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Table 1. Results of some of the measured traits in marigold inoculated with mycorrhiza under the stress of
cadmium.

O el 308 Ay S 05 lem ol i 03 Sy gl 331 4 s S i sl

Colonization =~ Weight of dry root ~ Weight of dry shoot ~ Hight of plant ~ Degree of freedom  Sources of variance

M) 5580 8
107017 1.97% 21.7%% 89.5%* 1 5
Mycorrhizal fungi
(D) poosls
209 0.581%% 3.10% 0.45.2%% 4
Cadmium
209 0.091%% 0.101%* 14.0% 4 D*M
o
241 0.004 0.024 0.506 30
Error
9.47 13.1 11.9 427 (CV%)

# NS

Ao s3 ) 50 bl e 3 ls e 5 Sl pme b S T 5T
" * and ** non/significance in the level of 1 and 5 percent, respectively.

A 5 oS s ead (S0l i (B p p 1S les g el g gha Jolie SIS S0le Ayl Y Jpur
Table 2. Mean comparison of the mutual effect of cadmium level and mycorrhizal treatment on some of the
measured traits in marigold plant.

(,.,:;lS Ck—w

cadmium level P CJ'L
mycorrhizal inocculation trait
Cds Cd,4 Cds Cd, Cd,
be b b b a
11.8 12.1 12.7 12.9 14.6 + (cm) < 5 Cu:‘)‘
537" 7.7° 10.1¢ 10.9 15.2° - hight of plant
1.32° 1.72¢ 1.96% 228 2.96° + wlen ol S22 055
b b (g pOt-])
0.121¢ 0.211” 0.283 0.605% 1.68% -
weight of dry shoot
0.285° 0.601° 0.725° 1.04° 1 + s S8 055
(g pot")
0.083° 0.122¢ 0.241°¢ 0.322° 0.721° - .
weight of dry root
d c b b a
18.6 27.9 34.9 35.9 46.2 + Ol 5508 A5
0.00 0.00 0.00 0.00 0.00 - Colonization percentage

Sl a3l i w4l me Dples BL s S xie 5V O G Bl gl &S Cio o Jilin Ol Bl w by <l Sl
3 Sl r;%f V.:A:ls 6;‘5[':‘/\“ Foo Yoo Ner C‘}knﬂ g,.ng.de5 ‘Cd4 ‘Cdg ‘Cdz ‘Cdl) J«JL@ Loy “ii CE.—/J:

(Uil 505500 Osk 5 oS il S Sa - st
Means of the mutual effects which have at least one letter in common were not significant using Duncan test at

1% level (Cd,, Cd,, Cd;, Cd4, Cds show levels of 0, 100, 200, 400 and 800, mg cadmium Kg'1 soil and
+,- are inoculation with and without mycorrhizal, respectively).
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Table 3. Results of some of the measured traits in marigold inoculated with mycorrhiza under the stress of
cadmium.
jiu..é r:»:ls B
Jul , 86 by S el Wiy b Wy wpedlS REIEES oo
ys oLl ys oLl s e
s . el
Transfer Chlorophyll Phosphore Cadmium Degree of Sources of variance
factor level of root Phosphore of root Cadmium freedom
of shoot of shoot
M) 5,55 2,8
6.05%* 8430%+ 1482+ 1391 %+ 11556+ 141" 1 wie
mycorrhizal fungi
r:»:ls
4.08** 373%* 366%* 497%* 8925%** 7547** 4
Cadmium (D)
2.92%* 15.5™ 45%%* 60** 11715%* 356%* 4 D*M
Lo
0.021 55.6 2 10 331 38.4 30
error
20.4 22.6 11.7 20.9 24.9 15.2 (CV%)

Ao s3 ) 50 bl i 53 s e 5 Sl e S Sy R

% ns

" * and ** non/significance in the level of 1 and 5 percent, respectively.
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Table 4. Mean comparison of the mutual effect of cadmium level and mycorrhizal treatment on some of the

measured traits in marigold.

(,.,a;lS Cb—w

055 il i
Cadmium level o o _ .
Mycorrhizal inocculation Trait
Cds Cd, Cd; Cd, Cd,
94.9° 63.8° 25.3° 23.4' 4.49¢ + ctlsh bl peesl
(mgkg")
71.2° 53.9¢ 33.3° 30.9¢ 3.918 - .
Cadmium of shoot
151° 128° 84.7° 51.1° 33.9% + el
(mgkg")
10.5° 53.5° 128° 82.7° 4.23¢ - )
Cadmium of root
c b ab ab ab
0.088 0.130 0.263 0.232 0.248 + (1) olsm ol i
0.001° 0.006° 0.056° 0.132° 0.155° - Phosphore of shoot
0.141% 0.190% 0.171% 0.219° 0.354° + AT
. . . . . %) iy, aud
0.007° 0.017° 0.103¢ 0.167" 0.191% - Phosphore of oot
cd cde ef de
0.624 0.523 0.294 0.462 0.131f + Jst 5 45t
3.48° 0.751% 0272 0.481% 0.959° - Transfer factor

SSls Osesl Ess w4 Sla e sl b dtes S rie Y G G Pl glls oS s s bl Sl 4 bgs e sla Sl
3 Sl f;)l';f("?“’ls fjf‘_;l':‘/\“ A A A TR C‘}k.vl g,.ng.de5 ‘Cd4 ‘Cdg ‘Cdz ‘Cdl).k.&\.v@ MJ}&CEMJé

(Uil 5205500 Osk 5 o5 il S — 5 F

Means of the mutual effects which have at least one letter in common were not significant using Duncan test
at 1% level (Cd;, Cd,, Cd;, Cds, Cds show levels of 0, 100, 200, 400 and 800, mg cadmium Kg'1 soil and

+,- are inoculation with and without mycorrhizal, respectively).
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Figure 1. (a) The effect of cadmium level on chlorophyll index (b) the effect of mycorrhiza on chlorophyll

index.
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Abstract

Background and Objectives: Phytoremediation is a biological method by which plants are
used to remove environmental pollution caused by toxic elements such as accumulation of
cadmium, copper, lead, chromium, etc. from soil. Plants with high capability in the uptake of
heavy elements and pollutants in this method are identified and introduced. Identification of
nonedible plants or their organs is of higher importance in phytoremediation. Symbiosis of the
mycorrhizal fungi (AMF) helps the plant to increase uptake and translocation of low mobility
nutrients and also micronutrients. The aim of the present study was to investigate the capability
of the marigold in uptake and transfer of cadmium and consequently the phytoremediation of
the plant and the effect of symbiosis of mycorrhiza in uptake and refinement of cadmium.
Materials and Methods: In this research, arbuscular mycorrhizal inoculant was produced
through the isolation of fungi from the roots of marigold and its inoculation with clover
and sorghum under greenhouse conditions. Moreover, the symbiotic effect of arbuscular
mycorrhizal fungi on the concentration and transfer of cadmium from the roots to the shoots in
Marigold was studied under greenhouse conditions. The experiment was conducted using a
factorial design based on randomized complete blocks with five levels of Cd (0, 100, 200, 400,
800 mg kg soil), using the soluble form of CdCL,.H,O and two levels of mycorrhizal
inoculation (non- inoculated and inoculated) with four replications.

Results: Greenhouse test results showed concentrations of cadmium in shoots ranges between
3.91 to 94.9 and in roots between 4.23 and 151 mg.kg", which causes toxicity in the plant, with
more severe symptoms of toxicity in non-mycorrhizal plants. Also the effect of mycorrhiza and
cadmium pollution on growth factors and uptake of cadmium in the root and phosphorous
uptake in the root and shoot was statistically significant and mycorrhizal symbiosis caused
higher concentration of cadmium in root and relative decrease in its transfer to shoot. On the
other hand, the mutual effects of mycorrhizal fungus and cadmium in all the measured traits
(except for chlorophyll) were statistically significant.

Conclusion: In general, the results of the present study showed that inoculation of the marigold
with mycorrhiza results in higher transfer of elements such as phosphorous to the shoot of the
plant and caused higher concentration of cadmium in the root of the plant. Considerable
increase of chlorophyll and graoth levels was other effects of mycorrhiza on marigold in the
polluted conditions.
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