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& De Saussure 1804
H De Saussure 1804
O De Saussure 1804
N De Saussure 1804
E Ville 1860
K von Sachs, Knop 1860
Ca von Sachs, Knop 1860
Mg von Sachs, Knop 1860
Fe von Sachs, Knop 1860
S von Sachs, Knop 1865
Mn McHargue 1922
B Warington 1923
Zn Sommer & Lipman 1926
Cu Lipman & MacKinney 1931
Mo Arnon & Stout 1939
Cl Broyer et al. 1954
Ni Brown et al. 1987
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World Population: 1950-2050
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Source: U.S. Census Bureau, International Data Base, June 2010 Update.
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SHMIFE12/A884L%

F¥ #t &t R &
THIFEKERONES
~ KIEOWHE (XRMA) (£70057,000t —

1 KiED2ERFHER 10a - YIRE
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KEEfE (F32H) OFERHESE ()

A BE & A )
£ & &
fi bt B| MR R | fF 6 B (10auny | w B & [ T T
(F£H) (F%£H) (+ £ BH) | &| (+ £ A prepresil et ot ol Ry VER %
ha ha kg ha kg

BY. 55 2 377 000 9 751 000 2 350 000 412 9 692 000 471 87
56 2 278 000 10 259 000 2 251 000 453 10 204 000 474 96
57 2 257 000 10 270 000 2 230 000 458 10 212 000 477 96
58 2 273 000 10 366 000 2 246 000 459 10 308 000 478 96
59 2 315 000 11 878 000 2 290 000 517 11 832 000 479 108
60 2 342 000 11 662 000 2 318 000 501 11 613 000 481 104
61 2 303 000 11 647 000 2 280 000 508 11 592 000 484 105
62 2 146 000 10 627 000 2 123 000 498 10 571 000 487 102
63 2 110 000 9 935 000 2 087 000 474 9 888 000 490 97
. T 2 097 000 10 347 000 2 076 000 496 10 297 000 492 101
2 2 074 000 10 499 000 2 055 000 509 10 463 000 494 103
3 2 049 000 9 604 000 2 033 000 470 9 565 000 497 95
4 2 106 000 10 573 000 2 092 000 504 10 546 000 498 101
5 2 139 000 7 834 000 2 127 000 367 7 811 000 499 74
6 2 212 000 11 981 000 2 200 000 544 11 961 000 499 109
7 2 118 000 10 748 000 2 106 000 509 10 724 000 501 102
8 1 977 000 10 344 000 1 967 000 525 10 328 000 502 105
9 1 953 000 10 025 000 1 944 000 515 10 004 000 504 102
10 1 801 000 8 960 000 1 793 000 499 8 939 000 507 98
11 1 788 000 9 175 000 1 780 000 515 9 159 000 512 101
12 1 770 000 9 490 000 1 763 000 537 9 472 000 518 104
13 1 706 000 9 057 000 1 700 000 532 9 048 000 518 103
14 1 688 000 8 889 000 1 683 000 527 8 876 000 522 101
15 1 665 000 7 792 000 1 660 000 469 7 779 000 524 90
16 1 701 000 8 730 000 1 697 000 514 8 721 000 525 98
17 1 706 000 9 074 000 1 702 000 532 9 062 000 527 101
18 1 688 000 8 556 000 1 684 000 507 8 546 000 529 96
19 1 673 000 8 714 000 1 669 000 522 8 705 000 529 99
20 1 627 000 8 823 000 1 624 000 543 8 815 000 1 596 000 8 658 000 530 102
21 1 624 000 8 474 000 1 621 000 522 8 466 000 1 592 000 8 309 000 530 98
22 1 628 000 8 483 000 1 625 000 522 8 478 000 1 580 000 8 239 000 530 98

R BAOKEERED [EHsaEr]
fEffmB (FEAH) Lk, FUYHOmBREZERVW-mMTSHS.
2 ERAEFTmME X, KBEFTEEENY mRE S, ) 06, WHEMEOTE L LTHIY # 5 KBRE UNILAX,
FHBERE) OmMLRWEmMTH D,

2 g |

3

e

) BEEFREETEEE RS Lo,



KEEFE (F3A) OFERMER (2E)

K B Fa 3t X =)
T E f’f—ii{iﬁiﬁﬂ L B f’ﬁj-{@ﬁfﬁ 10a 370 L1 it TR | e (i f 3%
(-+3A) (F3%H) (FEH) | | (FEH) | etk | (E£H) S
ha t ha kg t ha t

EREIEE] 1,706,000 9,057,000 1, 700, 000 532 9,048, 000 103
14 1,688,000 8,889,000 1,683, 000 527 8,876, 000 101

15 1,665,000 7,792,000 1,660,000 469 7,779, 000 90

16 1,701,000 8,730,000 1,697,000 514 8,721,000 98

17 1,706,000 9,074,000 1,702, 000 532 9,062, 000 101

18 1,688,000 8,556,000 1,684,000 507 8, 546, 000 96

19 1,673,000 8,714,000 1, 669, 000 522 8,705, 000 99

20 1,627,000 8,823,000 1,624,000 543 8,815,000 1,596,000 8, 658, 000 102
21 1,624,000 8,474,000 1,621,000 522 B, 466,000 1,592,000 8, 309, 000 98
22 1,628,000 8,483,000 1,625,000 522 8,478,000 1,580,000 8, 239, 000 98
23 1,576,000 8,402,000 1,574,000 533 8,397,000 1,526,000 8,133, 000 101
24 1,581,000 8,523,000 1,579,000 540 8,519,000 1,524,000 8, 210, 000 102
25 1,599,000 8,607,000 1,597, 000 539 8,603,000 1,522,000 8,182, 000 102
26 1,575,000 8,439,000 1,573,000 536 8,435,000 1,474,000 7,882, 000 101
27 1,506,000 7,989,000 1,505, 000 531 7,986,000 1,406,000 7,442, 000 100
28 1,479,000 8,044,000 1,478,000 544 8,042,000 1,381,000 7,496, 000 103
29 1,466,000 7,824,000 1, 465, 000 534 7,822,000 1,370,000 7,306, 000 100
30 1,470,000 7,782,000 1,470,000 529 7,780,000 1,386,000 7,327,000 98
SER 1B 1,470,000 7,764,000 1, 469, 000 528 7,762,000 1,379,000 7,261,000 99
2 1,462,000 7,765,000 1,462,000 531 7,763,000 1,366,000 7,226, 000 99
(tﬁgzi) 1,404,000 7,564,000 1,403,000 539 7,563,000 1,303,000 7, 007,000 101

¥ RWOKEERHE TEHeat]
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1 NI FEKEOEMTRE VRS
fEfF M (F35)
£ M g 10a %40  f A ok
. o R’ ¥ ¢ & M (% & /)
WERF R ® % Wity i & ok @ ® D=@xD
D
e | we
[ ha ~ bt Bl t

2 M (] 1,403,000 A 59,000 96 539 1. 303, 000 7.007.000f
it & E @ 96,100 A 6,200 94 597 88, 400 5217, @
L1 # (3 41,700 A 3,500 92 616 34, 200 210, (3)
B T @ 48.400 A 2,000 96 555 46, 200 256, w
1 B (5) 64.600 A 3,700 95 547 61. 000 333. (5)
® | (@ 84.800 A 2800 97 591 71. 400 422, 6
17 B (D) 62,900 A 1,800 97 626 54, 900 343, (N
& B ® 60.500 A& 4,800 93 555 54,700 303.6 8)
X ) 63,500 A 4,300 94 543 61, 400 333, 9)
L x a0 54,800 A 4,400 93 549 50. 600 277, 8 (10)
43 5 14.900 A 600 96 492 13, 000 64,0001 (1)
5 X (2 30,000 A 1,900 9 508 28, 800 146,300 (12
F £ (13 50,600 A 4,800 9] 549 48, 100 264,100 (13
_ ® o 120 A 4 97 405 120 B6| (10
M & ) (5 2920 A 70 98 492 2,920 14, (15)
o # ae 117.200 A 2,300 98 529 101, 800 538.5 (16)
= o an 36,300 A 800 a8 551 32. 200 177, (17)
A i as) 23.800 A 1,000 96 5271 21. 400 112, 8 (18)
& £ (19) 24.500 A 600 98 515 22. 500 115, 9 (19)
i oo 4,850 A 30 99 532 4.760 25, (20)
123 ¥ 31,500 A 300 99 603 30, 400 183, (21)
[ Ro(22) 21,600 A 900 96 478 20, 700 98,89 (22)
i IR 15,300 & 200 99 506 15, 200 76, 9 (23)
B B @) 26.400 A 1,000 96 496 25,800 128, 20
= K (25 26,300 A 800 97 495 25, 900 128, (25)
3 w @6 30,100 & 1,000 97 519 28, 900 150, (26)
-4 ) 14200 A 100 99 504 13, 600 68, (27)
x B (28 4620 A 80 98 490 4.620 2.6 (28)
® (29 35.800 A 700 98 491 34.100 167, (29)
# B (30 8.40 A 0 100 512 8. 400 43, (30)
i & i G 6,100 A 150 a8 497 6. 100 30, (31)
5 B G2 12600 A 300 98 505 12,400 62,600 (=
B 1§ (33) 16,800 A 300 G8 521 16, 500 86000 (xv
=3 (39 28.800 A 1,000 97 524 27, 900 146,200] (30
= & (35 22,200 A 400 98 522 21, 700 113, (35)
i 0o (36) 18.400 A 500 o7 506 17. 400 88,000{ (3
» B (30 10.300 A& 700 9 465 9, 980 46, (37)

RBmRE o8 3930 A 330 92 455 (38)

# & W (39 6,400 A 310 95 472 <ol (39)
& N o) 11,300 A 400 97 501 11,300 56.6 (40)
= ® 13,200 A 200 99 510 13. 200 67, (41)
] " (2 1,000 A 300 97 451 11,000 49,6 (a2)

LIRS () 6,190 A 190 97 475 (43)

#EHWRE 0 480 A 100 98 420 (a0
i B 5 34,600 A 300 949 473 34,100 161, (45)
& W (e 23,300 A 600 a7 510 22, 800 116,300 (s
3 & D 10.800 A 300 97 470 10. 800 50, 8 (47)
L A (48 32,300 A 1,000 97 434 31,200 151,000 (s
X 5 (49) 19600 A 600 97 487 19, 400 . (49)
k-1 o (s0) 15900 A 100 99 489 13. 900 68,000 (s0

S RE Gy 6,070 A 70 99 431 «o] (51)

#i8WwE G2 9.800 A 70 99 495 (52)
B R B 5 18,600 A 700 a6 479 17.100 81 (53)

smEE GO 4,380 4o 70 98 461 (54

& Wig (55 14,200 A 700 95 485 (55)
[ w (e 666 16 102 319 1, (56)

0B 7 481 2 100 355 (57)

wom (58) 185 14 108 224 (68)
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{Effmf (FEH)
£ = 10a ¥7=9 + £ H 1" ik
- & o {F {+ oo M = )
m;iﬁﬁﬁ x ¥ A 55 FE & D Ho 2 £y =@ X2
(D
ot 7 5

ha ha % kg ha t
e E (] 1,403,000 A 59,000 96 539 1. 303, 000 1.007, 000
it @ #E @|2 9,100 A 6200 94 597 88. 400 527, 700
# ¥ (3 41,700 A 3,500 92 616 34, 200 210, 700
=1 F @ 48.400 A 2,000 96 555 46, 200 256, 400
1 w 3|4 64,600 A 3,700 95 547 61, 000 333, 700
% M 6] 3 84,800 A 2 800 97 591 71, 400 422, 000
1L ¥ (7) 62,900 A 1,800 97 626 54. 900 343, 700
e B (3 60,500 A 4,800 93 555 54, 700 303, 600
# % |5 63500 A 4,300 94 543 61, 400 333, 400
il A (0 54,800 A 4,400 93 549 50, 600 277, 800
it E (11 14.900 A 600 96 492 13, 000 64, 000
5 E (12 30,000 A 1,900 94 508 28, 800 146, 300
. % (13) 50.600 A 4,800 91 549 48,100 264, 100
W = (4 120 A 4 97 405 120 486
M &= JII (15) 2.920 A 70 98 492 2,920 14, 400
#r B ae]q1 117,200 A 2,300 98 529 101, 800 538, 500
- (7 36,300 A~ 800 98 551 32, 200 177, 400
f JIl  (18) 23.800 A 1,000 96 527 21, 400 112, 800
i # (19 24 500 A 600 98 515 22, 500 115, 900
1L (20 480 A 30 99 532 4,760 25, 300
F g (21 31,500 A 300 99 603 30, 400 183, 300
(53 B (22 21,600 A 900 96 478 20, 700 98, 900
% f{ (23) 15,300 A 200 99 506 15, 200 76, 900
& ] (24) 26.400 A 1.000 96 496 25, 800 128, 000
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IRADBDEDH, (R2)

xX3 KEHEREDRERENRX (2=XREHK - - 2B - 1R®REAFKZRY)

BAL :

X & ST 2 X AR R (%)

= "3 fil 14 Fa 3217.2 345.0 5.4
26 {E 7] Iz A 244. 8 256. 1 4.6
= PE 174 A 0.6 0.9 50.0
hF - EeEFTME 57.3 62. 2 8.6

;=2 ¥ T (- iy 309. 7 32 5.6
26 JE A i 20. 6 23.6 14.6
B X W £ % 22. 1 24.6 11.3
R W 34.6 37.4 8. 1

P8¢ il fts H) ¥ 64. 7 66. 9 3.4

2 E At ¥ 17.5 17.9 20
KHEEEMSE @M (a) 225.0 241. 3 1.2




D AURA SN

x4 MEREORFEENX (2REXBERFXR - 2B - 1BEREHRY)

Bifr : HH

Z. = IR 2 X AR G PR (%)

i RE il I fi 1,180.3 1,183.8 0.3
26 {E ) 117 A 922.8 899. 9 A2.5
@ 5 Y A 14.0 11.0 A21.4
£E - dHBheFEZTRE 193. 6 222. 6 15.0

= ¥ *E B i 963. 4 1,011.9 2.0
=T N (R S 66. 4 60. 9 A8. 3
W oK - | f#F H 95. 6 103.9 8.7

W oE E W F R OB 63.3 92.2 45.7

iz fff (41 H] i 115.6 120.5 4.2

% E AT 1 216.9 171.9 A20.7
MIEERZE~®mHMH (a) 550. 5 558.5 1.5
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Arabidopsis thaliana
borl-1 mutant

High B supply




Model; B transport in Arabidopsis root
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(Takano et al, Nature 420, 337-340, 2002)
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Grain yields (g/plants)
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Grain yield
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(Uraguchi et al, unpublished)
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Rice uptake and distributions of radioactive '3’Cs, stable '33Cs
and K from soil
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“Capsule”: Uptake and distribution of >’ Cs in polished rice and rice bran was similar to that of 1>*>Cs, but different than
uptake by K.




Fig. 1. Sampling sites for rice plant samples. IES, Experimental field
(40°57°46" N, 141°21'54" E); 97-1, Kuroishi (40°38'42" N, 140°35'04"
E); 97-10, Rokkasho (40°50'50” N, 141°19'15” E).



Table 1
Concentrations of '*7Cs, '**Cs and K in the surface paddy soil

Sampling site* P/Cs (Bq kg™') 'Cs (mgkg ') K (mgkg!)

IES 44+0.4° 3.4 7900
97-1 144+0.8 24 5900
97-10 Z 3140k 2.6 6800

* 1ES, Experimental field: 97-1, Kuroishi; 97-10, Rokkasho.
® The errors indicate one standard deviation of counting statistics.
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e ~90G 13T L
Table 2 Transfer factors and removal percentages of ~"Sr and ~'Cs for rice plant components

Sample Transfer factor Removal percentage”
90g, 137 90g, 137
%

Rice plant component
Polished rice 0.0021 0.0011 0.00059 0.00031
Rice bran 0.062 0.0094 0.0019 0.00029
Hull 0.051 0.0049 0.0035 0.00033
Straw 021 0.0050 0.088 0.0021

Aboveground part 0.12 0.0038 0.094 0.0030

* The percentage of *Sr and °'Cs removed from the upper soil layer to the plants.
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(Ohmori et al, Journal of plant research 127, 67-71,
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Bt

Rb K

Mineral concentrations of the brown rice in the low—Cs lines.

sample name line name Fe nmol/g DW Co nmol/g DW Ni nmol/g DW| Rb nmol/g DW Br nmol/g DW Mo nmol/g DW Cd nmol/g DW Cs pmol/g DWBa nmol/g DW Na nmol/g DW Mg umol/g DW K umol/g DW | Mn umol/g DV Cu nmol/g DW Zn nmol/g DW

M387 AN: - 101.19 0.03 19.82 5.38 2.70 415 0.32 0.16 0.40 764.15 44.08 64.30 0.60 40.08 349.19
M391 Vakis 155.86 0.08 22.28 7.32 222 8.84 0.63 0.30 1.83 749.23 60.62 82.94 0.61 60.55 412.67
M400 8% 116.53 0.07 30.04 7.08 212 5.98 0.89 0.47 0.88 819.38 52.24 69.15 0.85 44.32 337.10
M392 58 108.17 0.03 22.31 7.99 1.86 9.39 0.52 0.59 1.11 960.29 59.11 83.32 0.52 70.20 525.70
M111 WRC44 25.86 0.08 21.87 6.56 3.70 484 117 0.61 2.29 1327.36 61.83 90.26 0.90 43.35 565.61
M375 Bow 138.77 0.05 17.18 7.68 1.83 7.15 0.97 0.64 1.69 821.67 54.34 62.61 0.49 43.03 351.68
M386 RE 91.31 0.04 22.80 6.81 1.89 483 0.72 0.64 0.87 758.58 43.18 69.94 0.48 41.17 276.52
M416 [ERE 88.25 0.10 22.95 7.00 2.56 8.40 0.88 0.65 1.04 709.79 49.21 74.89 0.95 46.81 383.57
M113 WRC45 134.72 0.07 30.34 6.58 4.90 14.54 0.83 0.67 2.66 1265.14 64.88 86.72 1.35 62.11 563.01
M374 ShErR 91.60 0.08 20.57 7.96 3.63 7.07 0.72 0.73 1.73 855.85 51.1§ 83.12 1.03 48.90 394.17

Mineral concentrations of the brown rice in the high+Cs lines.

sample name line name Fe nmol/g DW Co nmol/g DW Ni nmol/g DW| Rb nmol/g DW Br nmol/g DW Mo nmol/g DW Cd nmol/g DW Cs pmol/g DWBa nmol/g DW Na nmol/g DW Mg umol/g DW K umol/g DW | Mn umol/g DV Cu nmol/g DW Zn nmol/g DW

M85 WRC16 161.40 0.14 41.56 14.98 3.03 8.51 3.16 7.44 1.41 659.06 50.98 50.89 0.71 51.70 432.03
M45 HNA4 116.25 0.05 35.42 14.07 4.77 7.56 1.06 7.59 1.24 1240.72 67.52 92.68 1.01 67.35 605.31
M44 HNA3 153.41 0.06 43.66 11.90 2.45 7.1 0.32 8.48 1.11 978.13 77.49 90.87 0.62 45.83 627.19
M126 WRC99 95.16 0.10 35.17 15.90 3.05 7.28 2.95 9.04 1.53 794.94 52.86 73.16 0.76 56.03 445.08
M131 & 182.94 0.10 28.33 13.94 4.46 6.44 1.77 9.10 2.37 770.85 52.16 70.42 0.70 60.05 371.81
Mo1 WRC23 5.38 0.27 48.34 17.11 5.73 4.58 1.41 9.14 0.58 1511.97 54.39 107.43 1.20 51.10 648.59
Mm88 WRC19 91.05 0.19 38.47 18.91 6.60 3.65 0.70 9.23 2.78 839.63 44.5( 62.57 0.58 27.11 473.51
M24 LK9 116.32 0.08 12.63 42.56 2.03 7.12 0.41 12.76 1.90 749.82 58.21 67.69 0.51 58.83 345.36
M211 WRC15 98.98 0.08 53.62 22.31 3.03 7.70 2.94 19.10 2.87 655.84 47.96 51.60 0.73 48.12 370.01
M26 HK1 221.70 0.15 65.66 10.53 3.98 424 1.00 20.55 3.80 1079.15 54.86 81.78 0.71 75.70 369.10
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Low-cesium rice: mutationin
OsS0OS2 reduces radiocesium inrice
grains

Satoru Ishikawa?!, Shimpei Hayashi'?, Tadashi Abe!, Masato Igura’!, Masato Kuramata’,
Hachidai Tanikawa', Manaka lino?, Takashi Saito?, Yuji Ono®, Tetsuya Ishikawa’, Shigeto
Fujimura®, Akitoshi Goto® & Hiroki Takagi’®

In Japan, radiocesium contamination in foods has become of great concern and it is a primary issue

to reduce grain radiocesium concentration in rice (Oryza sativa L.). Here, we report a low-cesium rice
mutant 1 (lcs1) with the radiocesium concentration in grain about halfthat in the wild-type cultivar.
Genetic analyses revealed that a mutation in 0s5052, which encodes a serine/threonine-protein

kinase required for the salt overly sensitive (SOS) pathway in plants, is responsible for the decreased
cesium (Cs) concentrations in [cs1. Physiological analyses showed that Cs™ uptake by lcs1 roots was
significantly decreased under low-potassium (K¥) conditions in the presence of sodium (Na™) (low K*/
Na¥).The transcript levels of several K and Na* transporter genes, such as OsHAK1, OsHAK5, OsAKT1,
and OsHKT2;1 were significantly down-regulated in lcs1 grown at low K¥/Na*. The decreased Cs™ uptake
in lcs1 might be closely related to the lower expression of these genes due to the K*/Na* imbalance in
the lcs1roots caused by the OsSOS2 mutation. Since the lcs1 plant had no significant negative effects
on agronomic traits when grown in radiocesium-contaminated paddy fields, this mutant could be used
directly in agriculture for reducing radiocesium in rice grains.
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Cesium Uptake by Rice Roots Largely Depends Upon a Single
Gene, HAK1, Which Encodes a Potassium Transporter
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Fig. 1 Phenotype of Ics mutants and autoradiography image of "*’Cs. (a) Cs concentration in the grain of rice plants grown in 2015. (b) Grain
yield as brown rice. (¢, d) Cs (c) and K (d) concentrations in shoots of rice plants at seed maturing stage. Data are means +SD (a,n=5,b,n=1G ¢,
d, n=3). Asterisks indicate a significant difference (Tukey’s test). (e, f) Morphologies of the low Cs uptake mutant Ics-3 (e) and the wild type (f).
() Image of radiocesium (**’Cs) uptake by seedlings at 18 h after transplantation in x 0.5 K* hydroponic solution containing 10 p.p.b. Cs and
100 kBq I”" *’Cs.
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Fig. 2 Gene structure of OsHAK1 and complementation of OsHAKT. (a) Location of point mutations in the OsHAK1 sequence in low Cs uptake
mutant lines. Ics-1 and -3 have the same point mutation (glycine to aspartate substitution in exon VIII of OsHAKT1). (b) Model of OsHAK1 protein
in Ics-3. The carboxyl side chain of the replaced aspartate protrudes into the cytoplasm, but the protein structure is unchanged. Ics-2 has a point
mutation (tryptophan to Stop change in exon Il of OsHAKT). (c) OsHAK1 complementation of Ics-3. The OsHAK1 sequence from the BAC clone
with its native promoter was used to complement lcs-3. Concentrations of Cs in roots were determined after 24 h in hydroponic solutions
containing 10 p.p.b. Cs*. Data are means +SD (n = 6). Different letters indicate significant differences, P < 0.001 (Tukey's test).
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