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ET LA-ICP-MS KISCEMREF O RAL AL 54 e B ik

ERES, BRR, UM, I, R
RS VORI BEF B, AL Tk 0, M 350000

WE RO ATRITRIIREL, A BT AT R IETR 70 70 Bl B SRR, O R o o B L 4R (BB AR
o ABEFUEL T —FhEEFHOLR - v 555 2 75T (LA-ICP-MS) JEU Al B4k SC B SR SEFR 701K
FERIHTT % ORI U T A AT AT A PR G el T R SRR 2T AR S BUA LD ) R L A
MR HOCES, DAETE a8l # RO 2, A [ A8 0 R B SR o I B AR A, JF BLAE
AR HEAT AR I I F AR BAT A Jo vh 9% 2> TR AR &, SRV e B PR AL M 1 S EUA R S AN A 3
REAFHL TR . SRR, SCHAR S, B &, 85, BRRR RS, FEE TR R AR
JZ AR INYEE RS L T IR B 2. Hoh, A AR PR AR 38 5= ik 516.21+387.40 mg-L~
1 BEAR IR AR B R R A S B RTIA 410.224279.77 mgeL!, LR AR R AN B AE R B
e, WS A ANEEAE S BMER S R A E IR EA

SR JROLTHAL, WO AR & B TR, G RIS, AN

REAENKHEREPAEEREER, Z2MYEA M0 V)0 10 EZRIE, i Ji 552 R sk
(IFR 3 TC R AT 5 & B BRI (TR 5%, 2022; Cao et al., 2024). fLGIAIF7 5 /30T 5 08 5 T5 B RE il
ATTRALEE, GnAsE F VA RS T VR ) B A AN RS AR R R S B (R SC B A%, 2023). AR, RsLd
TEAHLEGEN, FRIEEINETIERET T RS HRSN L3Ry Bk, KE—ME%EA . mTl
At 73 AT SR S R R R E PR vk B R S WO il HRUBRE B 5 I AT B (LA-ICP-MS)PE Ry —F
JeE X TR, ASEBLIX — H AR R AL T Al GE(Becker et al., 2008; Becker et al., 2009; Becker et al.,
2014; Limbeck et al., 2015).

LA-ICP-MS 454 1 3063 i AR L JBORS 5 55 88 TR BS BORBIE /L, BERE X [ A4 i EAT B3
M, To75 52 4= FRE 5L FiAL B A2 (Sussulini et al., 2015; Limbeck et al., 2015).  H: 34 5 B2 0] & AEO%
WOOREE TR R, HEF e b i N BURE, SR I 18 et 28 0 1 8 SR 32 A 3] P R & S5 B T (ICP)
FE R N S R 1, e e T ORI B A e B, AN TR E A i ) o 2R 2H RN 7 & (Becker et al.,
2009; Becker et al., 2014; Limbeck et al., 2015; iKifFk5%%, 2021; Kukusamude et al., 2024). LA-ICP-MS
HA RS s R, BEpPRE . ATHT 2 R FEN SIS, O 2B THE . MR
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Bha BERE B 2 S U

TER YR Z R, LA-ICP-MS T iDL T 2 M M 4 23 3% 73 70 3R 178 (8] 73 A 73 HT (Wu et al.,
2009; Yang et al., 2014; Diniz et al., 2019; Cui et al., 2023). Wu &5 LA-ICP-MS &M A w4
Bl B BEL BOABNSEE FROTERET TR EMGB T, PAS T nRAEM A I B (Wu etal., 2009).
LAk, LA-ICP-MS b4 F 0 AR N e R Wi . @A F R L (Becker et al., 2009; Yang et al.,
2014; Yamaji and Jian Fengma, 2019). Hanc i LA-ICP-MS $i R T 4 7E 81 S AR 14046, #s
TEVE B SR A (Y2 BE B iz fi(Hanc et al., 2008); £ F45 (A LA-ICP-MS AR K I TiO A Rt g5 1
BRI NG i v i) oA, AR A K s SR UK FERGE (Wang et al., 2025).

HAT LA-ICP-MS Hf FHAE T EAR E/EW el AR Ry S LGl ) e A, (B RIS, A
540 A 25 7 DL N T B 22 4R K (Papaslioti et al., 2019). HGES 5 S2 AR [Fl B A7 & 2L 2 1] X 20 HEAS &
T E BINETIEIX I A FHL G TR 25, I HAER SO IR0 i =20 L B . R SCHAR
(Citrus maxima (Burm.) Merr. cv. “Duweiwendan”)fg 1 2= & RHHAE &, #2417 R5 i A (5 830, 2020),
SR ME—FE, BFEEKE. ARE. TR S H R (KIS 5, 2024). AHECT KH MK,
SCEANVT MAFEAR 5 T4 8, FEIRE I R T GRS AF ISR E B Rl . BT, ARHIE 5 DA RE R SC ELRl AT AL
MR, WA LA-ICP-MS (Bo't s ik rUBHE & 55 B T IS ) HoR, R AT ML RS2 rp 7R 70k 2, DA R
SERRL AR R RS SRV R A E AR

1+ S5
1.1 RSLAPRE

BRIG A TR 4 H AT A LR R 4R(25.416°E, 118.578°N), Ll & Bt FH A HUIE, AF4E ARt &
0.9-1.8 kg, Jitiféf 1.05-2.1 kg, Jti#f 1.05-2.1 kg. RIGW R EEZ) 20 4F, WA NERMEGE A, #5 3-5 m,
MR 4—6 m. LI L, 0-20 om FEALIEE AL 5T 40y pH {8 6.3320.57, A L5 2.54+0.33 g-kg™,
Hilifi# 7 88.32+17.65 mg-kg~!, A Xl 184.56+44.21 mg-kg~"; 2040 cm +HIE I (k145 Jy pH 18 5.14+0.57,
AHUR 1.2220.34 g-kg™", TfiF4E 41.32+11.41 mg-kg™", 13 %Mk 105.25+40.08 mg-kg™'. HEHUEAT R ENE
(0 BRI SC B R SRR 8—10 AN, R SR SAE I — JUKIEHRR T 5, 28 M s S5 0] Al 288 5L S AS [ 7 B
FET712, ¥ F524y N i )2 (Flavedo). H = (Albedo). #E4K (Segment Membrane)f71 i (Juice sac)4 4
AL 1A) (B %, 2024).

1.2 PR &

2% Mg I ST AL o BOE R AR ZF A SRS, R4 Agilent Technologies
8900 ICP-MS 1 #% ] FTEFE, FEANMAIHURE  3-5 mm x 3—5 mm, FERH LT EIRAE, kTR
Fro HABLHZRE A FAA e B0 R @ EDE T H 82 /M, sl ® s, M4 30%. 50%. 75%-
85%- 95% LEFANTE/K ZHE S Rk 1.5 /N, BiAJE R 1:4. 2:3. 3:2, 4:1 LB ~HZR-ToK L
WEFIAE — HR AT I 20 B IO & 5 e, ] Leica RM2235 #ei6 X U1wlbl v, T
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LREE BN, Tl e S 5642 LAFICP-MS T JE % 20-100 um [, 52V} 51 Leica
HI1210 #E AL B+, R B3 i 2 TO B A=Wt by ads B 7 o ods ik B mT (Ol {gAR 0 58 SR,
2018).

1.3 LA-ICP-MS {3 Fi R #2

AT A BRI ATBR A F]$24)k Genesis GEO 5 ICP TOF R #HATI5E . WOLRITh RGRH KD
WOt (B 343 nm)f A a1 g B 2R RO AL AT M R SRR i SObRAE 5, (8 RE i =3 A i P U
J5o Kike)a RIAE f 5 BT Ar 3B ICP, 1 i & & T o A v, 7 AR e o 0 A AT 5
BB AR, AR P31, K39, Ca*t, Mg?*. Fe57, Mn%. Cu®3, Zn®6, S34, AI?7, Cr%2, Mo%. Pb2%8,
Sré8 Al Rb® )8 158 L

1.4 LA-ICP-MS %4k

LA-ICP-MS .57 AEOE AR B S8 BOLSE(LAVEFEEOLE K. Bokdtata . iz, 4
BRI S . WORTRKIBF R B ANEOG, ABFAER WO A, KA 343 nm, BRIAEAMNK
S EA B R E BN EBE R, Refs LB m s (B 2 HE 2R I b o WO 25 Rt 2 75 TEAR R b (0 1 i
ARG, I R R T R S BRI B, PR AR RN, S A AT MR s T I A R R U
R FEUE SR, BRI R B o AR 3 /N R 8 75 LA 25 ) 43 PR 0 AU 5 5L 2 ) AT ALAGET
AW I BECE A RS A e o, B AR B 1o R S R I B AR

JFRE (ICP-MS) S 5 B FE M) 3 (RF) AL BRI i S5 PR RS . SHIh e m 55 B TR
PR L B AR, T AL USRI R R IR B8 75 500 . T AL AR B S A SR IR IR AR i R A 55 B A 1Y)
FasE T, HERBEDIRAG m ARG b . S B AU Bl TR B R R A R, SRR R
FE . FEARON AT K T (Aghaei et al., 2014).

S EUMU R SR AR AL il DO T A RE R, BRI 2R R, MEN R Tl iAE LA-
ICP-MS #2:l| 28 L% 1.
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R A BOERh- R 5 4 8 TR T (LA-ICP-MS )2 A 2 4

Table 1 Basic parameters of laser ablation-inductively coupled plasma mass spectrometry (LA-ICP-MS )

Parameters of laser ablation system Parameters of ICP-MS
Wavelength of laser (nm) 343 Nebulizer gas flow (L/min) 1.08
Chamber He (mL/min) 150 Plasma gas flow (L/min) 14
Sniffer He (mL/min) 200 RF power (W) 1400
Ablation frequency (Hz) 50 Detector MCP
Scan rate (um/s) 500 Reaction gas type No gas
Laser energy (W) 10
Attenuation (%) 10
Spot size (um) 10

1.5 LA-ICP-MS ¥4 R4 5 4b8

B R LA-ICP-MS  Hfi RAER A i, iM% (Hennekam et al., 2015). £
SITE R T TR S R R TC R S R AE A T TR R R T M R T R A A )
DASRAGHE A AR TR A0 BHR . ASHIEeh, IR LS BRI Se s MR TR 4y Bk oA, A 4 K
Bk, TRV AL AN RIS TT 3 0 A

HHERLIE: LA-ICP-MS ¥l 5 Zb AT Z ML, AR SHER. EMELIENBARRNAL IS . 1541
BRRN T HBRGAS T RAG 5 T SRRy 1 H Bk th TS REUERE [ AAL 51 A5 59582,
PRBOSAZ IR D 1R B FE R R SR 20 ik 2 (Cui et al., 2023). fEAA T 5 5 REUE
SELFIIRTHE N, (I EARSONAR IE, 4R GBW10020 GSB-11 (FHHE I Fr A bR d i ) AT AL TE AL

FE RN LA-ICP-MS & 80 il R HIAMRE S N AR . SMPRIE R — R 5 SRR AR D)
B SALIE 2k, SR KR AL S T SRR I 2R HEAT LA, MG R TR & & (Zhu et al., 2020). WFRZEZ
LR f I — R SRR RN AR TCER, R R IICRE 5 5 NAR TR E ST ELAL, MTTVH BRI 2L
JS2 (52 (Hrdlicka et al., 2022). 1 3C B ER SE A BARTTEIR B I TEHERA fcHE, DRIEASHT FER AT A bniZons
BAEALTR IR ELIAT A€ B AMRARUEVI AR R i bR it GBW 10020 GSB-11. 1 I ARIEY i
R DAAT R e A RN S 3 F RIS o AN S B H ISR T SC BN EAL TR > 0 A, g & AT LA
Pk A SoT R A, BB ROTRAE SR LR R . BRILZAb, g BT IR AR RIE SR (LR i % T
AR S RER, SRR MG &, i PRE TR

1.6 R R RIS
R PR K THIEN). BEP). ER(K). E5(Fe). BE(Mg). EE(Mn). #:(Zn). TI(B)
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LEICRMEM A TAEIE . b, R AR BARAT AR BRI S HK 15 5% Ho2S04-H20,
TS5, 2024), WS8R E R, RABER s 72 HriX (Skalar San++, fif 2 )€, 4#R M
KIGHOCEEEME . TR ITRSHRCEEMIB AT %, EH] HNOs BEAT mild i i, T i v Jm € 2,
KHI ICP-MS 7900 (546l 52 (& 3 E4F, 2023).

1.7 R ab 2

SEEEE T SPSS Statistics 27 #AFHEAT G it 0, KL EIHITNE T Z 5. Graph
Pad Prism10.1.2 Z:#IFIR B, Excel 22 58 & 2 A IR E G K.

28R 50
2.1 SCEMRSEGH RA R AT RE 2 BT

RMRITR > 2 5, FRSE, PARRSEA A R ERALEEAT FE 0 BT, 777070 Be Rk R S & Al Jot -+ 70 B 22

(1 75%, 2012, 2016; XI/N25E, 2021). X SCHMIRSEANRFRALIR 73 3T BT AR, A EALIR I e

fIFR R HICR, HUGEEOTRME,, BB, HALBE TR 0.05 mg-g~' LI (& 1B). % Wi

e et E s, AN 59.92%. 75.05%F11 60.31%; HKETEE. AR EMEX(E 1C). #&

WA SR T AN R AL R G M A AR 22 e O F HLA A TR R B Z2 e WX, %0, W 4. B ANBEON SR SErp R
IRy, B B IO IE TR

A B c
20
== Flavedo 60|
) 15 h —= Albedo
Flavedo E’ 108 & f == Segment Membrane 40|
- ] i == Juice sac
> < 5 20
Segment Membral 2
:‘ . =] Juice sac
/ J 3 SHEIEE TR B meam asn —— ol e
[ v ‘g 0.05
A S 0.04 [ Albedo
4 £0.03 |
c g 0.02
8] | = Nitrogen content
(E 001 ﬂﬂ ﬂﬂﬁ *— Potassium content
o 0.00 N X Segmont Membrane 4— Phosphorus content

B 1 RIS B S A i B S & B R 0 2 B
(A) RSHE B MNBARRIE, (B) RIHIBALIR MR, (C) LA MBAL R & & L L

Figure1 The schematic diagram of each part of Wendan pomelo fruit at mature stage and nutrient analysis of each
part

(A) Schematic diagram of each part of the fruit sample; (B) Nutrient concentration in different parts of fruit; (C) The
proportion of nitrogen, phosphorus and potassium content in each part of the fruit.

2.2 R RN RARE TR RAL AT AL

FHA S R 7 s B A B (Flavedo). H 5 7 (Albedo) FlT N 2R J7 (Segment Membrane)ZH % . 1
HANR R T R, HAERE THER, e R U S S 5 3 2L BE R (Macnee et al.,
2020; Jentzsch et al., 2024). & )7 JZ L35 1 5 2 (Cuticle). B 474121 (Sponge tissue) Al iz (Ol
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gland) (K] 2A) (Lufuetal., 2021). 7E¥ 2 L, IRER KO NES, LU0, MR, S5
B EE N 516.214£387.40 mg-L~ (& 2Al); B &1L 410.224279.77 mg-L~" B3 m T4 B 1
(174.36+75.66 mg-L~") Ak & 1(73.25266.18 mg-L=") (& 2All, Ill, IV); )2 Lo Rk E R, I
FORESBS FIREE, M nlils 2302.764 mg L™, HUGREERS FIREE, BEE AR TRUK; SO
HEUTRIRE FIFE RS B T i, BRIk, AR5 28 BT AR A% Wb & TR B TR
FESAHAHRAC(E 2B, 1, 1, V). S5 RKH, B2 T0R o M4 AR B0 1 02 X3, X AT RE S 7T
B o TE S PREE R BAITRR AR G

B I Ca* o Zn&s
500
2500 Cuticle 1600
400

2000 | ¥ 1200

Sponge tissue

Cuticle
4

800

Oil gland 400
)

N

mmmmmmmmm

B 2 RIS B SR SIS IR 3 AR 20 A1 S AR R P

(A) 35S EARMAGUREE S TR0 Ak fg; (B) B RN FIA FIALLEH IR MR EE . 1-IV: #5755,
JEE, BRICER AN TR A B A R .

Figure 2 Nutrient imaging distribution and relative concentration map of Flavedo of Wendan pomelo fruit at mature
stage

(A) Different tissue schematics and nutrient distribution imaging of Flavedo; (B) Analysis of relative concentration
map of nutrients in different longitudinal tissue structures of Flavedo. I-IV: Distribution imaging and spectra of
calcium, zinc, potassium and phosphorus elements.

2.3 HEEARAREFR RA AT

LS R B R, H R IE SCHRAT (R R AL MREAT X 4. (Bl MR R B, 1E A R R
1R R E R T4 45 2H 2 (Sponge tissue)dbh, I ELFE 7> A ZE 8 TR I 4E 4 4 2 (Vascular tissue)
(B BA). R ETIRERE TR AR TR, TR 404.264561.86 mg-L™"; HiXZHTH, T
YR E R 127.284194.47 mg-L~"; #C & FHIKEN 111.64£170.79 mg-L™"; B c & PR ERK, N
25.02+53.26 mg-L~" (& 3AL 1, 11, 1V). 4EE 4 2355 J0 AR IR BE B S i T an 2 2, B BRI TE 4
WAL UKL IR EEAR R, I HLEEZE S RS BIR B R, TR — AN, IXFTRE S XL S5 MR G . e A4
EHAPRRIR R &, ERAERFARA L R L FAAZLE(E 3B 1L I, V), HERIZER SEh, @8 T X mis#
focE, BEAFARIRALA Rz igt, AR m H AR A IS .
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(A) HEEANRALREES IR 0L, (B) H K EMIAARFAREE TR AR E B -V 8o K, fiax, o
&, BRI AR SR .

Figure 3 Nutrient imaging distribution and relative concentration map of Albedo of Wendan pomelo fruit at mature stage
(A) Different tissue schematics and nutrient distribution imaging of Albedo; (B) Analysis of relative concentration map of
nutrients in different longitudinal tissue structures of Albedo. I-IV: Distribution imaging and spectra of calcium, zinc,
potassium and phosphorus elements.

2.4 HRARARGEHFRFRAL AT

7T I ZH 2L FE 3R 7 41 i (epidermal cells, E). T 3R & 4l i (subepidermal cells, SE)F1 141l (juice
cells, JC)ZE5 14 (Shomer, 1988). J1 i, #5u ik E s, 1) 240.29+264.10 mg-L~", & nlik 1021.36
mg-L™" (& 4Al); HRRE T RWER R, 71 156.762133.80 mg-L~" (K 4All); HAIEE T &R XMW E N
39.09+65.38 mg-L™" 5 51.10+67.64 mg-L~" (&l 4Alll, IV). FE4M 8 ci e, IR TS
HICRMBECR; KRN ETRIRE KOOV TR, SnE, BETR MM T RAHN — 3 Rt
furh e IR EEIARAS(E 4BI, 11, 1N, V). @E—3 0, MREUE & o R AT s BUoR i 3 2R [FIFE,
AN AR i BERG s 1 A A S BRI IR sierh B B E SR
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B 4 RS B SR ST M 7R 0 BRAR 73 A1 5 A R [

(A) HIRAFAHLREESFES ARG, (B) B A RIHR TR IR E ST B . -IV: 508K, 8ok, fix
=, BRI AR SR .

Figure 4 Nutrient imaging distribution and relative concentration map of Juice sac of Wendan pomelo fruit at mature stage
(A) Different tissue schematics and nutrient distribution imaging of Juice sac; (B) Analysis of relative concentration map of
nutrients in different longitudinal tissue structures of Juice sac. I-IV: Distribution imaging and spectra of calcium, zinc,
potassium and phosphorus elements.

3t

W57 43 7€ B A BE SRS RN E M SR rh S A BUCR I & . AESCEAR S, AL B R B B
NRETTER, Bk 8. WIMETTRIRERIC, NiETTER(E 1B), BB Mt & e R (B 1C). &
MM, RSSO E LR (B 2540 72 e B, A FH 8 &4 M S5 A% G D7 VL TGRS AN [R 2 ZR S5 M PR 77 3 EA T RS A
WX 5y, HEl, BT EENFDICEGES, ERALEREE, R RREREARMILEY )5 B A 5%
BRI AT LUK Te R AT X 43, (HR L Bk R B A eI g o AL, ol P 8 7 0 ol Pl RS 5 25 58 1 R
PR S P G 3R AT A DA R Y 58 B W AN (R 2 A G5 ) T 3R AE & B [ 0 AT T L

LA-ICP-MS & —F A7 7 B AR, vl LLE X YA R 4 2R3 47 S5 A 2 & 5 =40 #r(Cui et al.,
2023). Yamaiji 5 A LA-ICP-MS EAR K BUEKFE TR AR T, —7 EANF T RAEANFHRA PR ILFEZE
w2 (Yamaji et al., 2019). £ KK, Bt 3 EE R AEM IR ZF AP L H(Gaiss et al., 2019). 7E3CH
MR, A F AL E AR ECE L E, WEEENATEME. AR S BT
FRLFR 2 B A B, X W) e 5 4 IR R <6 B B 1 TR B S TRRAR O o (B[R ZR 4540 22 e S BUS AN R T &
FAXT R EEAFAE 22 5 . T LA-ICP-MS e [F]IN s 2 Fh oz, A4 1 A (A T oo R 4L RS 2346 (Wu
et al., 2009; 1&tHH4E, 2016). AWFFE T, LA-ICP-MS 7] LL[EI Kt P31, K39, Ca*. Zn®8 & 15 fig
o NFETCRIE &AL K FEH A FER, Shelden 55 A 7t K IUAEAN R RSZ A, ShIE T~ KR R P8l
B FIREE AR 5.7-6.6 fif, JUHREMRAMR R AKX E52, LA S I AIR & A K X it #h 1
FEALAKHE (Shelden et al., 2019); [FEIFELE 5 B4 XA GRS/ N R PR, SRZEM AR B, X s
X3/ I T4 7 BB (Zhang et al., 2022). AHF 7L ORI, 3% EF, IR EMTRZRER R
A RE A T B8 14 O AR 2 B TR A SR 8 T T e SRR, i v 2 MR T s ) S5 3 e b, O ELRRAIC AR
SERRRE (K 2Al, 2BI) (M R54E, 2000) . B IC 3R AR B R FXRBEALX TH5 0K, RIFERAERABUZ .
L ERTES )2 & A4 oA 550 (B 2AN1, BIN), X 52 580 55 78 T /K, TERYIAR P DU 171,
HABIPERIVR: RU(EREE, 2009; S, 2011; Mrad 555, 2025). BEoRFEIRE EEERTEM RS L,
A RE A B TR S I B R AU SR TR S 2 (B 2A1V, BIV); @IAETR S 7 LR, ANt FH
THINE, P9 BRI R SEFR P FE ORISR S BT o AR, IX R B3 e S0 HRA A A, R4 SR ST i 4
SRV EEAEEEIEH, I HAERKEE LS TR AR 63 .

LA-ICP-MS 7ESEHLE A 73 BT (R R, 3B BAT 5 (1 25 18] 2 26 o AN REXTAS [ 4L 2R Mtk A7 97 7 8
AT, IEREUE TR A AN [ XA R 2 AT R AL A A, SR R RS A BN KT, X T T SR AR
ARREE ISP RIEBAR R E X HEE(Thyssen et al., 2017). FR/MRFEMN R M 38l 1 B AR &6
IH7) Bz 08 20 2405 i 39 HoA 347 (7™ /N J 2%, 2000; Uchida, 2000; Khan et al., 2023). Yamaji 25 A\ fii ] LA-

ICP-MS % /KFERAZNRBEAT 73 M I, 5% AR B, RAZRM R ek 70 3R AE AR5t B X T AR S ik e ia 2
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FITE /KRG N 455 R 12 (Yamaiji et al., 2019); JF HAEMY b SR A4 kL OsHAK4 H, LA-ICP-MS 45 15
1, Na* 3= B8 RAE SR () J 38 IX 35(Che et al., 2024). ASHF LRI, R JZ T DL SR A1 4K I |
B ARSI PRSI R R T IEREAL S A, IETEYEE A FETE e — AN E (B AL 1, ). E TR
RS HER LA, "TUBEZMEEE T(E7%, 2007; Gupta et al., 2016), HEM A GELE1Z 4141
KAEHE G BB TR 2 IR . TR RAE RS HIUH & Xy & =2 (8] 3IV), RHIBEE N
KETOR, ERL AR EMEARIALZ WX 3, #2377 mal a5 H AR E A EBUAE . i E
HAGEMIX W, SIeRBER LA 4, 1, N, V), 3253 040 BE X 550 & -5 D0
TEH. CHEMARR, Mrhgeds C. MW iS22 0 vl G S 8= E Y [FIVE T, 3 amFxt A (g
FER 2 4k (Rahman et al., 2018; Yin et al., 2023); S H Ay A 85 FAEE 251 A0 X i B A2 b ik FE e v, 4
MESFIEE TC R AL EAh E R HEEE IR, IF X AR R B —E MERIER .

25 b, A TR PO 5 3 ol P R A 55 2 A 1% (LA-ICP-MS) 77 VA B 43 BT B S5 v AN [ 0
BLEHZR E IR U R M A TR I RS (AR R, A T 0 SRESEFR 00 /AT rI A I 2 . R R G 252
SE BTN TCRAE & LA AR S, N 2E4E 350 AR it S AR = 8 .

1 ST B

FIEE: WIIFE R EERE, 2Pl LSRR, R 50 R MR e ENE R, &%
AN ST, R, MRS 2 5uIRT1 A RSB B 18 S SRt BdE i KBS

Z% 3R
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Visualization and Semi-quantitative Analysis of in-situ Distribution of Nutrients in Wendan
Pomelo Fruit Based on LA-ICP-MS

Hanxue Wang, Hao Chen, Jiawei Hong, Yueqin Chen, Hong Liao"
Root Biology Center, College of Resources and Environment, Fujian Agriculture and Forestry University, Fuzhou 350002, China

INTRODUCTION: The distribution and concentration of nutrient elements within fruits directly influence their yield and
quality. Conventional analytical methods primarily rely on digestion to quantify nutrient content in different fruit tissues.
However, as fruits comprise multiple tissue structures, basic quantification techniques fail to precisely resolve nutrient
distribution across these microstructural compartments. Consequently, establishing an in-situ method enabling

visualization of spatial nutrient concentration profiles in fruit tissues is imperative.

RATIONALE: Laser Ablation Inductively Coupled Plasma Mass Spectrometry (LA-ICP-MS), as an advanced micro-
analytical technique, enables effective visualization of in situ elemental distribution within plant tissues. LA-ICP-MS uses a
femtosecond laser (wave-length 343nm) to scan the fruit sample and the standard sample according to the line of the laser
beam during the measurement of the femtosecond laser (wave-length 343nm). The burned sample material is sent to the
ICP with the carrier gas Ar, and the ionic strength of P31, K39, Ca*, Mg?*, Fe®”, Mn%5, Cu®3, Zn66, S34  AI27, Cr52, Mo%, Pb208,

Sr®8 and Rb® in different parts of the fruit is detected. Visualize the nutrient distribution between different tissues.
RESULTS: Through LA-ICP-MS analysis, we performed in situ, spatially-resolved and semi-quantitative analysis of
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nutritional element distributions across distinct tissue structures in pomelo fruit during maturation. Significant tissue-specific
heterogeneity was observed in elemental distributions among fruit compartments. Three structures demonstrated
consistent nutrient enrichment: cuticle of flavedo, vascular bundle-like structures in albedo, epidermal cells of juice sacs.
The concentrations of potassium, nitrogen, calcium, magnesium and phosphorus were higher in the fruit of Wendan pomelo,
which were mainly concentrated in the cuticle of flavedo, vascular bundle tissue of albedo and epidermal tissue of juice
sac. Among them, the relative average concentration of calcium in the yellow cortex was as high as 516.21 + 387.40 mg 'L-
', and the relative average concentration of zinc in the cuticle of the yellow cortex was 410.22 + 279.77 mg -L-". The relative
concentration of the two in the epidermal cells of the juice sac was the highest, suggesting that calcium and zinc play an

important nutritional role in the fruit of Wendan pomelo.

CONCLUSION: This study established a novel LA-ICP-MS methodology for in-situ, visual and semi-quantitative analysis
for nutrient distribution in different tissue structures of fruits, was used to establish the spatial relationship of nutrient
distribution, which filled the gap in the visualization of fruit nutrient distribution. The relative concentration of different
elements in each tissue was analyzed, which provided scientific theory for the subsequent guidance of Wendan pomelo

farming measures.
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LA-ICP-MS in situ visualization and semi-quantitative calcium concentration in various parts of fruit. The in situ

distribution of calcium element in the flavedo, albedo and juice sac and the concentration of tissue structure were analyzed.
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nutrient distribution
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