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ABSTRACT

Effects of lead(Pb) and calcium(Ca) on growth responses, accumulation of heavy metals and ni-
trogen fixation activities of Melilotus suaveolens seedlings were quantitatively analyzed during
growing period. Pb contents of the root treated with 30, 100 ppm Pb and 100 ppm Pb added 100
ppm Ca were 54.1, 90.9 and 26.1 folds higher than that of the control, respectively, at pH 4.2 in
28th days, and heavy metal content of plant increased with increasing of pH and Pb concentration.
The melilot plant was classified as a Pb accumulator by higher accumulation of Pb in shoot than
that of root. Pb treatments resulted in inhibition of height and chlorophyll content, and Ca treat-
ment increased height and chlorophyll content insignificantly at pH 4.2 in 28 days. The plant
biomass reduced 49, 60 and 54% at pH 4.2 and 47, 53 and 50% at pH 6.5, respectively, by 30, 100
ppm Pb and 100 ppm Pb added 100 ppm Ca treatment. Specific nitrogen fixation of nodules
reduced 68.4% and 46.6% by 100 ppm Pb treatment and 3.7% and 24.9% by 100 ppm Pb added
100 ppm Ca at pH 4.2 and pH 6.5, respectively, so Ca inhibited significantly Pb activity and tox-
icity in acdic pH. Nodule formation were reduced to 33, 33 and 50% at pH 4.2 and 50, 33 and
38% at pH 6.5 by 30, 100 ppm Pb and 100 ppm Pb added 100 ppm Ca, respectively.

Key words: pH, Pb, Ca, Melilotus suaveolens, Growth, Nitrogen fixation, Heavy metal.

P AeE, £35 g BN 249 1
M 2 A2 o)ee] F4As| (Page er al. 1972)9}
29 AFRA (Kelly er al. 1979) & 24

‘e @t

199795 R&H 7|23 (BSRI-97-4404) 9] Aol &) £HEAL.

- 179 —

B olgade] F23 3 (Baker er al. 1994), AARZ



180 Park, Tae-Gyu and Seung-Dal Song

olgL FEEY AEAU ¥ e} AolE BllY
(Hardiman er al. 1984). 3<& A J& HIIE,
A7, F% 948, A8, AL L w7 |I7tAZ wEE
of EEY F B4 9] HI I, Y A& F
& AEA FHHeY, o2 odd AYdM A%
g Holg &S FE45 WAL Yeda € 4 4
t} (Lagerwerff and Specht 1970). AHE %A Pbe
10.0~154 ppm AE o] Yo, 4G Abda
FHME 24z 110 ppm#} 728.8 ppm7tA] R E S
T, FEAY JIEFYME 120 ppmlE L 23S
Holuz (Pa} o 1985, ¥ £ 1993), Pbe ZT@rolu}
E4A9] Mg BEgeddeln, ARA Foid F
ol falet 942t & 4 Ut} (Ho and Tai 1988).

HT BHEAS i sHE A o F4
o] AZHWA FTAY (0|9} 4 1985), AbA (P}
o 1985), B (o] T 1996), =AA (8 & 1993) &
FAA (G T 199) T qgd FEEAENAN A EA
o] Fo& F3 #g A7 AYHAL, EF S0
A AEAE o83t Wte] dFHL Urh (Wong
and Bradshaw 1982, %%} 71 1995). £3] T4 &
B38| T FAol YFHY Hegt Cd 5 F75
Aol wmE JdEgS B vk gk (3} & 1996, §
2 1997). o8} 7ol @A A HEY vt FE4
o disl WS /e FHYEY AFEEH HEA
2 53 59 AAZA Y3 A3 FAs 6
At |

Mo U A Se) dste] 7] Holdy
3 7537, B4 LAXIH AYEL FHE A
sael (kW 1994) HHES o E Agddst
EAE FAHLE WAoo FUtHe PbE AHIIAE
o, A=A AN JEAY Fu55d FHART
2 259 AaaA &4 WslE FAste PhEL
Holl st A EA ] AFHE F3E #H3)xa &l

R
MEHo M3 F34%a

AR A AQFs AEAY (Melilotus  suaveolens
Ledeb.) Ex+ 0.1% HgChel 1087+ FAAFE
30T F27)0A 48217 WopAlZl F A 18 cm, (9]
20 cm 3HEo] SAHAY ojyste] ASAATH FAKG A
HE HAst7 A AEA (B wr|Eeo]E=3:
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D& AAET. A Fx9 FF7]= 20,000 lux,
el 14/10 Ao AN, eE9 AUEsEs 7t
7zt 25 £ 5T 10%E FAFHT. o433 AeAe +
HEL F IF52E Yol FF4 Hoagland W gYE
pH 4.2 9 652 E38l 2z} 3tEg 159 23] 100
mly FEeA 1497 A AERE fAE
< Pb (PbCh)Y 98-S AFHoz BNy A8 2
z} 0, 30, 100 ppm ¥ 100 ppm Pb+100 ppm Ca2 3
d ZHHo=2 100 miy AHelste AFAF . 2+ Hel
© A 3 14U} 28UA Ago] FUT I JEAE
A ato] B o] &atgr}.

AZHe 43, S35 A ALuFEY

AEAe AZYEE 3T F 454852 DMSO
5 miol AHAA FFEE FH3L Amond] o2 3t
3Tt (Arnon 1949). BelE A HEAe 4 7)H
HE Zeste] AAFE FHT F 0T Y2794 3
AT ARNA AFS 2As] MBS 35
£ IN HNO:;2 #%3} Jobin Yvon Emission (JY
38 plus) F=ATSGRe (ICP, induced coupled
plasma) 220353 nm #HAogE 2t (¥t &
1996). 4334 AL 252 AFsk] 10 mL vialdj
Y 30TAA 2087 AXNEE F 10% oHEd
(CH)E Fdstd 1A wgsta, A8 0.5 mLE A
# 3l Porapak R Column (182 cm X 0.32 cm)2 o]
23t Shimadzu 8A Gas Chromatographo|A &% o]
23t A%&7) (FDDo| 93] &9¥ o€dl (CGHIFS
AEsla] AAnY 848 AT (Patterson et al.
1979).

2

S35 &7 MSAH 2ol

& TFe 32 Fig 134 2ok A Fa&2 ¥
g, £7], 4 ¢o2 FAHLH, 307 100 ppm wjF
dog 108 AHIYPS W JEA ZAHIE Fviske
pH 42014 Az 2844 =79 ¢, 7] ¥ #e9
PoE=AFLe 742} 202, 19.6 2 17.8 pglg dr. wt. 2,
30 ppmolME Z+2E 5715, 625.7 2 962.1 pglg dr. wt.
¥owd, 100 ppm ¥ AAle zHzt 605.5, 1201.7
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Fig. 1. Accumulation of Pb in the roots, stems and
leaves of M. suaveolens seedlings treated with 0(A, E),
30(B, F) and 100ppm(C, G) Pb and 100ppm Pb added
100ppm Ca(D, H) by pH 4.2(A, B, C, D) and pH 6.5
(E, F, G, H).

2 1617.3 pgfg dr. wt. 9o, 100 ppm Pb+100
ppm Ca ui¥e AajA&= zHzh 260.2, 315.2 ¥ 465.4
glgdr. wt. 2 CaxlgA] Pbe] &9 AEAY 53L&
#A8] 7HA3tAth pH 6.594 % PbAle] W& 4 &
A8 XL pH 42 HAIG A 43S 2oy
100 ppm Cag H7}HHE o 2EA S PbEFE &
gk zpol& HolA o} pH7} WETE PbY F47t
F7H=E At

Pbx{2|o] £ MMz Y
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ARG st Table 19 VeRE uiel 7o) X
2844 0, 30, 100 ppm Pb ¥ 100 ppm Pb+100
ppm Cax2 79 2344 pH 429 6.5944 74zt
7.1, 6.0, 5.6 2 6.0 cm9} 6.8, 5.1, 4.9 € 5.1 cm= Pb
AeEsrrt 571845 AZAZo] JAHIUL, Caxg
of wg AFAFe] 3E-& wefart. PbA ] w
AEDAE Q5L Hske F4E9 4% HE
o] Z71HAE, S84 A wE Fadge] A
o 0, 30, 100 ppm Pb ¥ 100 ppm Pb+100 ppm Ca
g 28YA pH 4.29F 6.5+ Z+Z; 2.58, 2.28, 1.98 2
1.85 mg/g fr. wt. leaf9} 2.64, 2.16, 2.04 2 1.92 mg/g
fr. wt. leaft}.

2 EA 9z} 713d A Fe] Wsle Table 29 720]
PoA Lt /M-S AAFES AT FAE Hy
2894 dizte o, 71, ¥8 ¥ 2HFE pH 429
6.59141 ztz} 152, 60, 28 € 6 mg/plants} 147, 52, 29
2 6 mg/plant3, 30 ppm HeAlE Ztz}t 85, 35, 20
2 2 mg/plante} 79, 36, 21 @ 3 mg/plantg o, 100

ppm A Al zHzt 58, 28, 14 £ 2 mg/plants} 62,
32, 21 ¥ 2 mg/plantE YERNAEH, 100 ppm Pb+
100 ppm Cax|2]A] pH 4.2¢} 6.5% 7}zh 72, 31, 19 &2
3 mg/plant$} 73, 30, 21 2 2 mg/plantZ Caz]ZjA|
Pbe] E4o] gstso] AFe] i FHG.

FE&Y HEA 7 NBd FHFR YAFY A
Hol ulg A4He ¥g (T/R ratio)s F3H4 7|}
v 3347189 v & (F/C ratio)e Table 39 vehd
upel Zok A shete] thdk AFEe Hl&-& PbAe 28
A 0, 30, 100 ppm % 100 ppm Pb+100 ppm Cax]
275 pH 4.29] 7% 7z} 5.10, 5.00, 5.50 ¥ 4.84%
2, pH 6.5 Ztz} 4.55, 421, 436 2 4.270|%oH,
Mg 28UR FFE7)HS ¥l&E pH 4.29) 6.5004 7
Zt 1.07~1.35% 1.03~1.172 PbHEEE7}t 27184E
T/R} F/CHI7F #AHAY. A3Re F34 o)
EFoE BEFEL AEAY AR AFEFNez Qs
AR HEE A2 2894 pH 4.29 6.5004 zH7} 3.
28~6.759} 2.02~4.158 ¥ & JEMIUL, PbA g
Frol et Zasit. FRAAVNRY FEE5 3 vy
€2 pH 42914 0, 30, 100 2 100 ppm Pb+100
ppm Caxg] 28YA ztz} 1.52, 0.95, 0.51 ¥ 0.630.2
Pb HEFzd wet §43] iAoy Caxez 3
FA71#E i Fr1etdd

542l dE SRYLY ALY 2
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Table 1. Changes of height growth{cm, mean value+SD) and chlorophyll content(mg chl. - g fr. wt. leaf™!, mean
value+SD) of M. suaveolens seedlings treated with 0, 30, 100 ppm Pb and 100 ppm Pb added 100 ppm Ca

Plant height(cm, mean value+SD)

Treatments pH 4.2 pH 6.5
0 14 28 B 0 14 28
0 ppm Pb 2.0+0.3 3.7£0.5 7.1£0.7 2.0+0.3 4,3+0.4 6.8+£0.7
30 ppm Pb 2.0x+0.3 3.6+0.4 6.0+0.7 2.0+0.3 3.7+0.4 51x0.6
100 ppm Pb 2.0+0.3 2.7+0.3 56%0.5 2.0+0.3 3.7+0.3 4.9£0.5
100 ppmPb+-100 ppmCa 2.0+£0.3 3.4+£0.3 6.0£0.5 2.0+0.3 4.0£0.3 5.140.6

Chlorophyll contént(mg chl. - g fr. wt. leaf‘l, mean value+SD)

Treatments pH 4.2 pH 6.5
U & 2§ 7 0 14 28
0 ppm Pb 1.10+0.01 1.91+0.07 2.58+0.13 1.10+0.01 1.85+0.08 2.64+0.17
30 ppm Pb 1.10+0.01 1.61+0.06 2.28%0.12 1.10+0.01 1.45+0.09 2.16+0.14
100 ppm Pb 1.10£0.01 1.50+0.06 1.98+0.09 1.10£0.01 1.20+£0.07 2.04£0.11

100 ppmPb+100 ppmCa 1.10£0.01 143005 1.8*0.08 1.10£0.01 1.17+0.05 1.92+0.09

Table 2. Changes of fresh weight(mg /plant) in each organ of M. suaveolens seedlings treated with 0, 30, 100 ppm Pb
and _100 ppm Pb added 1007 ppm Ca

Pb B 7 : A 100 ppm Pb
treatment 0 ppm 30 ppm 100 ppm +100 ppm Ca
Days 0 14 28 14 28 14 28 14 28
pH 4.2
Leaf 11£0.9 36+3.5 152+12.4 34+31 85+7.5 29+3.2 58+5.6 36%3.9 72+6.8
Stem 3+0.1 12+1.1 80+ 9.1 11*15 34+3.2 10+1.6 28124 12+1.2 31+2.9
Root 5+0.2 13+1.1 28+ 3.1 10x0.7 20+2.4 9+0.8 14+1.2 10+1.1 19+2.1
Nodule - 101 2+0.1 6+ 03 2£01 2401 1+0.1 2+0.1 2+0.1 3+0.2
pH 6.5
Leaf 11+0.9 32+33 157*16.1 2729 79+8.1 25+2.2 61%5.9 28+3.1 73+8.1
Stem 3+0.1 12+1.1 53+ 54 10%1.1 36+3.7 8+0.9 3235 11+0.9 30+3.2
Root 510.2 14+1.2 29+ 3.2 8+0.9 21+2.3 7+0.8 21+2.3 7+0.6 21+2.0
Nodule 1+0.1 2+0.2 6+ 0.7 2+0.1 3+0.2 1+0.1 2+0.2 2+0.1 2+0.1

Table 3. Changes of F/C and T /R ratios of Pb content and biomass of Melilotus suaveolens seedlings treated with 0,
30 and 100 ppm Pb and 100 ppm Pb added 100 ppm Ca

T /R ratio F /C ratio
Concentration Heavy metal Biomass Heavy metal Biomass

{ppm) Days after treatment

pH 4.2 14 28 4 28 14 28 14 28

Pb 0 2.01 6.75 3.30 5.10 0.67 1.52 1.41 1.35
30 1.94 3.39 3.84 5.00 0.64 0.95 1.42 119
100 1.72 3.28 3.45 5.50 0.53 0.51 1.34 1.07
100+Cal00 1.04 3.46 3.85 4.84 0.34 0.63 1.48 1.09

pH 6.5

Pb 0 3.11 4.15 3.04 4.55 0.61 1.10 1.16 1.17
30 1.63 3.00 3.45 4.21 0.66 0.66 1.21 1.06
100 1.61 2.95 3.18 4.36 0.45 1.00 1.29 1.03

100+Cal00 L.75 2.02 3.15 4.27 0.76 0.68 1.16 1.07
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PbEld wE& AsA FHEY FAIA 6§,
oF AF ¥ FAAIAFL Fig. 291 7k PbAg
Al AASR H@AFe] Wsle Bk FUt uet 7ad
o 0, 30, 100 2 100 ppm Pb+100 ppm Caxa] 28¢
A pH 42914 z+zH 117.6, 536, 37.4 2 1133 umole
CHq - g fr. wt. nodule™' - h-'gZ, pH 6.59M& 7
7} 1439, 112.1, 76.8 2 108.1 umole C;H,- g fr. wt.
nodule™' - h~'2 303 100 ppm Pb A& A] pH 4.2¢}
6.5¢ Ztz} 279 4573 31.6% % 7799} 53.4%=
PbA Al ATy B|EAHY JA7L ALY, Ca
AgA pH 4.29} 6.5 247 d279] 96.33} 75.1%=
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Fig. 2. Changes of specific nitrogen fixation activity
(ARA: A, D), nodule fresh weight (B, E) and total
nitrogen fixation activity (TNA: C, F) of M. suaveolens
seedlings treated with 0, 30 and 100 ppm Pb and 100
ppm Pb added 100 ppm Ca, respectively, by pH 4.2
(A, B, C) and pH 6.5 (D, E, F).
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zbzh g =9 37.5, 31.3 2 46.9%%3, pH 6504 =
74zt 279 459, 29.5 2 39.3% 100 ppm PbA 2]
Al 279 A4S A dAEALH, CaeA 2
FHAHL EHUL pHIL REE FAHUY. 27
9 FA423Y 4L T35 A vTF S ¢
gt A3 zold Be pH 4.2004 PbA 2 28UA 30,
100 2 100 ppm Pb+100 ppm Cax&t& ztzt gz
9 17.2, 9.9 2 452%% 3, pH 6.59X4 = 7zt gz
T9] 358, 157 @ 29.6%E Caxg 2 Q8] AATRA
© 37 3E=HAY.

-,

PbAElo] W& AEA 7 7| FI& FEFES A
FE Ft v 84 #$¥9 3718 2o pH
4.2914 30 ppm PbAz| 2894 9, £7] 2 B9 F
& FHFE 747 o279 283, 319 ¥ 5418,
100 ppm PbolAle ztzh th=+<] 300, 61.3 F 90.9%)
2 Beo ZAFo] A U ole A HE
A8 FFE& F3o] Ao FFEHNUUe B9 #
AHe A9 (o] § 1996). 100 ppm Pb+100 ppm
CadEA 9, 27) 2 e 27 gz 129, 16
R 26.1M2 Caxe|2 Q18] PoF47t A A AA S
A=Hl, o] Medicargo sp. 9 Soy-a-bean cultivardj]
ME FAE A3 (Robson and Loneragan 1970,
Heenan and Carter 1975). pH 6.59A % Pbxgle] ot
& F5% §FE pH 42 AYA Y FARE ¢S 1Y
o, pH7} RE&4E Pbe §F47F S7HHF, Cadl
% PbEF7E dAHNY. ole Yz F4HE Pbe
A EH ] ol uFFhoM Cast HAHER F47}
AqAlgrts & 4= Ut} (Tyler and McBride 1982).

AR Wiste PoAEERs F71ES5E A
AL, Caxzle] W& AR 382 vjfadu). ¢
4 o dste f4EY AAH fEo F7HE
ou, pH 42004 F3& A 4E4 o 7Hart
&Y e, oy CANEAl 20~30% P24 839
7A2E K9 Bazzazel Govindjee (1974)] B8} A}
393, 100 ppm Cdxg 4294 AFHRFYE 2T
vl 89% ZAE Mo, Poxgle] vla) Azt s
BAG (& 5 1997). PbAElo] W& 284 YA
Hile AYErrt 37185 E A% #4428 2o pH
4.2914 30, 100 ppm Pb 2 100 ppm Pb+100 ppm
Carie]te Mg 28UA Zz =79 51.6, 400 %
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45.5%9Q3, 100 ppm A ®ele 27 38%
Ao g Aol AAH FF&) o FHzo
AEH HEF4L BAFe] JAET= Wongd
Bradshaw (1982)2] B9} A= ZAAY. pH 6.5
oM Zhzt gl 52.6, 48.3 2 50.3%=, pH7L ¢
S48 Aol JAHUL CaxelZ PbEA| 3ty
o] Aol thh AUt (Bakker er al. 1994). o]&
Ale HEF 4 (sorghum)olME CaZdPoz Qs
Aol AUk AR A H= Zolt} (Tan et al.
1992).

AaHo] g AR v & PR AAE
02 %719 ¥ S HIUL, Pb MHwEst F71
g2 A AFYAsL ARt RS AAANA
T/RZ FlCHle Z4dgd. ol Ald CaxgAld=
AR AAE RYT (3 £ 1996). AEAU F5&
2HFL A3 FEE FF] wdox EFA
2 8A AR AFERNCR s AR 53] B
A71Be FE4 30| &L PoxlEErd wel 7Has)
Ho, Caxelz ti F7betd. Pbe A3Htol] H]
8 AR e 23S Ho FE5 F 4EH 9
Hh-S B2 (Baker 1981, Punz and Sieghardt 1993)¢] 2
s, AFNYe PbEHAE (accumulaton)2 B
At ,

Poxge] wWg 2R HAAIHHFAYL 303 100

ppm PbAE 28944 pH 4.2¢ 6.5¢ Zz} tixT9
4573} 31.6% % 7799 534%F FaIA HFAY
AA7E EAsA Y, CaxEA pH 4.29 6.5 24zt
23 9633 75.1%E 49 3HEE BHYL
Bekker 5 (1994)& Ca’t Z2¥® FFA A23A &
Aol dAlFATt Bisle, Cart 5349 S4& 4
HHo 2 AAde AR AlgdEr). 2RIAIHY ws)
E PoAEEEst $7H8E 2540l dalse] pH
42004 Hel 28UA 30, 100 ppm Pb ¥ 100 ppm
Pb+100 ppm Caxe|te ZZ tiz79 375, 313 &
46.9%% 3, pH 6.59A & zhzt B9 459, 295 &
39.3%2, PbA A WA ZHIYAol JAHUL, CaA
YA 2FFARY AL 49 3Ee] FAHA=
g, pH7} &5 X3t 2§79 $443% &
Ae $84% AT Tt 3715 wet dAF zolE
Hal pH 4.20014 PbAz] 28Y4s 30, 100 ppm Pb ¥
100 ppm Pb+100 ppm Cax@l 7= z}zb tjz+19 17.
2, 9.9 B 452%4%3, pH 6.5 Zhzt =79 35.
8, 157 2 29.6% 2 pHytol $&45 FATH o] A
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A AAHNZ, CaxlEgA 2 3ES HYt CdE
A3 AsMEEe S%E o]stZ Pbol| vla] dA3 7
28 2449 (F 5 1997).

H 2

PbAele] wE HeHe FHE NS, FE5
223 AaTA B4 2 % CarZ A3 A &H
o WwgS ARG, JEAY Fa& §Fe pHULt
S HeeErt A 8rE 3 %] F7hE] pH 4.2
oA 302} 100 ppm PbE 28Y AHeA] RyE ztzt O
ZFo) vls] 54.13 90.9v1 2 A FHE A o] A3}
93, 100 ppm Pb+100 ppm Caxz)A] e gz
o 26.1412 PbEAE ZFAAFT. AEA Y FE5 i
$oA Pbe AAR FL =3 R APMde
PbZHAE (accumulator)E 2 4 glth. Pbaad ot
& HAeAely ARRAT 454 FFE PbEEIL F
7F8taL, pH7E AMALFE JAEHARL, Carze] wE
382 vkt AR Wshe pH 42404 30,
100 ppm Pb ¥ 100 ppm Pb+100 ppm Caxg]A] o
Zo ulal Ztzt 49, 60 ¥ 54% 7FAEJYL, pH 6.5
AqMe Ztzt 47, 53 B 0% #AE Ho] CaxgA
pH7} ¥&4E AA o] bdad F7HEAT. 279 4
73 WZAL 100 ppm PbA ] 28UA pH 4.29 6.5
A ztz} dzFol ulal 68.4%<t 46.6%, 100 ppm
Pb+100 ppm Cay Z}z} 3.73% 24.9% ZAE B pH
7F $&42 Pbe] A4A 9 Cadl g PbEA A7}
#Asgch. 2FFAFS 30, 100 ppm Pb 2 100
ppm Pb+100 ppm Cax2] 289U% pH 4.29AM+ 72}
)z vl 33, 33 & 50%9] A#E HY, pH 6.
514 50, 33 @ 38%9 AHE B, CaxEA 2F
49 382 pH/} WE4E A

g EH
A7, WA Q. 1994 AENA B4Vl e A 9
g7} (). $73%8 32pde B 1A p. 51-118.
A28, 7AAE, YA, 199%6. F259 EFO: 2
FRAG FAAE FAo2. ALAARA 29(6):
725-732.
AAZ, Fehs. 1985, AJEA Q2 Y EY 2 &
A 5 5% gl #Y 2AATE. FEHR] 18(4):
336-347.
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