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Abstract

On comparison of the concentration of elements between plants and humans, there are not significant differences in
calcium and iron. However, the concentration of boron in plants is 140 times higher than that in humans, and that of sili-
con is 35 times higher. High concentrations of boron and silicon are included in agricultural products but not in fish or
meat. Therefore, humans depend on vegetables and cereal crops in order to ingest silicon and boron. Since silicon and bo-
ron are useful for improving human bone density, it could be considered that the source of a healthy body rests with soil
improvement agents and fertilizers used to grow agricultural products. Recently, however, the manganese, zinc and cop-
per contents of the agricultural products in Japan are have decreased. Our research in Hyogo Prefecture has found that
compost for organic cultivation alone does not supply elements due to the mechanism of microorganism, thereby reduc-
ing the concentration of manganese in plants. It is supposed that copper combines with organic matter and zinc becomes
insoluble with phosphorus. Compost contains a lot of these trace elements, but they are not as available as we had ex-
pected. Efficient application methods for the trace elements including foliar and seed treatments have already been estab-
lished. It is important to provide advice that these trace elements need to be applied to growing plants along with compost.
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B ad LB LTWEZ EPRHLNTH D,

Y CTOHEEFRDOLENTWEILETH L FTIILHEE
RKIZBDOLN TR WEED LV, FTENZFDO—HIT,
B CTOLEMEDT S P2 o7 DIE 1998 £ T 7 1)
HIAHFTNZ K BERLRET, HEPNRETH S[5,6],
2002 FFICHEFEBO PR EAEYRTHWOTEIENT VA
K= —O@ET2RET5[7] L, 2004 FIZIEFEED
BIZTHPE P CTOHEETLIEDPTHLNII > TV
(8], ik A5, FUEIL P OREIZEL K OFEDS
5 L. Nielsen 5 (1991) [9] 2SR 258 L TH
D, I TIEL L OMFEEN L PAORENE TS »
ZLTWwh, LA T, FYEDFe FOWEATEE L
TRHENLDRFEMOMETH ), WHO (I FIR R
) RADOF Y ZENEOLZE#FAL., 1HH47201~
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13mg & LTw5[5],

FAEEGO I 2 7 VEAZE[10,11] O FEpF] % Table 2
WRT o CORPHLIWELDL R LI ITEREWDO I T K,
rAFEERIE, A(FNYY )RR (AT — )
LDEERITE . —F, BREWOXL Y EHEFEITRY,
ThbbLHRDEER»S L UV HEIEMETE I W

Table 1 © b &Mtk ERikE L
o | e hCER) (W) | e b
xR It
ppm
N 30000 15000 0.50
Ca 15000 5000 0.33
P 10000 2000 0.20
S 2500 1000 0.40
K 2000 10000 5.00
Na 1500 10 0.01
Cl 1500 100 0.07
Mg 500 2000 4.00
Fe 85.7 100 1.17
F 42.8 - -
Si 28.5 1000 35.09
Zn 28.5 20 0.70
Mn 1.43 50 34.97
Cu 1.14 6 5.26
Se 0.171 - -
I 0.157 - -
Mo 0.143 0.1 0.70
Ni 0.143 0.05 0.35
B 0.143 20 139.86
Cr 0.0285 - -
Co 0.0214 0.1 4.67

1 . B IGAL3] & Epstein et al .[4] & 0 7B

SERL AL
i o mg/100g G EFEE [10]
Na K Ca Mg P Fe Zn Cu Mn
BN 15.5 1 230 9 110 290 2.1 1.8 0.27 2.05
SRS 15.5 1 88 5 23 94 0.8 1.4 0.22 0.80
A 12.5 1 1900 240 220 580 9.4 32 0.98 1.90
FIHINAZEH | 924 16 690 49 69 47 2.0 0.7 0.11 0.32
NAZ 84.9 Tr 110 3 3 10 Tr Tr 0.04 0.03
b 89.0 610 730 100 110 36 0.7 0.3 0.02 0.05
FFEETH | 740 43 450 5 37 290 2.0 0.5 0.06 0.01
Alou— A 60.4 42 310 4 22 180 0.3 1.6 0.05 0.01
Py o ng/100g gEAR%HI:[11] . .
Al As B Cr Mo Ni Se Si
B/ 16.4 110 4 140 19 120 14 9 4700
UEIEEN 11.6 110 1 34 9 66 27 4 450
72y 12.1 580 28 1500 26 200 590 6 1100
EHONAZ) | 927 970 5 160 11 8 0 0 670
NAZ 86.1 21 > 160 3 0 0 0 32
oo 92.2 2300 360 200 10 0/ 0 4 1900
EIEZFECH | 743 79 130 0 13 0 0 81 170
Al-0— A 53.0 160 40 0 36 0 0 37 310
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1 T1RERIRONETOIER
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BAELRICTEEDICIEI NV AL T A EXE

BThHHEDRED, [7F 3 oTFHIE] &b

2004 FEIC &N [12], 7T 3 U H LFFFIE, 1940 4F

Kb A% — b LEWE O &— FHFZE T, [—

BB CANEE S DN CF S N A SR o o 12 SR R R e |

N7z BT, BRIz ) EEIREO R LA B A L

TWb, mIlE, B, B, LERCTORE) A2
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LSEOMFE [7F I FLTHZE] I2L550T,

KoN—= = PR, s b b=V AR EHKS

BRI DIFIC X B 2,847 N2 /512 L 72 RAAIFZE O fE 3.

PR Z BT A R LB 8 B S AR
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Jugdaohsingh et al. 2002[15] X 1 /X
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(LEEZDPLETH L, ¥ ¥ IV COHBEL LTULESR
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T&%Ll 5,

BRIZHDLD, EF IV CARRIETT =7 VRN T
EPHMFORNE ), FY v TT7 v -7 v 7OEK
R (1768 ~ 1771 4F) Lt & B TIZ £ < Off
BARELAZZETOELTH D, MWL 52
A= rERWT, RVFUERWTWE, 3T—7
YIEEY E —EOIEEEYICRS LT WA DS, HWICBH
JERZFUDOBEEEEZLEBBELRS TV, 2030
=T EN T AEZDPE LT 5 2 EIZIER I B

o

FORPHARELTHEOMBFERIVE BEES M
BL. RPS5DAILY I LHHERRT
TABPEBEEOWIMIEL > TWnWAZ LaffiiL:
A, HRBOLEIZENTH o7z, LA L, LT M
TLTwb L, ARBOLENDOMIRE RO 5 Z L8
Wk, et LT Nzoid, RSB EICEE
WZEINTVWAERTIHETH- 7,
ARG EHE R T 50 ICEE L kE %

729 28k, REBBED ) — AT asMichb 77
YR T7 =7 A NEFEEFMT L > ¥ — D Nielsen 5 12
£ o T 1987 12§ TIZHRE E T2/ (Table 3) [20],
MOITHRED 48 %05 2 oL 13 NExtg & L
72167 H O EHBIMFE 4TV, K7 F % 0.25 mg/
HedhwiFr ozt de, Z20% 1 H3mg Dk
TERETTIRA Y NTHRGLIZEEDANVI T LERS
AV AORFPEE R LB L2 & 2 A, R RERUL,

BNV LOR»HOPMEIZ 2, T2, FHM
RIELX GUTERREEOEREEMT LI L TaMLNT
WAHIA MO Y EMENALERIVE Y ZILFIZE <
FHESELWMEDNDH L L EHIELTWD,

EE RAETEOMA»VAEIL Table 3 O FICE W7z,
t P COEBRTRELRT N EERP P> T b, ik
L7z FEiE, 45785 bUJ 724 - 10 AKF18) (Na.B.O;
10H,O) D72 F KT EDIEHTH 5,

RYEPEML £ VIED TR DA, ToHh
BRAGERDIERICTAEDINE ZEETE AT —
Y03 % [21], HiFL & [F U KEEBE DI TdH 55350~
78 O MRS O LM 13 ATOERS®, 44~69 OB
SANENICHBEZROZETZ A Y ERLTWSS

Table3 &7 HEHLGH, JRF I A TV &G RV E AAEICKITT 28

=
Nielsen et al. (1987) [20]

RIPE S R e k% Bk %
Z DAL

HsEE S | ERER +Al +Mg | tAl+Mg | FEEE | FAlFMg
0.124 0.109 0.125 0.127 0.090 0.081

fRHp Cag/H 0.126 N AB N N B B
0.089 0.094 0.079 0.095 0.074 0.054

R Mg g/H 0.110 A A AB A AB B

0.66 0.61 0.70 0.52 0.59 0.61

R P g/H 0.61 AB AB A B AB AB
MiF 17B-T AT ¥4 — b 3.0 11.9 15.0 26.9 12.7 35.9 37.5
pg/mL : A A AB A B B

MiEF A b AT 0.60 0.34 0.31 0.33 0.30 0.71 0.64
pg/mL : A A A A B B

T BERERE I, 48~82 OB O 13 T, B b o 167 HIE, FHERAAH L=
FARTHEE, BAHOHN—ZIEIT A a7 Y ZRHALTWA7D, MiESIVE MEOE AL S IXEBEA,
ok FAFITEE, BWEREZBDO T2 LFR, KA, k. SY, IV72&0EF0aS
T, AUEB)ERE 025 mg/H, xYVERINOARET S I ATV (K, Ca, Cu, Fe), ¥¥ I ¥ D,
BERRII K AT T XY PTHAEL T D, EBEHENIZ R OER Y ZAEFHILIAM 23 A%, 24 HE
RER A 2V GEH6l) T, D 4H A 2V TlE, AYREBIHEIIECEE, Al 1000 mg/HH %\
1IMg : 200 mg/ H OERGERERZ £l L T\ 5, AUIHIFEAIOKEEL TV I =7 4T, EE,SDCa%
ANEMEIZ L, o Ca 2R L OWMED D - 72720 T, Mg 1 Ca b~ DI BN TIHE X
NTWAED, FORMBEEREDID, FVAVES 7 AT ATREBLTWA, 20Kk 2 O
A7)V (48HM) Tid, FWAYELHMOFEZHEL T\ b, BIIL7ZAYHE 3 mgld. Na,B,0,/10H0
(4R78FT MU T4 - 10KF) T, 1 HO B EIEIL, 3.25mg 2% 5%,

R AT IVIE, BREBEY A 7V ~8 HOFIHfE, MiERVE VIIERBEY 1 7023 HEHEOFY
fili, £ AB X, M—XFREEZEP>0.05)PBOOSNLho/zl L 2R T,

17B-ZA NSV F— )b i ARV EY, TAMOFCDO—F, FAMATFOY I BHERLVEY, 7
yRurro—f, TNLDERLEVIE, BRSO LY T LAORBEIZ TS, BYEFRLVE S IL
DESIC L D EBICHA Z L Z s, ERIVE VIZERICE > T, R 1/10 FTET L., #
MEE [HVY b= ] OFWBEY . BRODOA VYT AR LT R,



268 Biomed Res Trace Elements 20(4) : 263-273, 2009

HETA MO ERELTHRW S ZOERR ETH
%o —H 3.25 mg O &Y FEREIL 0.25 mg DAY HK
FEIE I LT, B aoitlEl. RSP Ene
W T8 DB D, T EISMEEME - = 2 — o iR
I LTV D,

2 EEOHRIZIXTIAE. BEMIBADELE LR
WRBERAL TWAES I X FLEKRIEARLEROEAS
i EBH U
—WEHERICE TN A MEICEEE = & EW RN

T hmtFim % Table 4 129 [22] 7 ZDAL Ok

wILHIF10a 4720 1t oA TR Y TWwa,

L7205-> T, #EEEEH L Cwitd s 7 ZDA/omE T

FIHifE L2 < THRLFEER 2 BEFMEIIZ V.

LRIEO KT 0H 2 MBI EF RO EFER T, k4,

FHERRDPOAF LU Z & 5 IC—F /M, Kbap, £
IATRERRML, R L, RELHIEZ AR
BEL, TNERMICHA L Tz, H8)S5, 6 F13T5
Pz <L MEFHICHREEEF R S AEE T & TW2Ds, AT
JERA O K HEAEFRFEENTTE 72,

ZDIERD =Dy 2 ¥ F 7 OEFIMHELT 5,
TDRRD [HHFIE] LIFATWRRERTSH 5 (23],
DOHIROFFIL A 53 THEREIERE L TIE- 2 RE ML T
BB, EERANOREHEDS P Tl v, —H£HI2 10
t/10a DL E Ot b %58 Tdh o 72, Fig. 3 12 B8 B
RO—F 2R TOMBTIIHENMHE Z Pir L7213
HEREGEF R DILEIT T LA L 7% 5 [24],

Vo ¥ OFGFREFREMRIE~ 2 L ERRPL L

K<L Bk~ > 7 v O THIERIFER Sz, L L,

TR~ ¥ R LI —E DM A 51
ho7z(23], £ 2T, EHDPBUMTIESR 5 ITHERY;
P OHERE S 5 O Tie e v T RDIREO R 7% 5 5%

30

tECekEE~ Yy I~ VA Y R llE L7z, Table 5
ZRT & 912 105 CThEREZSE: L 727K53 0% O 13T
WM L VIT &, KB, ek~ v 7 v kic%

T B %, HRFED K (25~40%) D i TIIHEE 2%
CHEA SN TV 2139 2KEM, ki ds~ o o &
HHRIIEL o TV D, MAEYFEREOREL LT, ATP
w2 e L7chs, ETKGIREEE. HELEEHX 013
I A S HUIR AT EATE Vo RAEN S I B RE L
TV Y EARFEILL Twiz[5,25],

WHREZEH L W IHMETLEGAFESIRTT201E~
YH T TIE R, Fig. 4 I2ARFI S [26] O R 3% i
JE. HRFOBEMAICHE) M, HEOBBEHRAE L TFET
HEOM, HEREOL YV T LD REO—FlERT, &
B D JEMERE L TV 25175, ITAEEY 2 H 31
E5 2138, TEMAENOWIEDKT § 5, HEh LR
NEFZRS TIEPHFOBEHLAZICHE L T, 1EWEK

Table 4 7EWIC X 2MEITCRTINE LHLOEHFE
(WP B o)
FAAR (1997) [22]

VEWIZ & BRI (g/10a) MG AR (B0 1 L7 ) g)
ey g fmr ] mat | mo | o | mk

ISt
H

B 32.1 36.9 68.9 2.1 9.1 16.9

Mn 133 19.6 32.9 105 137 167

Fe | 100.8 100.5 201 148 2430 | 5902

Co | 0.136 | 0.129 | 0.265 1.31 2.01 3.37

Ni | 0.776 1.89 2.66 2.28 4.5 7.48

Cu | 6.68 6.88 13.6 9.9 25.1 69.5

Zn 14.8 21.3 36 52 110 199

Mo | 0.397 0.335 | 0.732 0.44 0.93 1.67

T HEERERBNTHIE STV B£8R 7 801
(FEIHHERL)

TEE a<>r

25

6fFH =)

20

15

I &t/ 10a)

5ER ForvdA

AEH varXy

3TER FourvHA

2EB v ar¥7
HWER ForodA

HEm + HEAR +
HEELA JEEB

JEEEA

EEB

Fig. 3 MG o045 1 & #8835 0 I

=12 S (1999) [24]
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Table 5 “FIEHENLHEH & ik, SoBRLHIC X A BEY G E O 2L & T Mn

VEIDFIZ (2003) [25]

200

" KM Mn mg/kg DW AZHa%E Mn mg/kg DW
T4 LK e g "
At A7 Bhi £+ A A7 A
I IS 0.12 1.87 438 1.61 5.72 19.95
Zi 1= .
Dot HERR 1t 0.11 1.75 6.12 0.99 6.12 24.65
P I
HEAM 3¢ 0.07 0.75 7.08 0.93 4.19 31.20
BIH Mn &R %5 | HERRRTLIE 1.57* 0.37 6.82 6.11* 0.84 20.85
HERL E ] 1235 DT 0.08 0.15 6.24 0.41 0.32 17.25
ATP nmol/g soil DW K53 %
s ALER X o /gfm ~ KA i —
et A JaE7 L7 A+ A A7 £
I I3 0.33 0.03 0.01 25.5 3.0 0
Zi 1= ,
DoERLE HER 1t 0.76 0.06 0.00 26.7 4.7 0
S e
HERR 3t 1.55 0.14 0.02 38.9 10.2 0
M Mn R S8E | FCRRRTALER 0.07* 0.67 0.02 5.3% 16.7 0
HERLE ] 1235 PTG 1.17 0.21 0.02 33.4 12.8 0

kI RBIEEGZ L Tw b 0 2 g, WERE 10 Hik et €ORENT 1EMBEZEL 2
boEAEMEZ, 105 CICTHRBELIZDDEHLE LT,
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