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Article Info ABSTRACT
Article type: Background and Obijectives: One of the serious problems of biological
Full Length Research Paper  communities is environmental pollution caused by heavy metals due to
increase of industrial activities regardless of environmental considerations.
. . According to the nature of these contaminants and considerable persistence
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Accepted: 08.24.2021 plants as a food chain initiator, is necessary. Considering the importance of
using waste to recover them and also the different reaction of mycorrhiza
in the face of heavy metals, this study aimed to investigate the effect of
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completely randomized design consist of soil factors (non-contaminated,
contaminated), eggshell waste (0, 3 and 5% w/w) and mycorrhiza
(non-inoculated, inoculated with combined Funneliformis mosseae and
Rhizophagus irregularis) in 3 replications (36 experimental units). Basil
(Ocimum basilicum L.) was selected as an experimental plant due to its
high leaf area and production of suitable dry matter. Finally, growth
parameters, concentrations of zinc, copper, lead and cadmium in the plant
tissue, transfer coefficient, translocation factor, hazard quotient and hazard
index of the plant were evaluated.

Results: Increasing the level of soil pollution reduced the height of the
shoot by 54% and the fresh weight of the shoot by 70%. The use of
eggshell waste by 5% w/w as compared to the control treatment in
contaminated soil caused 32% increase in plant shoot height and 16.5%
increase in fresh shoot weight. In contrast, root inoculation increased shoot
height by 25.7% and shoot fresh weight by 4.47%. A relatively similar
trend was observed in case of shoot and root dry weight. Under soil
contamination conditions, application of 5% of eggshell waste reduced the
amount of zinc, copper and cadmium in the shoots of the plant by 11.7%,
4.16% and 16.7%, respectively. In contaminated soil, application of
mycorrhiza caused a significant reduction in concentration of zinc, copper,
lead and cadmium in the shoots by 33.8%, 2.87, 25.9% and 43.3%,
respectively. In contaminated soil, the highest hazard index (2.14) was
observed in the treatment without eggshell and not inoculation with
mycorrhiza. Because of eggshell application at the rate of 5% and
mycorrhiza inoculation, hazard index decreased by 14.9% and 36%,
respectively. According to the results, the use of eggshell waste and
mycorrhiza inoculation reduced the hazard index in the contaminated soil,

)



which the effects were different according to the type of element. However,
in the case of both treatments, according to the level of contaminants, the
value of basil hazard index did not fall below the allowable level, so that in
5% eggshell treatment, the hazard index was 1.54 and in mycorrhiza
inoculation treatment, 1.31 was reported. The lowest hazard index in
contaminated soil (1.16) was observed in treatment of mycorrhiza
inoculated along with 5% eggshell.

Conclusion: Basil cultivated in contaminated soil, despite the effectiveness
of treatments in reducing the hazard index, was still at the risk of
consumption. Considering the type and concentration of heavy metals in
the optimal use of recycled materials such as eggshell waste as well as
bioremediators such as mycorrhiza can be of particular importance.
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Table 1. Analysis of variance of the effects of treatments on some growth parameters of basil.

Slagpe Sk

Mean Square

ady) S 055 S0 lss el 3 05 g e o
Root Dry sl el Shoot Fresh sl el @l s our C e
weight Shoot Fresh weight weight Shoot Length  df
Sl Sl
10.48" 21417 23518" 2844™ 1 . .
(P) Soil Pollution
- - - F oS sy
0.007™ 0.122 13.67 6.601 2 L
(E) Egg Shell
o,z
6.159” 2.993" 390.17 71127 1 & .
(M) Mycorrhiza
- - - : 5 oare g2 S Sa 1
0.001™ 0.124 13.76 23.11 2 Lo e &3
P*E
- - - . : GBSl S0
2,565 2.624 247.0 1.604 1 R S
P*M
o - BGsies A
0.102" 0.005™ 0.564™ 2.010 2 SRR e
E*M
0.003" 0.121" 1.310" 1056 2 g B S 5o
P*E*M
o
0.003 0.007 0.833 0.266 22
Error
1) Ol prs o g
1.20 1.85 1.92 2.20 () bl 2

CV (%)

.)\sd‘.x.es_éﬁk;}\:ﬁ}¢.).:«‘.,\.p)30da.ﬂﬁéj\:u;.’u o3 ) daM)scg)l:un ;.,v';):d.in B

S e
¢

** *_indicate that variances are significant at the level of 1%, 5% and ™ is non-significant, respectively.
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Figure 1. Interaction effects of treatments consist of level of soil pollution (PO: unpolluted, P1: polluted), egg shell
(EO: 0%, E3: 3%, E5: 5% w/w) and mycorrhiza (MO0: not inoculated, M1: inoculated) on shoot length of basil.
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* For all variables with the same letter, the difference between the means is not statistically significant
at the level of 5%.
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Figure 2. Interaction effects of treatments consist of level of soil pollution (PO: unpolluted, P1: polluted)
and eggshell (EO: 0%, E3: 3%, E5: 5% w/w) on shoot and root dry weight of basil.
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* For all variables with the same letter, the difference between the means is not statistically significant
at the level of 5%.
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Figure 3. Interaction effects of treatments consist of level of soil pollution (P0O: unpolluted, P1: polluted)
and mycorrhiza (MO0: not inoculated, M1: inoculated) on shoot and root dry weight of basil.
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* For all variables with the same letter, the difference between the means is not statistically significant
at the level of 5%.
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Table 2. Analysis of variance of the effects of treatments on heavy metal concentration in shoot and root of basil.

Sla e Sk
Mean Square

(Cd) rﬂzls (Pb) ] (CU)JN& Zn) S -y
b5 e
Bl
Shoot Root Shoot Root Shoot Root Shoot Root 6df) Source
Sk S

47817 96407 1214”7 16356~ 43587 309655~

0.220" 0419”7 0078 0270® 123637 22464

ok

5609”7 5282”7 3.045 0410 629507 191.36"

0.169” 0356~ 0023® 0216™ 750207 169.13"
5070 5100 1946”7 0.302° 80561 195.06"
0.036™ 0102° 012° 0041 10231  9.100”

0.054® 0122° 0034™ 0.049® 12814 959"

0.016  0.025 0.015 0.085 1.067 0.653

208627  10424" 2

93741  621.67" 1

28286"  1411.3" 2

1689317  127544™ 1

(P) Soil Pollution

Eropss s
(E) Egg Shell

atoogol
(M) Mycorrhiza

fropss e pw S Sl

7.76 7.71 3.66 3.61 4.74 1.70

P*E
- o ‘ Basl Ss
18737 15549 1 S S
P*M
- > ‘ G 2w
377407 22327 2 g BEE T
E*M
345307 194.22" 2 g B e it Sl S5
P*E*M
o
4.774 0.603 22
Error
1) ol s ;
1.77 1.90 (1) Sl yis g
CV (%)

Ll pae OOt 55 ple o3 0 cla.w)a‘g)b&;u IR CE.AA)Q&).Q&# N LIPS
™ * indicate that variances are significant at the level of 1%, 5% and ™ is non-significant, respectively.
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Table 3. Mean comparison of the interaction effects of treatments on heavy metal concentration
in shoot and root of basil.

(Cd) p sosls (Pb) (CU) e @Zn) s,
(mg kg™ (mg kg™) (mg kg™ (mg kg bl
Treatments
Shoot Root Shoot Root Shoot Root Shoot Root
0.493°  0423° 3193  1.341° 12.12°  1055°  53.45° 2270  EO PO
0.490° 0413 3168  1.330°  10.90° 9.400° 51.88° 23.00° E3 PO
Ao gy
0.458° 0393  3.120° 1.310° 1057 9.183° 5758° 2555 E5 e PO
3.053°  4.063° 3.643° 1506 8577 2015°  218.8°  1602° E0  EggShell  py s
E) >
2.755®  3.635°  3543*  14.85°  82.02®  197.9° 193.0® 1473 E3 P1 Sl
Soil
2.548" 3350  3396° 1450*°  7458"  186.1°  162.0°  120.7° E5 P1  Ppollution
®
0.500°  0.416°  3.218°  1.342° 10.65°  9.688°  47.62¢ 2133 MO PO
0.461°  0.403° 3102  1.312° 11.75°  9.733°  60.98°  26.16° M1 “ogb po
Mycorrhiza
3555%  4.442°  4051°  1500*°  89.70°  199.8°  230.2*  1535* MO M) P1
2.015° 2923  3004° 14.61° 71.88° 1905° 1523  132.0° M1 P1

il 4o 53 0 (T o s s gan sl BB AL o S 2ie O 1 O a3 oS e Sile ©
*For all variables with the same letter, the difference between the means is not statistically significant at the level of 5%.
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Figure 4. Interaction effects of treatments consist of level of soil pollution (PO: unpolluted, P1: polluted),
egg shell (EO: 0%, E3: 3%, E5: 5% w/w) and mycorrhiza (MO: not inoculated, M1: inoculated)
on zinc concentration in shoot and root of basil.
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* For all variables with the same letter, the difference between the means is not statistically significant
at the level of 5%.
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Figure 5. Interaction effects of treatments consist of level of soil pollution (PO: unpolluted, P1: polluted),
egg shell (EO: 0%, E3: 3%, E5: 5% w/w) and mycorrhiza (MO: not inoculated, M1: inoculated)
on zinc concentration in shoot and root of basil.
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* For all variables with the same letter, the difference between the means is not statistically significant
at the level of 5%.
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Figure 6. Interaction effects of treatments consist of level of soil pollution (PO: unpolluted, P1: polluted) and
eggshell (EO: 0%, E3: 3%, E5: 5% w/w) on percentage of mycorrhizal growth response in inoculated treatments.
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Figure 7. Interaction effects of treatments consist of level of soil pollution (PO: unpolluted, P1: polluted),
eggshell (EO0: 0%, E3: 3%, E5: 5% w/w) and mycorrhiza (MO0: not inoculated, M1: inoculated) on transfer
coefficient of heavy metals from soil to root of basil.
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Figure 8. Interaction effects of treatments consist of level of soil pollution (PO: unpolluted, P1: polluted),
eggshell (EO: 0%, E3: 3%, E5: 5% w/w) and mycorrhiza (MO0: not inoculated, M1: inoculated)
on translocated factor of heavy metals in basil.
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Figure 9. Interaction effects of treatments consist of level of soil pollution (PO: unpolluted, P1: polluted),

eggshell (EO: 0%, E3: 3%, E5: 5% w/w) and mycorrhiza (MO0: not inoculated, M1: inoculated) on hazard
quotient and hazard index of heavy metals in basil.
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