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4- Arbuscular mycorrhizal (AM) fungi
5- Phytochelatins
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2- Glomalin
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3308 bl b jls Ol il (315 O g030) it o ps Ky Jlail a5 (513 me N (51,13 a4l b Doy b sl Sile
) 0 0315 QLIS lkuj.a SS9

Means with dissimilar letters are significantly different at P<0.01, respectively (Duncan’s multiple range test). Error
bars indicate standard deviation.
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Figure 2. Cadmium Concentration in shoot and root.
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Means with dissimilar letters are significantly different at P<0.01, respectively (Duncan’s multiple range test). Error
bars indicate standard deviation.

AR



yray

(£) o honh (V0) sl S1o 5 of il (slo g 4y

3 QD sla do sy alie latags w0
Fls oS 5 15,5 oS sl Ol (W) £33 C.J.;f
robe S S gslsl Jes KSR e
(Y1) 0L 5 Leliys s 6@\%\)&@,
ol caw G mosseae b Jiale L5 S 5158
ool g s ile OlS 5 Sles 5 Al
oy 5 e Sl A lis 51LVV) 50 e o e
oS pl &S 3l Ol e oUs sl o leli
3 L e N e S S
Jasl olestle a1y ol Sl 568 slie
03 e ol Rl (8 5 Y sl IK8) das
Caly Clew Llg e oS Gl slacans
Bl gl S5 gl pobe 5 o el

odallie 7555 @ Jlagh mld 55 & sbola

o lipmdls QLS & s s ldpmdls QLS 0355 0
3 e glaplll 5o 1) s 5l VL ke
sl b 32558 0B (8 5 Y (sla JS05) sty oL
SO S s w38 5 i a3 S 4SS
Slaplll slo 5 a2y 4 Sbr Sl slge Jlal 5
EB L s ol w5 cl eals 150 el
5 Ou58 s i 5 (YooX) O 5 sl S
b oVelS uls il s e (1440) g
Cils Sl 15550 Z0B b G e Ll 5 o
Ois 0 o SBE 1 NL g, 5ba (B0 51V)
ol 5 @0 mgKg'DM) ain, Sis
s s wbs iusl (U mgKg 'DM)

Cmen S edaline G fasiculatum b co en

mPb0 OPb100 EPb 100+ Cd 15
12
;:i -
S
D8 10 -
Y o=
y & 4
=
N 8
= = bedef be be
~ (5] o
3] 4
E. g bedef _:_:bcdef
alRS) X fefd
P = ) . i
0 : :
£

Control

G. intraradice

G. mosseae

G. fasiculatum  G. in + mo+fa

175555 b il sla,les

sy Qe chile Ko glasl 5 15, S slag,B iSen p ST IS

Figure 3. The interaction of Arbuscular Mycorrhizal Fungi and heavy metals on lead concentration in root.
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Means with dissimilar letters are significantly different at P<0.01, respectively (Duncan’s multiple range test). Error

bars indicate standard deviation.
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Figure 4. The interaction of Arbuscular Mycorrhizal Fungi and heavy metals on lead concentration in shoot.
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Means with dissimilar letters are significantly different at P<0.01, respectively (Duncan’s multiple range test). Error

bars indicate standard deviation.
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Means with dissimilar letters are significantly different at P<0.01, respectively (Duncan’s multiple range test). Error
bars indicate standard deviation.
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Figure 6. The interaction of Arbuscular Mycorrhizal Fungi and heavy metals on cadmium concentration in shoot.
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Means with dissimilar letters are significantly different at P<0.01, respectively (Duncan’s multiple range test). Error
bars indicate standard deviation.
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Figure 7. The interaction of Arbuscular Mycorrhizal Fungi and heavy metals on Translocation Factor of Lead.
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Means with dissimilar letters are significantly different at P<0.01, respectively (Duncan’s multiple range test). Error

bars indicate standard deviation.
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Figure 8. The interaction of Arbuscular Mycorrhizal Fungi and heavy metals on Translocation Factor of Cadmium.
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Abstract

Background and Objectives: The use of medicinal plants for remediation of heavy metals
from contaminated soils is an economical, cheap and effective strategy. The widespread transfer
of natural materials and pollutants to different parts of the environment (soil, water and
atmosphere) has imposed great pressure on the self-purification ability of the soil. Accumulation
of pollutants is a concern regarding both humans and ecosystems. Among pollutants, heavy
metals are particularly important because they are not degradable and also have harmful
physiological effects on organisms even at low concentrations. Soil pollution with heavy metals
in human societies is one of the major environmental problems and the transfer of these
elements via crop production affecting human population health. One of the modern and low
cost methods for remediation of contaminated soils is the use of plants. Phytoremediation is an
emerging technology which utilizes plants and microorganisms in the rhizosphere to delete,
modify or limit the toxic chemicals in soil, sediment, groundwater, surface water and even
atmosphere. The aim of this study was to evaluate the phytoremediation ability of Thymus
daenensis Celak. with mycorrhizal fungi in polluted soils with lead and cadmium.

Materials and Methods: This study was conducted as a factorial exam in the greenhouse
conditions. The first factor was four levels of heavy metals: lead (100 mg.kg" soil), cadmium
(15 mg.Kg™" soil), concurrent use of lead and cadmium and control (zero) and the second factor
was fungal treatments (at five levels: G. intraradices, G. Mosseae, G. fasciculatum, the
simultaneous use of all three species and control-non inoculated) in a randomized complete
block design in three replications.

Results: Analysis of variance showed a significant effect of mycorrhizal fungi on Pb and
Cd concentration in shoots and roots of thymus. The highest cadmium concentration in polluted
soil was observed in Shoot (62.1 mgKg' DW) inoculated with G. mosseae and root
(56.1 mg.kg "' dry weight) inoculated with G. fassiculatum respectively.

Conclusion: The results showed a high ability of Thymus daenensis Celak. to absorb heavy
metals from contaminated soils. Other findings of this study were more accumulation of lead in
root than shoot of Thymus daenensis. Based on the results, Mycorrhizal fungi can improve the
phytoremediation of contaminated soils with Cd and Pb.
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