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Table 1- Some physical and chemical properties of the soil used in the greenhouse experiment

SLedl  ow G 0 o ke opH Ec@l  ceEc cce ¢S S ojer
Sail Sand Silt  Clay (1:1) (dSm?)  (cmolckg?) o.C Total Nitrogen
Texture (%) (%)
Aot g0 g 12 % 10 763 LI 8.2 el 013 0.08

Sandy Loam

(F))¥s0 1Y Soy0,08 sl b i osnliie pass

SB Cda B pole clile - Jgua aold!
Table 1- (Continued) The concentration of soil available nutients

P K Na Fe

Mn Zn Cu Cd

(mgkg™)

57 250 108.8 1.8

1.1 0.85 1.3 0.02
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Table 2- Analysis of variance of the effects of Zn and Cd on shoot dry weight (SDW) and Chemical composition

Sour ce of df (MS) Slay po (u55Le
variation SDW Cd Zn Fe Mn Cu
Cd 7 1.63" 38737 202" 117310™ 3470 36.6"
Zn 6 3.18" 3069 15595™ 178712 12916" 230"
CdxZn 42 031" 686" 542" 14530™ 40" 0.35"
Error 110 0.01 6.7 0.40 15.03 2.85 0.008
C.V (%) 11.1 5.49 0.95 0.87 1.84 0.74

2o ) 50 Jlaisl pdaw 5> jboline jbolize pué Cud ey 3 g % NS
ns, * and **, non-significant, significant at the 5 and 1% level of probability, respectively

Al y (oloud oS ) 9 Sid (59 92 Cd 9 ZN 1 il ylg 4520 Y Jga

Table 3- Analysis of variance of the effects of Zn and Cd on root dry weight (RDW) and Chemical composition

Sourceof (MS) Olas po Kibo
variation RDW cd Fe Mn Cu
Cd 7 0.98" 198063" 1429  5045888™  33903" 10890"
Zn 6 1.42" 7179 106783 1270047 84654" 7476"
CdxZn 42 0.22" 723" 38442 388" 104
Error 110 0.006 5.58 819 11.8 3.49
C.V (%) 12.07 221 1,02 2.57 2.01

2oy ) 50 Jlain] pdaw )3 jlsline bline j& cud ey s g % (DS
ns, * and **, non-significant, significant at the 5 and 1% level of probability, respectively
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Figure 1- The effects if Cd and Zn interactions on the dry weight A) shoot and B) root
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Figure 2- The effects of Cd and Zn interactions on the concentration of Cd A) shoot and B) root
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Table 4- Equations for estimating shoot Cd concentration (Mg kg'™?) at zero to 20 mg Cd kg* and different levels of Zn

7n aaleo 2
(mg kg™) Equation '

0 Cd=2.0289Cd+19.473 0.9262"
5 Cd=2.0163Cd+18.697 0.9425"
25 Cd=1.7192Cd+14.822 0.9741"
50 Cd=1.3266Cd+12.384 0.9772"
100 Cd=0.8953Cd+10.574 0.9728""
200 Cd=0.8481Cd+19.156 0.8631""
400 Cd=1.697Cd+26.863 0.8916"

Zn Gl gobus 13 YemgCd kg U o zghaw 13 (MG KG?) duiy ; Cd Sl 3591 p Y alre -0 Jgun
Table 5- Equations for estimating root Cd concentration (mg kg'™) at zero to 20 mg Cd kg™ and different levels of Zn

Zn adlro 5
(mg kg™ Equation '

0 Cd=-0.0569Cd*+7.2142Cd+13.053  0.9900
5 Cd,=-0.0531Cd*+7.0752Cd+10.172  0.9977""
25 Cd=-0.0716Cd*+8.5275Cd+5.6356  0.9940""
50 Cd=-0.0701Cd*+8.4238Cd+7.2387 0.9837
100 Cd=-0.0703Cd*+8.4649Cd+13.896 0.9851
200  Cd=-0.0635Cd*+8.1906Cd+21.566 0.9866""
400 Cd,=-0.087Cd*+10.421Cd+29 0.9815"
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Figure 3- The effects of Cd and Zn interactions on trandocation factor A) Cd and B) Zn
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Figure 4- The effects of Cd and Zn interactions on the concentration of Zn A) shoot and B) root
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Figure 5- The effects of Cd and Zn interactions on theratio of Cd to Zn A) shoot and B) root
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Figure 6- The effects of Cd and Zn interactions on the concentration of Fe A) shoot and B) root
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Figure 7- The effects of Cd and Zn interactions on the concentration of Mn A) shoot and B) root

20250250502 100m 200400 mg Zn/kg
18D, 4=3.022

03 iy

B) root

s, Cu sdale

Root Cu concentration (mg kg!)
= o oo = = =

= > (=3 = =13 =)

o
=

=

S
Cdoass ails!
Cd added (mg kg

40

B0 85525 B50 2100 B200 @400 mg Zn/kg
18D, 5=0.1447 g i (B
A) shoot

— — —
oo > =) =

slon e Cu cdals
Shoot Cu concentration (mg kg!)
= o

[

Ciloaws ails!
Cd added (mg ket

aiyy (@ g 2o s (W Cu cdalé 5 Zn o Cd Jliie W1 -A JSW
Figure 8- The effects of Cd and Zn interactions on the concentration of Cu A) shoot and B) root
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Effects of Cadmium and Zinc I nteractions on Growth and Chemical
Composition of Corn (Zea mays cv. single cross)
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Introduction: Heavy metal contamination not only adversely affects the chemical properties, availability of
nutrients and biological activity of the soils, but also causes serious risk to the human health from entering the
food chain. Cadmium as an unnecessary heavy metal is highly toxic to plants. Cadmium toxicity inhibits plant
growth and even death. Metabolic processes such as photosynthesis and cellular respiration are disturbed due to
cadmium toxicity. Among the heavy metals, zinc is an important nutrient in many biological processes such as
photosynthesis, activity of antioxidant enzymes, proteins, hormones and other activities. Because of the similar
chemical behavior of cadmium and zinc, interaction between the two metals is of interest to many researchers.

Materials and Methods: In this study, to investigate the interaction effects of cadmium and zinc on shoot
and root dry matter and chemical composition of corn (Zea mays cv. single cross 704), a factorial experiment as
a randomized complete block design in triplicate with eight levels of cadmium (zero, 0.5, 2.5, 5, 10, 20, 40 and
80 mg Cd kg™") and eight levels of zinc (zero, 5, 25, 50, 100, 200, 400 and 800 mg Zn kg) was conducted in a
loamy sand soil under greenhouse conditions. After 60 days, the plants were harvested and dry weights of shoots
and roots were determined. Moreover, after wet digestion, the concentrations of cadmium, zinc, iron, manganese
and copper in these tissues were determined by flame atomic absorption spectrometry (Shimadzu-6300).

Results and Discussion: Treatments with 800 mg Cd kg showed symptoms of cadmium and or zinc
toxicity at early stages of the growth. These plants died after 10 to 20 days of germination. The results showed
that the cadmium and zinc interactions on shoot and root dry weights were significant. At 0.5, 2.5, 20 and 80 mg
Cd kg™ (except for Cd0.5-Zn25), application of 5 to 50 mg Zn kg™ increased shoot dry weight. Higher levels of
zinc supplementation exhibited adverse effects. At 5 and 10 mg Cd kg, supply of 5 to 100 mg Zn kg was
associated with an increase in shoot dry weight, but shoot growth was reduced at higher zinc levels. At 40 mg Cd
kg™, application levels of 5 to 200 mg Zn kg increased shoot dry weight, whereas 400 mg Zn kg showed
adverse effects. Moreover, the cadmium and zinc interactions on chemical composition of corn were significant.
Based on the results, at low levels of cadmium, zinc supplementation at each level increased the shoot and root
cadmium concentrations, while at high levels of cadmium, low and high zinc supply caused a decrease and
increase in the shoot as well as root cadmium concentrations, respectively. The concentration of a particular
trend was observed on the shoot and root. Supplementation of zinc at each level of cadmium (except for 80 mg
Cd kg™), first increased and then decreased the iron concentration of shoots and roots. Application of zinc at
each level of cadmium decreased manganese and copper concentrations in shoots and roots.

Conclusions: According to the results, the ecological tolerance of corn to zinc was found to be 800 mg Zn
kg'. Also, the application level of zinc with positive effect on shoot dry weight increased with an increase in
cadmium level. At all levels of cadmium, supplementation of zinc at medium levels prevented the accumulation
of cadmium in shoots, while high and low levels of zinc intensified the cadmium accumulation. The highest
accumulation of cadmium in roots was occurred at highest level of zinc. Zinc supplementation at each level of
cadmium first increased and then decreased iron concentration in shoots and roots. However, zinc supply at each
level of cadmium decreased copper and manganese concentrations in shoots and roots. As a conclusion, zinc at
low levels diminished toxic effects and accumulation of cadmium, meanwhile high levels of zinc not only did
not control cadmium but showed deleterious effects. The critical level of poisoning for cadmium in aerial parts
of both plants in lower density in the soil (up to 90 mg kg™ ) showed very little changes, but in higher density, it
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decreased in brassica napus and increased in zea mays. The critical level of poisoning on the aerial parts of both
plants showed very little change with increasing the total density of cadmium in the soil.

Keywords: Accumulation, Cadmium, Shoot and root dry weights, Zinc
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