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Abstract

Background and Objective: Due to the low cost in a long-term application and environmental friendliness, the use of
biological remediation has gained significant attention in recent decades. This study aimed to investigate the use of
ornamental plants and arbuscular mycorrhizal fungi (AMF) for phytoremediation of lead contaminated soil under
greenhouse conditions.

Methods: The research was conducted as a factorial in a completely randomized design with three factors of plant type
including gladiolus (Gladiolus grandiflorus), ornamental cabbage (Brassica oleracea), marigold (Tagetes erecta), lead
concentration (0, 25, 50, 100 and 200 mg kg™") and fungus (with/without AMF) in three replications. Harvesting was
carried out after the plants reached the flowering stage. The concentrations of lead in plant tissues and soil, uptake,
bioaccumulation factor (BCF), transfer factor (TF) of lead and plant growth traits were measured.

Results: The Pb concentration in the root and shoot of ornamental plants increased significantly due to the increase in
soil Pb concentration. The root Pb concentrations were about 2 to 4 times greater than its shoot concentrations (at different
Pb levels). The TF values for Pb in all plants were less than one. The AMF inoculation significantly increased shoot and
root dry weights of G. grandiflorus and B. oleracea under lead stress. Besides, the AMF inoculation significantly
increased Pb concentration, uptake and root BCF; of all three ornamental plants compared to non-inoculated treatments.
The root BCF; of all ornamental plants were greater than one, but no significant difference was observed across its values
within the three plants.

Conclusion: Overall, the results showed that arbuscular mycorrhizal fungi modulate metal accumulation and
physiological traits differently in the studied ornamental plants.
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Table 2. Results of variance analysis of the effect of plant species, mycorrhiza, lead and their interactions on soil and plant
characteristics
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Fig. 1. Mean comparisons of interaction effect of plant, mycorrhiza and lead on root mycorrhizal colonization percentage; bars with

similar letters are not significantly different (LSD, p < 0.05); (M1: Mycorrhiza-Marigold, M2: Mycorrhiza-Ornamental cabbage, M3:
Mycorrhiza-Gladiolus, N1: Non-Mycorrhiza-Marigold, N2: Non-Mycorrhiza-Ornamental cabbage, N3: Non-Mycorrhiza-Gladiolus)
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Fig. 2. Mean comparisons of interaction effects of plant, mycorrhiza and lead on dry weights of root (A) and shoot (B); Bars with

similar letters are not significantly different (LSD, p < 0.05); (M1: Mycorrhiza-Marigold, M2: Mycorrhiza-Ornamental cabbage, M3:
Mycorrhiza-Gladiolus, N1: Non-Mycorrhiza-Marigold, N2: Non-Mycorrhiza-Ornamental cabbage, N3: Non-Mycorrhiza-Gladiolus).
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Fig. 3. Mean comparisons of interaction effect of plant, mycorrhiza, and lead on leaf total chlorophyll content; Bars with similar letters

are not significantly different (LSD, p < 0.05); (M1: Mycorrhiza-Marigold, M2: Mycorrhiza-Ornamental cabbage, M3: Mycorrhiza-
Gladiolus, N1: Non-Mycorrhiza-Marigold, N2: Non-Mycorrhiza-Ornamental cabbage, N3: Non-Mycorrhiza-Gladiolus).

5 iy oS JUl CollB & ol (5ol Sl 555 e bt
Sboade, 0 Sl S Sl eliodr O s e @
Do ) 3 2 e e Y3 0 Sege S) b e
22505 S o (bl il S50 4 Ol g e ol o
3,5 oplal ady; ellh Jsko bae)lsns 55 o sy A
ale) 53 e i mexd .(Kabato and Pendias, 1992)
i Ol Sk oodr (S5 K Do b o € 015
38 eedS S5 A5 2l 3 olS e S50
55 (AMF) Y sl 5558 oz B b i jen
O Lo ja (S o o s 1y ol sl ) e ks
A ool 03 el aily ALS 658w Sl pl g
AMF Lo cos JpdI8 5 (g anr B i) olS olS
slasbes 53 1 (Ao AV-42) Gpanl i slS 51 (VL e
S Jlss sls QLIS o 0 SAS 53 08 (e YO 5 sl
Yoo 00 5 Sb s o i il L 0 el IS Ao
S osbe (0 IS8 ol el SHLS s e S e

4%

o oS s e cpl chle (S s e chls 158
.Jﬁ@QﬁOJL}u)JQT
OQLlS s (o/0e—2/FV o3 5d5s) & 5l xS TF sl
Oyen Ol Oloman alyy & Sl OF Sl sz 3550
| 3 gd=s c)l.w;-l.&‘\.sjb JLE.’Q\_} AJJSJA.G O dL,o‘
BERUESU VR BTGV 11> Y W E S W 1 PYSTC R YIS NGINERV: PRy
23 290 Sl S 25 ($H9 2 ol GOk b anslis
S OLLS & sl eds oS TF S slie ajls olS
L g5 (/oYY 5 0/0\V 5 Ja) oAl s Js = alex
.19...«:_55 (°/\c G oo/) o.)jJ}w) LS:'"»U QL’AL_«S qui et al. (2004)
JU! s sdows 45 ool 0T A 3o 3 Dodangeh et al. (2018)
OLLS 3 agas lnd (S5 S o jlrtli & 4l 5l p
6‘)‘.} o jM cb.L.::f\}u‘ LSLQJ:"A}}. J"L"‘" Ba C.A.u-t‘
S ale) Sl e JEEN s Sl TF Ole o2 58

Sl eolgs & DA 4 e 3 S e plail gl sae VL



0L 5 gyl deowe aldldes (5,0 \f"(}/r‘,.u AJw/rh-\iA Jl/ oS 5 S Ly,

. 120 4 (A)
% = a  ®Pb (0 mgkg)
3, T&n 100 Pb (25 mg/kg)
) ] = Pb (50 mg/kg)
"-‘, < 80 Pb (100 mg/kg)
ﬁ E ® Pb (200 mg/kg)
2 £ 60
i g
“, E 40
“— @
-
Zl; g 20
=
\\q‘ -9
= 0
M1 M2 M3 N1 N2 N3
Treatments
e ‘ a (B)
A 4.0
) ~ = Pb (0 mg/kg)
;5 g 35 - Pb (25 mg/kg)
a W30 - = Pb (50 mg/kg)
4 &7 Pb (100 mg/kg)
j E 2.5 A = Pb (200 mg/kg)
3 ; 2.0 4 de
4 215
v =
510
ha T =]
% &~ 0.5
2 0.0 -
M1 M2 M3 N1 N2 N3
Treatments
3.5 4
¥ - ! b = Pb (0 mg/kg) ©
3 :é_ 3.0 1 Pb (25 mg/kg)
i % 2.5 - = Pb (50 mg/kg)
J g . “Pb (100 mg/kg)
Ny 220 = Pb (200 mg/kg)
dj 2 £ 15
35 2
] -
“ E 1.0
a = ]
0.0 -
M1 M2 M3 N1 N2 N3
Treatments

Eal:f (C) 4.».."4‘_)).3 — uJ;-} b)L,.;'-L::)J — (B) u.l;-) (A) C,.]a.lﬁf ujw}ﬂ))gf cal:f &,LS‘,JAJ.')UT U:QL:A M..lu.a ¥ JS«:

(385255 O N3 205 oIS 52 550 D3 N2 (6 J5= 505 550n O3 NT I 58— 505 5S0s M3 205 (IS5 5
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Table 4. Mean comparisons of interaction effect of plant, mycorrhiza and lead on shoot bioaccumulation factor (BCF) of lead
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