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Effects of Heavy Metals on Growth and Seed Germination
of Arabidopsis thaliana
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This experiment was carried out to investigate the effects of heavy metals (copper, cadmium, lead and
chrome) on the growth of plant and seed germination of Arabidopsis thaliana treated with various
concentrations of heavy metals. Cadmium and chrome among the 4 heavy metals had no effect on the growth
of stem even in the concentration fifty times higher than the official standard concentration of pollutant exhaust
notified by the Ministry of Environment. The official standard concentration of cadmium, however, stimulated
the growth of stem in general, increasing leaf size and surface area, although it had no effect on the length of
stem. But the growth of stem was decreased about 18% in the official standard concentration of pollutant
exhaust of lead and copper. There was no growth of root in the concentration of lead and copper ten times
higher than the official standard concentration. Cadmium and chrome had no effect on the seed germination,
but lead and copper decreased the rate of seed germination. Seeds were not germinated in the concentration of
copper ten times higher than the official standard concentration and in the concentration of lead fifty times
higher than the official standard concentration. From this research three peculiar results were obtained. Chrome
in the soil did not have much effect on the plant growth and seed germination of Arabidopsis thaliana.
Cadmium stimulated the stem growth in an optimum concentration. But lead and copper reduced the plant
growth and seed germination even in a small concentration, especially copper had the worse effect.

Key words : heavy metals, plant growth, root growth, seed germination, Arabidopsis thaliana
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AR BouEde] 4l 2E2A 2 o7
Al (Arabidopsis thaliana)= 21 37\7} #olA &
& 3 gAY 2aE aied wsiRel A E
wjoko] shEdtch T shte AERYE BE F

A8 Aibsie (st AEZ 100000), LEAE F
2 genomed 7FA L on (70~150 Mb), A&
A A FAA =7 S4F Hzxo 2FHE

olth, 3§ 6-8F9 H2 AZAE /AT YA
fAgte zughy vl AES A dAdHY o
109 d A FE] A& o] £okedlA model plant
2 Byt o) 4H3 e PRGN

el B d3e 1, JieE, 28, 3 e
FZ4& Bd0 AR 2EAEQ f7)FU) A
A3 oo wX e FEE ZAEI FFEo] 2
SAEY Ao g S WH=AE AT
Ak oA F AFE FFKe 298 A& A
A #as ol gozH o WAE e A
2o AFe FF%e AA g 7j2AHA AR
& AFsed a2 540 Qi

2. Az g uhy

21 ARAE

o} 71l (Arabidopsis thaliana)®] E1E 2 Col-O
o] Zx}¥ ul= Ohio State University®] Arabi-
dopsis Biological Resource Center (ABRC)o|A
Bohitol £ A¥AgR AL ATh

2.2. W71 AES v

714 F2LE peat moss 4, HFolEV}
Zbzb 1112 E%E 9F FHol ¥ B B3
T We Y 29 F9¢ 4TAM ALAYT gS
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growth chamber]l &74A ®Ysldcl. Growth
chambertl el FAZ72 16 Alzte] HAHY 84
7Y dAGR 2AE FFUEAN 2xE 2+
1TE, 5% 0-80%Z FAHEE zHsid F
Ark WG o 2F FH Ao] Yo oy P&
AL 3-49 vk AL FRAAHNE st F
A 57 FAHEE A2 gFAd(Table )&
TE3 FU

Table 1. Compositions of the irrigation solution

Compound ml/ §
1 M KNO; 50
1 M KH:PO, 25
1 M MgSO, 20
1 M Ca(NO3)z 2.0
Fe-EDTA Stock™ 25
Micronutrient Mix Stock™ 10

* Fe-EDTA Stock; FeSO;.7H,O 55 mg/ 4 +
NaEDTA 75 mg/ ¢
** Micronutrient Mix Stock; 70.0 mM H3BO; + 14.0
mM MnCl; + 0.5 mM
CuSQOs + 1.0 mM ZnSO4
+ 0.2 mM NaMoO +
100 mM NaCl + 0.01

mM CoCl:
23 F9% Ay
A7Zd 248 BId F2F F growth
chamberWdl A} <F 159 AX wgsld o] Ax
Bgg of71Zdlol e, i, Jt=E, & 47HA

E89 FF£E 47 7MA BER AZsdd
FAYM aAG LFEH NEP)IEXE 7IEF
E& Cd, Cy, Cr, PbE 424 01, 3,05 1 mg/ L &
stgow, ojret 104, 508) ¥ FEE RETER
glo] AgAdr 2+ FEE Axdtd 1 L ¢

A7tsied ALgalelth(Table 2). WETRE 335
Hrol AHA we FYATE AL T

2% AU AUl FEE KNI Aol
Fastel F 9G4 FIEEAL vEER

HA7rste] of71Adiel FFdte] FAh

Table 2. Concentrations of four kinds of heavy metals

Heavy Metal Concentration (mg/{)
Cd 01 1 5
Cu 3 30 150
Cr 05 5 %
Pb 1 10 50
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growth chamberol &74 wiokstgeh. Growth
chamberol A wikstys F¢F 47 & F35 %

57t 238 g S5 8d] g9 ‘Rlxl &
2 ool s 3~4¢ HASE 250 miW FEEA
45A7 g F '“Zﬂ 120 Mo £7)9 Zol&
Rt 719 Aol AL 50 AA S
ZRsgon £2e AP 2¥ W YA
—»Er OP‘I“:}

B A &4, 7AWy FAE 2% sodium
hypochlonde (NaOCDH& o2 of 537 wuidd
i daeR 5 AAsAd. Add 4 4
7 g 224 257 23y ¥ MS wA?el
o509 AR e 1y MSHIA|Y petri
disholl sHEste] 290 F¢F 4T AL Mg o
€ growth chambero} A ]°“3}‘ﬂ‘3} 7 Fa45 %
=382 3749 petri dishd & }o\roq 178 petri dish
of 20525 dFslgd, BT 1579 T Py A
& S8ty 22 4¥8S 3‘%5 HHE glo]
T35 ot

MSHI A1 2] £A-& Murashige and Skoog
sizje) $7] gk sucrose (30 g/L), myoinositol
(100 g/ F719%4E 78, vitamine2 2
£ nicotinic acid (0.05 mg/£), pyridoxine~-HCl
(005 mg/¢), thimne-HCl (10 mg/{), glycine
(02 mg/ )& #7138l AL8-3tdtH{Table 3). B
¢ pHx IN NaOH¢F IN HCIE Al&3le] pH
57-58% #% % t}g Difco-bacto agar (10 g/l.)
Arrete] w9l ¥ 121CoA 1587 ndd sk
% petri dishol +F3tHth

=
=
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=
=
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Table 3. Compositions of the solidified MS media

Compound mgﬂ/ Compound mg/ ¢
(NH4)NO3 1,650 | NaMoOq.2H:0 025
KNOy 1900 | CuSO4.5H0 0.025
CaCl>. 2H:0 440 | CoCls.6H:0 0.025
MgS0; - 6H:0 370 { glycine 0.2
KH.PO, 170 | nicotinic acid 0.05
Na:EDTA 37.3 | pyridoxine-HCl 0.05
FeSO;. 7H0 278 | thiamine-HCl 10
MnSQs . 4H:0 223 | myo-inositol 100
ZnS04-4H0 86 | sucrose 30.000
H:iBOs 62 | Agar 10.000
Ki 083 { pH 57~58

of AU BB FAbdold)
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nAE 4%

25. 2 ol g &

Q7)) FAZ 2% sodivm hypochloride
(NaOCh&- oz o 587 FHATL BdT=E
58 AHsgY. AHE e 747 g2 s:R9
FE4£49 8 moez IMA AHAGEH7E £
9l 7t petri disho] 50 2AE #HEF F

parafilm e & WHsle] 25+1TE HAE incubater
o A s g3t

A% 39 F2R AL Wb e SRS
e A9 2 Bus] FEAE FIA.
3. A% 8 3%

31 £7]9 g9 A
o}71 4 & growth chamberoll ] w3} A
2 A3 FFT LEAEA Hors 47HA
o] 7 FrEE AE9 F7| A nlI
}f& A#dE Fig. 18 2o
FEEE A B9 FV *31‘
A7 ez @e A
tled, 53]
27)1F% 59 50 B FEANE AFAE %71
o] A & zols b gdtHFig. D). ©l
ZEL o7 A E 7] A Eg
ox]z] gede RE Jehia glch
SHEA W& F5ES olnh 108 =
PEERE 4 27] B4Re AYANE}
3 H&7lEsERY 50
1*1“ "71 AAyol oF 18% 7AHA
AFL LE9EE WEIEEEY 104
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oolin 508 2 EEE F7] RS oA
Z qAstd &S vepi T UtkFig. 1.
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Fig. 1. Effects of heavy metals on shoot growth of
Arabidopsis thaliana 45 days after heavy metal
treatments on soil.
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Fig. 2. Effects of cadmium on leaf morphology of
Arabidopsis thaliana (Col-O) after cadmium
treatments on soil. (A) Normal leaves, (B)
Leaves treatments with 0.1 mg/¢ Cd, (C)
Leaves treatments with 1.0 mg/¢ Cd, and
(D) Leaves treatments with 50 mg/ ¢ Cd.
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Growth Rate of Root {%)
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9

Fig. 3. Effects of heavy metals on root growth of
Arabidopsis thaliana for 7days after sowing.
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Fig. 4. Effects of heavy metals on seed germinations
of Arabidopsis thaliana for 5 days after sowing.
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