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The distributive behavior of rare earth elements in wheat
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ZHANG Shen® WANG Li-Jun® 1. College of Natural Resources and Environmental Sciences Nanjing Agricultural University
Nanjing 210095 China 2. Institute of High Energy Physics Chinese Academy of Science Beijing 100039 China 3. Institute of Geogra-
phy Chinese Academy of Science Beijing 100101 China

Abstract On the basis of plant growth curve study which was conducted under soil and water culture the distributive be-
havior such as content uptake distribution translocation of rare earth elements REEs in wheat plants was studied. REEs
were determined by INAA. With the results gained our previous knowledge about REEs distributive behavior is significantly
replenished and intensified .
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Table 1 Concentration and distribution of 8 rare earth elements RERs
in wheat plants supplied with additional mixed RERs
/s Solution culture Soil culture
Additional REFs 0 0.42 0.82 1.25 0 333 667 1000
- Jointing-booting
Shoot 1.22 2.16 2.85 3.31 8.36 15.80 14.01 29.16
Root 17.08 529.93 786.61 1428.0 13.83 160.09 337.97 638.19
Whole plant 5.49 189.56 237.56 193.05 9.47 52.95 83.74 156.48
CK  Ratio to CK 1 34.5 43.3 89.8 1 5.59 8.84 16.4
Maturity
Shoot 0.66 5.71 2.27 2.74 2.93 4.77 5.26 13.17
Root 7.79 1355.76 1899.50 3233.18 17.96 102.73 372.59 902.15
Whole plant 1.55 214.72 234.90 389.84 4.56 14.93 45.24 102.56
CK  Ratio to CK 1 138.5 151.5 251.5 1 3.27 9.92 22.5
- Jointing-booting
Shoot % 16.25 0.73 0.87 0.44 70.40 22.15 13.13 14.74
Root % 83.75 99.27 99.13 99.56 29.60 77.85 86.67 85.26
Maturity
Shoot % 37.34 2.25 0.85 0.62 57.21 29.33 10.36 11.55
Root % 62.66 97.75 99.15 99.38 42.79 70.67 89.64 88.45
2.1.1
2.1.2
2.1.3
2:8 4:6 7:3 6:4
2.2
500p/g
Y X
2.2.1 - Y =626.07X +337.28 r=0.9978 n=7
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Y =1411.21X +2175.27 r=0.9689 n=17

2.2.2 - Y =0.8474X -194.22 r=0.9759 n=8
Y =1.643X -629.28 r=0.9812 n=8
168.951g/¢
Y =1.529X -694.11 r=0.9722 n=8
Y 350pg/g 2a 513.92ug/g
500188
2.3
8 2
2
1.5%
10% 1.165pg/g RExOy 1.355pg/g
‘ " REO <2pg/g
2 8

Table 2 Grain concentration of 8 mixed REEs and percentage in shoots

Solution culture

pe/g P CK 0.42  0.83 1.25 1.67  4.17 8.34  16.67 X+S n=7
pe/g @054 0.31 0.86  0.81 1.15 0.51 0.87 0.96
% © 6.66 0.58 2.75 2.04 2.13 0.63 0.80 0.30 1.32+0.96

Soil culture

ng/g @ CK 333 667 1000 1334 1667 2000 2501 XS n=7
pe/e ® 290 2.4 300 1.08 1.20 0.80 056 1.0
% @ 10.18 3.74 4.8 072 037 022 0.10 0.13 1.45+1.99

(D Additional REEs @ Grain content of REEs @Percentage in shoots
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2.4.1
Th 3 8
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Table 3 Distributive percentage of light and heavy REEs in wheat plants
pe/e pg/plant % % Th %
Additional REEs Whole REEs content % of light REEs % of heavy REEs % of Th in heavy
- Jointing-booting
0 Shoot 3.88 89.64 10.37 87.75
Root 1.63 98.07 1.93 48.19
Shoot 9.1 99.10 0.898 37.86
667 Root 60.16 99.76 0.245 44.90
2000 Shoot 17.29 99.79 0.209 47.92
Root 212.92 99.90 0.1 32.03
Maturity
0 Shoot 2.86 94.55 5.45 77.25
Root 2.14 97.49 2.51 36.25
Shoot 6.16 98.17 1.83 63.39
667 Root 53.28 99.77 0.21 54.17
2000 Shoot 58.33 99.76 0.244 45.08
Root 259.04 99.90 0.105 19.05
Soil
0 168.93" 97.89 2.119 24.07
667 835.76" 99.54 0.456 24.12
2000 2169.42" 99.806 0.20 25.5
* pg/g Concentration of REEs in soil
2.4.2 >
> > > 24
56
8 Y%
4
4 *
Table 4 Distributive percentage of single REE in wheat plants under the different status
/ 8 %
i Soil Shoot/Root Percentage of single REE in the whole 8 REEs
REEs addition
pe/e pg/10 plants La Ce Nd Sm Eu Th Yb Lu
28.58 31.37  47.28 13.16 2.20 0.54 4.21 1.08 0.16
0 CK 169 21.37 30.95 4320 18.76 3.76  0.82 091  1.37  0.23
60.79 33.65  45.17 17.61 1.38 0.34 1.18 0.60 0.076
667 836 532.80 33.55  42.41  23.03 0.66 0.12 0.14 0.093  0.011
2000 2160 582.25 33.53  45.46  20.13 0.54 0.095 0.108 0.12 0.014
2590.41 30.13 44.50 24.70 0.50 0.083 0.022 0.064 0.0024
Mixed REEs 30.83  48.35 20.14 0.61 0.141 0.12 0.024  0.0024
Soil 24.06 49.48  19.88 3.76 0.71 0.51 1.38 0.23
* 667pg/g 2000pg/g .667 and 2000p.g/g were the normal

and toxic concentrations for plants respectively. Results came from the values of maturity

1

CK
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Table 5 Distributive percentage of single REE in different organs of the wheat shoots
1g/g REEs
REEs addition Organs La Ce Nd Sm Eu Th Yb Lu
0 CK Grain 8.61 11.50  14.22 2.39 0.654  0.499 4.53 2.13
Shell 5.14 4.98 3.96 5.89 7.84 3.99 13.92 6.38
Leaf 83.18 81.12 75.14 89.81 8.8 91.77 78.64 87.23
Stem 3.97 2.39 6.67 1.91 2.61 3.74 2.91 4.26
667 Grain 4.07 4.72 6.45 2.51 3.83 13.99 12.81 4.35
Shell 0.15 3.41 4.09 6.45 8.13 4.34 14.17 8.70
Leaf 90.37 88.50 83.92 87.69 82.30 74.55 70.03  82.61
Stem 5.41 3.37 5.54 2.75 5.74 7.13 3.0 4.35
2000 Grai 0.096  0.081 0.11 0.159  0.721 0.79 1.39 2.50
Shell 1.46 0.734 0.68 1.49 2.34 4.43 0.12 5.00
Leaf 87.28 89.03 88.82 88.25 96.04 85.26 80.81 81.25
Stem 11.16  10.16 10.39 10.12  0.901 9.49 11.68  11.25
2 %
7 7 5
7
a. 8
b.
c.
Nd  Ce
La
Th Eu Yb Yu
Ce
6
Table 6 Organ percentage of REEs in the total amount of REEs in shoots
Additional REE concentration p1g/g
Organs 0 CK 667 2000
X+S% CV% X+S% CV% X+ S% CV%
5.57+5.24 94.08 6.59+4.35 66.03 0.73+0.85 116.85
6.51+3.25 49.92 6.18+4.24 68.61 2.78+£2.10 75.65
84.47+5.89 6.97 82.5+£7.03 8.52 87.09+4.86 5.58
3.56+1.50 42.20 4.66+1.55 33.20 9.39+3.51 37.32
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Table 7 Organ percentage of REEs in the total amount of REEs in plants
1e/8 REEs
REEs addition Organs La Ce Nd Sm Eu Th Yb Lu
0 CK Grain 26.64  53.62 18.46  0.518 0.035 0.207  0.487 0.035
Shell 32.33 47.19 10.45 2.59 0.842 3.37 3.02 0.210
Leaf 31.96  46.97 12.11 2.42  0.583 4.73 1.04  0.176
Stem 29.86 35.07 27.25 1.30  0.434  4.89 4977 0.217
Top 31.37 47.28 13.16 2.20 0.54 4.21 1.08 0.16
667 Grain 27.77  43.26  23.03 0.701 0.267 3.34 1.57 0.067
Shell 1.98 59.86  28.04  3.460 1.088 1.985 3.33 0.128
Leaf 34.55 45.42 16.79 1.372 0.321 0.996  0.480 0.071
Stem 40.53  33.93  21.73  1.026 0.440 1.869 0.403 0.073
Top 33.65 45.17 17.61 1.38 0.34 1.18 0.60  0.076
2000 Grai 33.51 38.15 23.71 0.891 0.713 0.891 1.783 0.357
Shell 49.86 33.95 29.03 0.803 0.227 0.488  0.768  0.0698
Leaf 33.11 45.79  20.23 0.538 0.103 0.105 0.113  0.0126
Stem 35.53  43.83  19.86 0.469 0.0081 0.0977 0.137 0.0147
Top 33.53  45.46  20.13 0.54  0.095 0.108 0.12  0.014
3
3.1
" 500pe/g
3.2
1 1995.45 ~ 235.
2 1992 24 1 2273 ~2276.
3 1995.13 ~96.
4 1988 5 3 161 ~162.
5 “Ce Nd . 1986 8 6~10.
6 HCe . 1981 21 40~44.
7 1995.293 ~ 327.
8 1993 15 6 37~43.
9 1997.182 ~ 194.

S

1999 17 551 ~555.



