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Table 1. Results of ANOVA for A. absinthium, L. draba and S. marianum seed germination indices
under different levels of Cu, Pb and Cd
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Table 1. Cont. Results of ANOVA for A. absinthium, L. draba and S. marianum seed germination indices
under different levels of Cu, Pb and Cd
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Table 2. Average of seed germination percentage and germination rate for A. absinthium, L. draba and S. marianum in
different concentrations of Cu, Pb and Cd
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(P GRS A Gy o ails | azaBle Jsb o S
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Slews I L. draba a5 (o .ais camlin S. marianum

30 Gylo e B ) o 05 L Voo b osall
L azraile Jsb (e 5 bl 325 axaile Job
A o e S e Vo e 4 bgrye yie il VIOA
bodle ol o Al absinthium a8 (Y Jgax) o9
S5 55 pandlS 15 Sl 55y azreile Job o a8 (51l
AU o o p )5 e Ve b aals e I L. draba
5 (Y Jaaz) aid oays axddle Job o (gl siee
—a8ls Jsb als'S. marianum 4 A. absinthium «45
Cnl dalie ad g9, ol 0 05 oo O mhaw jl ez
azadle Job a5 ols lis peeols 4y by jo 458 A
aigS 90 3l eS8 lagmhu les ;o A absinthium «gs
S, wsS peedls cdale VL o g 00 S0

Sg a8l Jsb oy i lyls marianum

o il Sldllas S 4o a5 byl axils g5V
20 (S8 e 285 iS5l (65l 00 sli wons
SLis (5393590 0 STy aLbls 00i) e sla i
338 55l Calisee (gl 318 (5 pdudgds 53 ol (Koo S
aS” ol Ll (Wierzbicka and Obidzinska, 1998)
@)ls azalS a5 ,h Gl 50 eege GRS O
DR 9o sl oo poeedls g e siile lajls (S
5 ot (Rl Gy 5L 000 Of Jlal 5 iz e
(Kranner and Colville, 2011) wes 5,
48 o a5 wob lus Lefevre et al. (2009)
ol > I &le pgwesls” Doryenium pentaphyllum
P o o Sl alin jsbay 00l o0 yd Ly
pae sLsS Arabidopsis thaliana aisS ,&  gjaile>
(Lietal, 2005) ceul o34, Jawg 35 Ol i
St abanly & (Sialer palS p Koo o
Sl 5 Dol slocadlad jloe Jolis o5 Cunl (o loardge
S50 20 Slge el 5 0 (slwo w33 a5 s0gy Jblind
(Mihoub etal., 2005) 5,135 o 3G ojale> jLs
azails g azads, Jsb
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A. absinthium 4 S. marianum 455 a4 b o w5 4
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Table 3. Average of radicle and plumule length for A. absinthium, L. draba and S. marianum in different concentrations of Cu,
Pb and Cd

(o s5lw) azadle Job
(Plumule length)

(o slo) azals ) Job
(Radicle length)

oo Y 34
Treatments Species Metal

300 200 100 50 0 300 200 100 50 0

0.07¢ 0.10¢ 0.18° 0.27° 0.59% 0.04° 0.04° 0.10° 0.45° 2.532 A. absinthium

0.40° 0.63¢ 0.93° 223° 315 0.09° 0.12° 0.19° 0.44° 3.522 L. draba (‘é‘:)

1419 1469 220 2.40° 4.30° 0.45° 1.02¢ 2.82¢ 7.83° 15.722 S. marianum
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Table 3. Cont. Average of radicle and plumule length for A. absinthium, L. draba and S. marianum in different concentrations
of Cu, Pb and Cd

(Fosils) azadle Job
(Plumule length)

(o Hilw) azads; Job
(Radicle length)

B Lo 4gS e
Treatments Species Metal
300 200 100 50 0 300 200 100 50 0
0.38° 0.37° 0.44> 050> 0.59% 0.24¢ 0.53¢ 1.07° 1.68 2.53¢2 A. absinthium
2.58° 2.85® 2095 305 315° 078 1.22¢° 213" 3.17° 3.522 L. draba (‘;g
3.53 3.71 4.07 4.08 430 6.05° 799> 899> 14542 15.728 S. marianum
Treatments s ,Los
30 20 10 5 0 30 20 10 5 0
0.07¢ 0.18° 042> 046> 059 0049 0.119 0.65° 2.09 2.53¢2 A. absinthium s
poeed
b ab d b (Cd)
0.59¢ 241 2.63 3.07¢  3.15* 0.27¢ 1.22 1.78¢ 2.28 3.528 L. draba
1.32¢  1.75¢ 2.68° 271> 4300 0.90° 1.78¢ 3.48° 534 15.722 S. marianum
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ok 38, 5l e 0zl e slaghaw o5 0is S
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(2014) 5b>5 ,o .cwwl Abraham et al. (2013)
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A o)Ll Gy A S e i (6,105,350
S,lesb s aazsls LI Radha et al. (2010)
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S. marianum &5 .0g ;i azdadle 4 Cud oLS
ol o azaBle g azaty; Job on i b
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P o s U 455w e m yo g ansl
G pais A Cawd ol Gl ol
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S92 500 455 90 4y e (5 5o (5 gl pd
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655 el cupd o Sl oy Slp2
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£S5 e Vo mhaw U pgeslS Ol less o Ll
SYL slacdale jo 9 Al absinthium 448 < d o
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g (6 i dzdBlu 4 dzdly, Jsb

ol (San S lajls 51 3L azads, Job
el abez 5l Jsbe s b J3ls Jdoa
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azaile Job i Ghals abl el o 4l 50
El (2016) adllae ,5 pseeslS zshaw 5l e

Ab 5,138 5.0 Rasafi et al.
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Table 4. Average of seed vigor and allometric index for A. absinthium, L. draba and S.
marianum in different concentrations of Cu, Pb and Cd

gl o po
(Allometric index)

(Vigor index) ;i du aziaw

Lo PR 8
Treatments Species Metal
300 200 100 50 0 300 200 100 50 0
0.66¢ 0.48¢ 0.58¢ 1.68> 4.312 9.05¢ 13.05¢ 27.74¢ 70.55P 311.532 .A'.
absinthium
e
(Cu)
0.22°  0.19° 0.20°  0.20° 1.11%@ 42.01¢ 67.72¢ 110.33¢ 262.540 667.732 L. draba
0.32d 0.75¢ 1.28° 3.268  3.662 167¢ 250.86¢ 502.7¢ 1022.93° 2001.542 S
marianum
0.64¢ 1.46¢ 2.45¢ 3.38"  4.312 61.74¢ 86.88¢ 150.49¢ 217.92° 311.532 .A'.
absinthium
<
(Pb)
0.30¢ 0.43¢ 0.72° 1.042  1.112 312754 386.37¢ 509.21° 622.442 667.732 L. draba
1.63¢ 1.96° 254% 3572 3662 928.42° 1174.96°® 1240.37° 1830.732 2001.542 S
marianum
Lo
Treatments
30 20 10 5 0 30 20 10 5 0
0.50¢ 0.60¢ 155> 4512 4312 2.78¢ 13.35¢ 97.14> 242.442 311.532 .A'.
absinthium
poeasls
(Cd)
0.46¢ 0.51¢ 0.67° 0.74> 1112 79.14¢ 343.874 440.45°¢ 535,550 667.732 L. draba
0.68¢ 1.02¢ 1.30¢ 197> 3.662 183.89¢ 317.394 585.71¢ 804.78° 2001.542 S
marianum
. .z v E . . . .
(O Jgoz) sl 034 L. draba a345 LS S 00 9y Joxd aw

Sl 5 e Sllges Slojlar (g 5o 28l Sl
S Sl (i 9 oS LS olod )3 0 p
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(O Jeuz) 595 S. marianum «5e5 51 S
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Table 5. Average of tolerance index and phytotoxicity percentage for A. absinthium, L. draba and S. marianum in different
concentrations of Cu, Pb and Cd

Cantun du2 §O

(2o8) Joi' (5Ll

(Z?r'(t:z;ot:g;y (Tolerance index)
[EP _ .
- a5 L
Treatments Species Metal
300 200 100 50 300 200 100 50 P
98.332 98.15? 95.922 81.73° 1.67¢ 1.80° 4.08° 17.692 A. absinthium o
97.482 96.52@ 94.67° 87.54¢ 2.50¢ 3.48¢ 5.28P 12.352 L. draba (Cu)
97.092 93.452 81.762 48.95° 2.85¢ 6.38¢ 17.86P 49.782 S. marianum
90.342 78.832 57.65° 32.88¢ 9.47d 21.26°¢ 42.240 66.482 A. absinthium o
782 65.272 38.792 7.70° 21.99¢ 34.70¢ 59.94> 90.072 L. draba (Pb)
60.852 47.042 37.632 4.9° 38.48° 50.84° 57.21° 92.512 S. marianum
Lo
Treatments
30 20 10 5 30 20 10 5
98.542 95.762 74.202 13.66° 1.444 4.02¢ 25.430 82.602 A. absinthium pomasls’
92.172 65.13% 48.500¢ 31.87¢ 7.74¢ 34.52° 50.492 64.652 L. draba (Cd)
94,222 88.69% 77.62° 64.66° 5.68¢ 11.27¢ 22.12° 33.762 S. marianum

—ebal ;50 e o0 a3l g Jood (e a8
—aigS 3l aas Al absinthium aisS o pgesls YL sla
L. draba 4is3 5 sl 034 S. marianum 4 L. draba sl»
olS jo a3l myjer .y paedlS 4y (6 eS ol
Vogel- (2007) .aib o] Jooo lime ,o ole Wl oo
Thlaspi oLS o ajld =565 o, ,o Mikus et al.

30 e 9 pgeedls TSy i aS axzdly o praecox

5 5 5 Mahmood et al. (2005) .cusl 00g axaiy,

O s Coomw p o Ty ads ) 0 e s gess
U555 Ebrahimi and Madrid Diaz (2014) s pess

Festuca ovina 4isS Joos g o, slodow a5 aisls
O cbls il galf God 4 e b cos
slecdl 1o pgelS alS Coew (Pinto et al., 2004)
Gpesile » o sl g LS Joko
doys el Coles po g oad olierdon 9 (Sojelg s
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O (2 )3 |y Fwgid 9 059595 39S (e a8
5 2S4S g4 S jebas (Mahmood et al., 2005)

Caoms 00l BB 31 gl iy ) SausS lge oS bxil 5|
e Sl Olgicds Wl o0 azaty; Job d lajle
4 (Han et al., 2007) o4 oolatwl Joss e (sly
o do3le slagans 2381 b Jord i
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S. &5 5 <l L. draba 4 S. marianum slaaisS
WS dw o 0 B,k jlog YU Jess gl ls marianum
Jood Olie ol (oled 50 @y b anglie )3 e
—ais5 al sl |y (ot Coroms 5 993 00 s | (508
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ols cud b 4 oy Jozs (Golubovic Curge et al.,
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2 Sialsz 2l mo ez wil adhie S
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! Kolmogorov-Smirnov test

2 Least significant difference

3 Seed germination percentage and germination rate
4 Radicle and plumule length

5 Seed vigor index

& Allometric index

7 Tolerance index and phytotoxicity percentage
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Introduction: Mining activities causes substantial damage to the environment worldwide. Abandoned mine
wastes from mining activities limit the growth of plants due to unfavorable conditions and the concentration
of a wide range of heavy metals. Identifying plant species growing on mine waste and assessing their seed
germinations are important for vegetation restoration on mining areas. This study aimed at assessing the
germination characteristics of Artemisia absinthium, Lepidium draba, and Silybum marianum naturally
growing on coal mine wastes in Mazandaran Province under different concentrations of copper (Cu), lead (Pb),
and cadmium (Cd).

Material and methods: Seeds were collected from plants growing in coal wastes during 2 years. Completely
randomized design was conducted with three replicates. Treatments were CuSO,4 and Pb(NQOs); at 0 (control),
50, 100, 200, and 300 mg/L, and Cd(NOs), at 0 (control), 5, 10, 20, and 30 mg/L. In each replicate 20 seeds
were placed in a Petri dish containing a layer of filter paper. Then treatments were applied and Petri dishes
were taken to a germinator under controlled temperature, moisture, and light. Germinated seeds were counted
daily and then germination percentage, germination rate, allometric coefficient, seed vigor index, phytotoxicity
percentage and seed tolerance index were calculated.
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Results and discussion: The results showed that increasing the concentration of Pb, Cu and Cd significantly
affected the seed germination of studied plants. S. marianum had better germination percentage and rate in
lead, and copper while germination of A. absinthium, L. draba, was better in Cd and Cu respectively. The
greatest reduction in germination percentage was found for A. absinthium in 20 and 30 mg/L Cd. As the
concentration of metals increased, significant reduction in germination percentage and rate for A. absinthium
started in lower concentrations than other species. Root and shoot length of all species was significantly
reduced even in low concentration of metals and S. marianum had greater root and shoot length under all
treatments. Reduction in seed vigor index was greater under Cu than that in Pb and Cd. High tolerance index
was found for L. draba in response to Cd and for S. marianum under the stress of Pb and Cu. In all treatments,
an increase in metal concentration significantly increased the phytotoxicity index. Under Cu and Pb S.
marianum showed the least phytotoxicity index, while the lowest phytotoxicity index was found for L. draba
under Cd stress. Cu and Cd in high concentration were more toxic for A. absinthium than that for the other two
species. Under similar concentrations of Cu and Pb, all species showed reduced germination in copper stress.
Cd in lower concentrations were tolerable for plants but generally it had the greatest inhibition especially on
A. absinthium.

Conclusion: Overall the responses were different regarding the plant species, metal and concentrations. All
three species were able to germinate at high concentrations of heavy metals. The presence of these species in
coal wastes and their ability to germinate in high concentrations of heavy metals makes it possible to use these
plants in future restoration and phytoremediation programs.

Keywords: Heavy metal, Mine waste, Phytoremediation, Plant phytotoxicity, Seed vigor.
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