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B R P E B 2 2 R RK . HLB A A AL LR — L 2019 AE B RS AR AN 10. 87 JF hm®,
[ iF R EAT 2 5 O T S PR LA+ TR M4, B 10K (Rare earth elements, REEs) & 1 1 5
FHIT Y 15 FPAE R TR DL RS 8 R O R AL B, 4208 17 FhoT R Al K HA AR R T BOR
B (La) | 4l (Ce) . H% (Pr) . & (Nd) ., #i (Pm) ., £ (Sm). #i(Ew K Mi%ER £, WHRIERT TR
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R T TR R, FEEPESREN TS, kR, S, R, EMERE. TR
PR £ DX SR P X e B A FLBE 2 A B A5 R SR R A R 0 R R
. P, AF 5 R i DXL A 25 I R SR el M B 5T B A 0 R G 2R S JB A R S ) A i 2 I R
A BAREE L. ABFELITIE A 35 (55 Jemg SO0 is i, SRAE 30 AN /R 5 RS SR el A £ 98 A
RHE A, WE LR AL R T ER S R S R SRR A LR R AN E A ST, BIF S R i DX i 2 2R el
F14 s 70 2R o3 A 1 0 b FG 5 RSt B A R S s LIS DAy 24 0 A 20 B AR R B A B T R Al

1 #MEERE
1.1 TEMRILHERZEMELE

2016 4F 11 AZEITPE A5 4. om . 312 3 B4k 30 AL oK 518 e P9 4% 18 B 340 35 AR — S50 A8 bk
RREARE, BEASHPE Fe ST R L B SRAERS 15 Ak, B S MRS 1 ANEE, BARE 3 IREE. BRI,
. PE L A4 AR 15 AL, TR S TN . e T K R BT AZ 40 em A IRYT, ¥51R
LRI VRE 5~35 em 3L 200 g, KBRIR R MBRA SE42Y0, ¥ 15 D RAEESTR HIIR S E ., H Mk
B2 500 g, I S2 a0 s KU L BFRE L S 0 S AR AT 4
1.2 TEHLIRTERNE

BE SRR 5 . FRERZ) 0. 25 g #E S A 9 mL HNO, . 1 mL HCl &% 3 mL H,O, . ik i 5 45+
MR E =T, T 160 CFHAR 40 min, WG HBAKERE 25 mL. FEaE 3 P47, [FIE 80t
flzs .

Pl 8 & F 10 100 me/mL MIARIER R4 M BCE R 1,2.5,8,10 mg/mL ¥k . KL HNO, R4 k.
M Agilent 5110 ICP-OES Ml + & &, X3 E . SWL S &DI% 1 000 W, A 15 L/min, HiB)
A 0.2 L/min, FALERFE 0.8 L/min, E3IEFE® 1.5 mL/min, SHEWN ., FE 3 K.
1.3 RILmRNVZE

FHA RO e RSP A2, i RIS it . 8 22 4% CR-10CH AR 2R ) W SR Rz 422, #%
R ARV G . AR 5 RO 5 B SR RE 5 SR e K oM T I i 0, r A5 SR 0 0 5 45 A o 19 BT 37
FE MR (NaOH RN E L) LI P BB W) (R DB O Fi i A2 R C & (2, 6- 8 T 5] Wk 193 A i o 7k
W IR .

O

=%

1.4 HUEAIE
H Excel 2010 XTI EIE 4TS, F SPSS 20. 0 #E47 77 22 43 87 FUAH &2 20 4.
2 ER545%H

2.1 TEBITESIHER
2.1.1 XBEFEHFEIAEFRESHK

HIBLERE L, BrfEFE. ki, 39 3 MHXFCR BRI Lo R, AAFMKX ZSHK A, L1
TRt B R RN KRB MRK I E £ S5 Je . 5 A - (R R S AL
T 128. 60~754. 96 mg/kg, FIMEH 407. 11 mg/kg: Jorg 2R bel -+ HE b i 7 1+ 85T 73 BOE L 91. 09~
481. 05 mg/kg, FHIMEN 239. 43 mg/kg; T3 H P +1E v A B 5B B B R 102, 09~562. 72 mg/kg,
SFHIME N 253. 33 mg/ kg A F A FE R + ST I B E S0 8 e s RS 5 0 1. 70 1L 61 . &0 24T
FHEMX A ER TR FERSEE T ESEF R FE L, SEMESALSIFE L. 3 XA LR 1+
FHRE, B EITTEPLL Ce, La, Nd B /80 5. 15 £ 8T 3 5 R 58 40 O & BRI Ce,
La, Nd, Pr, Sm, Eu. J&R M & FMEAK K K Ces Nd, La, Pr, Sm, Eu; 53 # X + 3 & 55 + 70 2 Fiit 4050
HFEM 1L 49~2. 74 f5, MM S5 FEZMERAK: FFEOXARER+EERESBS T LB ERAS
RN, FORME M2 ZERFEASIEE X BT Y, Gd A Tm 3 MOt E R ESBER . HiX LT
FR RSB T 3 M M 22 SR A G EE . S EMER XA La, Yb RR52ER
iR, AEFESFE FE5RMZHERTLEIMFE X GE D.
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x1 IHERFEF. A¥. SE3ERENIEPERITERESH mg/kg
X L-Ce L-La L-Nd H-Y H-Gd L-Pr
34 171.10425.94a  72.73+16.20a  56.51+12.95a  36.22411.07a  15.95+2.33a 15.11£3. 31a
Jemi 90.56420.05b  35.7648.38b 39. 2547. 65a 23.1045. 69a 13.04+1. 88a 10.101. 80a
S5 99.19415.81b  37.7849.39b 36.5948. 48a 22.7746.57a 13.60=+=1. 54a 10.12+2. 03a
L-Sm H-Tm H-Dy H-Er L-Eu H-Ho
IEES 13.70+3.13a 9.49£0. 45a 5.52+1. 84a 3.4241.01a 1.4840. 52a 0.1240.08a
VA 8.46+1.89a 10. 63+2. 68a 3.82+1.15a 1.96+0.47a 0.0340.03b 0.0040. 00a
E e 8.87+2.23a 11.2640. 87a 4.13%+1. 39a 3.1840. 75a 0.5440. 20b 0.0740.07a
HiLIX H-Lu H-Tb H-Yb Y LREE > HREE YREE
IFER 1. 0740. 14a 1. 3740. 34a 3.3240.86a  330.63+50.41a 76.48+17.5%9a  407.11466.32a
A 0.40=£0.17b 1.1940. 30a 1.1040. 25b 184.17+38.56b  55.2448.98a  239.43445.42b
E e 0.74740. 14ab 1. 9740. 28a 2.5240.57ab  193.09437.72b  60.24+11.10a 253.33+47. 83ab

W LEREMELENREH L. HERZH L TR NER - RARE/NE FE £ R L EGRIT%E XL (p<
0.05), % 2 [F.
2.1.2 Bt E b EMLETE LA

FE. R, T9 3 N RE 3 &5 oo S 22 78K, Ce, La, Nd, Y, Gd, Pr,
Sm, Tm LR HIE R, UHE Ce, La, Nd, Y 4 FOCcEZ 5 S8 I0REA 80% LA . 3 /4 H X e +- 1
FHY Ce Bl HEE Ce L fmE, N 42.03% ., FE MR 5N 39.15%, 37.82%; HWK A La jt
2, FRELEE SR, 8 17.87%, M T8 14.94%, 14.91%. Nd JCRK Fe 6] LA JE g X ok, M
16.39%, FSHIX N 14.45% , {5 F /e, 0 13.88%05 3 ML SRlE HHE Y SR LI 9% A4, HEFIME
WK AR . 2. E5F; BREHIXH Gd, Pr, Sm, Tm S0E WS T3 248, H¥E TEFE0E D.

50
| kwE
40 m 35
m RS
- 30
&
%
= 20
10
0 Ce La Nd Y Gd Tm Pr Sm Dy Er Yb Tb Eu Lu Ho
TR
E1 S5 . FF. AFRELEFEHBLITRELL

2.2 BEEAEREERIGEST

I XHEF . e T 3 DRSS AT T . SR B, 5 DORSERR R Rk, O
251.75 g, 5 GAM M ZRA G 2R, RME NN 228. 00 g 1 223.52 g, & ZEIZEF LT
B3 A IR SRIE R B R T 1, SRR S SR Dy i R I8 BRIE . JHG A =t IR SR 45 Ko
AINTF IR AT S L BRI, (5 F R SR R R K, PR 4,45 mm, HRO R RIHIX
SRR BRESE Dy 4011 mm, SRR JE TS, SFREDY 3. 77 mm, 3 AR E 25 R it R
X AEFEMFEHCRLRE (L) ZR TR 8, e IR L8R, 51w 2 5 A gt
B AR R 2E, MEF RSk, IEEERR WAL, (5 FHXCRER R, HIKET S, TR0
JEE R, HIEMRK o M5 EFAEFASEE S o HAEREEGOE, AERR MW, EEER
P B A5 FHL DR SR B o, HUOR T 5, e 0" HRAK, SHIPE 2R A7 3 DX AR
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SRR R R . N 75,9200, HRGEF S, 75600, PIE ZRBASI R S, AT RR/ANZ
G, H74.26%, SHIMH 2ZRAGIFE L. 3 A DR B ] i E BB Y i m i 25 £, S 11.82%,
HETem . 11,200, FE&AK, 24 110005 {5 FF0 T W0 SR 52 T 1k [DE W) 22 52 A e it 2 08 X
i R ST VA [ W S R 22 RS T R S 3 A Ml DR el ) T E R (AR, AR AR R 5 A
SEMRHN 0.5400, WM 0.5600, =FZEERTLGEITFEL. FRLESERME, N 2561, HKET
5, O 24.01, B/NRRAE R, N 22. 2, ZFZEEFIEITEE L. 3 DM KORPE IR LA R C i
A& e rg . 4 100 mL R P44 R C Jy 56.91 mg, HWEFT L, N 48.99 mg, /NMEHFFE. N
40. 69 mg, = HFZMMEZFAGITFELCGR2)
x2 ITALEFEF.AE. S5EREAFREIMALER

H1xX AR TR/ g IV 455 R PR/ mm L’ a’ b

f§F  251.75%£4.13a  1.05%0.0la 4.45%+0.12a 72.32£0.21a 8.19+£0. 84a 69.39=£0. 60a
Jews  223.52+£4.60b  1.0620.02a 4.11=0. 10b 69. 61=£0. 46b 3.97+1.19b 65.19£0. 72b
F5  228.00£3.90b  1.06%0.0la 3.77%£0. 0dc 72.52£0.2la  6.74%0.79%9ab  68.35%0.53a
HIX R TREEIE Y o TR R Y [Fl 12 E A3 C/mg

IEES 74.2640.52b 11.82+0. 25a 0.54=£0.02a 22.2040. 89a 40.69=+1. 27c¢

A 75.9240. 48a 11.20+0. 24ab 0.56+0.04a 25.6142.37a 56.9141.58a

F5 75.6040. 22a 11.00£0. 23b 0.54+0.04a 24.0143. 86a 48.9941.53b

T FAE A E CUFRE 100 mL RIF T A A C R B
2.3 TERBIRESHTEREIRRAEXESR
2.3.1 EEMHEAFREHHERERAGALK

A R B TR BT A o S SR S R R A AT AR B SRR o R 5 A SR S BT Y A OGP [
TIEREW LU RS R R R R R IEAEX, SER LY EAMEC. Z2HO0R 5% EIE
Y.L fla ERIEMX, SATERMAEER CEAML. Gd SRTHRRTEE R FEME, Th 51K
JEEREEENMHC, Tm 56" BEEAML; YO SRRTEEEFIEMX, 544K CEBEAMK;
Eu 5HRBEM o 2R EFEML, SHEERCERENMIE; Ce fl La M TR B SEER CERENRN
G Lu SR B S0 EA DG, AR g KRRV, i b oo 3= BT i 49 B0 A1 A 2R % 8 R S o SR o &
AL R [T ) R0 SR 525 € B A TE TH 8O0 AF XSRS [ R e A AR R C & A U S (GR 3.

3 TEEHIRNEREFBEATRFERIRRMNMEXE

Wt R g PP REWEE e mazc Lo o b
iE RR wE R ERYM ER
Ce 0.23 —0.12 —0.15 0.13 0.13 —0.18 —0.08 —0.42" 0. 14 0. 06 0. 24
Dy 0.20 0. 00 —0.21 —0.07 0.12 0.12 —0.20 —0.19 —0.05 —0.02 0.09
Er 0.25 0.01 —0.14 —0.15 0.08 0. 06 —0.18 —0. 24 0. 06 0. 04 0.16
Eu 0.40" 0. 06 —0.25 —0.03 0. 28 —0.05 —0.12 —0.37" 0. 24 0. 31 0.39"
Gd 0.40" —0.01 —0.07 —0.05 0. 07 0. 05 —0.23 —0.16 —0.07 —0.13 —0.07
Ho 0.25 0.21 —0.25 —0.16 0.07 —0.12 —0.05 —0.28 0.01 0. 27 0.11
La 0.33 —0.08 —0.32 0.08 0.24 0. 04 —0.17 —0.37" 0. 06 0. 14 0. 26
Lu 0.58" " —0.10 0. 06 0.03 0.11 0. 04 —0.21 —0. 30 0. 26 0.19 0.17
Nd 0. 26 —0.02 —0.28 0.03 0.19 0.09 —0.19 —0.24 —0.03 0.03 0.16
Pr 0. 30 —0. 04 —0. 26 0.03 0.21 0.09 —0.20 —0.25 0. 00 0. 06 0.17
Sm 0. 28 —0.03 —0. 28 0.01 0.19 0.08 —0. 20 —0. 26 0.02 0. 06 0.19
Th 0.17 0.13 0.14 —0.37" —0.01 0.15 —0.27 0. 04 0.07 —0.08 —0.05
Tm 0. 26 0.03 0.35 —0.10 —0.15 —0.03 —0.08 0.19 —0.11 —0. 30 —0.38"
Y 0. 26 0.01 —0.25 —0.03 0.13 0.07 —0.17 —0. 25 —0.06 0.01 0.10
Yb 0.39" —0. 04 —0.16 —0.08 0.15 0.07 —0.22 —0.37" 0.22 0.16 0.29
B A 0. 01 KT GRUID 153 I s % "4 0. 05 AF R | i 4%, 2% 4 .
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2.3.2 B PABEAETRHG L MG REESRGIER

TP LT R W G2t R 5 AR 0 R I A0 () 5 L SR TR A G PE A BT R T, La Y
Lo A9 55 20 A O I SR AR B0 2 A OG, ST DR 0 B IEAHSG; Eu Al 54 R C R B E
AR, 5L, a Mo RREFEMIC: Er (6] 55 5 5 A5 EE Y 2 B AU E; Nd M Pr i
Fe ) 5 n] i e PR A A A 2 C 5L 8 IR A5G s Sm Y HL B 5 T 3 g R AL B IR A OG . Ce Y EL 0 5 1T ik A iR
EBFEAME; GAA Tm WHHS 6" 2B FRME, YO WHHS L™ 2RBFIEME, Hd, Nd #f Pr iy
Lo 91 5 R S AT 0 TR S W 3 IEAH G, Eu B9 LB S SR R IS 25 H (0 ) B B IEAHSC. LR LTk, K
- JC F HO BT 4 A 2R B R B T IR E R . MEAE R CORUR 2 o7 ERZ MK, o Eu 1 H 6 145 2R AR SR R
50 NG (0 3 520 05 S W I s A T R L1 o SR S B A — 194 T TET A5 R 67 T R e (3R ).

F4 TEBEBITELGSATRFERERROEXME

7 L LIE L ER/Y afy
i; ;; T R ig gi ;g; ;g FR BAEEC L . b
Ce —0.07 —0.02 0.02 0. 06 —0.06 —0.37" 0. 20 —0. 26 0. 24 0.13 0.23
Dy —0. 04 0.09 —0.14 —0.17 —0.08 0. 26 —0.28 0.06 —0.18 —0. 25 —0.15
Er 0.03 0.09 0.13 —0.42" —0.39" —0.06 —0.01 0. 00 0. 14 —0.18 —0.07
Eu 0.33 0.04 —0.18 —0. 05 0.34 —0.02 —0.19 —0.39" 0.41° 0.408" 0.53""
Gd 0. 06 0. 06 0.33 —0.12 —0.23 —0.05 0.12 0.35 —0.18 —0. 26 —0.42"
Ho 0.07 0.15 —0.06 —0.18 —0.05 —0.07 —0.07 —0.16 0.03 0.23 0.02
La 0.15 —0.23 —0.40" 0. 24 0.45" 0.32 —0. 24 —0. 30 0. 06 0. 35 0.36"
Lu 0.32 —0.11 0.31 0. 00 —0. 14 —0.03 0.01 0. 04 0.08 —0.01 —0. 14
Nd —0.18 0.14 —0.17 —0.03 0.17 0.49" " —0.23 0.36° —0.29 —0.09 —0.14
Pr —0.03 —0.02 0. 04 0.03 0.19 0.49"" —0.26 0.37° —0.23 —0.02 —0.15
Sm 0. 00 0.07 —0.31 —0.05 0.15 0.43" —0.32 0.14 —0.13 —0.03 0.02
Tb —0.02 0.14 0. 36 —0. 35 —0.26 —0.06 0.03 0.29 —0.06 —0. 24 —0. 35
Tm 0. 06 0. 04 0. 36 —0.08 —0.20 —0.10 0.16 0.32 —0.13 —0.22 —0.36"
Y 0.05 0.08 —0.10 —0.12 —0.07 0. 26 —0. 24 0.07 —0.26 —0. 24 —0.21
Yb 0. 30 —0.12 0.15 —0. 24 —0.21 —0.01 —0.16 —0.33 0.39° 0.07 0.16
R I o B

5% P R T M b 0 AR A B A X, W R EEORIE T R L, NIRRT, AR X
Sl TR A O SRR, ARWE R AN [ A DX g b SRR B B RO SR WK BRI
fFH. 5., BRBX, REPHER IR FESBOE R TER LR, HEMH KL Ce,La,Nd
E, BERETRT Y.GA R, SETABIRE I

ATWRE R B 8 5t T B R RS RO T T R O R A R G R A
0T 0 R ek R AR AR DG, 5 R LU AN T R R UM s A S M TR g R R L AR T
PERDE Y & 1 AR IR A R R, (5 W s R T B E R TR S T W o AL R T AR
SR TR S T A DX 5 R BRI S S B 0 R R AR SR S R R A AR KA T B 2 2R
FAF 5 4l 3 o s A 0 = S 3 0 3% 3 0 = il e 2R 92 8 SR ik H X BRI 2. 196 ~15. 826 i 4518
B2, WM LocR e MR B A, (HRANLEA fr it — 2D 0F Y. #E— Lt HIEA M Lo R 54
o R LS R AR Sk, A5 SRR, {5 F R 45 Eu, Gd, Yb I Lu W0 8m Tl R m . b Gd,
Yb fl Lu i & stk @ 2 & e m R, M+ Eu, Gd. Yb fl Lu Fii 8 5 R R R i 2 B % F
FHSE, PR Gd. Yb #1 Lu J0 3 AT BE R I AL 47 /% I 1 SR 5 R il ) 20 R, i 205045 R Rk W],
R TR — i 5 SRS/ AR SRR A A X R R TR T T O X, SR R R
SRSCH] AR AT AL 7R LA K A AE B E R . F O7 G b s DX AL AR IR AE 38. 6~546 mg/kg I
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i T 4 BT R P AR R I, SR S P S T 4 B R o0 3 B RO B i S b TR AR
5%, Ce,Dy,Eu,La,Nd,Pr,Sm,Y f1 Yb 5] & E Y 2 1EMH L, HAEFRER L ITE Ce,La, Eu
AY'b 520 2 SO 3 T e e SR, R N b AR A A R R SR S R M DR M 3 TR
Kb, R LT RESHRATBEEEEY A SHFEZEEHE. Mk, #i £8F Ce,Eu, La fl Yb J2& (K
Gk CHMEZICE, M EUGEAER CHL U RY LM B E R, ARIEa % | R B oy %
B s 4 I T g Gl e SR S R C, SRR AR A — 2, X ATRE S s R R A KR B AR
Hormesis S0 A G, M T A3 50 R A b X 398 vh 9 00 3% B2 i 20 ol b 1 02 04 JH A9 e IOV B2, il
M 7TRIYEA R C A, MR £ La e R8T R 442 R C B 70 B0 & B & R BE 1) La(NO,),
Xt A 3 C MG L TR R A S M /N R ERRAIR T4 A 3R C ORI A TG P R SO T R AR
3 3% W AE A AN R0 AR L W5t A - v P T DA R SR s b 2 €6 Ik O 27 A S A A R U
B A 55 S0 1 08 B 4 O v L AR SR IR g 45 SR R WL AL A JR M SR R S R (8 R 5 2 R o0 T i B K
A A G, HHERS Eu 5 S A L BITRH P e O, A5 F XA i 2R B A R B Y 52 (LT (ED FIZL (0 3
(a O WS T,

4 #&

AN IX 3R £ TR SRR, Mo RA e BN RKEVMRR I EE. 5. erix. 3
A Hly DX 2] A 2K JBF R R S A B B 25 5, RSN . T DR Y . R E A A 58 £ orE iR
SPECRIEASC, TR L4 R C 5 4 B A AR UM O, Eu B9 L X 2 A 2 BT AR 2R S A 5 e A
K. Ce, La, Eu Hl Y'b g5 0 4 far J)% A8 2R 52 i ot e £ 22 JLROT R
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The Distribution of Rare Earth Elements in Newhall Navel
Orange (Citrus sinensis Osbeck) Orchards in Southern
Jiangxi Province and Their Correlation with Fruit Quality

ZHOU Shang-ling'?,  WANG Jun-xiu’, SHEN Xin-jian°, ZHU Li-gian®,
PENG Liang-zhi’s LING Li-li’s QIAN Chun's CHUN Chang-pin®
1. School of Horticulture and Landscape Architecture, Southwest University , Chongqging 400716, China ;
2. Citrus Research Institute, Southwest University , Chongging 400712, China

Abstract: Southern Jiangxi province is one of the main producing areas of citrus in China, and it is also the
birthplace of ionic rare earth. The rare earth elements have a Hormesis effect on the growth of fruit trees,
and in recent years the use of rare earth fertilizers is becoming more common in fruit production. In order
to provide a theoretical basis for Newhall navel orange cultivation in southern Jiangxi, the distribution of
rare earth elements in this area and their relationship with fruit quality were studied. In this experiment,
30 Newhall orchards in Xunwu, Xinfeng and Longnan of Jiangxi province were used as sampling sites to
collect soil and fruit samples for the investigation of the distribution of rare earth elements. The results
showed that the average total content of rare earth elements was the highest in Xinfen, followed by Xgun-
wu and Longnan in sequence. The contents of rare earth elements were positively correlated with fruit
size, soluble solids and peel brightness and redness of Newhall orange, and negatively correlated with its
edible rate and Vc content. Ce, La, Eu and Yb were the main elements influencing the quality of Newhall
navel orange fruit.

Key words: Southern Jiangxi; Newhall navel orange; rare earth element (REEs) ; fruit quality; correlation
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