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WiInmTEHEFRNSE. KER
AR EH TS AR R 72 T

JBRAE xEHE HBREA PAE
CTTTFY

BT ACEN RS EERE (UCe) FRITHBE ['Ce (NO),], FI/H ICP—AES i RH#
WERELSHHEAR, FRAETRLITKREE) EHEFASBEHRK. K. RERB
M REE 23 H M RS, GRE. A ARREASRURHINRAR S RE
HEAEEGYEW R ESE REESEMB1I~TX, . E. HBERKRBSRZMN
BRI, HIRARRWBALE, HEFFERRTR. HRHAKEX REE Bty SB Uy
0.836%~2.165% . REE I HE M H A RFHIE, FHXHE, BANRE, REEFEHENH
HFREHRERRE, ZEHEE, TR KZ, BEXKZ, BEHPR/M 100~900 ppm 7%
BEES REE b, HRM . E.REREET P8 REE RE RTE RN REE 48P B
T 24 A FE Pk BEFE 900 ppm L _E B (900~1 500 ppm) , REE FERRN -hiy R BT Bl T {0
RS . —ERERN REE LB HEVEXREHHREGRR, RETETF ARBER, B
FPEaKER, BREGKAAHRBEARSE, ATREHESNS ERNEAUER™
&.

X BEIxK HE 4R REERE, Has

LR REE) AFERFHEAERRET . ARARLEARER. FXFHRE
AAM, SHEFSH B R BN R AN ENR S, REEEH
EARERTREETTHIE. REIRFTRE AR LA H#E.REE LEX HER
SRR E ARE BRSO XF R R REE FHRENEFERERT PRIR.
RERBAHEM F AREESE., HEGHE. SaKARAXERUAREEERS
BREFHEREFEOTHE, UYPHHE REE FHE ERNREARE. REDEFHNHES
Gtk B, MR, S HRERIFN M REE SIRREERKIE.

1 #MH5FH%E

1.1 RBRHH

KRR A4 B R H B (Soccharum of ficiaarum L. )G, S 57/423, '“Ce(NOs)
HPERTERERFIRENCO.LWREATR. RARSHRB LK JIREER
) AFEEARERELI £, FRLEL REO) &Hy38.70%.
1.2 {BHE
1.2.1 REE& (Ce) AHEARAS BT Y /rERER ENARTHEREAEKIERD
HEER K, £ RE MR 300 ppm AR RS [1'Ce(NOs)s 1 ¥ W (RCATHHE LIS BE DY 1. 25 mci/

1991 —07— 118 %
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ml) 21.50 pci FHBERYPIMAL (BLTT) M, ARBNAK.L1, 2, 4,7, 9, 14X
EREE, &/ Ce (NODBEKEREEEAKMETRE, WRIHR, X, HRE, S8”TF,
EEFEEFKRE, H%E BAIRD A #4768 a,B, v fE 4K H 83+ 3(8% (2, B, v Low Background
Automactic Counter) T HITBUHEF RN E . FF i BRI S XA IERBOES .

1.2.2 REEAHEHASETAERTHASTERAE ZERMARTHERNMEALEKE
O HERKE, E2REBMA/NIREJHIR RS R0, 100, 300, 600, 900,

1 20021 500 ppm Y REE ¥¥H{10. 0 mi, XML FK, G ERE K, H BE M R
¥, HEXAKMETS, 458, X OB SR HEE) . REMT .. BEXZ4N HAO
AR BEERHAEEALER QU2 BMA BN T —RF RN BN
(ICP—AES )0 N g3 REE 8 4R (8% Ce, La, Pr, Nd, Sm, Y %), JH ua/
g TH (ppm) Fix.

1.2.3 ¥EHAIMR RAEERERNZGHREY, M/t Rk,

1.2.4 #ETAmBpREHMLT REDDS— NG IUNEHEH FRIED,
1.2.5 #HETA GhAkPRAERLENR RASKRRENY,

1.2.6 HEUKSAREARSENT BHFREEY, NARRS="HNEGRAE KR
12005 NE AR RNERYE.

2 GR5H4

2.1 REEfS ("'Ce) HEHEFXEPHHE

REE M EHIBI~7XK, #. Z. HEEGRBE (‘Ce) BRI B [E 438 T
WMin, RBEHWIREIRURAAE, MEFETRE.HFHRESS R 25K
54.29% 2R REEGH (Ce) M FHARSMAR. LR NER, S25k35.48%: B
ARIBA, &210.21% (RD.ETWREE §# (Ce) EHMBEEFHITER/DMKEER
BAHSESH. IHAEARSRIIBIFHKBHRTECUR IR EVHIRERH
— B0y H R bRt REE & 69 B0 R F ALY 0. 83624 ~2. 165%.

%1 REEH ('Co) AHMSHTIHLE (R AL

l‘gx': Bl % , ! 2 4 7 9 u

[ L8 3 980+11 121419 1981127 2180+17 1977+19 141048

" (cpm)

T Lk 11.94 13. 38 12.42 10. 22 12. 85 12. 50
L-L/§ 3347415 3 848%17 5472410 7571116 §5221+14 4008414
(cpm)

HekY% 40.76 42. 41 34.30 35. 49 33.98 35.53
10 § 3884+18 401246 8499410 11584+11 B8189+4 5862+11
(cpm)
X 39 47.30 44.21 63. 28 54.29 53. 22 51.97
1.0 § 8211421 9074118 15952415 21335413 153887+12 11 280+9
(cpm)
5 i ) B K 0. 836 0.921 1. 619 2. 165 1. 560 1. 145
(¢9)]

*LATREAIRANEGTHE 2. FH KENCe T H985X10°L4. 04 cpm,
LAKHMR Y= [HAEHKRAK 'Ce ¥ (cpm) /ERAFEKP'"Ce X (cpm)] X100

[
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2.2 REEEHESRERERTPNRBRNEREELERENXER

2.2.1 REELAHESBERERTTHATER ARAKERREE LBEF, HEBEBA
Hot p ZRERE AR REE MHEANERERN FRAREHLE, HRESERHEETR
AAAMREE AERFAI00~900 ppm FTE A, ER. E (HEHE, TR, HA&H
BERESENTHREZCEEHELEREE NS m. AR, 2R, UHARE
RERZ, ERZ, BEIRZ, KETFRD.

%2 FRARKRELTEHEZZEEPHRIR (Gpm) *
A B = (HE®D o
B NE @&

o T EXNE BEE THE  ENE BEE FHE SNE BFE
HE (0) 1.910+0.004 100. 00 G 2.48410.008 100.00 G  3.32410.005 100.00 G

100 2.150+0.020 112.57 F  3.01440.008 121.34 F  4.415£0.007 132.82 F
300 2.940+0.018 153.93 E  4.419%0.012 177.90 E 6. 7‘1"6:i: 0.035 203.85 E
600 3.89040.046 203.66 D 6.730%0.013 270.93 D 9.514+0.010 286.22 D
900 4.632£0.015 242.51 C 8.68310.045 349.76 C  11.37410.054 342.18 C
1200 5.52640.016 289.32 B 11.08940.039 446.42 B 13.05140.025 392.63 B
1500 6.606+£0.016 345.86 A 12.89710.053 519.20 A 15.14710.029 455.69 A

* A FPHEABREL N PHHGATRILFEAEH AR ERR(SRE) M ERLFRFAFTISULER
KEy AERXFELATOULRAE (RFTELAD.

#*3 TRARERELBEZHERAPHARZR oom) *

T g |
M%E (pm) o (x¢EE) 100 300 600 900 1200 1500

RERX 0.219£0.011 0.289+40.010 0.391+0.048 0.499+0.034 0.597+0.031 0.596+90.026 0.617+0. 011

HxHE 100. 00 131.96 178. 54 227.85 272.6 272. 15 281.74
BE# D &D ¢BC bAB 2A 2A aA
* ol 2:2MF,

PIHRAEFRIEPREES REE BUEHRE300 ppm 541, EHREMN ., £, BEREH
FRRERBRESHH6. 77610, 035 ppm, 4. 419+0. 012 ppm, 2. 940+ 0. 018 ppm 0. 391
+0. 048 ppm AR HRZBUIMAF RIS . M>ES>HRSEENT R2A%E3), SREEE
HHEESRETHIEARERT OR8N (ARD.

2.22 REEAHESBETRAEBTTHRATERGALERZASHX L REELES,
MEMREEEHEM A RANSANAREEENT HERGKEKATTHESRBEH RS

e, RRERVBHAEREORNTEN WEEREFOEMIXRE ARIRE
D,
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19, & 9 y
g " 'i 0.6
- w 04
K n
% =
. 8§ E o2p
. a s a « x o oo s00 00 1z0r 1500 -
% Tlos 300  $00 900 1200 1500 (ppem)
H1 HAER, X (i R REE M2 HEWHS REERH R
B MRS REE WK K AHXE 5 REE A AHEEAXE

ME1T A,

1. B REERER () SABUKE (x) (XS y=1.926+0. 003x, r=0.998 8,
Tows=0.754 5, foum=0.874 5

2.Z (HES WREERHEE () SABEE (x) f#EX¥E: y=2.390+0.007x, r
=0.999 5°°, foeswr=0.7545, reesr=0.8745,

.My REERER (v) SAEEE (0 fEX#. y=3.995+0. 008x, r=0.991 6" *,
fewan=0.754 5, foan=0.874 5,

MEZRT L R i : % REE Zb R EEZE900 ppm LU T BT, REMEN PR B RS HATKER
EBMBFEHEEXE (y=0.243 140. 0004 x, r=0.991 7°*, reopr=D0.878 3, re =
0.958 73); {H 4 REE 4h3¥ ¥ B % F900 ppm (900~1 500 ppm) Bf , ZEREP I 7 IR B R B
BEARK, BETHRATFERS. SAFHKEN] 500 ppm B}, N TR E R LE
HBE4900 ppm B} 100. 020 ppm (RF3IKH2),

2.3 REE {EMHEHRROE®R

REE 4 BB HFRBHEGWRE, X L300 ppm BN RBIF, Y43t EMO0. 5~

6. 5ff% (]4).

X4 FTERXREELBRHYRGXE /b HEWR"

b2 1:3: o

NEE m) 0 (X H) 300 600
HREFEHN 1.4740. 14 9. 594 0. 87 2.214+0.16
HxHK 1.00 6.52 1.50
BEE B A B
AT RERIOKE AN A,

2.4 REE QEXMHECHHABRERSESIEE
300~-600 ppm REE A H A[REEHEEM M BB YT B, K SE I EED26. 7454
~37.21%, FPLAERBE N300 ppm HEMB S BE (K5,

»
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*S5 REELBMHEHALEE WQ /') HHEW:

SRR

{ppm) 0 (R 300 600
METH
A E¥E 1. 4010. 01 1.374£0.05 1. 3940. 02
) HxHE 100. 00 97. 86 99. 29
B B¥EHE a a b
& iy E 1.7240. 02 1. 08+0. 05 1.264+0. 03
b HHE 100. 60 62.79 73.26
=) BEE A C B

s 2 PHRBASKE LI ML G4

2.5 REELEMEEHHHBKFREXTRHEN

/300~600 ppm REE 2 HARSHEH F+FHHKETE (H’.Xl‘“ﬁ}'o 94%~2.84%),
IO K & B (HOREEHEINL. 33% ~9. 36%4) RIEEH K/ AR, Kb
£A300 ppm A ERIA B BE HEELEHNEMHBE (R6).

¥*6 REE BEHHECNABHANEAXKEFITRHTE"

" H @ X% X @4 % Btk /8K
H
(ppm)’& FEE  #EME BFE  PHE 0 HENE SFE O PHE0 HME BFEE

0 (% M) 49.59140.027 100.00 B 21.65240.020 100.00 C  2.25040.002 100.00 B
300 48.5791-0.086 97.16 D 23.678%0.025 109.36 A 2.051+0.0i13 89.56 C
600 49.1241+0.015 99.06 C 21.941+0.016 101.33 B 2.237+0.023 97.69 B
200 50.8703:0. 023 102.58 A 20.1931+0.030 93.26 D 2.520%£0.018 109.77 A

ESE S LEES SR PR LT 3

2.6 REELEMHEHABERSHSENAKY
300~600 ppm REE 4bHH, i@TEEﬂﬁﬂfﬁﬁ?Hﬁﬁﬁﬁi (BRI HT.56% ~
22.69%), HALI300 ppm ALTWH AR EE FED.

¥*7 REESBHHEHABRBENSE HEX H¥R-

pis:kd: s

(ppm) 0 (3H) 300 600
¥Ema
£ SEHE 1. 000. 06 0.97+0.08 1. 10+0. 07
= | HxE 100. 00 97. 00 110. 00
W BES a a a
& SEHE 1.1940.05 1. 46£0. 06 1.2830. 08
g ARxE 100. 00 122. 69 107. 56
B BEHE B BA BAB

e PHAEASKELHNIGFHMU,
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3 it

3.1 BixRGEMHENENSKANARBTEATREKEA FE—20 LMY
RAHESBET X REEAHESEEHARKMKFEERET REE A48 ik, o
WML R, REEEHMERETFHNSRAMKERIA: HOESH, BHEEHALE
BRE, B>ESHI XEHENREKE. MESREDRE—FH,

3.2 REEABAHEEBRTRARENTHRERBEHR, HBAMNRRARNRIELFR
%R, REE LB BE#E100~1 500 ppm BY, H AW R 8 REG REE S & H1. 0 ppm L
T (0. 219+£0. 11 ppm~0. 61710. 011 ppm); LA B ¥y H AR IF 4 ™ L 38 4 Fi #9300 ppm
AbEWRE, REE fEH R o9 B {150 3910.048 ppm, HAEKFARR I
XEPRIAENEDBE BARLARLECRTAALFRBRIGEAT ER T, RIE
HYHESTRLTRS RSTHAE, BNXURELTA RUMESER) BAGRKK
BEXYFEANBTLIELN2.25 mg, WHA (UBEIEX) FAGSERANRLEY
H1.75mg, BFHHRH2. 0 me/R/A ARNEFBUNBRRREEEEANE XX
YHRNBAR, BRLERELMAS I ETRM, AHRENRYMENT FERNE
HERRHRARAREZLH.

3.3 BYGRERAVYBREFENNRERE . AVGRENNE, RRYMEE A%
RIHEUAIEANER . AHAVGERABRNABETRERELEREEINRBT . 65K
RYZLBRELEKS. BE. BXRES/IBERS, EERENREBRNEMED
BESHBARABNXER. ALY, GHERIREYKIREN RIFHKE, TAMTFT 8
BREBELBAEREMNERYY, BWTERFOEEEAMAFFENS Y. REE LMk
HHEGHE, fRAMDEERNERZTIANR., #FSTEXYBREFAC", URBRE
WREFAHYY, XEFR EMEFTR EHARTENE L.

3.4 HBEWUAXERARAGLBANNBRE, RARKMNSBER NS/ ADE
SARTR, BEAR. EMSTEEMAE I8 MEwmet, SREFHEERHEHTIIE
EEMK, SEARATY. AREREFFRZEN/ B0 " REELAHEREHEN LS
B, BPEERRAHIEMM s BB, 1038 H B MBI s RSB Y AR h LA R3S B
WY, ATTRET RO H™,

3.5 —EWEMREELNEHETRILHKHAFHEAKESE. #EHAREKSRURE
KR K/ MK WEXBH REE L ENHEAARENR TR, K EASHYH
BB, RSHAARBGHRAKSE. RENEH KA REBRENE b K/ REKLEZY
WX BAIARKAKSER, HHKESRD, FEROBEREA MEXOHBKE
SR, ATREH KK, BERFE—FHKS, FERFRERTHE, 22/ E.AH,
BEEERS, WITURRREYHRB KSR RHAERYF . HT REE 08 HRERR
BHRAKAR, REEGKAER A K/ REKLE, IFFERR ENESLRR LA
AFEERX.

3.6 MEAMEHEYEORMNMALSZ—, FLUBRRE EREETHDES. SHYAT
ShAERE MR, T8, SRS R4, APEFSRALHERERHORF.EAERA
BIKERS, EHPRTENBERBROOE AR FRERANRIFK, B5ILBK . e
PRBEEBGEEARS, FALEEAREEY KM (Cryoprotectant) =% B £ & f
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(Membrane stabilizer)U*'), h FIHEMRAF BEE:, EHHARSEHRES, WEKRS
KA F&EE ANTIEEARETHEREAESHK, LS BME &4 T EARBK,
- FUBLRBENEA G TR EREI BN . AMAERERARFH T ALER YR
B AP REE R EERFHRENREARSE, XEHEAEEERER EREFR
ELBRFRREXL.
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STUDIES ON THE DISTRIBUTION, ACCUMULATION AND RESIDUE OF RARE
EARTH ELEMENTS AND ITS EFFECT ON IMPROVING THE STRESS
RESISTANCE IN SUGARCANE (Saccharum of ficinarem L. )

Kuang Yanhua Liu Qiongying Xu Shengjie Deng Zhouhuo
(Department of Agricultural Biology)

Abstract This paper reports the distribution, accumulation and residue of rare earth elements (REE) in sugarcane and
its effect on cell membrane permeability, content of bleeding sap, free water, bound water and free proline in
sugarcane by using isotope tracer technique, instrument analysis (ICP— AES method) and plant physiologycal —
biochemical analysis. The results showed that the REE can be absorbed jnto the sugarcane plants through
Jeaves. Within 1~ 7 days after treatment, the absorption rate of cerium ('Ce) in organs of the plant gradually
increased with the increase of days and reached maxjum values which was about 2~ 3 times as large as that of Ist
day, and after that it gradually decreased. ‘

The utilization efficiency of cerium (*'Ce) by sugarcane plant was 0. 836 % ~3. 24 % . The distribution of cerium
("'Ce) in sugarcane plant was in the order of leaf>>stem>root. The accumulation and residue of REE in sugarcane
was in the order of leaf>>stem (bagasse) >>root>>sucrose juice of cane. It was showed that a large amount of REE
were accumulated and remained in the leaves and few amount in sucrose juice of cane. For instance, in the treatment
with 300 ppm REE, the residue in leaves, stem (bagasse), root and sucrose jujce of cane were 6. 7761-0. 035 ppm,
4.419+0.012 ppm, 2.940+0.018 ppm and 0. 3911-0. 048 ppm, respectively. Within the 100~900 ppm REE
treatment, the REE residue in the organs of sugarcane were increased with the increase of REE concentration. Both of
them presented a significantly positive correlation relationship. The above results indicated that, in general, the content
of bleeding sap, bound water and free proline in leaves could be incresased and the permeability of leaf cell membrane,
content of free water could be reduced by treatments with certain REE concentration. Therefore, it can by said that the
stress resistance and the yield of sugarcane could be improved by the REE treatment.

Key words Rare earth ¢lements; Sugarcane; Distribution; Aocumulation and residue; Stress resistance



