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ABSTRACT

The seeds of bean(Glycine max M.) and corn(Zea mays L.) soaked in 5000 ppm
lead solution for 24 hours were sowed in the flowerpots being placed sandy-clay
soil under the field condition. The fixed concentrations of various anions and 2000
ppm lead were supplied alternately in the sandy-clay soil of the flowerpots at two
days interval from May to July in 1976. After the plants were harvested prior to
the flowering stage, the lead contents of plant and soil were analyzed by atomic
absorption spectrophotometer. The lead contents absorbed by the plant roots
showed the highest
growth. The absorption of lead by the plant roots was inhibited by the various

in an weak acid soil of the best suitable condition of plant

anions, especially divalent anions of the so0il. Some phosphate anions inhibited
lead absorption more than other wvarious anions in the soil. The more various
anions were in the soil, the more plants could be protected from the lead toxicity.
In the case of lead supply in the soil, 89.5% of lead was accumulated in the upper
layer of the 20il(0—10cm), and 0.5% of lead accumulated in the lower layer (10—
20cm). Therefore,

inhibition of root growth by lead toxicity was increased in the early stage of the

the yellow-brown and white symptoms on the leaves and the
germination, however decreased in accordance with the progress of the growing stage
because of the root growth toward beneath the lower layer of the soil. In spite of
the contents of 3773ppm lead in the soil, the symptoms of lead toxicity was not found
in the grown plants. At that time the lead contents of the plants absorbed from the

soil were minimum 0.78ppm and maximum 3.64ppm through the growing stage.

S
i

¥

AFre AMkiEd gold FIASE 2ol B

olu] AFELE E
Hga = SR HbayPh0 EER, PbO.
71, PbCO; Pb(OH). (fE)-& M, HEte=d &
HA god, oA T4 EESE BEE 2ok B

a8

7

¥ olw] M@ S et SRR = JrhE 49 $UR,
W AbEE F9] R S ST CtAd, FERIE &
Lz 5H 8 mEYd #T RIEHR EERY BOE
= 59 g,

Pr FEEBol=zm Lhd % T(Smith, 1971;
Warren and Delavault, 1962), 25 (Baumhardt and
Welch, 1972; Kang and Choi, 1972; Cha, 1974), +



Korean Jour, Botany

el e ot e el &% Rike Ade &4
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. Bele EEEE oA +Pb Y —PbER W
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" Table 1. Leaf symptem of lead toxicity through the progress of day afler the seed

germination
Treatment 1 day 10 day 20 day

Anijon Concentration Bean Corn Eean Corn Bean Corn

pH 3 et +4+ - + —

3—5 =+ -+ ++ — - —

5—7 o+ + + — - -

7 ++ - -+ - - —

7—9 ++ + -+ - - -

9—-11 + - — - - -

H.PO,” None + 4+ +++ + - - - -

Low ++ ++ + — - ~

High + + + - - -

HPO> None +++ + ++ - + -

Low ++ - + — - —

High + — + - - ~

PO None + -+ ++ - + -~

Low 4+ + ++ - —+ —

High -+ - + - - -

NOy~ None +++ -+ ++ - + -~

Low ++ =+ + - - -

High ++ - - — - —

80,2 None +4+++ + -4 - + -

Low ++ -+ + -+ - - -

High + - + — = —

MoQ.2- None +++ + + — -+ -

Low ++ — + — - -

High + - — — - —

BO# - None + - + -+ - -+ —

Low + — + - - -

High -+ - - - -~ -

(+, symptom; —, none)
pHS #AEyet i PbE BEET EHY £BE o3& Pbel HEZEL [hel-& G2 Ll AR
EFiEA S e ARE s B Pb°] =tel P2 WS AT Mde ke o8y
o2l et BEe o&slElA SuEuvh EiE SEA U8 I & 4 glglTH(Table 3).

pHzestel of. pHel ik +~Phel —Pb ¥ M AR Iee] & [EERs --Phol —Pb fHe] AP ek 4
e $iT MHEFREE A BB r=+40.0001%), F1e HEkel Lol Ark WRE 4 9sos o] «e] #3

o] BB r=+1.01(1%)2A IES L i FIGEEE r=141. 0241 %) 24 FiEihe] TEs 9=
PRy 2T Rl BEsde (Table 2). Pb PbE BB 4 pHET 2d H49e A T

& (Table §) W MAAMD (19 £ glslen
WM g
a9 ol es LB EEIAE

m#’{:’]{.[‘jﬂﬁoﬂ

Wel e B EREL BRELEGS md d
o} erlE] (g IE A HinEld o (Table 4). Pb =
IEESE Zlal BME el pHel Mt e
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Table 2. Effect of Jead on the fresh weight Table 3. Effect of lead on the fresh weight(g)
per plant grown in the soil condition of per plant grown in the soil condition of
the varions pH the various anions
Treatment Fresh wt g/plant Treatment Bean Corn
pH Lead Bean Corn Anions  Concentration —Pb +Pb +Pb +Fb
Control 3.65 3.48 38.4% 6.75
3 - 3.00 4.60
H.PO,~ None 3.00 3.00 4.90 4.20
- 3.10 5.40
Low 3.20 2.70 6.00 5,30
35 + 3.30 5.45 .
High 4.40 4.00 9.30 8.30
B 350 540 HPos  Nome 4.00 2.83 6.00 4.50
i i 54z 600 4 L 3--75 3-50 11.20 5.20
B 560 540 H?“; 6.15 3.70 13.80 9.50
7 + 3.18 6.40 ' DS
PO None 3.22 2.14 5.25 4.40
- 3.30 8.80 L 6.1 .
7—9 + 3.10 5.60 H?W;l 322 3.00 610 5.1
_ 3.5 7.90 ) ig 3.70 2.73 9.20 5.40
9—11 + 3.04 L7 NO; fone 3.30 3.100 :.10 642(())
_ 3.15 5. 20 ow 3.05 3.10 7.50 6.5
High 3.41 3.41 6.60 5.40
80,2 None 3.10 3.00 5.40 4.80
Average + 3.17 5.46
Low 3.40 2.89 6.10 5.60
- 3.52 7.07 :
High 3.60 3.11 6.40 6.00
MoO,*~ None 2.90 2.54 4.60 4.8
T=+0-99 r=-1.01 Low 2.90 2.81 4.90 5.80
0, o
(1%) (19 High 311 3.13 6.00 6.40
BOs* None — — 5.60 4.30
®e r=+0.050%)2 MM FHES HEH Low I
2wy pHe o W Afrme HEE High - T 680 580
< REAA @9t =T EoRS Phakd M Average None 3.25 2.75 5.26 4.55
29 mRE MY ML REsA wgteh(Table 4). Low 3.25 3.00 6.50 5.40
weld 2o A Phage] Ty 1.52ppm o High 4.06 3.35 8.30 6.70

SH4 T 3. 1ppmdd & HERRE pHE HE

¥ r=+1.024(1%)
¥ AL URN gged & = gk KA pHE

e g 4ie] +Pb: —Fbazh EE BHE # Table 4. The dry weig%lt of the_ nodules_ of
HAGh 19 EMERE r—+0.902A AEE Do ben B AT the soil of various
FGRE vebligdet ol Lol FEste b
2o AR BEMRS MHLHE Eokolw My Nodules(me/plant)
ko] KR Pbel W SEcl BEMKE  Hl pH —fb TE
pEe bebicth: Bl e RMEEEh(Table 3 6.8 3.0
6). 3—5 7.0 3.7
Pb 559 MRS MEA A} BRel2d] BES 5—7 8.6 3.9
AR e el RERERS En= g=(Table 5). 7 9.7 4.6
Phell #ak fgole-8] ol 2ALE WA R 7—9 10.5 5.9
EREEl g e, fispies] PharEst AREW RS BHEE 9—11 14.5 8.7
o]w8] E Eipe] Bale] r=—1.1541%)2H £ Average 9.5 5.0
HEE e fet r=-+0.95
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Table 5. The dry weights of nodnles of per
bean plant grown in the soil of the
various anions supplied with lead

Treatments Nedules(mg/plant)
Anions  Concentration —Pb --FPb
Control* 18.0 .6
H,P0,- None 9.7 3.8
Low 23.0 4.4
High 34.3 10.3
HPO,* None 8.3 2.0
Low 20.1 4.7
High 22.5 9.8
PO2 None 9.0 2.5
Low 2.6 2.7
High 19.3 3.8
NO,” None 3.3 2.0
Low 4.2 2.4
High 9.9 3.2
50,2 None 7.9 2.0
Low 10.9 3.0
High 19.0 4.4
MoQ,- None 8.9 1.3
Low 10.3 2.0
High 17.4 5.1
BOg# None 7.2 0.4
Low 10.4 0.6
High — -
Average None 8.9 2.0

Low 12.8
Ligh 20. 4 5.4

1. 154(1%)
pHZ =E T LA s R Bkl

MR PhaEe BidA Bz g4 B
okl 2(HF M AR Fa SR e P
o 7y 1.52ppm3 3. 1lppme®  whERdeh(Table

6). HEpoles] BEE R KL PORIE R
S e el @RS BEES RELT gl

F

= o4 EESG . B EEE S A
% #EHS Phage FE £ 3.000pm B SEF
2.93ppm, EEERE ] 2ol
# F 1.74ppm ¥ 5P 1.49ppmo = Ebrteh Al
o] B 28 &Ee] EETFF MMphl RR

-
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Table 6. Lead absorption by the planis grown
in the soil regulated with the various pH

Lead(ppm)
pH Bean Corn
8 1.33. 2.38
3—5 1.62 3. 20
5—7 2.2¢ 5. 64
7 1.86 3.34
7—9 ' 1.28 2.73
9—11 0.78 1.34
Average 1.52 3.11

Table 7. Lead absorption by the plants grown
in the soil treated with the various
phosphate ions

Treatment Lead(ppm)

Anions Concentration Bean Corn
Control 2.47 2.78
H.POs~ None 3.12 3.16
Low 2.10 2.97

High 1.74 1.00

HPO,2- None 3.42 2.75
Low 2.75 2.39

High 1.12 2.34

POS- None 2.74 2.87
Low 2.46 2.52

High 2.46 1.12

Average None 3.09 2.93
Low 2.40 2.63

High 1.74 1.49

grag & de

. Pbe]
+ fen
=
sl

2 Pbe f2 WAEE Eae ¢ T 4
Wige] =2 BMAENY 5L BRT
(Table 7). kﬁ%@xﬂﬁ- LIghel b o] 26l A
o) Frole8] EiEETT L % EES AR
Wlgs) = Pbs] H-& HdH o = (Table 8).
pHE 3+ PhE —wehAl #ieAD Hik
Fie gEEY) whzl Pb 99.5%7) 0~10cm FEe]
R g o W] oF 0.5% FeRgel ¥ 10~20cme]
tefzsla ek, Pbob =Ld] 00.5% =z THEE 4
2 pHel BI@alslsr. zelv koA e ETE B
Meld) oFzk Pbe] & Fre] s 9wk POs KiO,



Table 8. Lead absorption by the plants grown
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in the soil treated with the various anions

e 9

PbE 10ppm FEingk A 208 B 4Em &
= 18d) 6800ppm, Hy LERel
a= ELHE

#R7- gelv(Table 9).

%

£

‘I'reatment Lead (ppm)

Anion Concentration Bean Corn
Control 2.64 2.93
NOy~ None 2.98 3.00
Low 2.85 2.92
High 2.46 2.12
850, None 3.40 3.64
Low 3.25 3.25
High 3.24 313
© MoOQ,2- None 2.82 2.62
Low 2. 65 1.83
High 2.44 1.59
B0, None — 1.10
Low — 1.08
High — 0.97
Average None 3-07 2.59
Low 2.93 2.27
High 2.71 1.95

T-N, Ca ¥ Mg Bl Lo Aele] wlel 25

il
68ppmse] Pbr} freEs)
59 AEBEE BETRERS BREAR g
2], WA 50ppme] PbE FEED o4 B 8700

ppm, R EFE 765ppmell FEEY R ME - BEHK
2 g £F9 Mfle BELDdz e(GEiE =,
1978).

35N Pb&gel 129ppme vt == EHANAE S
L EEESS] BREHA @3kl (Cha, 1974). zTwf
IES KEtsle] BEERES PR 205 lppm PhiEdl 4
Fidel RES = Sppm Bl EGlA 3R, S, ES®
7F T WEiER A et (g =, 1974).

HEY TS A BIwA I ERe Zd A
BE Eild gEes Jehle] g &zﬁr =
Hfao 2 vehdch R Pb wmEERe 244 Ba
3 FREESY BB Zdo] MElEgor) S
dl e ol gk B fEfkel T4 wEl kel
e Bl W=l PbY FHEZSRE a4 gk
22k of5] % PbY] EME BEHel &iE T £E R
Sotel EREHE 7 B 2ol v AR
#®Hll L£iEs] Pbefie F4o) 3773 ppme] ot
i #gel = 152ppm(F), ¥ 3llppm(L)gd o, =
3 F¥L 0~10cmd] 3773ppme] Pbrl L=<, #9
el T 10~20cm 2o A Ik 92 ppmal 7-?2
7oshe] EHIEASY PhE&EL EipiEY Phgz

vhebd EE] %EEH KELLIFIA PhER= Pbc']

THENS FEAD /e FEde &5 LSHmEd
2 d9 PoAEmERe debds Sz £0de. i
3 s ulel fkstd 2(H £iBe]-oL B B BiEko]
B2 el A Bl A EEER) gemw o] vk
Wi =1 371 wi Eell $dlitel Pbe) &5 Zoh(Lag-
erwer{f and Specht, 1970)= £ 1-53.1 Pbrt @44
RAge] 2 7] 5 I8l S BE(Lisk, 1972) © MEipS) %
o ARd MEESL 23 PbY [REREEL Rk

Table 9. Composition of mineral elements in the experimenial soil

Soil T-N PO, K.0 Ca Mg Pb

pH Depth(cm) % PRI ppm me/100g me/160g 1;;;
Control 0—20 0.07 68 88 4.2 0.6 8.5

Acidity 0—10 0.03 48 66 0.8 1.0 3773

10—20 0.06 50 55 2.7 1.1 23

Neutrality 0—10 0.03 62 55 0.6 1.2 3773

10—20 0.03 87 88 2.0 0.6 22

Alkalinity 0—10 0.05 52 88 0.5 1.7 3773

10—20 0-05 50 42 2.9 0.7 21

Average 0—10 0.0% 54 70 0.6 1.3 3773

10—20 0.04 62 62 2.5 0.8 22
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44 100ppmg.ont, Tz FE 1000ppme] 4
L 5000~10000ppmel A AfKe] pglE EHE Pb
EkZ 3t control® FEIES: 7 3HAY TWHFE 2 4R
el TaEsHE oh=(Sung, 1976) BLo = Phi o
Trel-zell fhehe —zkfhe R i A BAEWE HHE
o fEpile] LSS o H- RER Fse Zam
L= BE RAE E0RRY a8 Belld #Kig
A P& e Bk HEipd RS 5EA
2 BeE =Eda T 4 9=

& #HEel b o= 1000ppme) Ph(d A4 skt
E BEET LAY £EREEE wolA] ggrh o
]2 3z PbEE-L KEHE 59ppm, KHEHIGEKE 145

ppmel G v, =5 10000ppms] PhEtE =] 4] R Ho]
ZRJE AL, A 23] = 2000ppm o A AEET, 5000ppm

B EFETS @Foe). £FET/ B85 9
o] mEipRLA Phafe 2T (5000ppmE)S] I 50
ppm, 1RER 128ppm°]°4, A ZH (200ppmiE) & HEER
113ppm, 4RI 2970ppme] vk, —EBE (2500ppm) 2]
EXECGA A9 3Eh PhEKES EFEe =2 A%
B HEEEEA (2044ppm) >4 (482ppm) >FE (LA (165ppm)
>iBEh (116ppm) > BEEE SR (48ppm) 8] & JFo = 1}
btk RS PbaFol S BB EES Je)
71 AR A dehle g8 BB dum FeR(EK
5, 1973).

B¥+E Pb&iEo] 400~500ppmd]d] L

L3 EES: TR, 100ppme] ] ool MR
R AFIEE, 500~600ppma) A W= EAD kT
FE, 1000ppm LA kd wWE £EESF B
deta (RS fhiEe] whel PbiiiEe] sh=rlz &g
“R(Eds, 1974).

IEitke] PhpEE ¥ 1, 5, 10ppmiEd]4  10ppm7t
A EEIRM wel BT £ERES BED. HE
50ppm EEEC A i1 k#e) Pbae] 765ppm, E
£ sv00ppmsd = Afe] MHA EBEE ] ¥ Phd
HlEtd Mtkel EY MYYE € S J9E(EE =,
1976). Lk 100ppme] PbE miEsle EipS) {h=
=l @MEst. =% 30ppm7AN  fhEe] T ek
(Wilkins, 1957). %8 &A= a4 1
ppme] A 10ppm7zhx] Phe] JEESL Hingda el L
I EHT EERE & ¢ 99 (Sung, 1976).

o] 8] A8 KT Hkd HRERE 7 2
Ak R dﬂ/ﬂ Pbﬁ%ﬁrﬂ\‘i A Vel = 558
e EE 49 Bel2o] FPhby f1&d BEE
B2E PM 75 SIEA L R MElT £,

Pba] gifle RS BE WHlshg ok

ok Ey
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H&HE Pbr7l Mgt ®4& (Huang et al., 1074)
% FEES) SHEL Pb MY Eaos MSEEES HH
FoHe Pby Eg(Martin, 1962) %9 #i4zz o
T+ glglem odw PbY MEMRY MEL R
EEzA BRAD 5 g4k

—ifho = Pbi AL hER= fEoR 10
ppmel THEEEE EipET B vAss 525
£ A9 gl=h Pbe LT & 10ppm BE &&z
Aot ks B 2.7ppmel el ik (Bowen,
1966)7F gl RE B 85 #iRiged e
PhiEE el 0.1~1.0ppm®] #EaA Ippme
= d¢ ==v, a8 Phrl 24 BIETIAAE 5

FEES 1062 2 2 M ko #E9de 4 (Warren
and Delavault, 1962)¢] H:zbed 2¥s59] 8.5ppme. l
Y BRI DLk Eegelm @ 4 v, Eg
ﬁ??'@rlﬁ’:ld’ fEim Pbell kT EHEES M4 2w
—4 B i@:ﬁ?ol Pb%_u. VEES ’AH'@J&WJ PhiE

”““7]- M=+ Al oz A4 g1
I’Aﬂliﬁr Philz&tpd) Mol wodd SHEZ 74a

B Poile] HAYW TR Ml Phadike
BoE AER o] o8 Mt H¢ Poammhk

B =

19762 SA-T 7TRAC AA LiEe) [rele9 fusel
9] Pb Rk} Filke] vl e B8RS WErsiq
o B 2 FEee E(Glycine max L) 2 e
(Zea mays L.) f8T% 5000ppme] Phigwie 245584
TERET % FoMEse] tad EEse Gl e
= 2000ppme] PbiE#-& 2HRR FRE WG
AL Lz —ES (et AR EYe Bk
Eufdl diEela, 105°Cal A mAal % TS

e PhEES MEsgd v

1. :\L;" ] pHel| w2 s PoBlis dEo] Lbig
'“‘D' HFE EIRS pH 5~7614 Al Eghes] obs)
=l

FEER ol WEE-REA A o R miks o vk

o GEeled BEG Te LEe L9 GE
ol ¥& HiEud Ml W Phadn °] e
By wres, (i kel 2R d-fid e T2 4% i

e R &S PRI s Twlﬂlt’l/iﬁ-
3. dliidl Pbe BEY-S o 54 &l Eik=l=Ph
SELS WLER I b L 1~10cmd A 99.5%
(8773ppm)7k FEREEA FEok 10~20cme A R
5% (22ppm) -} BRI T o] 2 st HEwie) Ph



Korean Jour. Botany

TSRS WEImhd ERsig e el L1 2
o] ARets Bt Rl =l WdEe A

4. LuEe A Pbe] &fe] 3773ppmol @t HEAZREC
Rlrd w-e s WiED & T 0.78ppmel A &
& 3. 64ppmol vk

5. 28 PhamEi-e FAA HHE HE B8R, R’
A mEEe]s EES Faol MmEEHdr ST
o) sEee del A SE, B R e Vel
ol F g4t EEE F94 29 Seedd H5
EREAl Vel g

6. Ph= EI EHY WEERE £ Bel BE
7+ e £E Fsld e HE PhAEEe &
oleEr ¥y HFEE + ddh

7. 1EEY WKL Phx FEskd M= gond [Eele
o RERA 238 Bt

8. Phel HEMEL LW —XFeR [EoleLEd
Phis &80 Tk thet B, THEeE EHIR
of fRete] MR Bl WAL A [Eelesld Pb
EeEpRez e PbAZEiE #iFdl SHAEE
A= REHMyE o Bl Puil MigdE T
oyt dem s Phiie] L MmidAE PhiEE
k2] FEmmake] HEpelA B = FEel &
& 5 gledleh.
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