255.
BARUAH P, PHUKAN A, SHARMA S, et al. Laser in-
duced breakdown spectroscopy for strength assessment in
Ca binded soils[J]. Spectrochimica acta part B: Atomic
spectroscopy, 2023, 206: ID 106726.

SCHMIDT K, AUTENRIETH D, NAGISETTY R. A com-
parison of field portable X-ray fluorescence (FP XRF) and
inductively coupled plasma mass spectrometry (ICP-MS)
for analysis of metals in the soil and ambient air[J]. Re-
search square, 2024: PMID 38260675.

ZHANG F L, WEI N, WANG J, et al. Determination of
available lead in greenhouse soil by solid phase dispersion
extraction coupled with atomic absorption spectrometry
based on primary secondary amine[J]. IOP conference se-
ries: Earth and environmental science, 2021, 769(2): 1D
022056.

BARRA I, HAEFELE S M, SAKRABANI R, et al. Soil
spectroscopy with the use of chemometrics, machine
learning and pre-processing techniques in soil diagnosis:
Recent advances: A review[J]. TrAC trends in analytical
chemistry, 2021, 135: ID 116166.

Pl e, e BLAR 7 > 78 R B T A7 5 A A4
A EJ/OL]. A A2 23 . (2023-11-20)[2024-02-20].
https://link.cnki.net/urlid/21.1148.Q.20231120.1134.002.
QIU H, WANG H. Application of machine learning to the
prediction of soil properties: A review[J/OL]. Chinese
journal of ecology. (2023-11-20)[2024-02-20]. https://link.
cnki.net/urlid/21.1148.Q.20231120.1134.002.

XU X B, MA F, ZHOU J M, et al. Applying convolutional
neural networks (CNN) for end-to-end soil analysis based
on laser-induced breakdown spectroscopy (LIBS) with
less spectral preprocessing[J]. Computers and electronics
in agriculture, 2022, 199: ID 107171.

SORIANO-DISLA J M, JANIK L J, ALLEN D J, et al.
Evaluation of the performance of portable visible-infrared
instruments for the prediction of soil properties[J]. Biosys-
tems engineering, 2017, 161: 24-36.

DE LIMAT M, WEINDORF D C, CURI N, et al. Elemen-
tal analysis of Cerrado agricultural soils via portable X-
ray fluorescence spectrometry: Inferences for soil fertility
assessment[J]. Geoderma, 2019, 353: 264-272.

RAWAL A, CHAKRABORTY S, LI B, et al. Determina-
tion of base saturation percentage in agricultural soils via
portable X-ray fluorescence spectrometer[J]. Geoderma,
2019, 338: 375-382.

VENKADESH V, KAMAT V, BHANSALI S, et al. Ad-
vanced multi-functional sensors for /n-situ soil parameters
for sustainable agriculture[J]. The electrochemical society
interface, 2023, 32(4): 55-60.



30 BEAN (FPIESL) Smart Agriculture Vol. 6, No. 3

[28] SFIa . & T HE MRV AR (1) 38 K 43 S 5 = k] Ak GPR[J]. Journal of physics: Conference series, 2023, 2651
SR [D]. BiThi/R: 38 BLAR K 2%, 2021. (1): ID 012036.

QI W. Inversion of soil water content by using apparent [40] SONG W L, LUY Z, WANGY, et al. A Pixel-scale mea-
electrical conductivity and its 3D visualization[D]. Ala'er: surement method of soil moisture using ground-penetrat-
Tarim University, 2021. ing radar[J]. Water, 2023, 15(7): ID 1318.

[29] RATSHIEDANA P E, ELBASIT M A MABD, ADAM E, [41] PONGRAC B, GLEICH D, MALAJNER M, et al. Cross-
et al. Determination of soil electrical conductivity and hole GPR for soil moisture estimation using deep learn-
moisture on different soil layers using electromagnetic ing[J]. Remote sensing, 2023, 15(9): ID 2397.
techniques in irrigated arid environments in South Afri- [42] LIZ L, ZENG Z F, XIONG H Q, et al. Study on rapid in-
ca[J]. Water, 2023, 15(10): ID 1911. version of soil water content from ground-penetrating ra-

[30] MEFNE, XH S, 20 3CH, 55 . BT B R ROV £ R A A dar data based on deep learning[J]. Remote sensing, 2023,
b SR A S BRI ST (D). SRR, 2022, 59(4): 15(7): ID 1906.

999-1011. [43] LOMBARDI F, ORTUANI B, FACCHI A, et al. Assess-
FENG C H, LIU X L, JI W J, et al. Research on spatio- ing the perspectives of ground penetrating radar for preci-
temporal heterogeneity of soil electrical conductivity in sion farming[J]. Remote sensing, 2022, 14(23): ID 6066.

cotton field based on electromagnetic induction technolo- [44] ZEZR, HININ, AEVK, 5. ZI6ERARAE TR
gy[J]. Acta pedologica sinica, 2022, 59(4): 999-1011. SR R B A E R (D], i AF 5 6 T, 2020, 40

[31] SHAUKAT H, FLOWER K C, LEOPOLD M. Comparing (7): 2042-2047.
quasi-3D soil moisture derived from electromagnetic in- LI X X, CAO S, BAI X B, et al. Research progress of
duction with 1D moisture sensors and correlation to bar- multi-spectral technique in the determination of soil com-
ley yield in variable duplex soil[J]. Soil and tillage re- ponent content[J]. Spectroscopy and spectral analysis,
search, 2024, 236: ID 105953. 2020, 40(7): 2042-2047.

[32] MENSAH C, KATANDA Y, KRISHNAPILLAI M, et al. [45] HELFER G A, BARBOSA J L V, ALVES D, et al. Multi-
Estimation of soil water content using electromagnetic in- spectral cameras and machine learning integrated into por-
duction sensors under different land uses[J]. Environmen- table devices as clay prediction technology[J]. Journal of
tal research communications, 2023, 5(8): ID 085002. sensor and actuator networks, 2021, 10(3): ID 40.

[33] ®hadtsc, B 37, WAHEE, % T TANZ IS F B [46] DING J L, YU D L. Monitoring and evaluating spatial
T B B A (A FE = R Ab W I (D], 3 LR K2 variability of soil salinity in dry and wet seasons in the
2#4R, 2023, 35(3): 52-61. Werigan-Kuga Oasis, China, using remote sensing and
HAN J W, LUO D F, FENG C H, et al. UAV-based multi- electromagnetic induction instruments[J]. Geoderma,
spectral synergistic electromagnetic sensing technology 2014, 235/236: 316-322.
for salinization of cotton fields[J]. Journal of Tarim uni- [47] FK[RIEG, B PEAL, Mo IH 95, 4 . 356 T UL M T 22 635 10 2 i)
versity, 2023, 35(3): 52-61. AL X S ERR A R[], it O

[34] ThH, THW, HEE, & . LT RG-S im0 H AR ST, 2016, 36(1): 248-253.

BT 2 X G 398 5K & RO AR [J]. TR M I AL A ZHANG T R, ZHAO G X, GAO M X, et al. Soil salinity
3%, 2018, 36(3): 258-265. estimation based on near-ground multispectral imagery in
NING J, DING J L, YANG A X, et al. Inversion of soil typical area of the Yellow River Delta[J]. Spectroscopy
moisture content in the oasis of arid areas using hyper- and spectral analysis, 2016, 36(1): 248-253.

spectral and electromagnetic induction instruments[J]. Ag- [48] SMBFRE, 4RFE, BAI, 5. Kas— k(5 B8 5 ft
ricultural research in the arid areas, 2018, 36(3): 258-265. BHOR R R BUR 5 R (0], B R AR e A A (P g

[35] EF&. LT 17 SRR LT A 18 el R H AR 11 -3 30), 2023, 4(2): 1-11.

BT SR [D]. B8 AT Frimkss, 2015, NIE P C, QIAN C, QIN R M, et al. Development status
WANG S. Study on modeling of soil salinization based on and trends of space-air-ground integrated information
the measured ground thermal infrared spectra and electro- sensing and fusion technology[J]. Journal of intelligent ag-
magnetic induction technology[D].Urumgqi: Xinjiang Uni- ricultural mechanization, 2023, 4(2): 1-11.

versity, 2015. [49] WEI G F, LIY, ZHANG Z T, et al. Estimation of soil salt

[36] TIAN H, GAO C, ZHANG X, et al. Smart soil water sen- content by combining UAV-borne multispectral sensor
sor with soil impedance detected via edge electromagnetic and machine learning algorithms[J]. Peerj, 2020, 8: ID
field induction[J]. Micromachines, 2022, 13(9): ID 1427. €9087.

[37] RYAZANTSEV P A, HARTEMINK A E, BAKHMET O [50] FARRL. BT I AN L ik i ki 15 7K 238 S A
N. Delineation and description of soil horizons using WFFE[D]. == M 22 M T R, 2023,
ground-penetrating radar for soils under boreal forest in WANG Y F. Research on soil moisture content inversion
Central Karelia (Russia)[J]. Catena, 2022, 214: ID 106285. model based on UAV multi-spectral remote sensing[D].

[38] T, BRERK . T AT RIERRE 5 1 58 5 /KOR Lanzhou: Lanzhou University of Technology, 2023.
KRR MHIIN. FEDKIZ, 2022, 22(11): 156-158. [51] SRAUAT, E&, B, 5 T RAE AR 5 0 28 19 T AL
XIE G Q, CHEN Z Q. Correlation analysis between pow- 2 615 78 J8% A 58 5 K A R [J/OL]. H B AR A K A K
er spectrum characteristics of ground penetrating radar . (2024-01-15)[2024-02-20]. https://link. cnki. net/urlid/
and soil moisture content[J]. China water transport, 2022, 42.1419.TV.20240112.1554.010.

22(11): 156-158. ZHANG C C, WAWNG R, HOU J T, et al. Inversion of

[39] LIUK X, LU Q, ZENG Z F, et al. Estimation of soil mois- soil water content for unmanned aerial vehicle multi-

ture content of farmlands based on AEA method of

spectral remote sensing based on feature variable screen-



Vol. 6, No. 3

FALVEAE A L e S RO R AR e 5 i 31

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

ing[J/OL]. China rural water and hydropower. (2024-01-
15) [2024-02-20]. https://link. cnki. net/urlid/42.1419.
TV.20240112.1554.010.

GUO L, SUN X R, FU P, et al. Mapping soil organic car-
bon stock by hyperspectral and time-series multispectral
remote sensing images in low-relief agricultural areas[J].
Geoderma, 2021, 398: ID 115118.

SEO M G, SHIN H S, TSOURDOS A. Soil moisture re-
trieval model design with multispectral and infrared imag-
es from unmanned aerial vehicles using convolutional neu-
ral network[J]. Agronomy, 2021, 11(2): ID 398.
CASTALDI F, PALOMBO A, SANTINI F, et al. Evalua-
tion of the potential of the current and forthcoming multi-
spectral and hyperspectral imagers to estimate soil texture
and organic carbon[J]. Remote sensing of environment,
2016, 179: 54-65.

HRH, ¥, AT, 5. TN E G R N
B DR A LG B (0], i 5O E o
1, 2023, 43(8): 2617-2626.

XIA C Z, JIANG Y Y, ZHANG X Y, et al. Estimation of
soil organic matter in maize field of black soil area based
on UAV hyperspectral image[J]. Spectroscopy and spec-
tral analysis, 2023, 43(8): 2617-2626.

SONG Q, GAO X H, SONG Y T, et al. Estimation and
mapping of soil texture content based on unmanned aerial
vehicle hyperspectral imaging[J]. Scientific reports, 2023,
13: ID 14097.

CHEN S M, LOU F C, TUO Y F, et al. Prediction of soil
water content based on hyperspectral reflectance com-
bined with competitive adaptive reweighted sampling and
random frog feature extraction and the back-propagation
artificial neural network method[J]. Water, 2023, 15(15):
ID 2726.

AR FET I AMLRDGIE R A 3R 2 A DT [D].
GrRa s IR R, 2023.

LI Z. Research on the estimation of farmland soil salinity
based on UAV hyperspectral data[D]. Jinan: Shandong
Normal University, 2023.

FEEAR, THW, BT, 5 BN RO BORTENLE
AR B e S K R R [0, D S okig oy
7, 2022, 42(11): 3559-3567.

WANG J J, DING J L, GE X Y, et al. Application of frac-
tional order differential technology in the estimation of
soil moisture content using UAV-based hyperspectral da-
ta[J]. Spectroscopy and spectral analysis, 2022, 42(11):
3559-3567.

NOURI M, GOMEZ C, GORRETTA N, et al. Clay con-
tent mapping from airborne hyperspectral Vis-NIR data by
transferring a laboratory regression model[J]. Geoderma,
2017, 298: 54-66.

CHENG Q, TANG C S, LIN Z Z, et al. Measurement of
water content at bare soil surface with infrared thermal im-
aging technology[J]. Journal of hydrology, 2022, 615: ID
128715.

XU L, WANG Z C, HU J S, et al. Estimation of soil salini-
ty under various soil moisture conditions using laboratory
based thermal infrared spectra[J]. Journal of the Indian so-
ciety of remote sensing, 2021, 49(4): 959-969.

SAE, GxmPh, 20, &5 G TE ANLE G FFsaT
B AR I TRE T 38 B K AR M W2 (0], 35 /K9 BE, 2024
(3): 99-103.

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[75]

WU W X, JIN X D, LI H X, et al. Research on monitoring
soil moisture content in sugarcane fields by integrating
drone multispectral and thermal infrared images[J]. Water
saving irrigation, 2024(3): 99-103.

JEN kAR, NIRRT IC AN AMEE Y
ST 4 Ja i Y 3 I T i R[], SRR A A,
2023, 48(11): 131-136.

YAN X J, ZHANG M, YAN X B, et al. Monitoring meth-
od of heavy metal pollution range in soil based on UAV
thermal infrared photography[J]. Environmental science
and management, 2023, 48(11): 131-136.

20, ZEYL, BT, A T TASTAZLAMEAE Y MR -+
LY SRS RR: S S EMURS AL ST
155347, 2020, 40(9): 2862-2868.

LI M, QIN K, ZHAO N B, et al. Study on the relationship
between black soil emissivity spectrum and total potassi-
um content based on TASI thermal infrared data[J]. Spec-
troscopy and spectral analysis, 2020, 40(9): 2862-2868.
I, IR, BRI, S . TR R R T A ML
WFFEHERET]. I L, 2023, 38(2): 1-9.

JIALJ, YANG L A, JIY F, et al. Review on inversion of
soil organic matter using satellite remote sensing[J]. Re-
mote sensing information, 2023, 38(2): 1-9.
LUOLY,LIYJ, GUOF, et al. Research on robust inver-
sion model of soil moisture content based on GF-1 satel-
lite remote sensing[J]. Computers and electronics in agri-
culture, 2023, 213: ID 108272.

ZHANG W Q, LUO C, MENG X T, et al. Predicting re-
gional soil organic matter content utilizing conventional
satellites: Assessing the influence of temporal, spatial, and
spectral disparities[J]. Catena, 2024, 237: ID 107821.
HOSSEINI F S, SEO M B, RAZAVI-TERMEH S V, et al.
Geospatial artificial intelligence (GeoAl) and satellite im-
agery fusion for soil physical property predicting[J]. Sus-
tainability, 2023, 15(19): ID 14125.

LOU H Z, REN X Y, YANG S T, et al. Relations be-
tween microtopography and soil N and P observed by an
unmanned aerial vehicle and satellite remote sensing (GF-
2) [J]. Polish journal of environmental studies, 2021, 30
(1):257-271.

GHORBANI K, ZOLFAGHARY P, STAHBALAEI M, et
al. Estimating soil surface moisture by using Landsat 8
and Sentinel-2 satellites techniques depending on the step-
wise decision tree[J]. Earth science informatics, 2024, 17
(2): 1147-1160.

LIANG J W, LIANG G J, ZHAO Y C, et al. A synergic
method of Sentinel-1 and Sentinel-2 images for retrieving
soil moisture content in agricultural regions[J]. Computers
and electronics in agriculture, 2021, 190: ID 106485.

CUI X, HAN W T, ZHANG H H, et al. Estimating and
mapping the dynamics of soil salinity under different crop
types using Sentinel-2 satellite imagery[J]. Geoderma,
2023, 440: ID 116738.

BIRK, SRR, 5K . LT S0 D35 A Sentinel-2B 52
BRI 3 7 S [J]. 25 B R 24l (A AR B
220K, 2021, 43(5): 929-941.

MAO H X, JIA K L, ZHANG X. Inversion of soil salinity
in Yinchuan Plain based on measured hyperspectral data
and Sentinel-2B images[J]. Journal of Yunnan university
(natural sciences edition), 2021, 43(5): 929-941.

MR, BT, W ORI, A5 TR SIS OLLE &



32 BEAN (FPIESL) Smart Agriculture Vol. 6, No. 3
R = 5 Bk 4 R0 pH Al 0 [J]. 5 RO B 5, [85] MARTIN A P, OHNEISER C, TURNBULL R E, et al.
2021, 39(1): 164-174. Soil magnetic susceptibility mapping as a pollution and
SUN Y, JIA P P, SHANG T H, et al. Estimation of soil sa- provenance tool: An example from southern New Zea-
linity and pH value based on surfacehyperspectral and land[J]. Geophysical journal international, 2018, 212(2):
OLI images[J]. Agricultural research in the arid areas, 1225-1236.

2021, 39(1): 164-174. [86] HEAERK, yuik, ERI5E, & . 5T KbR2X 5 S 1% 0 14

[76] K, BRAE, SRR, 4 BT 90005 6 5 Senti- TOKERN )], Bt SO TR EE R, 2011, 48(2): 1D
nel-2B 08 19 AR b A 38 Na & Ak I (7). B A= A5 240, 023001.

2021, 32(3): 1023-1032. XIA J X, FAN C F, WANG K J, et al. Soil moisture mea-
SHANG T H, CHEN R H, ZHANG J H, et al. Estimation surement based on terahertz transmission spectrum[J]. La-
of soil Na’ content based on measured hyperspectral and ser & optoelectronics progress, 2011, 48(2): ID 023001.

Sentinel-2B data in northern Ningxia, China[J]. Chinese [87] LI B, LI C, DONG C, et al. Mechanism of lead pollution
journal of applied ecology, 2021, 32(3): 1023-1032. detection in soil using terahertz spectrum[J]. International

[771] SUNMY, LI Q, JIANG X Z, et al. Estimation of soil salt journal of environmental science and technology, 2022, 19
content and organic matter on arable land in the Yellow (8): 7243-7250.

River Delta by combining UAV hyperspectral and Land- [88] LU W, LUO H, HE L X, et al. Detection of heavy metals
sat-8 multispectral imagery[J]. Sensors, 2022, 22(11): ID in vegetable soil based on THz spectroscopy[J]. Comput-
3990. ers and electronics in agriculture, 2022, 197: ID 106923.

[78] QI G H, CHANG CY, YANG W, et al. Soil salinity inver- [89] HEGGEMANN T, WELP G, AMELUNG W, et al. Proxi-
sion in coastal corn planting areas by the satellite-UAV- mal gamma-ray spectrometry for site-independent in situ
ground integration approach[J]. Remote sensing, 2021, 13 prediction of soil texture on ten heterogeneous fields in
(16): ID 3100. Germany using support vector machines[J]. Soil and till-

[791 EHE . 4 M A 5 R R K iP5 4 Jm 46 0 OGB4 R AF age research, 2017, 168: 99-109.

%X [D]. dtat: P E R KA, 2018. [90] TAYLOR A, KALNINS A, KOOT M, et al. Portable gam-
WANG H. Research on the key techniques for heavy met- ma spectrometry for rapid assessment of soil texture, or-
als detection in farmland soil and irrigation water[D]. Bei- ganic carbon and total nitrogen in agricultural soils[J].
jing: China Agricultural University, 2018. Journal of soils and sediments, 2023, 23(6): 2556-2563.

[80] CHEN J H, CHEN M J, TONG H, et al. Fluorescence bio- (917 T8, RIBH, FEER, 5. ST L2 D AERE LA 1 4
sensor for ultrasensitive detection of the available lead TR T AR BB FE (7). AL AR A 5 B, 2023
based on target biorecognition-induced DNA cyclic assem- (7): 17-21.
bly[J]. Science of the total environment, 2023, 905: ID WANG P, ZHU K R, DOU Y C, et al. Study on identifica-
167253. tion of soil radioactive elements based on vehicle gamma

[81] LU Y, MACIAS D, DEAN Z S, et al. A UAV-mounted spectrometer[J]. Machinery industry standardization &
whole cell biosensor system for environmental monitoring quality, 2023(7): 17-21.
applications[J]. IEEE trans nanobioscience, 2015, 14(8): [92] LOISEAU T, RICHER-DE-FORGES A C, MARTELET
811-817. G, et al. Could airborne gamma-spectrometric data re-

[82] FRANKL A L, MAXBAUER D P, SAVINA M E. Linkag- place lithological maps as co-variates for digital soil map-
es between soil organic matter and magnetic mineral for- ping of topsoil particle-size distribution? A case study in
mation in agricultural fields in southeastern Minnesota, Western France[J]. Geoderma regional, 2020, 22: ID
USA[J]. Geoderma, 2022, 406: ID 115466. ¢00295.

[83] LOURENCO A M, GOMES C R. Integration of magnetic [93] BAsfpe, TG 22, skMhioe, 55 R 515 B H KRl &
measurements, chemical and statistical analysis in charac- R IEIURS D7 M 0], B E AR (hHE30), 2020, 2(4): 1-16.
terizing agricultural soils (central Portugal) [J]. Environ- CHEN X G, WEN H J, ZHANG W R, et al. Advances and
mental earth sciences, 2016, 75(11): ID 968. progress of agricultural machinery and sensing technology

[84] FRANKE C, PATAULT E, ALARY C, et al. Magnetic fin- fusion[J]. Smart agriculture, 2020, 2(4): 1-16.
gerprinting of fluvial suspended particles in the context of [94] YAO H, QIN R J, CHEN X Y. Unmanned aerial vehicle

soil erosion: Example of the canche river watershed
(northern France) [J]. Geochemistry, geophysics, geosys-
tems, 2020, 21(5): ID ¢2019GC008836.

for remote sensing applications: A review[J]. Remote sens-
ing, 2019, 11(12): ID 1443.

Research Advances and Prospects on Rapid Acquisition

Technology of Farmland Soil Physical and Chemical Parameters

QI Jiangtao'?, CHENG Panting'?, GAO Fangfang'?, GUO Li"’, ZHANG Ruirui’

(1. Key Laboratory of Bionic Engineering, Ministry of Education, Jilin University, Changchun 130022, China; 2. College

of Biological and Agricultural Engineering, Jilin University, Changchun 130022, China; 3. Research Center of Intelligent

Equipment, Beijing Academy of Agriculture and Forestry Sciences, Beijing 100097, China)



Vol. 6, No. 3 FULW S e H b S E G AR U ARG i J 5 e 33

Abstract:

[Significance] Soil stands as the fundamental pillar of agricultural production, with its quality being intrinsically linked to the efficien-
cy and sustainability of farming practices. Historically, the intensive cultivation and soil erosion have led to a marked deterioration in
some arable lands, characterized by a sharp decrease in soil organic matter, diminished fertility, and a decline in soil's structural integ-
rity and ecological functions. In the strategic framework of safeguarding national food security and advancing the frontiers of smart
and precision agriculture, the march towards agricultural modernization continues apace, intensifying the imperative for meticulous
soil quality management. Consequently, there is an urgent need for the rrapid acquisition of soil's physical and chemical parameters.
Interdisciplinary scholars have delved into soil monitoring research, achieving notable advancements that promise to revolutionize the
way we understand and manage soil resource.

[Progress] Utilizing the the Web of Science platform, a comprehensive literature search was conducted on the topic of "soil," further

non "non

refined with supplementary keywords such as "electrochemistry", "spectroscopy",

"non

electromagnetic", "ground-penetrating radar", and
"satellite". The resulting literature was screened, synthesized, and imported into the CiteSpace visualization tool. A keyword emer-
gence map was yielded, which delineates the trajectory of research in soil physical and chemical parameter detection technology. Anal-
ysis of the keyword emergence map reveals a paradigm shift in the acquisition of soil physical and chemical parameters, transitioning
from conventional indoor chemical and spectrometry analyses to outdoor, real-time detection methods. Notably, soil sensors integrated
into drones and satellites have garnered considerable interest. Additionally, emerging monitoring technologies, including biosensing
and terahertz spectroscopy, have made their mark in recent years. Drawing from this analysis, the prevailing technologies for soil
physical and chemical parameter information acquisition in agricultural fields have been categorized and summarized. These include:
1. Rapid Laboratory Testing Techniques: Primarily hinged on electrochemical and spectrometry analysis, these methods offer the dual
benefits of time and resource efficiency alongside high precision; 2. Rapid Near-Ground Sensing Techniques: Leveraging electromag-
netic induction, ground-penetrating radar, and various spectral sensors (multispectral, hyperspectral, and thermal infrared), these tech-
niques are characterized by their high detection accuracy and swift operation. 3. Satellite Remote Sensing Techniques: Employing di-
rect inversion, indirect inversion, and combined analysis methods, these approaches are prized for their efficiency and extensive cover-
age. 4. Innovative Rapid Acquisition Technologies: Stemming from interdisciplinary research, these include biosensing, environmen-
tal magnetism, terahertz spectroscopy, and gamma spectroscopy, each offering novel avenues for soil parameter detection. An in-depth
examination and synthesis of the principles, applications, merits, and limitations of each technology have been provided. Moreover, a
forward-looking perspective on the future trajectory of soil physical and chemical parameter acquisition technology has been offered,
taking into account current research trends and hotspots.

[Conclusions and Prospects] Current advancements in the technology for rapaid acquiring soil physical and chemical parameters in
agricultural fields have been commendable, yet certain challenges persist. The development of near-ground monitoring sensors is con-
strained by cost, and their reliability, adaptability, and specialization require enhancement to effectively contend with the intricate and
varied conditions of farmland environments. Additionally, remote sensing inversion techniques are confronted with existing limita-
tions in data acquisition, processing, and application. To further develop the soil physical and chemical parameter acquisition technolo-
gy and foster the evolution of smart agriculture, future research could beneficially delve into the following four areas: Designing porta-
ble, intelligent, and cost-effective near-ground soil information acquisition systems and equipment to facilitate rapid on-site soil infor-
mation detection; Enhancing the performance of low-altitude soil information acquisition platforms and refine the methods for data in-
terpretation to ensure more accurate insights; Integrating multifactorial considerations to construct robust satellite remote sensing in-
version models, leveraging diverse and open cloud computing platforms for in-depth data analysis and mining; Engaging in thorough
research on the fusion of multi-source data in the acquisition of soil physical and chemical parameter information, developing soil in-
formation sensing algorithms and models with strong generalizability and high reliability to achieve rapaid, precise, and intelligent ac-
quisition of soil parameters.

Key words: physical and chemical parameters of soil; spectral analysis; electromagnetic induction; ground penetrating radar; satellite
remote sensing; fast sensing
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