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Selective intake of potassium from K-bearing silicate minerals
by sunflower and upland rice inferred from Eu anomaly:
implication for weathering as a direct consequence of plant physiology

Tasuku Akaci”, Sakura Saito”, Shin-ichi Watanase”,
Megumi Sucivama”™ " and Noriharu Ag"”" ™"

= Environmental Science on Biosphere,

Tokyo University of Agriculture and Technology
U0 National Institute of Agro-Environment Sciences
BH0 Faculty of Agriculture, Kobe University

Two crops (sunflower and upland rice) cultivated using three K-bearing minerals and KCI
by Sugiyama and Ae (2000) were analyzed for rare earth elements (REEs). The two crops had
been reported by them to generate more available silica in soil (especially in the case of sun-
flower) and absorbed silica in plants (especially in the case of upland rice) than that available
originally in soil. The K-bearing minerals included biotite, muscovite, and K-feldspar. The REE
patterns of individual crop specimens exhibited different extents of Eu anomaly; upland rice ex-
hibited more varying extent of Eu anomaly than sunflower. It is inferred that REEs released
from the K-bearing minerals had a longer contact with soil in the case of sunflower than in the
case of upland rice. By the scrutiny of the extent of the Eu anomaly, it was found that upland
rice took in K and REEs from all the K-bearing minerals, including hardly-soluble feldspar. Eu
anomaly can be a good proxy of sources of inorganic nutrients in plants as well as of the direct-
ness of absorption of the nutrients. When the present results are viewed from a different angle,
they endorse that plant-induced weathering is equivalent to physiological action of plants.

Key words: Rare earth elements, Plants, Europium anomaly, K-bearing minerals, Chemical
weathering, Nutrition intake
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Tabled Analytical results of soil and K-bearing minerals used in the experi-
ment and chondritic normalizing vales (unit: ng/g).

SOil gjicate 80l 01 siticate biotite muscovite K-feldspar chondrite®
La 1910 6600 2110 3710 13000 378
Ce 5110 23100 2420 8260 5990 976
Pr 445 2910 655 871 585 136
Nd 1590 11400 2480 3060 1370 716
Sm 349 4130 516 738 309 230
Eu 151 1110 95.3 301 112 86.6
Gd 488 4070 515 644 409 311
Tb 121 865 85.3 127 81.4 58.9
Dy 850 4980 449 669 411 390
Ho 208 994 92.1 114 67.7 88.8
Er 756 3110 318 317 176 255
Tm 119 401 61.9 43.0 21.3 38.5
Yb 862 2540 883 260 132 249
Lu 147 371 307 34.8 19.8 38.7
Eu anomaly®  0.0516 -0.0332 -0.252 0.129 -0.0145
(0)° (0.088) (0.0163) (0.008) (0.023) (0.0093)
Ca 1.52x 10° 1.74 x 10°
Mg 1.37 x 10° 7.59 x 10°

a) REE abundance in Leedy chondrite by Masuda et al. (1973) and Masuda (1975)
b) Eu anomaly = log(Eu)n-{log(Sm)n+log(Gd)n}/2, where (Ln)n represents the normalized value of Ln

c) Standard deviation of Eu anomaly (o) (n=3)
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Table Analytical results of sunflower (unit: ng/DWg).

Control KCI (1)* KCI(5)*  biotite (1)*  biotite (5)“muscovite (1) *muscovite (5)*K-feldspar (1)* K-feldspar (5)*
La 11100 12800 7320 8710 10400 7069 17200 8780 8490
Ce 1190 3330 1810 2220 2830 1990 4280 1750 2030
Pr 1330 1450 823 1040 1300 1160 2080 1040 986
Nd 4540 5010 2840 3550 4470 4020 7150 3560 3390
Sm 668 726 418 515 675 604 1040 514 491
Eu 159 172 99.2 124 161 145 250 123 117
Gd 667 726 406 515 666 607 1040 518 483
Tb 77.6 78.5 43.1 57.8 75.7 72.0 118 59.9 54.7
Dy 299 301 160 217 286 284 446 226 208
Ho 60.6 58.4 30.1 42.8 56.1 56.4 87.7 45.4 41.1
Er 144 135 69.9 103 132 136 207 107 98.8
Tm 12.2 11.5 6.04 8.55 10.9 11.4 16.5 8.94 8.26
Yb 49.4 41.1 21.7 34.5 43.6 47.6 60.9 37.0 34.0
Lu 6.81 5.73 2.94 4.79 5.99 6.68 7.86 5.23 4.60
Eu anomaly®-0.133 -0.134 -0.129 -0.130 -0.130 -0.132 -0.130 -0.135 -0.128
(0)° (0.001) (0.003) (0.003) (0.005) (0.007) (0.002) (0.001) (0.009) (0.007)
Ca 11.1x 10° 945x 10° 123 x10° 12.0 x 10° 11.6 x 10° 10.4 x 10° 113 x 10° 11.3x10° 11.2x 10°
Mg 14.4 x 10° 11.5x 10° 7.66x 10°  13.0x 10° 10.4 x 10° 13.1 x 10° 15.0x 10° 14.2 x 10° 13.8 x 10°
Dry weight’ 2.3+0.2 3.6+0.4 421+0.2 3.5+02 4.27+0.3 2.5+0.2 3.54+0.6 2.5+0.2 3.1+03

a) (1) and (2) indicate that the amount of K added per pot is 50 and 250 mg on K,O basis, respectively.
b) Eu anomaly = log(Eu)n-{log(Sm)n+log(Gd)n}/2, where (Ln)n represents the normalized value of Ln
¢) Standard deviation of Eu anomaly (o) (n=3)
d) unit: g (data from Sugiyama et al., 2000)

Tabled Analytical results of upland rice (unit: ng/DWg).

Control KC1 (1) KCI (5)*  biotite (1)*  biotite (5)“muscovite (1) *muscovite (5) “K-feldspar (1) K-feldspar (5)*
La 372 167 158 346 219 288 330 332 324
Ce 111 54.6 56.9 103 64.1 113 108 116 102
Pr 51.5 21.8 23.7 46.4 304 39.5 47.5 45.6 43.0
Nd 177 79.7 85.1 160 108 136 164 159 152
Sm 29.2 13.6 15.1 27.2 20.0 23.6 29.6 27.1 254
Eu 8.20 3.80 4.37 7.90 5.32 6.70 8.31 7.53 7.25
Gd 34.4 159 16.8 33.0 21.0 27.3 32.8 31.1 29.5
Tb 4.56 2.03 221 4.07 2.91 3.51 4.45 3.97 3.75
Dy 19.5 8.88 9.86 18.2 12.4 15.8 19.5 18.0 16.6
Ho 3.82 1.78 1.89 3.68 2.21 3.06 3.99 3.58 3.33
Er 10.7 4.69 5.20 9.38 6.52 8.10 10.4 9.72 8.72
Tm 1.11 0.547 0.582 1.05 0.602 0.806 0.972 1.06 0.940
Yb 6.03 2.59 3.79 4.66 2.80 3.96 5.32 5.73 4.76
Lu 0.887 0.468 0.516 0.634 0.448 0.569 0.738 0.887 0.712
Eu anomaly®-0.097 -0.1020 -0.0723 -0.087 -0.097 -0.089 -0.082 -0.0968 -0.089
(o) (0.017) (0.0027) (0.0081) (0.015) (0.018) (0.010) (0.024) (0.0087) (0.014)
Ca 4.49 x 10° 5.11 x 10° 4.24x 10° 4.44x 10° 3.77 x 10° 3.86 x 10° 3.76 x 10° 4.92 x 10° 436 x 10°
Mg 12.0 x 10° 10.8 x 10° 6.29 x 10° 9.79 x 10° 7.73 x 10° 9.62 x 10° 6.53x10° 102 x 10° 10.0 x 10°
Dry weight' 4.8+0.1 10.0£0.1 14.3+0.7 7.8£0.9 10.1=£1.1 5.3+0.2 7.5£0.3 4.8+0.3 5.6+0.5

a) (1) and (2) indicate that the amount of K added per pot is 50 and 250 mg on K,O basis, respectively.
b) Eu anomaly = log(Eu)n-{log(Sm)n+log(Gd)n}/2, where (Ln)n represents the normalized value of Ln
¢) Standard deviation of Eu anomaly (0) (n=3)
d) unit: g (data from Sugiyama et al., 2000)
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(5) indicate that the amount of K added per
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Figlll  Europium anomalies of soil, K-bearing minerals, sunflower and
upland rice. Variation bars stand for onec (n 3). (1) and (5) in-
dicate that the amount of K added per pot is 50 and 250 mg on
KO basis, respectively.
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Table 0 Observed change in Eu anomaly (term 1) and estimated change caused by

Ca uptake (term 2).

(sunflower)

biotite (1) biotite (5)* muscovite (1) “muscovite (5)*K-feldspar (1)* K-feldspar (5)*
Eu*(ng/g) 166.78 217.04 196.14 337.40 167.08 157.58
term 1(ng)° 2.7+2.9 5.2+6.3 0.92+0.96%  3.9+1.2x% -1.0+3.7 3.0+3.4
ACa(mg) 16.38 22.96 0.48 13.95 2.61 9.22
term 2(ng)° 2.7+1.1 3.8x1.5 0.08+£0.03%  2.29+0.89*%  0.43+0.17 1.52+0.59
AK(mg)* 20.05 52.37 3.04 18.99 1.71 8.36
(upland rice)

biotite (1)*  biotite (5)*  muscovite (1) “muscovite (5)*K-feldspar (1)* K-feldspar (5)*
Eu*(ng/g) 9.71 6.63 8.22 10.10 9.39 8.88
term 1(ng)” 1.1x1.2 0.2+1.3% 0.71£0.47%  1.8+2.0 0.15+0.42 0.90+0.74x
ACa(mg) 13.12 16.50 -1.10 6.68 2.07 2.89
term 2(ng)° 1.23+0.23 1.54+0.29+ -0.10£0.02+  0.62+0.12  0.19+0.04 0.27+0.05:
AK(mg)* 23.04 101.99 0.52 17.15 0.43 6.67

a) (1) and (5) indicate that the amount of K added per pot is 50 and 250 mg on K,O basis, respectively.
b) Calculated change of Eu anomaly in absolute amount, based on the observed data, and error due to estimation of average Eu anomaly.

c) Estimated change of Eu anomaly in absolute amount, caused by Ca uptake, and error due to estimation of average Eu anomaly of KCI (5).

d) Recalculated from the data by Sugiyama et al. 2000.

* Difference observed at P < 0.2 level.
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