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Abstract

In recent years, the application of Non-invasive Micro-test Technology (NMT) in the environmen-
tal field has been increasing. This article used the CiteSpace software to conduct a knowledge
mapping visualization analysis based on the relevant literature on the application of NMT in the
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environmental field from 2014 to 2023 sourcing from the Web of Science database. The results
showed that the number of publications has been spiraling upward, with the main contributing
institutions being agricultural-related organizations or universities. NMT technology was primar-
ily used in environmental research related to plants and the research hotspots were focused on
phytoremediation and salt tolerance of plant. This article also analyzed the application prospects
and trends of NMT technology in the environmental field by using the information visualization
method of CiteSpace.
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1. 518

AN A (non-invasive micro-test technology, NMT) FIRE& B¢ 776 1974 SEREHEHI[1], 1990 4
PERFF S Lionel F. Jaffe itz FHEME 17581, MILTFRE T TTEOR I AR 2] NMT £0R
T 2005 5T NI, BOBKER 2 127 B R B IR . NMT $30R P TR 2 M) F e Al 2 0k L e
i RV BS 153 1 B P AL R L A FRRUE, 759 30 AU TR IR B2 22 BT B8 iRt i, It 5 ik
(AR R AL AR A A& B AR F -

A5 H, B ARHIRER . SN, ©A B R A AT AR 8 A AL p AR 4
A, AFEERIE BAREOR(SPET) B T IE M BARE R (SIET) H 2 Ll ikt R (SERP). 3
RS AR AR (SVET) H Z L B AR AR (SERE) T FERK B8 T IR B AR (MIFE) R 2 LE B oA
(SRET) [3].

FHEL TG IER, NMT HORFEAE By S R A IRE SR, WA AR A AR BEIA SR,
SEHL T AEASBUARE S IRTEE T, ST AR YA A R A i B AR AR B A AR A, BORAE BRI R AT
FHIRE TR —[4]. BEE NG R EABRN, 07K /K 182 T KPR &,
TS5 Gt AR BV FE R s (2 b R e/ . AN ] Py s SR i L 28 2 2 el A& G0 i 7 AR
SHE [7 I 385 X P AN I B 75 5K, HLA G R R U e AR A A 7R S AR, RE R AR e iG s e An . Al
H S R REAFAE IR 2, Rt NMT HRTEShAEY) A= BLAR < A 78 o B s i 25

CiteSpace # 1t 2 4t 7% H 36 [H 48 28 /R K5 BRME S HEOR B N w38 MRl SR 1 LT R, 2%
T RESCEREE 1S ST THE AT i, AT 2 R MEOR U ) AR B . AES2 bR o
CiteSpace IS Bl = AU % AR ERAE DT, BEDUHL I H B — R 2 s b (1) GBSOk . #4
AR TT M), R R T2 R T R AME BRE IR [5]. A0 d A CiteSpace, v.6.2.R6 3,
PASCHR VB 7 A% 0 07, R SCERIN & FhBCRRHIEEAT € B i, 38 it 0 7 ik AT 70 it
I AT B S FE R NMT BRI Sy 7 A& S5 44 2 [a] (156 5 = [6]

2. BIEKRERMEIE
2.1 MEERESHER
PL Web of Science (WOS)H% /L& 8EEHs e vk &R IE, RSP RN, R AN((ALL =
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fren
=

(Non-invasive Micro-test Technology)) OR ALL = (Scanning ion selective electrode)) OR ALL = (microelec-
trode ion flux estimation), 20} [A]Y 2014 41 H 1 HZ 2024 4£3 A 13 H, EF AR,

22. MIRFG*

VAR B P T R R B SR LA SCAR S 2, K Web of Science A% 03 P2 A4S 28 21 1) SCHR A
download-***txt # 3 A\ CiteSpace #fF, HxI T AP SCHREEATRR B 5 & SCRId %, HbR 58 80K,
R R B A I SCE LRl BRI, KR R R T, o H RO R R SO E
iR,

12 CiteSpace # M, TEFAFH K IR FEOCH R . EE NI IS, LL 2014~2023 4 0 [ 5 R, {47
LA M DhRe g bl A SR AR I . ERTAAL B, RIS AT G A R B A AR AR WL
DAK O], 17 mUOR/MRFRAT S BRI, A 2 MR RARR IR R GE R R L B HREE7]. 4
A5 R ALE BN (institution) (A1 S5l BFRIVIR B0 147, IERFRERN G f8% =25, To#kEy: &
PR (author)VE 11 sy, IR U] 5008 2 4F, e REFR1E T 9 top N 484 = 50, TE#5Y s LA (keyword)
PERTE R, BRIV R 1A, I8N G 184 = 25, #3778 pathfinder. 55 7 A iz 4iie
FRIRIETE TR - P DA R K e % . b Ay rpta itk 2 CiteSpace 04 il JB2 -4 p5 7 I 4% P i v — AN BV 4R 4R,
H EE>0.1 RENZT ATEF AU N A EZ M, OER, ST SR I R E 8]

3. BERE S
31 EEANERH

SRR GG, KRBT CER S £55A k3L 299 . AR SRR iR — AN ) 5
(M EEARFR9]. Wil 1 foR, 2014~2018 4RI FRERAIE A NMT A 1AH R SO B A 5 ORI LT3,
2019~2022 #E[{J4FE K SCRBS AT [F1E NP, (HAE 2023 4 (114 R S SCREE [FI T, R R SCR FRERR T 1E
WA R — R WA PR R AT S E, SR —AMEiE BT RE . A TR R %A
BRI R SO, kAR IR R B y = 32.109%% — 28.2 (R = 0.9971, y NAEE R &, x NEM). M
BAREHRE , NMT HORTEIRS AU R 52 SR SN RN A 5 B0, AR A AN S ) 6
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Figure 1. Annual publication volume trend chart
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3.2. NS IELIEE S

X NMT AR AEI BTN H (AR 5 SCRRIEAT AU A VE 28 JE B0 M o WA A AE LB T e 6% 22 20
FERIF T I BB LA LA 22 TR A A o ASHIE 7T (B 2)15 BIRIALA A 1 LB Bt rp 3L 222 N
M, 318 4ELR, MREAZEREE N 0.013,

CiteSpace, v. 6.3.R1 (64-biy Basic

March 13, 2024, 11:32:30 PM C:
Wos: G\2023)§ﬁl\240313\d ta

Timespan: 2014-2024 (Slice Length=1)
Selection Criteria: g-index (k=25), LRF=3.0, LIN=10, LBY=5, e=1.0
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X SCER R RAUAEAT b i s R 1 s, @ ERE S Stk T ORI, O EHER L
JyH E BB (Chinese Academy of Sciences), H U B HE 44 Fi - HIALI o 5 AR ML RFE A S INLIA S £,
A4 T [ AL BB (Chinese Academy of Agricultural Sciences). db 5Ttk k2% (Beijing Forestry Universi-
ty). k5 A& A 25558 (Ministry of Agriculture & Rural Affairs). 494 \k k2% (Huazhong Agricultural
University). AR SCHLRA I A0 FEHER SHCRT & H
A LB P 1) X 2 B A FE ARG BN, BB AN BN Z [ B D, AT — AN A BURPIR S

Table 1. Statistics of the issuing institutions (sorted by centrality)

F® 1 RXHBGHTRAERPOEHEF)

T 10 HERERZ RFERABORR M AR, HALH

s BR L I [a) BRG]
1 33 0.17 2014 Chinese Academy of Sciences
2 12 0.16 2015 Chinese Academy of Agricultural Sciences
3 14 0.08 2015 Egyptian Knowledge Bank (EKB)
4 11 0.04 2016 Institute of Soil Science
5 6 0.03 2014 University of Tasmania
6 9 0.02 2016 Ministry of Agriculture & Rural Affairs
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7 10 0.01 2014 Huazhong Agricultural University
8 8 0.01 2015 Beijing Forestry University
9 6 0.01 2018 Nanjing Agricultural University
10 5 0.01 2018 Henan Agricultural University

3.3. (EEAELIEE S

X NMT SR AR SCIREEAT VB S AR 3R i, AR & 1 SR IR RE 08 2 BT 7E U A% o1
BUULAEE SRS AU TRARIKEE S EILILERE I 3 Pron, 4 106 s, 172 %%
2, MLREEREE D 0.0309,

0=
8252

ngth=2)
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2 (Density=0.0309) @fuang, Qun
) hen, Po-Yen hen, Houming

gDonini, Andrew

¥4

nz
g

les Labeled: 2.0%
runing: Pathfinder

iu, Sian-Tai

R R Grzebelus, Dariusz Zou, Jianwen
jerfigi Jign-Lin .., Li, Lianzhen
Hung, Giunk*in, Li-Yih Ji, Dandan Cui, Jin Su, Nana
seng, Yung-Che  Skuza, Lidia Wei, Shuhe
Yeh, Ya-Hsi .
o Yarisin wang, Pung-Pung Dai, Huiping Cui, Shuang
\ . o Yu, Guo
‘ donnell, Michael J Wang, Siqi
Liu, Jie
Kolosov, Dennis Rahman, Mohammed M Jian\,{:‘i‘ngl:‘izghong
Wei, Ming-Yuo (Asiri, Abdullah M
Zhang, Lu-Dan Khan) Anish Shabala, Lana
Hussein, Mahmoud A
Li, Jing
z-m_zm o i, Lian-zhen YdKhan, Aftab Aslam Parwaz (&habala, Sergey
_— Shi, Weiming
2018-2019 eijnenburg, Willie JG M Zhu, Yiyong
Kronzucker, Herbert J
uo, Yong-Ming

Figure 3. Co-occurrence map of authors’ collaboration

B 3. fEEAIELIEE

ROCEJEHT 3 ALIER (4 2)43 712 Michael J O’donnell (12 £5). Abdullah M Asiri (9 55). Sergey
Shabala (7 5%). MZEEMEERAR, FTLLE R K UEEMEIERRFENNIMELE, AR KA
EJVFEA . Wk B, 2018 4ELUGETMILH 1L BOWERIIHAIBN . SRS, 14k
ARG Z BAASUENERT ST BN, ARG A R AN, KR RTSOZ ATW

Table 2. Statistics of authors who published articles (sorted by frequency)

2. ARG RARSUREET)

P BRIR I [ (=2
1 12 2014 Michael J O’donnell
2 9 2014 Abdullah M Asiri
3 7 2018 Sergey Shabala
4 6 2014 Andrew Donini
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5 5 2018 Mohammed M Rahman
6 5 2015 Li-Yih Lin

7 4 2015 Jiun-Lin Horng

8 4 2018 Lana Shabala

9 4 2022 Huiping Dai

10 3 2019 Dennis Kolosov

3.4. HRARRAES T

34.1. XEAHLIEESXRIA burst 947

XT NMT FEARAE 855 45038 N I AH S SCERIEAT JSBR SE I 08, FFadE— 224 burst 70 #r . SSEETR FL I
S HTEEE S burst 387 F SR ILE)E NMT HRE ST U8 FH (1 # S AR (14 4 515 5). AW 3K
A LD TR A 296 AN, 580 ZKIELL, M4BT M 0.0128.

O EHERT 10 KIESRIE (6 3) 7 & B4 )& (heavy metals). B PE(acid). 455 1(Ca®h). #AFFIF
(arabidopsis) . 44K Jiki (nanoparticles) . i i (plasma membrane). Hitk (electrode). #E#¥(plants). ik
(expression). ‘& £E (accumulation). SKHEEE|Z [AVEF A G, LR I+ — R AR A 8 48 TR A AH 5%
IR FEH, R k. BURIIDY NMT BORBIA G, HeE. MBIt 5%, RENRERT T
PR FEAETHEDEE . EYPIEESIR. X AR EAAHE, B RO R

IR (1) e TSGR MU IR I OC B ] o G SR — > DG B 1) 7E — Bt [ P eH IR AR v, gk U B A
RiGE, HRDUEERR, MEME . B K9 R M mT DL T2 88 % U P87 & a4 [10]. %1 burst
SrMTHR, SRE T RREEHEAET 4 BIRIIOCHEA], | 3 NS NMT EERE GG K, RERXEAL G 1S
5K . ot IX B S 8 1] D R 1 (toxicity), B6HH NMT HORFEFR S5 A0SR AR SR AT R 257 26 A 5%
BEPENLAIB T 7 T A . Blan, 2019 4, Yen 55 AWFTT 1 HLRIHR 449 K AURL 0T B 5 £85I 26 40 i
EEMEAERI[11]. 2020 4, Zhang %5 NS NMT BARBEF T 402K — HIR —(2- £ 45 CLJE) Jig (DEHP) A4 X
KA R JQ-1 B A TEIE[12].
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Figure 4. Keyword co-occurrence graph
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Top 4 Keywords with the Strongest Citation Bursts

Keywords Year Strength Begin End 2014 - 2024
plasma membrane 2014 3.11 2014 2015
ca2+ 2015 2.81 2015 2017 o
scanning ion-selective electrode technique 2017 2.88 2017 2019 —
toxicity 2018 2.7 2020 2022 —

Figure 5. Keyword burst analysis chart
[& 5. <17 burst S E

Table 3. Keyword statistics table (sorted by centrality)
3. XBRFITRERFIOEHF)

Frs R Ht IS 1] K]
1 7 0.36 2017 heavy metals
2 10 0.35 2014 acid
3 10 0.3 2015 ca**
4 14 0.27 2014 arabidopsis
5 16 0.22 2015 nanoparticles
6 22 0.2 2014 plasma membrane
7 8 0.19 2016 electrode
8 20 0.15 2016 plants
9 25 0.14 2014 expression
10 19 0.13 2016 accumulation

3.4.2. XERRASH

N T RESE AR 1) SR NMT FEORFEFA U B 7 4 R, i FH CiteSpace Xf Bl HEAT 1 282870 #r
(&l 6) 0 B IA] SR 2R ] DA S I AH S A 70 Q0TI I 25 R A 2, S Wi 483 P 3 % ) B2 ) 1) ARV B 10 T DR
BARERERT A AFE, GANRBOBEARRAFR AB, T2 8 R B T 1% 3 /%
L AA[13].

AR R SR N 7 K3, 4 HINH0 W (adsorption). #1 Z2REIARMI(rich cell). #2 AL B
(oxidative stress). #3 2B T-Hi(H" flux). #4 HEHULH (uptake mechanisms). #5 £f P40 fig(guard cell). #6
128 4 (conducting polymers). #7 -k # (hordeum vulgare).

AR AHIE (1) A BRI BE FE SRR SE AU S, PRI TR R BB 2 [ S AN A T Bt NMIT 4
ARIEFRES SR N I A 25 5 77 1) o 383 5220 A1 mT 1#0 WK B (adsorption) . #1 2 2744 id(rich cell). #2
AL N 4 (oxidative stress) . #7 K3 (hordeum vulgare)iX U/ R SR BN ZE, WAL & o0
POSAERYINHE B P AW RERY], R BT 2006 HEHURTIE 33% 1) HEE A% 1 1EAE 1 52 SRk, =
ERE P SR IR A RN, 2 SBUEYIEEA RS 2, SIERE NI [14]. FIH NMT A LU
BT A B AR I TR SR AL, anER A AE R A Na™s HI RSO 5 & &, NMT HoR 2
EhOmE AT STV, 0B A SR AR A B — e FE B [15]
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Figure 6. Keyword clustering map

Bl 6. XEImBRAKEE

4. ZRERE

AWK FH CiteSpace %%+ 2014~2023 4 Web of Science $3 22 1156 T NMT AR AE PR 15 4585
FHORI 322 R SCHRIEAT STHR UE & 22 0 A ST ARG b, B R ZR T3 10 4 NMT HARSE PR 4 v H
R SRR, FEXT FURIF AT AR AT R T B AN . BF AR TR, I 10 FEAHSGSCR B R e ik
DUE e LTS MU A EILILE S R I SR 2R SR B R U, SRR N B TR A 21
Wbz A VER D MRS SEMG LI B BoR, Z9URNIEE xZ, BRZHEEZ AR E
1’Eix7'71"&% 55 AEN T — LB R I T BN s SQBE A S B RV ER 2R BB R 7R 1 AT PRI A
M FEASKEAEY) . EeE. EESRUMARGT EEATEMBE . PSR, BRI
’{}éiﬁ?%ﬁ(toxicity), F W] NMT HARTE IR SIS (19 A K 1) R A PT RE 2 lm) T 3 PEN L B R 8 T A
PRy

gi bRTiR, HAr NMT BORTEMY TN E 2, TEEP A0 287157 -5 A0 RE 1 ThRE 1A 72
KRR TR E R M 2 5 S i T, R IEE EEAEA[L6], BEMBIIAELL, SN
PR Z A, BT NMT EORTERY 7 H 0 S EAE, AT F 0ROt F s Je i s 4
BEE SRR, (AR TR SRR AL T T 25 B SN 5 2 R B D 2 )
MG A R R, NMT HRAE AR AN R (R R840, R IF S s 2R .
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