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4- Ammania baccifer
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1- Arbuscular Mycorrhizal Fungi (AMF)
2- Metallothionein
3- Phytoextraction
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Figure 1. The frequency of mycorrhizal colonization percentage of samples in different ranges.
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Figure 3. Average of mycorrhizal colonization percentage in different salinity ranges.
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Table 1. The results of variance analysis for shoot characteristics of Zinnia under effect of Cu levels and
mycorrhizal.

Sl o Sk
151 S aolie
Average of squares Gl NGRS
¢ P B R R e . Degree of Sources of
S g S o ale Jyb Bl S22 055 S0 freedom variations
Leafsurface ~ Number of leaf  Lengthofstem  Stem dry weight (gr/pot)  Stem wet weight (gt/pot)
36.7% 26.3%% 30.9% 0.4%% 20.9%* 5 o
(Cu levels)
4427%% 756%* 6487 55 1479%* 1 s
(mycorrhizal fungi)
G
5.0m 6.2% 5.6™ 0.3%* 18.6%* 5 @

(Cupper * fungi)

23 # NS

.wlwﬁw,oJw}lcu,ﬂﬁw;_gna,u;,o;ﬁ)uw,;ﬁgu%;ﬁ P

", * and ** Respectively, representing a non-significant and significant differences in level 5 and 1%.
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1- Glechoma hederacea
2- Lepidium sativum L.
3- Hordeum vulgare L.
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Table 2. The comparison of mean levels of Cu and mycorrhizal interaction on shoot fresh and dry weight.

2055 OB
Mycorrhizal fungi

(@ pot™) lss ol S2x 035 (@ pot™) s ¢l 5 035

Shoot dry weight Shoot fresh weight o C}l""’
LKl LSl levels of C
oL M, M, oL M, M, evels of Cu
Mean Mean
0.93¢ 1.70¢ 0.16° 4.87° 8.30¢ 1.43° Cuy
1.15% 2.10° 0.20° 6.01% 10.35° 1.66° Cusp
1.228 2.27° 0.16° 6.36° 11.28° 1.44° Cuygo
1.344 2.47° 0.21° 7.88% 14.49° 1.28° Clago
1.314B 2.44° 0.19° 8.034 14.64° 1.42¢f Cuugo
0.91¢ 1.66% 0.15° 4.62¢ 8.50¢ 0.72¢8 Cuggo

2114 0.18° 11.26 1.338 oSole
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The same letter within each treatment shows no significant differences among treatments at the 5% level (Duncan test).
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Figure 4. Effect of Cu levels on stem height.
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Figure 5. Effect of mycorrhizal fungi on stem height.
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Table 3. The comparison of mean levels of Cu and mycorrhizal interaction on leaf number per pot.
(Sb e SAS 22 S o) o s
levels of Cu ( mg kg soil™)

il .

o Cuggo Cuago Cuzgo Cuigo Cusp Cuy J-:);Q:.‘

mean mycorrhizal

6.5° 5.4 5.4 5.4 6.4" 7.4¢ of Mo

13.6" 10° 14% 13.6% 14.4° 13.2¢ 16.4* M,
il

7.7° 9.7° 9.58 10.4° 10.3" 12.74 oS

mean

il SU1 Oa5T Ao s3 0 e 3 Sl e DM L il STy L sltel

The same letter shows no significant differences at the 5% level (Duncan test).
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Figure 6. Effect of Cu levels on leaf area.
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Figure 7. Effect of mycorrhizal fungi on leaf area.
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Table 4. The results of variance analysis for root characteristics of Zinnia under effect of Cu levels and

mycorrhizae.

Sl e (1 Sle
mean of squares @bl s Sl pilie
O sal 5208 Ao 53 . . . e L Degrees of Source of the
S o oy dsb A ) 2 ) K& 05 A P DI fregedom variance
Colonization Root length  Root volume  Root dry weights Root fresh weights
percentage
74.80%** 49.50** 0.88** 0.02** 2.89%** 5 o CJJQM
Cu levels
< H
58887 6768+ 16.03%* 1.19%* 54 1 e
Mycorrhizal fungi
G x
74%% 38.30% 0.69%* 0,027+ 3.45%% 5 Coa o
Cu * fungi

significant at the1% level.
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Table 5. The comparison of mean levels of Cu and mycorrhizal interaction on root fresh and dry weight.

oS b
Mycorrhizal fungi

(grpot™) e, iz 035

(grpot™) ain, 5 0js

Root dry weight Root fresh weight o Tk

L <y Cu level

uzg‘ 5 M, M, g:i' - M, M, u levels

mean mean

0.13°P 0.22¢ 0.04 0.72F 0.97° 0.478 Cuy
0.17° 0.31° 0.028 1.19° 1.93° 0.45%" Cuso
0.14¢ 0.264 0.028 1.09<P 1.81¢ 0.37° Cuygo
0.198 0.35° 0.028 1.848 3.24° 0.44% Clago
0.234 0.45° 0.01" 2.114 4.00 0.221 Cuugo
0.12° 0.23¢ 0.01" 0.98° 1.71° 0.25! Cuggo
0.30" 0.028 2.28" 0.378 o

mean
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The same letter within each treatment shows no significant differences among treatments at the 5% level (Duncan test).
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Table 6. The comparison of mean levels of Cu and mycorrhizal interaction on root length and volume.

Cm’ pot'l) g =

(Cmplant™) «iu, J b

Root volume Root length o Tk
Sl LSl Level
oSSk M, M, oSSk M, M, CU Levels
mean mean
0.90¢ L.1° 0.708 19.44 29.20° 9.528 Cuo
1.474 2.4° 0.54" 16.2¢ 24.54° 7.75" Cuso
1.228 1.8° 0.648 17.6° 28.14¢ 7.10° Cuygo
0.63° 0.9 0.36' 18.94B 31.86° 5.94) Clago
1.01¢ 1.6 0.421 17.98 30.86° 4.90¢ Cuugo
0.84°¢ 1.4¢ 0.28! 13.3° 22.30° 4.24! Cuggo

1.53* 0.498 27.8% 6.6° oSSk
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The same letter within each treatment shows no significant differences among treatments at the 5% level (Duncan test).
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Table 7. The comparison of mean levels of Cu and mycorrhizal interaction on root colonization percentage.

(mg kg soil) o gl

Cu levels
O ,.<L.» J"l)};‘i"
Cugogo Cuygo Cuygo Cuygo Cus Cuy
Mean Mycorrhizal
08 of of of of of of M,
62.66" 53.66° 59.27¢ 62.22° 65.52° 67.58" 67.64 M,
26.83¢ 25.27¢ 29.66° 31.11°8 32.76% 33.8% 33.82% o
Mean
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The same letter shows no significant differences among treatments at the 5% level (Duncan test).
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Table 8. The results of variance analysis for stem Cu concentrations, root Cu concentrations, transfer factor,
shoot and root uptake of Zinnia under effect of Cu levels and mycorrhizal.

Sla e 5k
mean of squares a8 e akehe
sl s ) ol Sl s Wiy e bl Bl e ckls sslst Sourc'e of the
. . Root Cu Degrees of variance
transfer factor Root uptake Stem uptake .
concentration freedom
1.13** 759%* 2338%* 12973%* 17115%* 5 i
Cu levels
oS b
40.67** 32193** 91236%* 186931 ** 43076%* 1 Mycorrhizal
fungi
1.46** 719%** 283™ 1715%* 11612%* 5 @0 o
Cu * fungi
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The same letter shows no significant differences at the 5% level (Duncan test).
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Table 9. The comparison of mean levels of Cu and mycorrhizal interaction on stem and root Cu concentrations.

oS b
Mycorrhizal fungi

(ug gr'' plant dry weight) 2., e ohale

(ug g’ plant dry weight) sl .. clle

Root Cu concentrations. Stem Cu concentrations. o Cfl"‘”
1Sk Sk Cu level
el M1 MO el M1 MO u levels
Mean Mean
55F 99f 12.6' 26.7° 38.9" 6.4 Cuy
79F 139° 19.5% 37.6% 40.3" 34.8 Cuso
91P 156° 26.7 53P 44.1¢ 63° Cuio
104¢ 149¢ 59! 88° 38.4" 137° Clago
1198 165° 730 1098 49.1° 169° Cuugo
160* 236° 858 126* 654 186° Cuggo

. /'L.a
1574 46.1% 46.1% 99.74 ot
Mean
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The same letter within each treatment shows no significant differences among treatments at the 5% level (Duncan test).
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Figure 8. Effect of Cu levels on Cu uptake in stem.
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Figure 9. Effect of mycorrhizal fungi on stem uptake.
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Table 10. The comparison of mean levels of Cu and mycorrhizal interaction on root uptake (ngpot™).

(mg kg'1 S0il) e C}la..ﬂ

Cu levels
vau J"l)};‘i"
Cusoo Cuyoo Cuago Cuigo Cuso Cug
Mean mycorrhizal
0.8" 0.88 1.08 1.5% 0.78 0.5% 0.5% M,
47.94 53° 73° 52° 41.2° 4439 21.6° M,
27.48 37.4% 26.85 20.9 23.4¢ 11.0° o
Mean
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The same letter shows no significant differences among treatments at the 5% level (Duncan test).
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Table 11. The comparison of mean levels of Cu and mycorrhizal interaction on transfer factor.
(mg kg'1 S0il) e C}la..ﬂ

Cu levels
vau J"l)};\?‘
Cusoo Cuyoo Cuago Cuigo Cuso Cug

Mean mycorrhiza

1.95A 2.21c¢ 2.34ab 2.33b 2.44a 1.81d 0.55¢ M,

0.30B 0.28¢g 0.29¢g 0.25¢g 0.28¢g 0.29¢g 0.39f M,
ks

1.24AB 1.32A 1.29A 1.36A 1.05B 0.48C o

Mean
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The same letter shows no significant differences among treatments at the 5% level (Duncan test).
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Abstract

Background and Objectives: Soil pollution by heavy metals is considered as important
environmental problem that received more attention nowadays. Copper is one of essential
microelements for plant that in high concentration will cause soil pollution and toxicity effects on
plant. This element can accumulate in soil via mining activity and using pesticides. Many copper
mines are in use in Iran and around the world. Ornamental plants have a special position in
beautifying the industrial and urban landscapes and recognition of hyper accumulator species for
amendment of contaminated soils has a considerable value.

Material and Methods: The effect of different levels of copper (0, 50, 100, 200, 400 and 800
mg copper per kg soil) from copper sulfate source in presence or absence of mycorrhiza fungi on
growth characteristics of Zinnia flowers were studied in this research. The selected mycorrhiza were
isolated from Zinnia plant root with high colonization percentage and had also colonization
percentage of more than 80 percent with clover and sorghum. A factorial experiment with a
completely randomized design with 5 replications was conducted in greenhouse conditions. The
Plants were harvested after a period of 70 days and some parameters such as shoot and root length,
leaf number, leaf area, root volume, shoot and root dry weight, root mycorrhizal colonization
percentage and copper concentration in shoot and root were measured.

Results: The results of field evaluation showed that root mycorrhizal colonization of Zinnia were
up to 96 percent and the colonization percent was more in sandy soil and also salinity had significant
negative effect on colonization percent. The greenhouse results showed that the effect of mycorrhizal
fungi on all parameters was significant at the 1% level and Mycorrhizae enhanced shoot dry weight,
root fresh and dry weight and root copper concentration by 91, 83, 92 and 71 percent respectively
than non-mycorrhizal control. The effect of copper levels were significant on shoot length at 5% and
on the other parameters at 1% percent level. The level of 800 mg/kg of copper decreased the number
of leaves, root length, mycorrhizal colonization percentage and leaf area by 39, 31, 25 and 97
percent compared to control respectively. The interaction between copper and fungi had no
significant effect on shoot length and leaf area, but were significant on leaf number at 5% and on the
other parameters at 1% level. Using mycorrhizal inoculants decreased the negative effects of copper
application and resulted in a considerable difference between measured index.

Conclusion: The results showed that increasing in copper application resulted in increasing copper
concentration in shoots and roots of plants and the concentration in roots of inoculated plants were
higher and in shoots were lower than none inoculated. However inoculation of plants with
mycorrhiza resulted in a higher accumulation of copper in roots and decreased its translocation to
shoot, but total uptake of copper in shoots of inoculated plant was significantly higher. So based on
the result of this research, this ornamental plant can be used for remediation of polluted soils by high
concentration of copper.
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