H

1 EHE

YEEIL A ] Iz AT L 2o DU B Bl L 7213
HECHEREL 72, SN SEBUETTNCAART S
B¢, MERALZ W LR R TEH 0 - 7o HEAR AN Bl
Th s, MR TH 55, BEloHEEL Y
F 7T, SR, T LML E ORI R
LTvwa, fiEREROMIL MG S 3N DL B Y
Th b, 2 LICH S HC ot g inst 40%L)
FOENEOGEHETUIETH S, Bl
WA AIEIL 43% £ 1L <, pH & H.O T5.3 & i
vig U BRI S 1,700 mg/100 £ & R
WhiBTH B,

A3 S B2 S BN AN

329 45

4% R (800kg/10 a) L, &) g3 Bt
D FEMIML 72, REMUPUT 11X 15 m?, 2l &
Lre, filfdp e Mtz 2 ka5 Th
5,

ks, IREBOSTHERIEUE IR, Ty
Vo MieEi: EDTAIZ 2 3 v — Fiwiz
Wiz,

2 EBERLIULER

1) L hts & UBRHERD 2 ¢ &t
REGMMTH 120 =7 M2 & BPATOBEL
AR BB Wb, ToiftioitR
(ZfE - TR E LT DALY T » 12D,

IONIGII R RT 2L,

—JiiReE AL

SO 5 Har b 6 H ez el TR0 AR

R B R U Y (203 | B o

- o e W R TEIE N BN | WRMUERE
Woge| R OF|R M pH ChC (me/100g) o, %ﬁf
(cm) (% - (me/100g) o,
H.0 | KCI CaO | MgO | K,0] (%) | (ng/100g)
1 0~13) 22.2 1aC 5.3 5.0 18.4 9.6 | 10.9 ; 0.4 43.2 1.736
2 13~25 | 10.7 1HC 5.6 3.9 30.8 95| 23.2 ; 0.1 106.5 1.630
3 25~651 2.4 SiC 5.6 3.6 18.1 2.4 2.0 | 0.1 124.3 1,028
328 (LA & BIE L
) kg/10a i ¥
2 % N P,0 K.O Na,B,0; (i fhi )
F ' L - 5 10 10 —
_RV=ZTATFLTTA 5 10 10 -
F—Fre— KT 72 5 10 10 -
TN 77 2 5 10 -
T oA 7w — s 2 5 10 -
A A A A - IR 2 3} 10 -
I L) 2 10 10 -
¥ b2 2 10 10 -
PN i 2 10 10 -
2 A # 5 5 5 - ik
E 9 4L 5 2L 10 5 10 - 10—
5% L : 10 10 10 - fubhl Y
< A b 10 10 10 2 A2
K Ht 10 5 10 2 By B
E ox o~ 10 5 10 2
i) N =g, PO =84, KO =il

ISE0= 5 0200



SELTIH RO LFOIIHE & RIEDO LR 5 85

B3R (RN SR LIRS Y,

CaCO HiBI X i BN X
iz 89 # {kg/10a) (kg/10a) fHi ¥
1 i 2 i # 1 ety 2 i LT
+ e s — A 845 700 1.545 815  1.035  1.880
“ B 600 690 1,290 822 850 1.672
~v =7 Al 1195 1,180  2.375 | 1.125  1.080  2.205
54 7% 2 B 760 780  1.540 940 1.100  2.040
t—F+—F Al 1.300 655  1.955 | 1.170 156 1,626
7 % 2 B| 1.280 60 1,740 | 1.180 500 1,680 ||, .0
b P L
oo Al 1700 945 1,645 550 185 735
TATTATT Bl 560 830  2.390 772 380 1.152
- < Al L5 800 528 1.570 1,165 2,735
TA7R= B 140 222" 1,692 | 1,770 685 2,455 | [ jwgnppe
N
55 pm—m A 2130 - 2,130 | 1.314 - 1,344 +3
- B 1,880 - 1.880 1,335 — 1.335
YT AR # i A JEil G # M
A 170 34
4‘ LI 238 31
- A 86 5
* LU 114 8
o A 182 173
K V. B 206 132
s o4 g A 345 345 690 306 300 606
< % B 250 234 484 200 200 400
. <L Al 2760 562 8380 | 1200  3.80 5110 | rgen
E205=b Bl dlzse  zime  sles0 | 170 30 50 | LAK
. Al 3.300 3,790 .
MWL B 370 3.750 JEE:
b ithn FHIR # I PR RN A I}
< 4 s Al 290 5270 8190 | 2980 420 7,200
B| 3.240 2640  5.880 | 1.920  2.900  4.820
X g A 2030 1570 3,700 | 2310 1,90 4,300
S OB L,980  1.590  3.570 | 2.130  1.570  3.700
o 2.190 .6 .
¥ e o~ v B 2.1%0 350 | Pasnrey

TEML 2, UL, 6 N Fiuas 7 H LAz
T ) DA B ), Tz —FIR
WHERAFEBLL 72, 35 33 2213 kiR (gL Sy

A LR,

FEL—, VE2TRAILTITA, d—Fsx—
F 7770 5eng, FUEEO—80z 2 A % & Ml
LGl gs 8L e, Rz TaA—
Fa— F 77 AR L, =TS



36 Aol sE R BRI HE 205

477 23 LB ZNEBF LRI BETH- 12,
F £ =3 O TRARAEED S L,

FT7en7r L CaCO; HiRIIX 12 e~ 4 X
NEFIIHEL CEL, —BoRE TR EROH
fEBlg M s, ZodERIIHE]L ~2 mm
DHEET, EZAI2k o TIEMENFELL R4 L
72. B CaCO; #ifH X 1/2 5 1/3
BFEZ -7z,

ThHIa—ss, 33 7a—s5 CaCO; HiH X
EEAERnMicHEroETREEL2LoN, [
1EBLR F 213 2 DM EFFFERT S SN L h -
feo 12720, THZa—n"Fe CaCO; MR
BRE®D A EEIZHEL, FHL IO &
Zotz, ZHUZDWTE, =vornicksaink
3E£ 25N, REGTHTH-712, FOMNIK
(I 4= % L, CaCO; HiMIX Iz exTHREK
BRI L ThHT, TV /7

B— 33T A 70— AT R ALK ORI A
R U

ASAE, HE, K RLREANT LT
B SN H » 2 T ERABIRHIET L,
R L2700 A4 2 HTOREDREL D
L2, INLNBRIIAEL ) LHEVDNH
YT, BB L kv, BEFHNE THRRBL
TndkZlhibhatt, EFIZBFEG=w 71D
WM 33 LW BEIL LML, LU,
CaCO; HiMIIXIZ VT HHEH S, WL IEH
s S ddr o 22, KREGAGREEG L N
= S NDEEHFP L, BRI ES
HH Th -7, AT ED S NS NEDRER
S L Ao, FRCHUEE iRz sk -
72,

2 A DS LR EBLR B S L, W
M2 T 2o & S AT WINIEIN: &
CaCOs MiHE DMz lx SN S ERIE R L &
roofs, EHFOERIZHEV 7oL ZIE LR
A%, 6 ATHOMMEYE, FThE T -7 EEHE
g L T -7z CaCo; Hii i B —{1
DIz L 70w L AN AL, s EESHE
KDYFAZ o7 T AR, BAL L7 H2L
10 HoEn bl birsz,

r a1,

ratz,

EFLAIUL D I 5 TN
HKEEHEh Lo, Wiy RER L Y CaCO,
RIX T, %epish E oo teht, ZHUTERIREM
it B EITiSH LN -T2,

WL D EDLAZLEMBYZ, = vz
& BEEIHEINIS 2 - 22 (il S A F, CaCO, 1l
A LiZH b N,

TAE | BNz b7 - THM 2 ER IR
B ootz 72221, CaCo; iME nEiaht
Frarolal b b, BLEnREsr—aicik(,
EIAIE TR L A LMo EIES
e, TAFEYEETUCERTHEZ L b,
iy pH XU E = o n il o W
TR MNA b2 D EEZ LN D,

FOHL L PR (T XK T ol AR
HH, B LHEMzEENEIIILA XL
Trotz, L Lads, BEKDKIBIZIZ—8D
I TRBET B EDTEL W2, 3 DIERDIFE
L2, Thbh, BN NGLL, HE
KO GORESD R 7 el ZAEFBEE N,
'mxv&mgﬁM#%WLruéb#béf

DI E 2o GBS d o T2,

%««/.%ﬁ%@ﬁﬂ%m)aﬁama&
U E B L 2R X oy Th o7z, UL
W b4 Xiz i » THEEiBh b, F o~
VAT OEBEEIL L 5 LA D s 2R
I AEHUSAT, HHany vy 7%, kiR
DHBHELRL 245 6 ATHORMNES S,
MAECIKA N R 7 e AP EHEBHL, ¥
Lubn@Ekezikdans s e-7, 8 ATFHH
MhF e ADTFIIEEL, #EIknRLHH
Mk st LIzh T, H3BEICRHELLE
Wit RO 2 BRI T EY, EWNT X o~
S EDE L LTSN T,

LSRN &, SNSRI S
2 A FFREE I B B IR o FE 5 i — %
B iEETH B4 2, =48 A8, 77
SHfl, TAHYRL P THHTHEI &2 A
bHTHETHL LW LML -,

2) P s ko= VBRSSO R
AR JEER M R U 5 T L R —EAH
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b, FRIEORENL LN 2 2 LY
AN MR T o 1k & R iR
W4 a&EELiz, VAo L B3, Rk
e e e 2 BRI 72,

MREARO I &, Bihifob Yy L8,

LB LT Rl LD IFIL 34
FZR U2, TTRL GRII3E)
e pH oI izififffi=» r LB OML L 40 B
MRz A, DM ToL RGN FEE PR

O FFE D % B < &, JbapH (H:0)
6.5 LIFTalbnint:, Tabs, fifdft=~4n
T 10 ppm LU TS & 20 e Aci8eh b fL iz,

TAZ77N77, FEU, eV E0itE)
DY = rLh 5~ 6ppm LKL
Trunl 2R 7ol ANlh s, Wik
WY S AN, TR LB
pH, E2:2ATREN iR LEHE 2
i Ta iz,

O B2 30 AT AR ML Ie
(kb= 5, B, W, i,
EMBIEE = r Nt T A &
KT,

035 K b HithUoh = v o 0 IR & TR
F N0 DYIRE KD S 2 it 5 THEY
ZEhibdrat, Thbh, #;ﬁ"f‘li' = o 4 NI
THAT B E, FRL—, ZAELYERERIET
LEREAEALNADIZNL, WL 2 X7 H 7
VA =R P T 11 el N F R R Y
SRV Y, iEpc L - T= o r oL
WKL 5T ZNBIES HIRIT) AR
EHET A LERAUGETHD 2 LS
LA f_,,

22T, BRI - rLIRIE X, HiRIK
= rLiBIEDME AT k1
LoTudrdady, —iafhtatl €
$16 KL 2,

:n#g.«u;?w54762.¢—+a—
F2F2, 29402 Larntlalz, =v45n
w”m%mLL<uﬂ%mmfﬂ;v7wrML

ThHENBEIKLRICENRE Y, Wiptk=» > i
WA T L —E WOtk = - o iR IE % HEFR

B & uhlith
2L i FOIfl
R Rnnigrit %

ﬁ—-l\',

80 |-
W
i GO
3
th
~io o
{ppm) /
20l NG, LA
0 X : 1 )
4} 5 10 15 20
Ex. Ni (ppm)
0 A—Fr—F¥7A
L °
a0 °
# .
%
th -
Ni
{ppm)
10 |
EHaLAZL
0 ] ) ] )
0 5 0 15 20
Ex.Ni (ppm)
HIGE MR 4 Ni RIS & Hithik

W Ni g o is
THLLhboS T, WiltE= o 7 0 BIEH <
LU YR = 2 LiBIEAN 2
LG/ AL N A
SIML DS AEPIHL T, Tl
2N AN 118) AT SIRY L E TSty
e = DRSS L 2o ik = o il
W e b 2 e psidsh e i, wWisth= r izl
TEDLHTHMBUZIEL T Wb 2 i -1z,
1T oI ET AN IEIZ 4 B
L LNHWEE= rulzi T 731‘“’15”/]@——'1’
TN & i B frsh, WA= o il
5 ~20 ppm DFHPHTIE 5 d 5 WHE= - 7
meéxmu.me:vvmeLVMr
VT GO MBI — B Y max - b A s,
I Tallwistt= o s Hd"ﬂmvhb
L. biftiieomift= " rniz 01 5 Wit i

Ltz
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Ty RAEL
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38 ILEf R RN N20Y
WIRD | HbAIR & WK —AT TR
LS S, B M K
o % R e
: H :
frH#: N p (ppm) (mg/100g) (%)
H,0 KCl1 Ni Ca0 MgO P.0s Ca Mg
1 6.9 6.3 5 628 150 0.50 0.25 0.32
P 2 6.2 5.3 11 432 196 0.44 0.28 0.49
3 5.9 6.3 21 173 145 0.49 0.20 0.43
4 5.5 1.2 13 284 117 0.43 0.25 0.26
5 5.4 1.0 13 426 0.60 0.25 0.33
1 6.9 6.3 5 647 147 0.53 0.41 0.50
- - )

~LET 2 ‘f-“ 5.7 7 518 174 0.63 0.49 0.38
54752 3 6.3 5.5 9 518 186 0.55 0.49 0.36
1 5.7 4.4 13 320 145 0.60 0.38 0.50
5 5.5 4.1 17 242 188 0.55 0.30 0.50
1 7.2 6.6 6 732 157 0.52 0.41 0.57
A—Fx—F 2 6.7 5.7 7 627 160 0.58 0.37 0.55
73 2 3 6.5 4.9 7 340 170 0.53 0.35 0.46
4 5.7 4.4 15 250 180 0.49 0.32 0.48
1 7.4 6.7 5 817 200 0.52 1.31 0.65
g8 i i ¥ 5
. 2 6.7 5.6 7 544 140 0.62 0.89 0.58
- 3 5.9 4.3 12 233 200 0.49 0.86 0.84
! 4 5.9 4.2 12 161 168 0.54 1.14 0.60
5 5.6 4.1 15 225 153 0.48 0.66 1.01
1 7.3 8.5 5 787 150 0.59 1.08 0.92
PH g gy 2 7.1 6.5 7 805 140 0.64 1.12 0.64
3 6.1 4.5 11 525 190 0.75 1.09 0.85
4 5.5 3.9 15 173 155 0.63 1.09 0.83
1 7.0 6.2 6 660 150 0.74 0.99 0.56
55 ) o 2 7.0 6.1 5 627 172 0.66 0.78 0.77
7= 3 5.6 4.1 12 198 140 0.73 1.34 0.58
4 5.5 3.9 19 167 130 0.58 1.11 0.49
1 6.8 6.2 5 800 106 0.60 0.68 0.37
" - 2 6.8 6.1 5 382 140 0.67 0.27 1.09
(31?_;&%) 3 6.7 5.6 6 417 85 0.78 0.25 1.10
FRH 4 5.4 4.0 14 221 114 0.52 0.66 1.02
5 5.3 4.1 15 259 147 0.99 0.34 1.64
1 7.1 6.2 6 817 102 0.74 0.61 0.64
p- %) 2 6.3 5.6 6 518 124 0.64 0.49 0.66
(X3S 3 5.6 4.2 12 244 4 0.58 0.72 0.92
rl 5.5 4.2 13 244 130 0.58 0.64 0.73
1 6.9 6.1 6 740 124 0.63 0.58 0.78
X H 2 6.5 5.7 8 432 232 0.58 0.62 1.04
(ELET) 3 5.7 4.4 12 354 o8 0.58 0.56 0.88
4 5.1 3.8 15 182 100 0.58 0.43 0.95




AT R IR ILFOSHE L BIFhO S RFF I S HPR

B4R 2 iR & KO — AL P

= = m'i%ﬁe f;f g M
L 1 y)
fidns N PH (ppm) (mg/100g) (%)

H.O KCl Ni CaO MgO P.0, Ca Mg

1 6.5 5.7 8 506 164 0.15 0.25 0.13

2 6.3 5.2 9 466 180 0.18 0.14 0.17

2 A% 3 6.1 4.8 10 400 127 0.14 0.20 0.20

(A5 4 5.9 4.6 9 425 77 0.13 0.16 0.15

5 5.7 1.6 14 403 150 0.18 0.18 0.31

6 5.5 1.0 15 201 118 0.13 0.09 0.13

1 7.0 6.6 6 830 141 0.40 0.23 0.49

¢546HL 2 6.5 5.8 10 642 128 0.49 0.21 0.55

(S BE8) 3 6.1 4.7 12 365 150 0.34 0.39 0.39

] 5.6 4.3 15 190 160 0.37 0.35 0.41

1 7.0 6.4 7 883 112 0.48 1.29 0.91

[ Y 2 6.6 5.6 8 543 168 0.38 1.34 1.31

(&Ra) 3 5.3 4.1 13 239 120 0.55 1.25 1.14

4 5.1 4.0 15 287 110 0,44 1.1 1.45

1 0.28 0.06 0.30

wisL g 2 0.18 0.05 0.30

(WE) 3 0.25 0.05 0.20

4 0.36 0.04 0.27

1 6.6 5.7 6 516 166 0.51 0.95 1.18

T A ¥ 2 6.1 5.4 13 576 147 0.64 0.49 1.53

(F ) 3 5.7 1.5 8 327 116 0.49 1.03 1.00

] 4.9 4.0 13 296 126 0.42 0.93 1.61

1 0.40 0.12 0.46

T A 2 0.41 0.16 0.58

(EN5B) 3 0.34 0.10 0.47

4 0.28 0.05 0.27

1 6.8 6.2 7 627 157 0.73 0.39 1.39

A 2 6.7 5.8 11 737 104 0.64 0.74 0.92

() 3 5.6 4.3 12 271 186 0.60 0.35 1.37

q 5.3 4.0 14 222 125 0.80 0.76 1.69

1 1.06 0.60 0.71

. 2 1.23 0.51 0.71

(e 86) 3 1.58 0.75 0.72

1 1.21 0.58 0.70

6.8 5.7 8 472 145 0.54 1.11 1.36

. 2 6.3 5.1 10 490 130 0.82 0.84 1.35
XAy

3 5.1 4.1 13 380 52 0.57 1.16 1.62

4 4.9 3.9 15 216 97 0.49 1.08 1.51




40 el R SR W20 Y
BT 1 (B PSRRI, Witk & TEBBIN S kNI oM
W% o g:{% lﬂ(lgoﬂ)_t . &8 i81%(ppm) lNllCﬁé‘é?afﬁl'lt '
Ni Fe Cu Zn Mn | Fe/Ni  Cu/Ni  Zo/Ni  Mn/Ni
1 -+ 100 15 120 34 29 47 8.0 2.3 1.9 3.1
2 + 69 17 135 19 41 59 7.9 1.1 2.4 3.5
FE— 3 4 92 21 116 13 24 78 5.5 0.6 1.1 3.7
4 -}- 100 19 116 5 28 105 6.1 0.3 1.5 5.5
5 +# 96 36 105 8 61 89 2.9 0.2 1.7 2.5
1 + 100 23 510 7 49 51 | 22.2 0.3 2.1 2.2
sy =7n 2 —+ 156 25 620 11 39 69 | 24.8 0.4 1.6 2.8
5 z 3 -+ 147 2 400 17 34 77 | 16.7 0.7 1.4 3.2
4 + 152 29 425 7 38 108 | 14.7 0.2 1.3 3.7
5 H 122 34 239 14 62 110 7.0 0.4 1.8 3.2
1 — 100 41 620 11 35 200 | 15.1 0.3 0.9 4.9
t—Fr—F2 — 145 32 340 13 31 225 | 10.6 0.4 1.0 7.0
772 3 — 135 40 300 6 29 225 7.5 0.2 0.7 5.6
4 — 90 38 130 8 34 460 3.4 0.2 0.9 12.1
1 + 100 41 645 16 29 20 | 15.7 0.4 0.7 0.5
PAT T 2 — 112 39 420 14 30 41 | 10.8 0.4 0.8 1.1
95 3 + 44 73 170 11 20 73 2.3 0.2 0.3 1.0
4 4 40 81 290 12 38 111 3.6 0.1 0.5 1.4
5 4 66 91 167 12 37 20 1.8 0.1 0.4 0.2
1 — 100 70 3,000 84 40 65 | 42.9 1.2 0.6 0.9
. 70_}\,2 — 118 50 1,870 70 40 65 | 37.4 1.4 0.8 1.3
3 —_ 107 63 850 28 52 65 | 13.5 0.4 0.8 1.0
4 — 121 105 1,670 34 53 120 | 15.9 0.3 0.5 1.1
1 — 100 656 3,410 91 33 77 | 52.5 1.4 0.5 1.2
T/ 2 — 114 76 3,410 100 39 83 | 44.9 1.3 0.5 1.1
7 o—s 3 — 72 103 1,160 34 3 122 | 11.3 0.3 0.3 1.2
4 —_ 72 115 1,160 37 34 110 | 10.1 0.3 0.3 1.0
1 + 100 46 145 8 29 40 3.2 0.2 0.6 0.9
2 + 54 54 335 7 33 42 6.2 0.1 0.6 0.8
S~ B 3 4 41 67 450 15 35 29 6.7 0.2 0.5 0.4
q 4 22 103 460 10 26 120 4.5 0.1 0.3 1.2
5 H 28 101 440 15 33 91 4.4 0.1 0.3 0.9
1 + 100 40 155 7 32 37 3.9 0.2 0.8 0.9
) . 2 + 80 32 140 7 25 33 1.4 0.2 0.8 1.0
¥ -
3 + 56 99 264 15 42 110 2.7 0.2 0.4 1.1
4 W 64 94 240 15 38 90 2.6 0.2 0.4 1.0
1 — 100 32 150 12 41 29 4.7 0.4 0.1 0.9
2 - 70 36 180 11 28 40 5.0 0.3 0.8 1.1
X ¥
3 + 71 43 130 8 34 55 3.0 0.2 0.8 1.3
4 H+ 25 59 315 12 38 130 5.3 0.2 0.6 2.2
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FIBRO 2 (AN OREERIE, I 2 Wi s 2 oNiz ok

(402 N pes | At 4 Ri%(ppm) Nz o+ 28185t
2 o T -
ik | (%) Ni Fe Cu Zn Mn | FeNi  CuNi Zo/Ni MM
1 — 100 5 120 7 16 58 | 4.0 1.4 3.2 1.6
2 + 122 84 5 17 70 9.3 0.6 1.9 7.8
3| 4 12 13 150 6 25 107 | 11.5 0.5 1.9 8.2

2 A% ] -

4| + 132 12 84 5 25 75| 70 04 2.1 6.3
5 | # 78 14 100 5 32 77| 71 04 23 55
6 4 68 18 65 6 27 140 3.6 0.3 1.5 7.8
1 - 100 5 77 4 22 37| 154 08 4.4 7.4
_. 2 —_ 147 9 130 8 34 55 | 14.4 0.7 2.6 7.9
Erb5zl, - 97 7 130 6 23 71 | 18.6 0.9 3.3 10.]
4 —_ 90 8 230 10 29 2 | 8.8 1.3 3.6 5.3
1 — 100 82 3,200 194 76 103 | 39.0 24 0.9 1.3
Wi L 2 - 114 81 2,660 135 68 61 | 32.8 1.7 0.8 0.8
S - 115 84 3,100 184 134 167 | 36.9 2.2 1.6 2.0
4 — 114 132 3,200 97 78 168 | 24.2 0.7 0.6 .3
| — 100 11 124 10 26 -1 1n.3 09 24 -
WL s 2 — 114 8 65 9 27 - 8.1 1.1 3.4 -
(% %) 3 - 115 19 65 9 33 - 34 05 1.7 -
4 — 114 14 45 8 27 - 3.2 06 1.9 -
1 - 100 418 440 32 37 781 9.2 0.7 0.8 1.6
< A 2 + 9 | 117 663 36 3 247 | 57 03 0.4 2.1
v 3 + 92 | 111 410 16 42 180 | 3.7 0.1 0.4 1.6
4 4 59 122 450 16 47 300 | 3.7 0.1 0.4 2.5
1 100 11 00 M 33 33 | 36.4 1.3 3.0 3.0
TA¥E 2 90 15 115 5 7 57| 7.7 03 25 38
(= 3 92 1 200 5 32 67 | 18.2 05 2.9 6.1
4 59 8 150 1 29 75| 188 0.1 3.6 9.4
1 - 100 28 1,000 8 36 33 | 35.7 0.3 1.3 1.2
% @ 2 + 96 54 1,430 24 48 751 26.5 0.4 0.9 1.4
3 + 116 48 990 25 52 89 | 206 0.5 1.1 1.9
4 - 100 81 1,610 M 63 138 ] 19.9 0.2 0.8 1.7
1 100 72 587 20 43 17| 8.2 0.3 0.6 0.2
P 9 | 105 265 9 38 17| 25 01 04 0.2
(1 ) 3 116 110 670 12 39 10 6.1 0.1 0.4 0.1
1 100 | 111 265 8 25 3] 24 01 0.2 0.3
1| 100°| 81 675 18 3 33| 83 02 04 04
Xty 2 -+ 63 104 1,230 20 3 33| 11.8 0.2 03 0.3
3 |~ 18 123 1,500 62 35 140 | 12.2 0.5 0.3 1.1
4 i 103 75 315 14 12 74| 4.2 0.2 0.6 1.0

CHERT B LI LER LRI L A1,
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h=y y ViBEDKEIZ % 3 LB S NN T,
EDBENN—KXHH(2a <5, b>20),(a<5h,
b<20), (a>5, b>20), (a>5, b<20)
D4 TR—TIZ5HIL, #362FLE,

(a<5, b>20) (2JBT 2L —F v —
FZIR, 52 700—3, Thro—n<ELRE
WL YT IRSIER=w 5y ARKEEHEAZ L D
bot,70ui 2370 ZLEBLIZCL,
FRMLGRADEL &,

(a<5, b<20) iZ/BFBEHWILI LA
Ly FRy—, RV =TRIFILTIR, FAER
SRR ETHS, 2ohTd: 3L A2 LI
W, Wiz b= o 5w nnBBIBd L N - 12
A, MDIEIEREarRBH LN, £, Zo Y
N—TDRTlrankEviiy, Tabblkileg
BLOKE VI VETHI S Bl N2 I % R L
72,

(a>5, b>20) & (a>5, b<20) 2
IN—7FwFhbsuooi gzl sos 2
HRLDH LI, = NOMILHEH I % v

AU S B R

maoy

EREEE ST RTwWI e 2RI,

N OIEASTERD = - o LRI itk =
THAZK L CO B2 BEU 2 B, = w4
ONZEAEHEL v LB TLEAKED = 0
FWRINT B E13EZ b ten,

TITHHM = v r LSS ISR LS
W R 21T 72, B h o ihv Bz 13
BEL r, BEENRIAL ST EIZIZZ A LS
Mz,

NS DD = o g Sl o 4
NOMGEES 17TEISRL, SR oW o h i k
I, = S RN L TERANT 2 A Fokili
WERA = T WBIEZRBYE= o > RL T
WK T 2, Shizl, Hhoin
B Ly ORI = o LB ISR o) i
= T NARTO &) AADHRL I T h i T
L5, W= Y NOTBEN G TIZFD X
VAAHREE L), HEKND = 4 N3 8%
PICBRRIKIEISET B & 9 efdif &oi L 22,

WIBEZRLLEEHTIOERL t 0RZIR

BT WL Ni L 0K N OHINIIRS & OF NI A
> 1 W % +b LI
41 t Vv=ax
ELO | 3 'V
S y =0.90x +24 5 5%
4 <5, b>20 S ra—n y =3.37Tx +54 ” "
T h 7o —< y =3.93x +35 # ”
FR ¢ S y =4.91x +42 " "
ErL 5L y=0.29x + 4 o8 i
F £ L - y=0.d4d4x +16 =X "
a <5, b<20. SYs Lk y =0.91x +18 " "
2 A ¥ y=1.30x — 2 gy SoXo04
PR i y =2.84 x +13 idacdn:] 5
55 b >0 s i, y =5.10x +28 44 44
o 2o T A y=7.97x +20 KoK KoKy
TALT7 LT T y=5.63x+ 8 ) 5
a>5, bh<20. *x I y =6.88x —20 " il
X ¥ y=9.14x +18 95 )

*

sJoviAtElERroL R
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et I8

Ni

A ] ] L 1
10 20 30 40 50
Ex. Ni (ppm)

17

FTrLnlE (a<5, b>20) dIn—7¥%, &k
YLAZLRFEL—, NL=ZTNANIATT7 A%
EZIUZET B,

ZAEROEMEIT LT L7 7, Kl FD
ttzanrka(, »obipEVLN, F(d
apNECTLbAEMIz NS AR IR
T5THHY,

Uiz sl =y s NIEHED AR
W= o r s AhENICEY 2 EN DS
= S NOEED LB LR TH B, 0
&3 %o = LRI FRE D & (3 M T4 8]
BNz XD & ) LBLr > TRFENLEEEL D
DB TH B,

FThRES s e L 7, 23 F 70
25 RELRAH B LIEHEN TV B HR
$HE DEHES SV E = 2 E O SR 1,

FTTIIHIMTLEH LA LI, Wk
BT 3 Fe/Ni i 12 iz & » TEHITH
E o TubzntholisEatd, i, <7
oW T LM ZE N FIL=y it Al
3Ry, H 3B LRI,

SOEBRTABHEY, Zn/Ni b, Mn/Ni Hiz
SVt i EEoMIm 2l s Z &
WTELI-T,

ZhusxfL €, Fe/Ni tb & Cu/Nileld =4

Ex.Ni (ppm)

BEL 1 & 2 AZOETP NI B & iE Y NI HRFR

LTI oo TE <, F B0
(B EZNLNIEIRTL T %L
f2. 22720, /i, e, KRENAL CaCOs fi M
X oyes pH 481 #50v T 4 Fe/Ni e & Cu/Ni f
ARG Ly bL T, =y NolUz - T
BOHOWRLGEsE 2000, Bit= 4
oKz - T4 Fe/Ni i, #7203 Cu/Ni bt
EhFVEILL Ah o7,

%227, Fe/Nilt, Cu/Ni e 2L L <1
PEEfEIk s DBEE S LIZChLCRBS, &
ez it =~ 2 r Fe/Ni i, Cu/Ni }eon
— kA %k, #Hitonz misd=» 41 10ppm
E15ppmicBlFEENFROEFL TH 37
FANE B AN

DR L, X oV L o—n g % Bk
<k, WURDMAHFH L (IS Fe/Ni 1, Cu/
Ni thE Ll & -7z,

£/, ATBLARIOALANE HT2{EH
AIEDTEL12THhoa—, 29 /7
o—%, WL L9 LAZLIdFe/NI L
nATL{, Cu/Ni leLigunftirfisisz, In
2R L7, RDMEIED SN L7205
70 2D L 22 KR Fe/Ni leadoe

() oL b s, Cu/Ni Held kv fii >

AR AN
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Fe/Ni ltdtts b¢407, 8L L&
W20 5 E R Y TRAL /RO AR
PLEDED 6, £ nie, = o 7 iLsifesst
HIFRIE A 70 20 7w oL 2050l
SEIFT B A, s L o TZ I BEL T3

BiyasZehidhnnr,

< Mg

B4 = v NBRMBHMGEN EMX 347
BLESECWIMT= et L TIRH
NHHE k- Ty LRI
&L THEEDFE GBI RIS OV 2 )0,
I, T2 TN TR H SR = 4
WA ENLE ) Lot EMX (2 & 2 “”’u‘ﬂr

—_

AR s v P AN WL

qN29 %

Tl hah s,

1 W&
it eTFRi = rlinzs s, 7o
LA, FREFRIOLANRLELTWE LN
M2z, srtiid s s, wordiiz it L 72,
PR LARERE 700l 2 rr:t«‘ 72l AW

W2 22 GREBNRZ ST L 7255, ¥ DiBarheft
b9 ThH B B3 EMX Sy i 3;’27’)-"41&?“}] T
il b 2 el TR,

2 RERER

ZAERGEDBGHOEN LN ISEZFL
fog S22 F o 2 AL Z WIRZ vy, Ni Ka,
Fe Ka#fupf s Lz Mg Kald li) — il {4 %

SHTHAL 22, s f)‘ﬁ)

ITE  WiE Ni st A Fe/Nidk s Cu/Nie AL 400 2 D0 5 500 D
- Fe/Nilt (ll’\lﬁ. o BB TGI8 i i e L T
— -— WhHZ L H {27 Zo
f 3 & I X. \1 (ppm) I\ \l (ppm) 5 = &AWl *’)f,
e T e — ZHECHL, = 7 noasi
10 15 1o 15 "
- B8 ERE LB MD Y
e = . . 6.6 5.7 117 0.63 N
ToE (24.0) (18.5) (0.4 (0.37) o zlzrospfitchz Y
N = o 17.3 10.5 0.0 0,38 mm&"”’};ﬂ”k!@éiﬂLt°
D4 TS5 o (19.9) (15.6) (3. 18) (0.00) COSIBIENBIHEOMREIL
A — F 5 - 8.0 3.1 .26 .20 7 BN T s i
7 > 2 (15.6) (€ 9.7) (0.37) (0.42) f‘{:"m/ r.:/;w)ﬁ,a)
W i3t —8cL 72, 1
— 7. 0.2 )25 07
7T PRy 5.7 ¢ 3.0) (:;.22‘; (::,(1)()) CROOKE & KNIGHIT (19551
TH T o — s 26,9 10.7 0.77 0.02 i2& 6')K(Q-Wﬂﬁlfi7"5flf){"'7)65Ni
{(19.0) (11.5) {O.GR (0.498) t SBFe 551"e -cmj y?p .
T 7 7m—x 31.2 16.0 1 0.86 0.1 L—SF 52 Hwie ,g.g_
A i 1.9 1. 0.13 0.08 raiz,
#* ¥ ' 3.0 2 () . - E“I: 9519 [}] [l 54 j( Hio
WLr a5 o0 (- -~
Je 1] 1.5 1.4 0.98 0.17 vl:"/}'u!). y 20 [!‘“-— {1 *’ L i
S 1) pII NS il A i
F S 1.8 3.6 0,68 0.25 *: 21t 3.7 7/
iy s , TP 22 BHZIERMHC & B
! ", = ) 5. ; 5
9 > 2L 8.2 25..1 0.88 1.15 = A U O YLy
W oL R 284 1.85 1.21 ZENFIEMX Iz kB85
< A 2 . ,{;-‘: (:? ' :: '?!!, :Zlf f'l d)Tli' . 'I\Lf._o _i'.")‘i
1 o St B DML
- 28, 6. 0,35 0.33
x B . el 1.8 0.1 0.02 He WL D'/Z&ﬁ_;
l',. & 2 Va 9.5) "".:', 0.3‘; ()‘3_; ﬁ’:{ﬂ;‘)}%imiﬁ L 'Cl ‘é ‘: %) 7)'
T - ’ B DhoF, B o=y non
i a0 U ) L1

"3‘i17).ﬂ|];j_arn J\‘— /, /v ./é.m
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NiKa

i Fe Ka

100y

f 1 1 1 1 T 1 1 i 1 1 Tn 1 [ T 1
#BISE EMX iz & 22 ALWEGO[MT (Rl

g FeKa

B|IOR EMX (2 & 5 ARG ORI

UMM L ERERCHT Z &N TE LD BE5HM &I HAHZLLESHL I DEFMBEORE

72, 1272, BAEIZBCTERPICHOEIRS WmmET ok LTI, 29452 L L EH
i, 2% CROOKE S 5% — % A Lill=ow NS RBL a7, L
AR L HUNTER L5323 B8 L ric=v v itk b

7aal AL REDR TR L ADRAEREH T
3, B LNI RGO REO R
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i

2080 EMXIz & 3 %+

i BRERBEHE B2y

l: | NiKa I
ﬁ* A FeKa |

Y RGBT 1

¥5
B2E EMXic ka7
TIATTEGD
8ot
4
5

B22H EMX (L 3/hsi
THOKIHT (K
iz & 2Ni
)

Fe Ke
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=L h =R e o 1) L R | X B v

No. pH - 4 CEC BRI (me/100g) gmasbefi | Ex. Ni
(H.0) (me/100g) Na K Mg Ca (%) (ppm)
1 6.5 LiC 32.3 0.3 0.9 17.5 7.9 82.4 32
5.5 LiC 34.0 0.3 1.0 10.2 7 56.5 565
5.1 LiC 25.5 0.1 0.6 1.2 5.6 29.4 0
FBEL TS, LL=vrn .
= & BT Fe/Ni b % 72 13 MR poL Y LR (g)
Cu/Nilb7e K1z & »T RBLYF & 4 B Ba B WE Ko
Beles, gommliz<e B8 L s {1 1 8 5 e
G, FAIBH—ETH-T _EILLHZL 1975 10 10 4 0 0
L=vr NORNAREZI NS No 3 na, ** CaCO; £ r,
SUEPULTEZBIEITTH
3. L7thinTonk S 2 &l =21 IS o3 wA D TH s a3 s mn (H)
T3, BEAEGLLTRETL L wooB 1974 1978 1975
U T LT, g 16.5 (2) 68.5 (5) 36.0 (2)
T, ZOoOfTI NS S!Mj 28.5 (4) 55.0 (6) 8.0 (3)
22PN 15E% 2L I-4) 38.0 (1) 36.0 (4) 40.5 (3)
HY & ORIMMNET 2 H3ERL T & 6 Hijriy 53.5 (6) 43.5 (7) 23.5 (3)
T, HEEE pot 2133281 T T h) 12.5 (2)
EILAZAHLEERBLLER 7 H I 57.5 (4)

]
L, ERAOGEL 208 4t

136.5 (13) /418

203.0 (22)/41H 178.0 (17)./71H

ME gL 1,

1 REBHZE

a8 L o ET o ihiE (No. 1), Sy
7ifdtit (No. 2) &, ZHOMNBUZ ZIBETO I
FUEH A TH B (No. 3) 2w/, 2
SOAILFEIFE B ENEB) TH B,

pot : N{E30cm, S 30cm DXL 413
WML, ZHZEDENDTEE D THEW
FREL, BIBRBFE I LENELENTHS,
PRt BUBRERIZ B T L, Biliiz b - TEE
LRI E - 722 &5, B NH R
Fite & 0¥ 540 FIZRL 72,

2 REERELUCHE

WL ¢t EU AR hs, TR
IZBERRN L » 72 1974 I L I HIT T HB AL
BBl d 72 1978 EERIENWHL 1 TlXE -
P R SIEH L RHEERORBE L 72, 13
IR ERRIC R L 72 1974 SEIRBUE O WS L

BAR EWNRL LUER

No. #idi(em) NiupdfliE Caxk.ZE FERH)
1 23 - + 1974

2 18 — —

3 33 — —

1 12 +~4+  o~+ 1978

2 8 -~ -

3 15 - -

1 17 - — 1978

2 1 — —  (CaCOy)

C=vrnitkas7veoairszvl 2
Fol(BEET, 27 RL 7 ABEO
T3 THS No. 1 T, HL CIEBL TL 3%
NHADWENZ G > TR H v 7L, AN
LRZRERERLL (5541 %),



48 Lt B2 A BB HE W29 Y

42K WA R A T

pH Ex.Ni ifi #1434 J(me/100g) £ o
Na (H.0) (ppm) Mg Ca Ca/Mg (#50)
1 6.0 34 14.0 3.8 0.27 1974
2 5.3 43 9.8 5.4 0.55
3 5.0 2 0.8 9.9 12.38
1 5.5 38 9.6 0.47 1978
2 4.3 34 8.2 10.9 1.33
3 5.0 0 1.2 8.0 6.67
1 6.5 22 22.9 1.51 1978
2 5.6 20 20.2 2.13 {CaCOs)
- : [ ]
ZHUT L T, 1978 BRI OWMETL (212 1500
. . - . . Y =8, 1X+250 .
= rVBEHES B bR, ZofEkiz oo 2 r =0.851°**
n=1]1 ®

ERBATHBUNDOTESND F 79 & ZH Mz BLb
N7z, AN LREEIEI N LiZHTHI28lH
NIICT Bl iz, REANL S 7 LHMTYN
ELL LRI Tz,

BRI SR AT RE RN S 42 KR L 22 2 e
HLMLrkk 5z, RiRtk= v rrizuding
30ppm LLETH D s, T Tl BUMRE DR &
TL Lo d (s, B AEERIIZ - T
KRELGYERIZ B b2, 72, 2D
VAT LRAEA L T LRI = 7L
FEEHIZ L > TL, AL TARZEIZE-TY
HRTHEEDWLEIIZ T2,

WA K SW LT L H1Z, WL HBTHN %
Db, = CIVOWRNLEIE L 1978 00 KA 30%
26 80% L KIEIZEL T B, Lo L, 4523
HTLW sl 91z, BIL & 23 =» 4~
NEBOBEREGIEOHINNRIH - T, FD
12H{KNIZ 30T 5 Fe/Ni e L 1974 R )12 Mg L
TOBHERII LA LWL, L DD TiH
OREVEERIZ e 5 T B, LIz hi- T 1978 1
(ZRBLLZ= rBRREEHERZIIZES LD
ThwThHdI,

INEERNLY, HEL ¢ ZASN0 MBI
1978 FJE HHHE C, BEEORE L 20 Es8 ] 4
HAZ 5T 5 Cu/Ni Hold 1974 )82 Hedk L T 2 57
DILUTTHDI EHhIE, D174 D,

1000
Fe

(ppm)

300

0 50 100
Ni (ppm)

$23E@ HHL L ZEHO N & Fe nfliifg
(1978 #HE)

Pl oy EEERIBREL, HIANCRL 2 IR
BOWE L L DMK L THFL < Kun
BIETIE BTN EL, 943 Zo#RI KRN
BT 5 Cu/NilkhrR7n 2% 700 2R
BoBHIZ AN 322 &, £7:43 Fe/Ni ks T
=y NBEENRE L RYRISIS@ L) 2 v
LEMEE > T b ez k9,
INETOEMEHABIIBHTIHETIEAL
CHLRIEORBIUIZ SOV T OM RS E®L
hoteht, FOHDELNIHRIZOGTUI=7 %
LGSR AN T AREDFREIZ DT
(FTERN L EZ D LD T2,
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LaL, B4R LESL r o=y 5 LB
B L AN TLRIEDIERIZE 1 RY
N, MBRIZRLL LB O R2L L
1974 D No. 1 DBSHL pIE AN L T LRE
ETHDEHREEE 2N Lh -1,

MU L ALZTIIEHL HIZE
Ca/Mg e 22 3%, TnZ ki3, &
Wiz k> TIERER L= 7Aoo 70t
HERD L AN TLRZEDRETE I E %20
LFleEZLNS,

g, TOXBEFHERL TELBRENMETIZ
$oThH, HBREITESL + OEOTHEH MBI
L. v e 79 205, ED SV HIT L HTE-
720, WiZTWw{ 2% BDHTE, Ol
iz pH AW, Bificd »Tid pHA 7~ 8
Lhaizd, HKORHIIATLETHD LYY
BATHIT 0% WBRERS HTIKOMMH % §
FTohi A, BETIRESL L DInL 5 B
FEORETEDHLN L (), F o~y HRIC
BELTCH R 70 ALMELT,

EILAHIL I BEEIRLBIL A HiEL
2EU BT I8 I L I LA L AL, B
BRERORIOFE - HEE SO ER £ #ET
L7z, RSN iR L 40 HRHZZ 0 T - 1297,
AN LRIEFEZ= 7 N8R EBbN D
KI5 2R Lo fz, EHMOFTE
2B 4 ERT,

= NDORIGBEEIH 7 O ipvokiBiz g L 72
B, BERRHDBIEL ZAUZ - Tl AHiIN £ R
L (5524 ), Fe/Ni tef7-02 Cu/Ni o & & Bss
LidDiuwkiBich s EWHLEMIz -7,
Ca/Mgleid AN o 7 ARNZIEDTE L 128
Ly ERURETH 220, NBERIZHWEB
T EDFHIMEEL SV E ot

ZDORIDERLIEHO AN L 7 2T 38
RKEIZE - TRLBLDEEZ NS, 95
HILOHALESGHIB T2 L 700
WA AL, ZdUtkE-> TH L 7 DRI A
WAL Thdhs, EREEIEIEWTLIE D
LAZLIZBOYWT LA AN LT LRERSD

HA3%k WL r WO (EELISEH)

Ni Fe Cu Mg Ca N : EoE
No (opm)  (pm) pm) (%) (%)  Fe/Ni CuNi CaMg (g
1 74 488 11 0.65 0.10 6.6 0.15 0.15 1974
2 103 676 18 0.50 0.13 6.6 0.17 0.26
3 17 268 9 0.20 0.68 15.8 0.53 3.40
1 133 923 8 0.70 0.35 6.9 0.06 0.50 1978
2 138 1,292 8 0.42 0.25 9.4 0.06 0.60
3 4 308 7 0.30 0.85 77.0 1.63 2.83
1 57 828 4 0.82 0.82 14.5 0.08 1.00 1978
2 76 824 6 0.72 1.09 10.8 0.07 1.52 (CaCO0s)
BUR LIHILAZL AR GHHBI0HH)
Ni Fe Cu Mg Ca NG . Y —y
No. (ppm) {(ppm) {ppm) (%) (%) Fe/Ni CusNi Ca/Mg 1%
1 36 320 15 0.62 0.09 8.9 0.42 0.15
) 1975
2 50 470 23 0.61 0.11 9.4 0.48 0.18
3 [§] 280 12 0.18 0.30 50.9 2.09 1.67




{ppm)

50 Ligi R ERRSEE B205
®
e PY ®
o [ ]
100 ¢ 20 |
[ ] Cu
IFe ®
¢ ° (ppm) iy
®
200 - 10 -
4] 1 1 1 1] 1 1 L
0 20 40 60 0 20 40 60
Ni (ppm) Ni {ppm)}

WU &5 LA LEEPNFe & Ni 54 15Cu & Ni OE

WM GET S EBbh b,

= LBEEIC DWW TIi Fe/Ni H, 72103
Cu/Ni e TE 2 ) BBLLICSWIEMTH S
Enz kI,

BOE KB TIZwrLOE

FTTICHEOL 28 <, Al BT 258
LR TL, KRR = v 7 Lo Y
PRI ENTEL W, FZTIOfTII,
KERZANT 2= Y LM BRE E1TV, EHED
A BT & DIEHECHR M r D &
I LDTHEHIHEL I,

1 RBHE

1) il L AR RS it -
o—Lfn kLo 2HETH L, A LED
BALEMEII 45 ZNEB ) TH B,

B EO KRS (W) L A) (FH W, 2000 4
Nl angy i 2WETO2ICHHIL 22, K
i Ey P 3y N:208, P.0Os:2.4 8,
K:0:1.7 € #{tiER THIR L 72,

2) =oAL = NoOKEM i
f& = 7N (NiSO, - 6H.0) B & UBi{t =~ r 1
(NiS) 2 Wlv> 72, Bl =~ 7 M i+ & kil
LR R ), WL Ni T 100, 200,
400, 800 ppm & L, XIUft-:i3 200, 400, 600,
800ppm & L 72, Hifk=~nakigm L ¢ Ni
&L T4 e & 500, 1000, 2000, 4000 & L 72,
7, FAOABEEL L pHoE Y55 729, pH
TO0MHGDREA N TLERRAL T,

TR = o R INE L ER T RRE 21T T
o JIERICEL 12,

2 RBR

1) = bifiitt=w > LR %
Bith, Sl 7z=v 0 @ifRtE= - ralliE
HEDE I L »TOdRHEE= L (§25
) Eofifb=- 7 (26 ) (250 TRL 72,

SO, BiEE= o 2 LRI TP & X
IiE TR > 2ffim st b s, T4bb, K
fEhn oo L BERA TR Lo o R a=
B, REEA NS T LR T UL

45K (LR ORI Y
W it pH CEC A % (me/100g) | 2 M| PeOs
" ¢ 4 Y BOFIE | WRUN IR
L "1 (%) MO TRa | * |me/1000) Ca | Mg | K | Na | (opr |ancthst,
B GbHL) SL | 24| 5.4 4.4]1.95 10.0 6.2 1.4 0.51 0.1 82.0 720
B XL kit SL | 0.9{ 6.1 5.0]1.25 9.7 3.0 09| 1.2] 0.3 55.7 1,680
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HHE bR h o1z,

FITCIN2HHBNLIEL AL L, FHETEip
HtopHa 1 Lo, REgHL S
AR i kLD T HHEL & BEERHT
Bont:, ot pHIETORIKNE = 7ILIE
MOME> SBEL, B 27 BIRL 72, 21n s,
= NiEims & 5 pH o Tl Xt Lo tids
KEL GBI ENBHENII L7, LA T,
W L B ERE= o LD IBIE AT 4 pH
NDHEBLHEL LT THB I A b1z,
ifk= v s N EHi{b=v 2 NTIE 2L TH -
T, M=y ety 3 EBME = 7 LR
b= v " NDEHIHRE= v ¥ LIFMDOF 2 50 1
BRETH-1:,

2) HRiE= 4 VIBRE &R OBE D MEY

BLBRIZHDZ L ERLE, £ Thlbki o &
HKETLEHOLNEL Y I 1B 28RICIT LR
I & LB i Rt = o 7 LB IE AT 100 ppm
LETH> TLHEN LS L, 30ppm KL LT
TR ERBII Y 2BE0HBZ EHb
oll, IO EZEBPOREYE = S LIBIE
DA TIRKAR T SMENREIZ LW
o

E612, 2L Iy ABEEREINTS
dirh = o S L BIEKIED R A T 2 K £ W
LMIT b1z, MIEHDLE & EHI itk
o Fe/Ni %5 L, Fe/Ni o s N BG4+ K
T 29 [RUZSR L 72,

N eWMehi iz, Bgho Fe/Ni e
BUTFIch b, LAPRITIBI ML T L
ALz T2,

[ PN

pH 6.9~7.2

ne, TEPERE= o SN EEBEELRE
200 }-
it
pH 5.5~5.8
150
Ex. Ni
(ppm)
100 -
50 |
pH 7.2—~7.4
[4] 1 1 1 ! J
0 200 100 600 800

1

0 200 100 600 800

i Ni (ppm) (NiSO, - 6H.0)

25

I NI &5 Ni ol
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Ex, Ni

(ppm)

700

600

500

400

300

200

100

it o B SR B LG

bkt

pH 5.35~5.90

pH 6. 85~7.05

L 4 1

0 1060 2000 3000 4000

#om

204

pH 6.65~7. 15

0 1000 2000 3000 4000

Ni (ppm) (NiS)

$26M  #m Ni & it Ni oB%



B H RRDLFAINHE & RO EBREIC T 205

Ca COSHN

7.2}

7.0 L N

6.8 L

6.6 |- -

pH 6.4 - o

(H,0) 6.2 |

6.0 | b
58 =
5.6 |- L
54 -
L Attt
5.2 L -
A . ) | A 4 . . . .
0 200 100 600 800 0 200 400 600 800
% W Ni (ppm) (NiSO, - 6 H,0)
W27E Ni »ifihn & 148 pH %14k
[
100}
°
% 0 ©
80 L e @
* :. ° ... POy ®
W28E HEhEitt gl °
Ni ¢ it 5
ﬂ!lﬁ: pot
~ 40
)
)
20} ®
o ®
1 L L 4 1 L e .u | i ..l &
2 4 6 10 20 40 60 100 200 400

Ex.Ni (ppm)



54 Ll R XRBEHYE #2909
100 - ™
™
5 L ®
E 80 ¢ , PY ) ° ..
* S o
" gL °
4
o MR AR
pot w0}
B29E® K A & & b ~
Fe/Ni }t & 1Y .
]ﬁm';g{% 20 ® e
o o
O ! . 1 1 1 1 1 I} 1 1 ] L
1 2 1 6 810 20 40 60 80100 200
# 4 ip Fe/Ni St
100 - °
[ J
g} e e © ° L]
% S o 3 K
* ° . °
i 60 ® l;-?!
$I0E RN E %
EME21f Fe por 40} &
(FSH20 H ) gﬁ
Yo & IR E OB 0 H o °*
163 °
! s
0 1 Il 1 L R W | 1 L T ® ! ’ 1
0.01 0,02 0.0 0.060.080.1 0.2 0.1 0.60.81.0 2.0 4.0 6.0
Ex. Ni/Fet

3) Mtk = o r b X OEBEIC B LI T
iD= o 0k BRIBEDME D KD = >
VEEE L Ktk o Fe/Ni k' 5 —EMLT
L2 ERBATEIEHDWODII L 12N T, =
o= N & USRI 2 L8R %
BaErL 7z, :

FY, L= oy L BRIBIEHEDL S
EHOBEEIRETIrEWLcT 500, &
= v Y N EKROEFHRMBIZ BT 5 Lbo
a2 fligk (Fe?*) 2EmL, ZolENE X
KA R DGR % K as 30 Bz RL 72,

b BLML LIS, RO, T
Tbhb=vy izt 3 EHFEEI Lo
= & iEN 2 gk (Ex. Ni/Fe?*) oyt & %%

BRICH Y, ERME= oy HETE 2 ik 2
01 Lz - T B EKARIZ LN TL
BEIENHLMCL ST,

Z 2T, Rt LG 2 (g AR REIZ
INEND= o 7 NRHIBEEE En L 5 RIS
AEMLMIZT B0, KifEgrhn=vsn
B L = s VIRE, RS PEIRE
&M 2 fiskOBIR L KD, FNFNBIINFES
2Rz RL 7,

s, BB = o SILCRRIBEE & Rk h
D=y S AREIBIEIZ VTR L IEO R BB %
ZHBZEBM LI 572,

DE, HHh= . BT K L TSk
BERENL S KRS ERLIIZT S
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140} L4
™
120 e °
b3 °
100}
5
& 80}
Ni
(ppm) 6
Fils
=0.41X+16
e ™ r =(, 687***
L4 n =28

0 50 100 150 200 50
4 B& ¢ Ex.Ni (ppm)
H3E  hH RN N BT L KRR N
815N EE

&, 62 MEBEKEOR U & 5 w282 KK
ELTEUHL, sl 2, Zo#R+ 533
BzRL 72,

A SRS = LI IE A0 100 ppm L
FTE= v 7 NORIUC - TERORIL L Mk
5%, Birh = 7 )LVIBEE 120 ppm LA LT3 EkiR
EHGFELCKTL, S 2 Wi#ntiaizLhrhrd
5F, BOWPUIIH SN2 2 &bz,

Z DEBOWNLHIH & L B EE o 8z L
2o, G2 @SNl L vkl E S, i
Mit<b pHo@w BT3RS b= s
MARKL TLEOEGHEL LW oo, B hikig
BOMAT2HREHONT, FLBIBENM
LLEHLENLhT, L LLsbh, Bho
= NIBEA120ppm LRIz B LS HC
BRBIEIZME N2 L TS B2 Epi8dHonre,

4) HHPERL L L EBECNT =
DR DS 46 FUT I YEBRIC I 2o KRR RS S
B e, AT L, TR LBLIU
)L EEDRIE L RAURE R L 22, KEED= L
DT XL THEL i<, SBoda & i
W@ sERmLz, LerLIoer A B
BEANL 72Oz > TETL, £72=v%
NDBEIMZ & » THERERORBLL 2 RKETiawy
TR 02%TBESE TIKT ¥ 5 Himadidsn i
b A

1000} Y =0.50X +60 .
i& r =0. 636"
800} n =28
3 | ]
Fe'” gop|- ®
(pprn)400 ’.
i %0
) .
200 + A
0 .‘ .go N N L 2 P
0 200 400 600 600 1000 1200 1400
¥ 4 t Fe (ppm)
B32F &M 2 ffi Fe & kiEiES T Fe @MY
%
°®
1400 F
®
1200 [
%
S0 ®e
T lew
Fe 800}
(ppm)
600 1@
100 °
°
200 |
0

0 Zb 4.0 6‘0 8‘0 l(.)O 150
® 4+ Ni (ppm)
@ EHhFe e NigioBE (il
X, AiKEESmM)

AN T LIBECII—EDRINERHE T &
TELd 12D, 273 Lli=y X LDEMN
WO {E - T T e[ 2R 72,

3 ==

=7z & B KEEOBREEBERD & I
R AEn 7oL 25EHB I LI TE
T, BRI L ABETh -2, F2A 700 A
BOTHLEND I EHTE LN 12,

KEEDFOBNUL ] 5t E NSRBI & Ml H B
fzhiz, KEN = r LR EBRE= v %
Whthn = SIBELRIEENTZ L2 T
0,

F 72, RO [ FERR B ) TR
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$B46R  KEMS PRI LU SO

k| N | cacomm| g8 ) b4 o | o
0 (NiSO,) = 0.26 1.26 0.43 0.26 132
100 " " 0.23 0.95 0.32 0.23 149
200 " " 0.25 1.08 0.37 0.31 143
L 400 " 7 0.23 1.10 0.33 0.33 153
800 " " 0.29 0.70 0.18 0.64 43
0 (NiSO,) 4 0.20 1.28 0.37 0.18 139
100 " ) 0.17 1.23 0.33 0.19 146
200 " " 0.12 1.18 0.32 0.13 150
i 400 " " 0.15 1.30 0.35 0.15 153
800 " " 0.20 1.33 0.41 0.23 143
500  (NiS) " 0.25 1.13 0.33 0.31 150
1,000 " " 0.19 1.15 0.26 0.56 123
2,000 " " 0.17 0.53 0.12 0.78 7
4 | 4,000 " " - - - - -
500 " 1 0.17 1.33 0.40 0.25 134
1,000 " " 0.21 1.35 0.41 0.17 134
2,000 " " 0.22 1.20 0.35 0.26 148
4,000 " " 0.19 1.18 0.25 0.45 143
0 (NiSO,) 3 0.70 0.98 0.29 0.11 150
200 " " 0.83 0.95 0.28 0.21 126
400 v " 0.48 1.13 0.26 0.13 189
600 " " 0.21 0.80 0.16 0.42 52
800 " "o 0.22 0.58 0.12 0.62 27
X 0 (NiSO.) A7 0.55 1.05 0.24 0.14 123
200 " " 0.35 1.05 0.28 0.08 144
W 400 » ” 0.41 {.08 0.27 0.07 160
600 ” " 0.37 1.05 0.23 1.58 8
800 " " — -_— — — -
| 500 (NiS) i 0.91 0.78 0.22 0.12 158
1,000 ” n 0.26 0.65 0.17 0.40 60
s 2,000 " N - - — —_ -
4,000 " " - - - - -
500 " ) 0.27 1.18 0.25 0.11 135
1,000 " " 0.49 1.10 0.25 0.20 155
2,000 " " 0.28 1.05 0.21 0.13 194
4,000 " " 0.31 0.70 0.17 0.51 27
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Z o S NOHER S BRI E THROVIL L T

5, ZOMIENZESHL 1 LL I LA L EHIL
T, LarLl, SnbHESh= 7 ILIBREA 120
ppm LT £ TTh-» T, FNLLLTIIBOWIR(L
BBUCICTT 3 728, Whh= 5 LIBIEHT120
ppm L EKEZ IR L=y i L B AT
R B 22, 2 BRINAMEM I W e
WMTEBES S = Y LIREH50ppm LUFTL %
HEEENSENIEH LN,

L bodiskh b, KR L
RETH LR LY
Ni le#nd 5 —EKBELF(Z

= &L EEHEY O
cot2hf, T 2T Fe/
alt B/l ASE

TR LEHEORBLLIZ WBMICAZ THAY,
R IR O KRR TIEA LY D
R AKBIEL T3y, ZHUTEBR BN
BETHBHEELNE, L LIENL HICHIFH
B 5, KO SEHIMEERESITHIT
BY, ok i comiiEmicnTs=vy
EEEEEOMAS S ETRIEN S,

BTEH TVITRZOWGEMSE
SEECETILIBII ) 7T RELBTHB ED

BEHHLD L h, EHERTETERTS

ko€ 77 B OFHE L fiEE ) 7T

HT 5120, BN KRR & b TN SR EBRS L, F2, ZogeIi2y
DEEE VL L B R EE A& OBIRZ D0 T L IERUR T &
e totr e st g he ) o L7,

AT SEECATIARIC BT 2 1 Mo L% | mE
hi ik % KREIWIMERML LR
i 4 % Ni Mo Mo* pH e, R LN 2 B R
- (ppm) {(ppy) (ppm) (H:0} SrAZIEL 70,
45 0.84 0.25 6.9 SRR T+ M 5 LT O
~L =T 5 0.7 0.20 6.6 LLE T Wl 1 =BT S VR S B
54752 55 0.48 0.20 6.3 L. 2BM&OREM= b
53 0.40 0.25 57 H15ppmizie s & Gz L7z,
gi 8‘;“: 83(5) Z‘; R SIZKEE D L L ADTRNMIX
_ 34 0.56 0.20 7.4 {’m‘f‘“l’fji . o
;f T 78 0.16 0.10 5.9 p ENTT 05 ﬁ’in& e
' 100 0.16 0.20 5.9 URVIS & PETERSON & ™0)%
77 0.10 0.20 5.6 HERC L,
a8 0.50 0. 15 7.3 2 RiR
44 0.68 0.20 7.1 HHEH AR TET L 22
P 57 0.44 0.20 6.1 RHL, FE 70— O
66 0.20 0.15 5.5 :t!;:ﬁ;[)\‘i Soil SCI (1956, vol.
28 0.92 0.30 7.2 [N - Eo kT A AL ) R b/ N
v A 31 1.12 0.15 6.7 ZAE & & b THML 226K T
AR S 32 0.48 0.25 6.5 Botz, THHEDH L LHERE
38 0.56 0.25 5.7 MO 2T, LA
82 0.60 0.25 7.0 X)) 77 & T4 L,
o8 Lot 81 0.70 0.15 6.6 ZON A AT RIZTIL, &
(% B ah) 84 0.63 0.25 5.3 1BEF T o= 0w LR
132 0.74 0.25 5.1 MO ISR ST M T DY ER 5

* {ishiEMo

BAZOWT L H 48 2zl 72,



58 A ibead 3 B R B A 4%

AU H BTG L 22

2%

DEN) TF RIS A b 1D S4B NURM oy PR A2 1 2 etk & 4 Moi 15
fBlz=v izt smEOHyL il i & 1 %
mofifEmIs ) 7IoBE OB 5 Ni Mo Mo pH
HHEC, BERDRIL b 72 {ppm) (ppm) (ppm) (H0)
iz i @iz e 77 11 1.44 0.40 7.7
YRENMETERE ud o 12, o ' 8 2.92 0.45 7.5
ZOMAIR R LR oy T 19 0.64 0.30 5.8
&, Pah) RO EY - 13 0.74 0.35 5.7
DM E LITIT—FL 1, 5 0.74 0.30 7.5
Tabh, TATTATR L 6 1.10 0.50 7.5
= T AORILBEOHKIZK 7 7 9 1.32 0.40 6.0
WHILT, £177 > D@ y 0.9 050 5 2
IREEA N7 2 2FmML Tidig p L 76 0.10 77
EHELEHFL2LEENH T4 1" 140 0.45 _—
DILTIZETETL T Phro—sx '
e B L 1 % &R T 17 0.44 0.30 5.9
LEY T BEE T L% 16 0.48 0.30 5.5
ot 14 2.40 0.75 7.7
HHEE) 757 BIEIL 0.1 F—F o 9 3.20 0.30 7.5
ppm A & 03ppmo fi iz F 77 % 17 1.80 0.70 5.8
Botdh, ZhiztfpH o 21 1.80 0.40 5.7
WEE Relid o e TELh 72, LL, = HNLA,

DBEIZLINEEPM D 23D 1L UT TH Y,
etk e) 77 BEL N HICHEL T 290
15639501 L{ECITH- 12,

3 B¥

BN TTDELCIKTE2RLETAL T
TERELETAIO—REFENTTFORENR
BLRTWEHELTHAN T3 0%
V7T REETEAITZAH Y P I7wo L
ZPNIEHCE T AR TR S R A R 04
KEELHTHEIL Tb, ZHLHI L xH o}
Won7zve s A3EEEREYU LR~D= » ¥ ik
MTIEZ UL LB Lh - 72,

TALT7 77 FNEY 7T KEZH1L 0.1 ppm
UTFTRIHATIVLEN T2, ALEBEOT L
Z7FNTPHOE) 7T BIZE30.1ppmiz F
THTLTEY, BRHEHALEBTETLLTA
TP NT T OEEEREORIZIZE) 7T RKELE
= S NDBREE NG HHED B T2 LD r B G

b, EEGHAMICRE L2 AFIINT S
TN 7T BB AE T F R iR S LT,
ML ->TEOMBPIEIRLZ LN LB HIS
B, EOEMIZEDBIEE Tk HBH, 2 h
LOVREBR T TE o 2,

B LI UNRASEBRTEOHEEHR
REE V2 ) LRSS LMD H 2 =
EXREOMPDREBTT TR, ANiTlE=
TNEEEMEI A RT EFH L b ALt eE s
DR L L 2L TH B,

1 HEHZE

Bkl 4R L BRI E] o 86 RUE TLE R - 2 F v

SAOE (LI oML
pH CEC | jifat:188 (me/100g)
H.0 KCl |(me/100g)| Ca Mg K

5.1 3.9 18.1 16.4 10.8 0.2
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oK iA.?él:i‘-i’i‘611[—;!1?1?)%1!!]&}1%&
MM A . Bt (g/pot) o i | T o
Wi s M B | s e ] " | 45HHE | Ex. Ni pH
G oy 118 by ll.l 9 n: f; R
g/pot (4 {em) {em) ERHR PR Wik 2 Ni (ppm)| (ppm) (H,0)
i { 0 5 14 o7 5.0 1.3 100 e 158 26.3 4.7
"l 200] 18 19 69 14.3 6.1 169 | 18 | 25.3 1.8
CaCo, { 0 2% 27 98 83.1 70.1 100 |—~— 28 7.4 6.3
& mlao| 3 2 98 85.7 77.0 110 | —~— 27 6.8 6.2
BH5EW @i R RIS
A W it (/pot) A -
R B B BB | g coem g Ex. Ni pH o
9 ~ 'S 00 (O o | [ A 6 1 1 s
. . ' ' om) Mo~ Ko |
o4 K| s 14 47 5.0 1.3 100 | 26.3 4.7 4.2 | =
Mn Zn.CulXx| 5 14 48 3.9 2.1 150 | 28.0 4.6 4.2 |
Mn x| 5 15 46 5.2 1.8 136 | 20.0 | 4.6 4.2 |
Zn Z|l 9 15 59 8.5 3.5 28 | 29.0 1.6 1.2 B~
Cu % 6 17 53 6.8 2.9 199 | 26.3 4.7 4.4 | =
W4 K| 25 26 94 88.5 79.0 100 6.8 | 6.3 5.8 | —
aCO Mn, Zn, CulX| 21 27 95 84.2  78.6 101 5.3 6.5 5.7 | —
a
" "; Mn X| 21 27 98 | 88.3 5.3 100 5.3 | 6.5 6.1 | —
Zn K| 2 28 05 8.1  80.9 104 4.2 6.6 58 | —
Cu | 21 27 95 | 89.6 79.6 102 1.7 6.5 5.9 | —
iV S E R 3
Wi % & % Y (ppm) ;,\'L
m oK Ni Mn Cu Zn ﬁ
R 9 SHBE| T T | EWOFE | ER S 14
oo+ K| 57 75 158 75 18 38 57 [|. 92 143 1.3
Mn, Zn, CulX | 45 92 74 40 23 40 33 90 67 | 2.0
Mn X | 53 79 93 55 20 26 40 76 130 | 1.5
Zn X | 42 91 95 | 127 67 17 13 84 66 | 2.2
Cu X | 46 93 89 55 10 37 24 60 56 | 2.0
Jal 1 IX 3 11 22 75 36 9 9 G2 50 4.7
Mn. Zn. CulX 9 3 22 2 33 28 8 2 A ¥
CaCOs Mn. Zn Culj‘ | 8 3 6 14 1.4
W Mn X 1 16 20 45 37 11 10 51 46 | 4.0
Zn X 5 16 21 68 47 15 9 60 8] 3.2
Cu I 10 16 15 58 40 9 15 64 46 1.6
* EEAYRI LG
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12 ZOLBOTFMII B A9 ZNE L) TH B,

FEERT IR BT LT (N 23
cm, &S E30cm) IZ210kgn+REDH AT
"f:i.o 7:0

WAEHRL - N, P,Os, K,O Fpot ) &2 LEHEE
%%, B, SmTElmL .,

ik & & T F o i it (mg/pot)
MnSQO, - 5H,0 780 mg, Cu=CuS0,
104mg, Zn=ZnSO, - TH,O0 572mg,
BEIRIEY . Z A% (iilie) Rz, Bk
B #KEL 45 HHOREHRERLIC pot 4D 5
RIzHE~L 72,

ik BRI L - 22,

2 RBERsIUEE

1) MERROZhE : REEAN 7 LDHHIL 70vs
R TOHERERMIE T, EHiELH, S REB0C
AR Blbi, 085, 6 RIEEATY, W
SEHAINGER F R L 72, HEHHAIX L 8L HEIk
FELY, BRIENTLETIZEST, Wy
PIEFIZEIRH S, RE—BH A GEH 5,
M= 7 VBRI DRI 2Ll Tvr o
P REEA N L7 AR ATUINARA 2 A & 0L,
(5 ﬁ#u-ﬁkbfﬁrwmbﬂéhhf%q
AN

‘Mn=
- 5H,0

AL 3 R e A BR HLY

294

BB L R BH L LN TE LD 1,

Loty s, = s LBRHEORET 24
ROEH AR 53 2 HERE o 1 (3 BE S o) i 2o
NDHLHILLBEDBEHNTEL, L L, —0
RHRIIREE A IS 7 MM & 2808 5 AT

o HERRHBRBERIC & 2REEoM T L L T
WHTE L, 2z bhdrboT, RN
7 LFERRSIZ BT U HERR R DA e &
NBEZEhb, RMRHEE L TEREEILL Y
LEMERRIIMEH T D YUE L wEEZ LN
%,

2) BEEBITHENGHIR : 2 AEIZHT 2
Wik G BILHRNHERMEIL, REBHINLL 7 L0
AHC & 524 pH o ERARIZ e L T 3 402
NENLDTH12h, BEEOBMLVEREIZEY
T & iz F R B S 7z,

FCIESORATIZ IIREYIZ LORE L B % T L
7o WEHEANC & 2 RRUITHIMMETIZ BT
R b, HEROZHE &k, MK 2 A%
PHILHRIZ L > THEEHIENT 20IIHL, W
SR £ 2 & TRTHERDOMITETRE 2 h -
2,

FDNH, = A DHHEIZHE VT LWL
LIrEFORIIEH SN2 A, WIRAYEEE Tl

% 45 H H o REHERIE D &, VARSI & I 2 & h -1z,
pot &L SHRICHE—L 72, REEAILL T LDOA REEA NS 7 LRI BT, S Roon
O e WENERIX I A T3
EAEGFE DL, I HO3F At BB T H ORIt
XL THERRIX (S 3 L) Lo sy (mg/pot)
FoRRLL (50 %), s X N i o o
WA N > BR RF) T B & | 0.3 0.40 0.26 0.65
H, BEEOSERKIS WX, S MuZnCu | 0.37 0.20 0.23 0.49
BXEbBEA @D LY Mn 0.42 0.32 0.21 0.63
o fent, BRIz BT Zn 0.68 1.31 0.19 0.95
i) REX DT A - 12, Cu 0.58 0.49 0.32 0.57
FRORRTIE, LK, = B+ 1.37 9.48 1.51 9.44
HERX TII L A Fdteniz | Mn, Zn, Cu 1.10 9.50 2.99 8.68
rirbb Y, ERpo= .,y A0 1.56 6.76 1.72 8.23
BIERMREOMAIC - T, B A 1.73 9.79 2.05 9.17
R &AL 722 (3550 ). Cu 2.17 8.38 2.00 9.40

REE L 7 LR R TLE R
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RAZ L pH DR TR %> 738N, GAE

Mz & A DB St - 12,

B0l FIC3 AT AAE A%, N2 FIZ(1
Kitkn st R L Lo, Mtpko s gks
LWLl b B, G 45 HHERp = ¥
NBIERFEREBRTCEORN T T 2R L 22,

I BT 2 X0 = 7 LB TR EA R
ETRIEE -7, 72, ERb= 7y NBIEIC

MY LRI = F VBIED I M R K H¢

5V

W1H LRPTBE= v 0ENAR

JbiEfiez BT 5 E Bty SR, &
W, FRTTFC AU 2308, N, %, SR
BMICHEET L8 WRE, Wb, yikd
HHES, &, FERIZAT 2 —Mh kBl 1 s
ThHhd, TNIEH AREFNOIIEFERRLE (/)
B SEBCEW A IEAYIZTRINL T 3,

FTIIHMeETLMSEMz LA LIS, SR
ZDLOND= 7 NBIEIZIATHINC £ 11T SRR
iRz Evoniwy, 2, HEneg=vy
NN BREE= » S A DiRIHIZ oW T Y,
AR & AEBBIZ & » T A M E W T 2 213
T&hholz, LIth-T, Lipiiit=w 4
NBIEN AN 2 BN TPEEH ORI L B L
DEREZLNE W, BEXTLRLIE I,
= SADKESHIBETEHC L, Hith D
MHCTAET 5 2 & &, BUGOIBIEZPEERCE AL
W A IRED S HIET L C,oob, LB RERUE TR
MBI R L, S0 2e 30l 2 it B W o
WU (S EEsUE B R i po s 1
15, ZHUcHL, SELFOEECEBF T
WIRBDMRUZHAET B 251, USRI
RAT M EWATE D %,

B 52 HRRRINL FOISCE IR L s
HEEDLDIPNENTH Y Th (, SEBENF
oilEE TOEMHE L, Zollicssit ALy
FHERTE B L) LI E by TH L VI
(2, sEUEALR oMt s 223k

WaeEE

Land, WLEnIz2.2ME ki, =27
RNz k> CLETH D= S DR
WADEATRUINGE » 72,

S NYEERIZ 511 5 SR A HEERRI R
WMk ez -7 (G553 %K) », BRZNLN
OMH L3 Stz (85528, LLA=r
e ORIBIE T BEA L L~ 72, HOBIE
BN L » T L1z, =2, D
WM TIWiE e MRS o hr - 72,

S

AENDSINTZ e TE LTz, Ul &
SHEBIL T, N7, BELAlodfi, Tig=
TNE SR A IR KRG AR F TS
NTL v, WEBIZHERIL 23 (b T
holtkEiohs,

Yl dkitoidiniz, Limliz by R4
HFEBET LM EBL UL s w2
(2, NSRRI oM T L I kKR T
UHN T, BECHPL T ORI
WELHTHUEr Y Th{, ML
KUKDRAY S WSS, 2k 5 Ldifl%)
RATEBE LR E N 2 LT 2 2012k
L »TH2LDEHEZ LS,

B2/ pH, w2 oI ALARBREBLI U= v LB
HoRERME

SR Ao pHIz= 7R 2 L niB I
LATERENTHBI LT TIZHISZL
73, ERRAERO = o LB SE e R
L Twiev st bRt it o
T FAAREL TT L A B BUKIZ b
P L TR 2 s B,
SAONHIZOWTII= 7R L T LD H BT
MLTLEbhhvi=wrLaifiidhz Sicn
ZEIWHT A 2z T LS AL 22,
EAUZMEATE TV B4 4 > il A
HiRIZFEMT 2N LI R -T, LT A A%
WM. S04 BRI EE L 22T {4



62 JCEHA VR BN W29

o, DEVHBRRATEIARES A (HY) o
KTHL EHEZ LN BH, 20 HE pepipoiz -4
AL AR E DG TI0E WA + >
PHFNMTATHAH S, LB Erodiah
ti%4#>®ﬁﬁ&ih“”““&hén ah%, 2
MGl (313 H>Ba>Ca>Mg>K>NH,>Na
EL BN MBRANITBRAERTH) b bR
AhovifivH ok 28 & BB U LaliTfii
EXRELn, Uik 93 2{li4 4 > DEFA RSN
THdbI LERLTHE,

IR SHERL T, 227R AR ANL A
(CREL T, =vynniRiBtiAiikks, &
B LDER T2 7227 200D iz
o T rndifid Wit a0 NTh 2
Enz g,

8 M1z L 2 CO. fgfiiokiz & 2 SE4r ¥ L
WO I T LW S b 51z, ksl
BYBHINEe— 70Tz ¥R 7 40T
by, TnEYbhTriclNTHNL L, 2T
Wl PN Ehd, ZofE, i LA
F > DEBUSTARER AT O NI ST 5
TEERLTYBENWE LT,

Fh I HGE oA T L, Bk
W% 3R TR Ao = & 4 L8l o
SN, BURL & T, » BEIENNGES K
TS LD JiHT = o o L BfE & 3 4 L
LT OLE UMMM LD EHEZ LN D,

RGBT 2w rRr v a AL 4
WD M RIIZIT 4S5 1 &, RNz 7R
TLDHIE G, L L Ldth, oD
BACHIOBERS s B TR IR & L T L,
DN FPOT kS L, Folsgur2 1 1
EM3 L1 EEhHTERELMFHONE, =
DL A WIE EBVEN A S FIEH 2 &Ry
WETH B,

LI LHROEEF MY 52 EIZEO
AL BT 230 B KRR i BT o0+ 58 4 4
TS L THMWEGCZ L TH B BEEEIC Dolo-
mite DEENTVBI L L CHMLNTVSED,
Lo L 4h7s CARPENTERPNZ L A Aot
PR T ADRIEEIZINT B 54X 7T Lz

Y&, BREDL TR LT LD E KT
T3 Huntite (CaMga (CO;)0) D Fpeth it 2 1504
Wi TH B,

=i, #kA 0 7 AR & kT, 0.01
N& INBRTMREG»Z 22 R T
5. bbb, HITRCLELLL I, 0.01
NKCl iz Mg : Caliiiiz3 : 1 Th-7, &I
g4 & > (HCOs™) (3 M5l ¢ Mg +Ca ffiondy
291 TH B, 2L, 1IN KCl i3 Mg ;
Calkizizixr1 1 1.5 THY, CO* +HCO, iz
Mg+Caftin & 1.5f & % 3. 215 5 0.0IN
KCWigon=raemnkaneoanhi;
Huntite m L, v TH ), 1IN KCl v #4112 Dolo-
mite HEKTH B 2 EAHERE E N B

F7:, 0.0IN KCl &£ 1N KCI 'C%‘IH.'i'énZa il
i WIS N &L s (T — L T W T
0.0IN KCl + 1IN KCl TH#igEh T ¢ 6)‘;;:&%!1
WEARMEIE E L TISEL 22 L o & iRt S
FoTANHTRIITELwE NV LG,

2L T2 oiWRMEIEN D 3 57 255 (12 0.0IN
KCl THE ST 32 ehh, TNLDi
DR E LD THEHCZEHMWESNDH, D
N iz CEC o 2 iz i+ 2

L L%dhs, 2o 0.0IN KCI ‘C«ml’. LT3
HCOs {2 Ca®* +Mg* it 2 57 on 112 % 3 =
Eird, ZO0.0IN KCl Tl LT« 21832
MgHCO,*, CaHCO,s* DI T L T, 1 fif
ELTHIBLHEAL T B ET B L, Znfliti =
DN CEC i3y —iT 5,

Ziuzxtl, INKCLHEREK T Zoodllh o
AT Dolomite MLz L XM S L e, L
it T, ZAUIAH o e S FIZBHis N T
WL TIEHE W,

il 5 fealigtEnior 2 23 it 4 & L
EEEREHIAE L Tz b, Lk Lo
Wi S 2L T LD Y I RENID L
ZAHTHH I, CARPENTER®D ' 4 ¢+ 75 A
ESERUG O ATIEA SHMT L T, 240 WHEMER
5ri3 Huntite (SH$ 2 & L2, DENL G %
HMERZE 2 THS G, 2F 1) GARRELS 5,22(2
& % &, Huntite 7 & Dolomite 1223 {k3 2 SE#71Y)
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BEOEN 4N HRENTVWA,

a. CaMga(COs)e=CaMg(COn)ae+2Mg* " oy
+2C0% aq
b. CaMgs(COy)se+2H" g = CaMg(CO;)y,
+2Mg? 34+ 2HCO; g
¢, CaMgy(COy)ie+4H" 20 =CaMg(COy)ye
+ 2Mg?* qq +2H,0+2C0O; .
d . CaMgs(COs)ie+2Ca ¢+ 2C0;5 oq
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Studies on Chemical Characteristics of Serpentine Soils
and Mineral Deficiencies and Toxicities of Crops

by
Naoharu MIZUNO

Summary

Metal toxicity due to an abnormally high nickel concentration in serpentine soils is known to
have a seriously harmful effect on crops. Chromium which has a concentration in the soils as high as
nickel, however, causes almost no metal toxicity to crops, suggesting that this harmlessness is closely
related to low solubility. It is indicated that the concentration of soluble nickel has no relation with
the total nickel concentration of serpentine soils and that many crops present toxic symtoms when
soluble nickel has a high concentration in the soils. An abnormally high concentration of magnesium
is also known to be present in the solis. This paper tries to clarify relationships between chemical
chracteristics of serpentine soils and physiological disorders of crops due to mineral deficiency and
toxicities, as well as a mechanism behind the relationships.

1. Geographical characters.

1) Serpentine rocks cover mountainous regions of Hokkaido in the form of a long belt extending
between lat. 42°—45° N and long. 142—143 E. Serpentine soils are accordingly observed in alluvial,
diluvial and peat soils in and around the rocks.

2) As for pH and magnesium concentrations in serpentine soils, their values are high in the
northern part, low in the central part and medium in the southern part of Hokkaido. The concent-
ration of exchangeable nickel (extracted with neutral ammonium acetate) in the soils is high in the
northern and western parts of Hokkaido.

3) The concentration of exchangeable nickel in the soils has no correlation with the total nickel
concentration in them. Meanwhile, the concentration of exchangeable nickel of weathering serpen-
tine rocks or sedentary soils deriving from them is lower than that of alluvial or diluvial soils which
were formed by soils washed out and carried downstream by floods. As for chromium, the concent-
ration of soluble chromium extracted with 0.1 N hydrochloric acid or exchangeable chromium is found
extremely small or almost none.

4) No geographical difference is shown in the total metal concentration of serpentine rocks as to
each of nickel, chromium, and magnesium. The average of total concentration of nickel is 0.2 %, and
that of magnesium is 23 %. that of chromium is 0.12 %.but shows wide variations over individual
rocks.



2. Distribution of heavy metals and magnesium in minerals.

1) Nickel and magnesium show an almost homogenous distribution in ferromagnetic minerals,
light minerals, silts and clays. Chromium is found concentrated in heavy minerals. Not a little iron
is found in heavy minerals and ferromagnetic minerals. Cobalt is found much in silts and clays,
while copper and zinc are found concentrated in nonmagnetic heavy minerals.

2) Chromium is concentrated in a black hard mineral considered to be chromite, one of
nonmagnetic heavy minerals. In this mineral, chromium, manganese and iron are found in 9:1:2,
but titanium, nickel and copper are indetectable. Chromite, which is fairly stable in nature, is hard to
weather, hence chromium tends to stay in the mineral.

3)  Titanum, manganese and iron are detectable in a ferromagnetic mineral which is considered
as magnetite, but chromium and nickel are not, using an electron microscope X-ray analyzer.

3. Soluble heavy metals in soils,

1) Nickel and chromium in serpentine soils show high values of total concentration. The con-
centration of soluble chromium extracted with water or neutral 1 N ammonium acetate or 0.1 N
hydrochloric acid is less than 1/100 that of soluble nickel.

2) Analyses show high values of concentration-of soluble chromium in parent rocks of serpentine
soil which have a high concentration of soluble chromium. Also shown are high values of concent-
ration of soluble chromium in serpentine soils (eluvia) whose total concentration of chromium in clays
are more than 700 ppm. Almost no soluble chromium is extractable in case of soils whose total
concentration of chromium in clays is less than 400 ppm.

3) The concentration of soluble nickel is low in serpentine soils deriving from serpentine rocks
whose concentration of soluble nickel (exchangeable ; soluble in 0.1 N hydrochloric acid) is low.

4. Relationships between pH and magnesium concentration in soils.

1) A fairly high positive correlation (n=30 ; r=0.915"**) is found between pH and magnesium
concentration in serpentine soils. Low-pH soils have a low concentration ratio of magnesium to
nickel. The concentration ratio of magnesium to nickel ranges roughly from 70 to 120 in serpentine
rocks or sedentary soils and ranges as low as from 10 to 50 in diluvial and alluvial soils which
accumulated in the distant past.

2) Serpentine soils in the central part of Hokkaido, which are high in concentration of ex-
changeable nickel, low both in pl and concentration of magnesium, abound in soils accumulating in
the distant past.

5. Difference between magnesium and nickel as to extractions from soil,

1) When a weathered product from a serpentine rock is leached with carbonated water, mag-
nesium starts getting extracted first. As the leaching rate of magnesium starts dropping a little, that
of nickel in solution attains a peak. The peak of leaching rate of calcium comes slightiy later than the
peak of that of magnesium. In case of calcium it has only one peak, differently from magnesium
which has a number of peaks.
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2)  The result of leaching with 0.01 N potassium chioride of a weathered product from a ser-
pentine rock, whose saturation by a base is nearly 400 %, indicates that MgHCO,* and CaHCO;* are
extracted in the equivalent ratio of 3: 1 and that their aggregate equals CEC of the weathered product.
The two ions are suggested to coincide with the ions deriving from products weathered from huntite
(CaMg,(CO, ).

3)  Leaching of a weathered product with 1 N potassium chloride subsequently to leaching with
0.01 N potassium chloride results in the extraction of Mg?* and Ca?* in the ratio of 1: 1.5. The total
of carbonate and bicarbonate in leaching solution is slightly larger than the total of Mg?* and Ca?*,
which is suggested to have been caused by the dissolving of dolomite (CaMg(CO,),).

4) Magnesium and caicium leached (with 0.01 N and 1 N solutions of potassium chloride) coin-
cide respectively with exchangeable magnesium and exchangeable calcium in the weathered product,
in which the total concentration of calcium is 0.9 %, that of nickel 0.2 %. and that of magnesium
25.0 %.

5)  Eluviation of soil elements by weathering does not depend on the total concentration, but on
the degree of coherence ; namely, soil elements of the weaker degree of coherence eluviate earlier.
As for the same one element, minerals which are more efflorescent eluviates more easily, while
monovalent ions cluviate more easily than bivalent ions.

6) It is concluded that the low concentration of exchangeable nickel in the weathered products
or eluvia of serpentine rocks is explained by the level of progress of eluviation of magnesium which
has not reached the level at which nickel starts eluviating. The reason for the higher concentration
of exchangeable nickel in alluvial, diluvial and peat soils is that such magnesium and calcium that
easily eluviate have already been leached out.

6. Soil elements as factors of growth disorder.

1) The absence of toxicity of chromium and cobalt on crops is suggested by past studies by
which heavy metals are ranked in order of increasing toxicity on crops, as well as by this study of
concentrations of soluble heavy metals in serpentine soils. As for nickel, it has soluble and total
concentrations sufficient to cause toxicity on crops.

2)  The magnesium concentration of serpentine soils is so abnormaly high that some soils show
the ratio of calcium to magnesium lower than 1. Hence, crops grown on the soils have a possibility of
being deficient in calcium due to an antagonism between calcium and magnesium. Application of
lime to such calcium-deficient soils reduces physiological disorders of crops as the result of an increase
in calcium in the soils.

7. Uptake chracteristies of nickel by oat plants and occurrence of
growth disorders by nickel.

1) Symptoms of disorder due to an excessive nickel concentration occur on leaves of oat plants
immediately after the germination. The degree of growth disorder is in proportion to the nickel
concentration in the tops, which is in proportion to the concentration of exchangeable nickel with 1 N
ammonium acetate.

2)  The degree of growth disorder is more striking for the lower ratio of iron to nickel in the tops,
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when they are in the same level of nickel concentration. Application of ferric chloride does not result
in an absorption of iron or an increase in the ratio of iron to nickel.

3)  While nickel moves easily from tops to grains, the nickel concentration is higher in the latter
than in the former. The nickel concentration rises during the early growing stage, and drops as the
growth advances. Hence, the degree of growth disorder lessens as the growth reaches later stages ;
in particular, no development of growth disorder takes place after the heading period.

4) The concentration of exchangeable nickel decreases as pH in soils increase.

5) An increase in pH in soils due to application of calcium carbonate results in a decrease in
concentrations of exchangeable nickel and of nickel in the tops whereby the degree of growth disorder
is lessened.

6) Not much difference was noted in the ratio of calcium to magnesium in tops of oat plants,
while a relation was not observed between the growth disorder and the ratio.

7) Addition of nickel sulphate to normal soils brought about the same kind of nickel toxic
symptoms as growth disorders that occurred in serpentine soils, whereas the degree of growth disorder
increased with an increase in amount of nickel added.

8) The degree of growth disorder due to addition of nickel lessened with addition of calcium
carbonate or sodium carbonate, which contributed to an increase in pH in soils and a decrease in
exchangeable nickel.

8. Difference in resistance to nickel toxicity among crops.

1) Resistance to nickel toxicity was tested using number of crops grown on serpentine soils
whose pH and exchangeable nickel concentrations were changed over the ranges from 5 to 7 and 10
ppm to 20 ppm respectively by adding various amounts of calcium carbonate. Showing a weak
resistance, oats, alfalfa, azuki beans, kidney beans and cabbage had strong necrosis or chlorosis. The
effect of nickel toxicity was medium on timothy, perennial rye grass, and orchard grass which showed
longitudinal chlorosis, as well as on radish and suggar beets which showed necrotic areas or slight
chlorosis on leaves. Potato and Indian corn plants showed such a strong resistance to nickel toxicity
that neither chlorosis nor necrosis occurred.

2) Levels of nickel concentration in plants do not serve as measures telling differences among
crops concerning their nickel toxic symptoms or resistance to nickel toxicity.

3) Absorption of nickel by plants with a weak resistance to nickel toxicity increases as ex-
changeable nickel in soils increases. Plants with a strong resistance show, however, that the level of
nickel concentration varies slightly even though exchangeable nickel increases in soils.

4) Plants of crops whose yields are markedly low have low ratios of iron to nickel as well as
capper to nickel. Even if plants of crops (e.g. radish) have a high ratio of iron to nickel, they have
symptoms of chlorosis or necrosis, if their ratio of copper to nickel is low. Growth disorders are
observed among plants whose ratios of iron to nickel as well as copper to nickel are lower than 4—10
and 0.1—1.0 respectively. For plants to follow normal growth the range of tolerance of the lower limit
in the ratio of iron to nickel is extremely small. Such a range of tolerance varies with the crop year.
growing stage and crop.
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9. Mineral deficiencies and toxicities of Indian corn and potato plants.

1)  When the growing season was rather rainy, potato plants grown on a soil with a high content
more than 30 ppm of exchangeable nickel presented intensive toxic symptoms, while, when the
growing season was rather dry, they did not show disorders. However, necrosis produced by nickel
was not observed on leaves of potato plants growing in the season of a copious rainfall on the soil in
which exchangeable nickel was reduced to about 20 ppm with addition of calcium carbonate.

2} Potato plants presented a symptom of calcium deficiency when grown on serpentine soils
whose adverse ratio (me ratio) of calcium to magnesium was 0.5 and less. The ratio (% ratio) calcium
to magnesium dropped to 0.15 in plants having symptoms of calcium deficiency against the ratio of 3.4
observed in plants grown on nonserpentine soils.

3) A high positive correlation was found between iron and nickel concentrations in leaves of
potato plants. As for iron concentrations, some potato plants grown on serpentine soils showed five
times the value shown by plants grown on otherwise soils. This experiment did not confirm an earlier
suggestion that the iron concentration was reduced by nickel.

4) Indian corn plants grown on serpentine soils whose concentration of exchangeable nickel is
more than 30 ppm had symptoms neither of nickel toxicity nor calcium deficiency. The plants
presented, however, symptoms of zinc deficiency on serpentine soils of high pH due to a high
magnecium concentration.

10. Effects of nickel on rice plants.

1) Rice plants are nickel tolerant. Nickel toxicity symptoms were not observed in those rice
plants grown in serpentine soil areas, where usually the ratio of iron to nickel is above 10 in the plants
as a result of a high level of iron concentration.

2) Aniron concentration in leaves increases in proportion to a nickel concentration, while an iron
concentration decreases in an condition in which a nickel concentration in leaves is as hi gh as 100 ppm
or more.

3) It followed from the results of experiments that (1) in an condition in which the ratio of iron
to nickel in leaves is 8 or less, the yield decrcased even though symptoms of necrosis or chlorosis did
not accur ; (2) when soluble iron in soil was in a low level of concentration, the ratio of iron to nickel
decreased and the yield decreased.

11. Molybdenum deficiency.

1) Symptoms of molybdenum deficiency were presented in alfalfa leaves growing on serpentine
soils. A molybdenum concentration in the tops decreased to less than 0.1 ppm on a dry weight basis,
which constitutes the limitation for the normal growth of alfalfa plants. Symptoms of molybdenum
deficiency reduced as the result of application of lime to the soils, which brought about an increase in
a molybdenum concentration in the plants.

2) The molybdenum concentration did not decrease in nickel tolerant plants grown on ser-
pentine soils of low pH.



12, Zinc deficiency.

1) Symptoms of zinc deficiency were presented in crops grown on serpentine soils of high pH.

The symptoms characteristic of this deficiency were observed in Indian corn and onion plants grown

on alkaline soils.

Zinc fertilization allows a rapid recovery of the plants from the symptoms.

13. Relationships of mineral deficiencies and toxicities of crops

to conditions of soils.

Figure 1 summarizes relationships of mineral deficiencies and toxicities of crops to conditions of

serpentine soils.

(Soil)
(Serpentine Weathered Sedentary Alluvial Diluvial
rock) serpentine rock soil soil soil
(Degree base .
. Supersaturation Unsaturation
saturation)
(pH) 9 7 5
Mg?*
(Soluble element)
MgHCO,*
CaMg(CO,)z
Niz*
CaHCOs* :
(Crop)
Calcium Molybdenum
deficiency deficiency
Zinc Nickel
deficiency Loxicity*

* Mostly accompanied by iron and/or copper deficiency.
Relationships of mineral deficiencies and toxicities of crops to conditions of soils : weathering of

Fig. 1
rocks. degree of base saturation, soil pH, and soluble elements.





