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Heavy Metal Toxicities in Vegetable Crops
ITII. The Effect of Manganese Concentration in the Nutrient
Solution on the Growth of Vegetable Crops

Takaya Osawa and Hideo Ixepa
College of Agriculture, University of Osaka Prefecture, Sakai, Osaka

Summary

Fourteen species of vegetable crops were grown in solution culture in order to
evaluate the relative tolerance of the vegetable crops to manganese. IHoagland’s No. 1
solution was used as the basic nutrient solution. Iron, in the form of Fe-EDTA,
was supplied at the rate of 3ppm. Manganese was added at levels of 0.5 (control),
3, 10, 30, and 100 ppm. The pH of the solution was adjusted to 6.0. The plants
were grown under differential treatment for four weeks.

1. The relative tolerance of the vegetable crops to manganese was evaluated in
terms of the concentration of manganese in the nutrient solution which corresponded
to a 50 per cent reduction in top dry weight. This point was not reached even at
the highest manganese level, 100 ppm, in radish, Welsh onion, pepper, and Japan-
ese honewort (Cryptotaenia japonica HASSK.); it was reached between 30 and 100 ppm
in lettuce, spinach, carrot, eggplant, and cabbage, between 10 and 30 ppm in celery
and tomato, and between 3 and 10 ppm in turnip, kidney bean, and cucumber.

2. Symptoms of manganese toxicity in- various species showed considerable vari-
ety. Brown necrotic spots and chlorosis were observed in many species; in general
both of these symptoms were developed at lower manganese levels in less tolerant
species than in more tolerant species. Brown necrotic spots occurred in the margi-
nal area of older leaves or along the lower portion of stems. At least part of the chlor-
osis resembled iron deficiency symptom, but most chlorosis occurred as marginal
chlorosis which was not identical with iron deficiency. ' Excess of manganese indu-
ced no serious abnormality in roots except a brownish discoloration in some species.

3. In most crops the concentration of manganese in leaves was less than 200 ppm
on a dry weight basis in the control and markedly increased with the increase of
manganese in the nutrient solution. The more the species was tolerant to mangan-
ese, the more the accumulation of the element in leaves corresponding to the 50 per
cent yield reduction increased. The threshold value of manganese concentration in
leaves associated with the occurrence of brown necrotic spots was generally lower
in less tolerant species than in more tolerant species.

4. The effect of excessive manganese on the iron concentration in leaves varied
with the species. No clear relationship was found between the occurrence of chlo-
rosis and the iron concentration in leaves.

5. The concentration of copper, zinc, nitrogen, phosphorus, and potassium in
leaves had no relationship to the manganese toxicity, while the concentration of
calcium and magnesium in leaves in some species was considerably decreased by the
excess of manganese.
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#
R, EEEENCRESHN S ChRTARECE
SBEERCELTEENEIhTEY, 4% HEE
X BFEOHED L\ ILARHEENMBEC R 28 Th
LhpELOND. EEIXX X ITKRENERF BT
ZESEEROMBCIHRYFE LT, £FO Zn HWREE
B L CkBRB T, Zn T 5 KO
Bt (8), ¥ L U° Zn BREEE KT 5 Fe fifD%h
(9 oW LR L HE Lic. ABIL5| &
¥, 14 EEOFFEY R LSRRI XL 2C, ZInk
AR HAMBESE TH 5 Mn ORRC w54
FIEO BT RE L, Hiw T Mn Wit b T
Mn BREZCRST5ERCOWT, F& UTEHRX
FOENOEE LML EDTHS.
ME L LUHE

i}

HEMFHEE 1 RIORTERE DT, FFXEREL A

PR, BOFFEFRTERE R L
S PR L AR
- K B 0 TE g s

B i . B
OB B\t s Al 3 A R
¥ 2w V|4 Bl (1971, 4.18] 2

s AT M [1971. 5.12 5

+ -7 M ' ES3 2 = 11971, 4.13 3
PO H T BV T g =TT E—|1971. 5.12 4

4 v ¥ V| OBhKELAZIRIES (1971, 9.27 2
oy RV B M 3 fd 4 2 # 1972, 3.13

kyvvvyy | =2 2 — 7 ¥ 7 (1972, 1.10

2

5

v & A|Zv—Lrr~—27A 366 1971.11. 6 5

® LU —|= — F A 619 [1971.11. 6 5

3 v A H % |1973. 1.12 2

* * | Ju % |1971. 9.29 —

NP HEL V| F 7 4 11972, 3.18 2
H 7% & B # 7 |1972. 3.13 3

= v v VvI|= ~F |1972. 2. 7| 5

KEHET T AERTEER (9) L& Ak, 1561 Fo
S I RF, PHEIABE ATk, 188hD D
B2 ¥, svvvvy, =vVIPV, ~YIXL=a
vV, ATIXBERT, MUX4RkE L. ABIXK1AHL
Lic.

FHARKEFRWE 1L Hoagland K (BB 1W) %AW,
Fe 124+ v~ (Fe-EDTA) ik b 3ppm %52z,
fhomEEEIZ B:0.5 Zn:0.05 Cu:0.02, Mo:
0.0lppm DPEE L Lic. Mn 12 MnCl,-4H,0 X b,
mE#er LC 0.5ppm % 5% 7ciE A, 3, 10, 30, 100
ppm Dy V10 EHLOFAER ZFIT . REEROIER
PR X HRES ORI, BT 100Q/cm L

EoBEKE B, BEREO pHIX6 KEAM L. 0B
W 4BE (~YyH x4 =2v0R2:BR) &L, ¥
BROEFNELEOEFTRICE U CEdh T 2 @i
7z

INFE LI R EHEOOD, BAEERL TEY
HaRDTe HWRBNIBFEL, BLR (9) & ARHEOSH
Hikww x2>T N, P, K, Ca, Mg, Mn, Cu, Zn, Fe
ER LK.

EERER

£ F

Mn MEAEFEZE O By N B RIF TSy
B2RLCIOTHDE, BETFOXFETIE Mn 3 oL
10ppm KT, KX (Mn 0.5ppm) % LE 4B %5
Lic2y, sBRO Mo i@ X 2T EBEEOLFTIREES
hic, MeBE2R T, M EHBYRERIMEEX T T
Pk F I LICEERR Mn BER X oTC, #EEE
O Mn iR EE 52 &2 L, EHIGEHGIERNT
F—7Hd LTEILTHS. TihbbRIBHAAY
N — 7 DZHEE Mn 100ppm T 2B L /e a2 - Dt
LT, w3V D 7 — 7D Mn 3~10ppm D
FICHR L, Mn MEOBRIZERIINL D Kk E DOk,

Wok HEWHO Mo LERE L KOS
BERR 100 2 Ui R EO LR

Mn LEBE (ppm)

Ui HT*
0.5 3 10 30 | 100
~NYHEL =Y | 100 71 81 80 83
NE ¥ ) 100 | 113 | 114 95 81
e ¥ 5 v | 100 96 95 91 61
N v 3| 100 | 102 88 77 56
vooo&x A | 100 | 100 89 90 33
[r}:ﬁ vv vy | 100 98 93 70 22
B{= v ¥ v | 100 | 114 95 59 27
] > A | 100 | 110 85 57 23
¥ + -~ v | 100 | 147 | 135 50 13
o[ vy = | w00 82 | 105 48 15
{ b <} | 100 93 92 46 11
7 7 | 100 65 43 17 3
D{ 4 v ¥ v | 100 73 29 20 9
* a2 v U | 100 83 13 6 2

T

Hh B ELERERIC AT o U ek R
Mn #E5 A :100ppm Ll L, B:30~100ppm, C:
10~30ppm, D :3~10ppm D 75T 5.

LI T &R OWTHEEE.

o 8 E I

HWEMCIEE LI Mo BIER OB L 7 bORHE IR
[

OB DB B B \WIXEEE (brown necrotic spot) 1T
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A7 N =T HE REFD LR BT, THNIECEH
DIEBFVE, LIELIEZ v e Y ACHEDTRE L
PR, O AVEY, F.9) TIRIOBRMCTEDRE
RPZO T HRETL, FLWVBETIIERPENLR
hofar 2L

7 ww A (chlorosis) & DFFTHEINT.
YOFTY, RV VYV VY, LV VIERITHIERIL, Te
RZCHLOIENRE 7 » v & (interveinal chlorosis)
Tholehl, MOLIEC BT HERLI T &3 h B
oot Fich bl 4 DEBERDO\NTEHLDDOHEILD D
Jods, ™A A 2w, VHA, F4XY, kL)~
B 7 CILIER 7 v v & A (marginal chlorosis) & LC
Bbhibaw, ERECOARDR. $Y309=2v v
HIEFERETH 2. ZhbDzrr Y AFRIICILLIEL
SRS AR U, $hed v XY 2B 7 TR
BrrrvAL LA, EFNEFCHLAHLTHy 7
K (cupping) *E L7, HIEMLLAbhBI5K,
ERRo£ME Mn EFERE, Mn D 5 LR RT
SFEEBEEDO Mo LEK 2 b BETHEARLLR
7z,

5 3 RIR LAt Mn SERIIK O L 3 0 ThH
Dt FThibbA vy vTIREN Mn UK X o TF
Vv AVvkER D, F . v Vit Mn 30ppm Ll ETHY
GRE BTN IsDk. AT VYV Y, bbb
BT, Fow VT, Mo HEERCEWTTRE.
b O B D A DI, FTERE 4 U3k

3k FEMrho Mn QEIRE L X
£FED Mn ERER*

Mn ERE (ppm)
i - —
3 ‘ 10 ‘ 30 ‘ 100
NIHEAL 2V C
F *
A FY ATV C C
N V4 P C
v P A C C Br C
[ R VYV VY C Br C
Bl= v ¥ V Br C|Br C
Ca A Br Br
*F 4y NV Br CCp| Br C Cp
e Y - C Br C|Br C
C{ b = F Br Br
bl 7 Cp C Cp|C Cp{C Cp
D{ 4 v ¥ v |Br C/Br C|/Br C|/Br C
* = v Y Br Br Br

* Br:vo# (Brown necrotic spot), C: ; " A
(Chlorosis), Cp: #1 v £ 2 (Cupping).

o M ES

ot

notc.
i,

RISV, P v sy (Mn 30ppm L), &
vvy v (Mn 100ppm), A (Mn 30ppm [J }),
+-XY (Mn 100ppm), =1+ (Mn 10ppm LS F), &
7" (Mn 100ppm), £ ¥4 ¥ (Mn 3ppm-. L) ) THho
BEEFEA LM, FELCEERIRES D
7.

HPEOTER

BHELEDOEFD Mn EHEEFELERCLIOTAHD
& BER T E STk 200ppm LUFTH DA,
Mn MEBEOE X VIO TELIHEALL. £ED
BELABRIC BT 5%EH Mn £5E Mn ik & O
RS bR, FARREEREAF O 45
WHERTH DD, »OolOREY b LicESF Mn
BHEDOTRIEILHOBET L >ThRh Eic ),
Mn PEDFNZHDE 5 25D X0 B ishik
s,

FEDZIIA D X 57 Mn BHERYHHLI e

4R BHEFO Mo QMERE L AETE
¥Eho Mn §HE (L ppm)

Mn ERE (ppm)

i x|
0.5 3 10 30 100
~vHKELav | 212 | 616 |3,212 8,108 (22,800
A * ¥ 72 | 203 491 | 1,560 | 4,120
P w5 o | 106 | 367 | 1,200 | 2,700 | 6,300
3 v % | 154 | 302 431 | 1,310 | 4,010
vooox A | 171 | 411 872 | 1,560 | 5,240%
J Av vy vy | 167 | 390 | 1,176 | 3,244 | 9,740%
B!{= v ¥ v | 148 | 364 | 1,260 3,256*10, 080*
lj‘ A 93 | 350 | 1,400 | 2,800% 6,760*
* 4 -~ v | 162 | 449 | 1,470 | 3,886%11, 000*
cf® y - 79 | 266 | 1,020 | 2, 940% 8,220%
{ S 8 96 | 367 | 1,440 | 3,200% 6,800%
7 7 | 164 | 454 | 1,470 | 3,466 |17,000
D{ 4 v ¥ v | 158 | 636* |1,232% 2280412, 760*
% o w U | 118 | 390 | 1,260% 3,000% 6,100%

* OB OFERTDIX.

585 FIM EFERHEONPIET S, BIRIED
b Mn £EEER LSO TH S 2%, Mn fitphois
WIS Y EVWER S D B, FRRIEMED 800ppm (F
=% 1) ©x LT, REfEk 22,800ppm L (Y h
F42v) CEL, BETELVWERZLRS

e Mn &FEd Mn MEREDCE % VITORTH
KU, Mn SHEDOE/MMULERDOREE6ET
BB, ThiuAhbE, LB 1.00 XH/PNIWETH
D, IO Mn §FERDOIIVEDO LRI D EF . &
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B5E H HEHEOERICWIGTHERE
FEh Mn 5FE (EH+ ppn})

i S Mn & K &

NV H KL ay >22, 800
Kk * > 4,120
YA T v > 6,300

3 4 ~ > 4,010

v X A 4,300

R A 6,000

B = vy v 5,000
A A 3, 500

ES ¥ ~ V4 3, 886
R Y - 2, 800

¢ { » = h 3,000
7 7 1,150
pla v oy v 950
¥ = v y 800

* AT N—TOEFEOWTL Mn 100ppm KD HE
AU NEFECHIE 75 Mn £FFREIIhEY
EES EHEESRD.

ek BEWhO Mn LWHERE L AELED
Frh Mn S/ Mn %K

Mn WFREE (ppm)

& ®| o
0.5 | 3 | 10 | 30 | 100
~YHFLay | =~ | — | — | =
NE ¥ | 0.22] 0.17| 011 0.20| 0.19

A A 0.13| 0.11 | 0.35| 0.30 | 0.38
N 4 2 0.13 | 0.08 | 0.08| 0.16 | 0.30

A 0.16 | 0.05| 0.06 | 0.07| 0.20
vy 0.04 | 0.11| 0.29 | 0.75| 0.65
vV

A

5 0.07| 0.06| 0.13| 0.16 | 0.11
¥ v -2 v | 0.05| 0.12] 020 — —
R <d
3

oy - 0.04| 0.08| 0.15| 0.28 | 0.15
< b 0.09 | 0.17| 0.32| 0.26 | 0.28

# 7= = = =] -
D{4 v # v | 023 0.29] 0.09| 0.26| 0.53
¥ = v ) | 0.69| 0.36| 0.60| 0.36| 0.85

T OB AMEYREE D Mn UBAX W ds 1) 5 L DfEVY, #2
EX e TELEAFA DI A2, Mn EREX T
— R LK A BSOS, T bE
Wb Mn 2% LBRWC S &, —ffiCHEHh Mn &
HRIIEH Mo 82X LD L EE DRl kE vl w
%%, LrLbdo X 5 c¥Eh Mn §EFKIBH Mn
EHEKL D LEL RS ek, FREOMEE Mo
it & OEICIRBEL D B s, 7k 3 iR
WL HIRR O 5T 2T indoln iy Dlafcdd, & T4

L.

WiciErd Fe §HRYHETECLOTHDE, Mn 4L
BRI OTRF, PwHFFY, 395 Ry Vvyvy,
FA, b= h, Fov VIR ETIEF LA, oL
TREHEHVRELSEH LI, T LAEMLIELD D
Bote. LR 7w w v ARFEXD Fe §HFEK I OWT
A5 &, SMRIEER X VEWERZRTEELH DL, L
OHFDOLDOEEDLND. —F, FEpD Fe/Mn [hit5
8RR T XS, E#KX (Fe 3ppm, Mn 0.5ppm,

BB HAWORD Mo MR L AT
R0 Fe 5K (T ppm)

Mn FRRE (ppm)

& £
0.5 3 10 30 100
NI HEL 2V 232 300 297 293 255%
A ES F | 275 163 160 153 142
T v 440 320 302 245% | 206*
H 4 » 204 200 148 152 120*
v x A 175 153 137* | 137% | 153*
Ty vvIy 179 114 105 108* 91*
B{i= v ¥ v 128 116 139 142% | 117*
7+ A 270 210 210 170 206
F oy NV 122 102 115 128% | 166*
c z Y - 122 153 183* | 130% | 183*
{ + < b 256 190 200 170 170

7 147 151 154% | 151% | 174*
D { vy v 229 220% | 194% | 238*% | 222%
2 v 250 186 228 180 180

¥ w

¥ Jnmy AQFELTDIK

8k BEWhO Mn QUEIRE LB
Fhd Fe &%/ Mn 4%

Mn QERE (ppm)
i 5]
0.5 | 3 ‘ 10 { 30 | 100
AvHEL 2y |7 1.09] 0.49| 0.09| 0.04| 0.01%
NE ¥ | 3.82| 0.80| 0.33| 0.10| 0.03
P oH S v | 415 0.87] 0.25| 0.09% o0.03*
3 v 4| 1.32| 0.66| 0.34| 0.12| 0.03*.
voox x| 1.02] 0.37| 0.164 0.09% 0.03*
Ao vV yw | 1L07| 0.29] 0.09| 0.03% 0.01*
Bli= v v v | 0.86| 0.32| 0.11| 0.04* o0.01*
- A | 2.90| 0.60| 0.15| 0.06| 0.03
* 4 -~ v | 0.75] 0.23] 0.08| 0.03% o0.02*
o[ vV~ | L54] 0.58) 0.18% 0.04% 0.02¢
{ P~ b | 267) 0.52] 0.14| 0.05] 0.03
# 7 | 0.90| 0.33| 0.104 0.04% o0.01*
D{ 4 v ¥ v | 145 0.36% 0.16% 0.10% 0.02*
* o v oy | 212 0.48| 0.18| 0.06 | 0.03

* rwaa v AQRERTADX.
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Fe/Mn=6.0) TiX 0.75 (F +XY) ~4.15 (FUX¥F
v) OGS Led, Mo UBRBEOEE hicoh T
ZILLETFLL L L Mn BRI H4EFHERE

GE2EER) T lLikzewy ARt (B8EOEY
) &, i ORMBIGRE, LROBEIC L2 Th
eh RicoTk D, —BAERIET L.

Fe &BRDE/RELEYRDIERILFEILD L EDY
T, &8 1.00 L/ XWETHD, D Fe &FEK
DESHVEDFRED LE. B EEOMEE Mn 4
BREDOEE VLD TREMDLETET L. i
HHEEDO Mn i k0T, —ic Fe OfasH
ADOBITHEINDZ EHIREINS.

oK REWho Mn QERE - SELE
DI Fe 28K/ Fe 4R

Mn LFEE (ppm)

i #
0.5 | 3 | 10 | 30 | 100
AyBFtay | = — = = =
* ¥ | 0.22| 0.13] 0.14| 0.11] 0.11

g v 0.47 | 0.14| 0.14 | 0.10% 0.09*
N 4 B 0.07 | 0.07 | 0.04| 0.05| 0.06*
Z

v A | 0.06| 0.05{ 0.05¢ 0.05% 0.03*
R LYYy | 0.14) 0.09] 0.07| 0.08% 0.04*
Bi="v v v — - - - —
> A | 0.14| 0.08| 0.06| 0.04| 0.04
* + -2 v | 002 003] 003| — —
« v — | 0.05( 0.07| 0.00% 0.07% o0.06*
Clr = | 01| 0.06| 0.07) 0.06] 0.06

# 7= =] =1 =] =
4 v ¥ v 0.11 ] 0.06% 0.05% 0.05% 0.03*
F a2 v Y 0.28| 0.07{ 0.13| 0.03| 0.04

T x sy AORERBOLK.

o TIPSR R AR LcY, Mn MBEEBE DS ¥
DfEd Mn, Fe DUt O KBEBEFZOEHESEED
IR D ER D THOh. Tibb CulibE v &5
Loy, & LW Ui Zn 3 k&HO+3 o1
ML, ZEXEO N, P RBICK 0GB bELZE
LWEEHIED b ot Lol Ca 36 X 8 Mg
BREFDFETHAL, ERF V7 IKET S Ca
OWY IR LE LW BITH D7

z =

BErei O Mo BRIZWC BT A%, kXL L
M HEOECEE L CHE LTl T & k. Hewitt
@ EABRIEHCOWT Mn M HE D OFER
RbDHoEERWEL, %7 Lohnis (2)ILiEHo Mn &
FHERS, 58V Mn IG5 0 &, BN B
A MBS X240 LR H B LRIERH L.

2

ARERC I\ TR, 14 BEOHEA LD Mn [t )
MOELWELRNERDOS L ENEH LR, Fh Mn
i P DR Z 30 & INE R G % R Mn &%
RNRFL, OEDREME L BEBEOBICILE L&
hotc. TOFBRIT Mn it e A KPR &
B2 Mn OEFHCH 2 254, 3@ B true to-
lerance (13) % BT 5 L %mg$5 30 L Ebh 5.
Oz Lk FER, Mn [ECHRWERIZE R 2 Y R
DPDOHERFEELICL 2 2 &b b EMFTFIRE
5. IeR ERO X 573D Mn itk Mn &5 -0
BAERIL, Zn fitfEE Zn SR L OBIGR (8) X b hik B
CHID X5 Thofz. Mn & Zn (8) OFM» it 5
&, —BTETEOE S 255, FR Ch b REOTER
W5 X ECHOMMEIEITI, B3 L —EDMEmH
ABHRILND, FHEED T Ltk Turner (13) 3~ T
5.

APFRIC L OTHES = LD Mn [iHEIEL (52
%), Mn EER (B83%), #HED Mn $FR (3
4ERBIVESR) It EDOFRIL, D Mn BEkE
HOBMICEE L TEER S EBbh5. R LE—%
FETh Mn iHEd 5 Mo EHERE, BB AT
M, SRR, KSR SEREBAOERIZ L OTREL S
CERFESELOND. TEFEHO Mn SFEKIL, &
BOBHCIIE RS 200ppm BE 5 3\ 1%
NUFERTIVWEBbRS2, Mo OFERESLR
IE S XDERENDOREEIND L 51, FEOREE X
DTELVEND D EELBND DT, —CIIV %
V.

Mn EFERIIE & ) i B EZCEbh e, +
DEL RS DIENOHL 7 v w v ATHDO. Mn 2yE
iz Hewitt (5) % Mulder & (6) iz X 2T b&F0
B OCTHE IR TS, AERIT R\ THOK
CHEE OB LB I L, F 72 Mn D3R
THC BT 513 CIEBREONBR b 5 3843 5 {2
Abhifc. FAEIRIE Mo ©FEp7cRRE s mE3
BRI mYALBbNBN, TORFELEHR ST b Uit
Mn §HRO TREXLTROBMBEW X > T b Big
D, —MC Mn DI LIRS BB DL D
BRI b bR I D D X D B E
Mn R I OTRIEREZRETSEDEELBLR S,
PRI LSOOI EBERARC L 230 TH D, F
fiE & Mn EFEOBAGRYBBCHEN T 5 Ldicix, »2
CHRIEEC DT DG T 5 WENRHS.

7vnYALEL DEETHEI R, ThinoOn
ERFRIC Mo i 55\ £ R 31T 51T LEEE DML
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BXpHIETHERDAE DRI FEERD —#ix Fe
RECHFLUOERM 7 v v v ATH DR, KEHOD
OREFG s re v AL LTHED, EFRCETTSL
DT, UEUIEELSZPC 2 O F4E % £, Fe
RESEREERDOTI. 2D Lk In FErw
w2 (8,9) Bkkiria Fe RZWWHLOIER TH O
O EikE L. Hewitt (6) & Mn ERERIZ LIE LT
Fe REFEWR LT L B D LT D, %7 Mulder
H@) b Mn BEICXB 7 rervRC2WT, Fe XZ
THhHLERFRTRELHLN, L5 TRVHRELDS
ZERRBAL TS,

Mn #8» TCEHBESBICL VFEINDL Z7rE YA
DFEBIFCOWTIL, HREBLC L2 THERONILLEA
b# 5. Shive (10), Somers, Gilbert 3 X ¢% Shive
(11), Somers %5 X O¢ Shive (12) i x4 A &3 LT
Fe & Mn OMEEGRICOWTHIZEL, EFETAEFTIRE
Ao Fe/Mn b s X OVHE 4 thef O AIEEE Fe/n i
Mn p2% 2.0 Bith 0 » 5 IBOHTHLN, RILOET
2 Mn E37chb Fe RZE24ETHE L. LK
Somers %5 X 0% Shive (12) X 7 v v v ADFEAERIAI
DT, Mn X b Fe?" 7% Fel* It I h TN
(b UERE LT D o b kB &L DL ST
#2125 LT Hewitt (4) IRESBOHEEESIC LS Fe
L OREFARE L. ¥ Oertli 38 L% Jacobson )
Te<y )k byera v L KHEE T, Mo
& Fe OILOLZM 7 v v v ADFE R BT 5 D Tllin
Wwok, ¥t Mn ZHE s w ey AR Mo X B
Fe OB TIRBH LA E R RNT W5, FE
BIVOZHWE Mo R X577 07 » DK »
v AEAC Mn OERENEL, Fe b nwZ &% R
W7 #ido L3, AERBIC KT S Mn FE 7w
v v Ak Fe K ZEPOER b—WME T hich, X%
BEOLDIEchERRBEFG 7 re v AT, LIELIE
FIEEAT P Mn ERIC X 5 & Bbh s ok o
. SO LIRS 7 wow v XA Mn ORI
BI#EN S D LR RET AL HCEbhS. ks rw
Y AFERX DG4 Fe FFKIL, BT LIMRETX
LB UCTE { Indsotedd, FB R JUSHAHERHLC
X SRS D Fe SHEXRLMBECH B d LTz
V. frdedEdh Fe/Mn il Mn UBBEOEE h2h
TELETF Liedd, FHROEERERT &> TiFHk
RHDOEEDHE, HH LI ve v ARLELFLEED
BIRICOWTIL, SMORBRNDIRRSBRFTH 2 &5
TEv. BB« oMEREYED T, Mn FH7 =
RYARDONWTIESHEDILRETHTETH 5.

mEELD Cu, Zn 5 VWIEZERO N, P, Ko
#haAER L Mn BEE L ok, & BEEER
dhntemote. L L Mn &R EERNTS Ca %
Mg o#EHRE&HROELTIL, Mn ZCB5T 57 EED
EZizbh, BkIHMEELEEbND

# B

Mn SEFC R 3 B SR EO R L 3 5 1
», 14 BEO F¥4ER L TR 2T /vo%. &
AEEFEWKIZIY Hoagland £ 1 ¥ % fivy, Fe X Fe-ED-
TA i© X b 3ppm %5 % 7c. Mn MEEL 0.5 (B
#), 3, 10, 30, 100ppm & L7=. H&EWO pH X6
AL, MBI 4R E L.

1. W ESEHNEAEERIC TR L ER
hd Mn BEC O CHHM LA %30 Mn iR,
e ) OFEERNED LR, BBV A~ FIE
TEHEAYHIF LAY, ¥, PyFIFv, I YoUR 100
ppm T HIUNEACEH LndsDte. DWT VXA, RV YV
vy Y, =YV, A, F 43I 30~100ppm [H
T, ¥y —, b= ik 10~30ppm BICERER
I A E I L. bRV LT, A VFY, F.7
VBT B INEFHEEL 3~10ppm [ Th 2z,

2. Mn EERISHETHOLR, BEbEADh
DEPDHEEZ v e AT, Wb Mn DO
FICTE T I ESEE O NER S IET ERSED
i, POBULTREOER L, EOTHR L E
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