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Extended abstract

Introduction

Cadmium (Cd) is the most mobile heavy element in the soil. This element in plants has a negative effect
on the main function of the plant such as photosynthesis, cell proliferation, and water uptake by plant
roots. Resistance adaptation of some plants allows them to store high concentrations of heavy metals in
their tissues without symptoms of poisoning, which eliminates them and revitalizes the environment.
Corn (Zea mays L.) is able to continuously extract metals from contaminated soils by transferring them
from roots to shoots. Corn was also a promising crop for phytoremediation due to its extensive root
system, high biomass, and compatibility with cadmium soils. Also, legumes such as soybeans (Glycine
max L.) can accumulate heavy metals in their tissue, and their interaction with B. japonicum is an
important aspect influencing the behavior of soybeans under heavy metal stress. Mixed culture is a
common cropping method that increases biomass. The use of this method in plants intended for plant
extraction is of great importance because in contaminated soils it affects the uptake of heavy elements
by plants. Therefore, due to the importance of soil contamination with heavy elements, this study was
designed to investigate the effect of mono and mixed corn and soybean culture on cadmium
contaminated soil.

Materials and methods

This experiment was performed in the greenhouse of Sari Agricultural Sciences and Natural Resources
University as a factorial in a completely randomized design with four replications. The first factor of
cadmium concentrations was 0, 50, 100, 150 and 200 mg kg-1. The second factor was corn and soybean
cultivation ratios (maize in pure cultivation, soybean in pure cultivation, corn in mixed cultivation and
soybean in mixed cultivation with a ratio of 50: 50). The seeds were planted in 5 kg pots. The density
was four plants in the pot was considered. Two months after sowing, the plants were harvested. Pre-
harvest measurement traits included plant height and stem diameter and post-harvest measurement
traits included shoot dry weight, root dry weight, cadmium concentration of shoot and root, and
cadmium concentration in soil.
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Results and discussion

The results showed that the concentration of cadmium in maize shoots in both mono-culture and mixed
culture systems was higher than soybean and mixed cultivation, especially at high levels, increased the
concentration of cadmium in maize and soybean shoots. Also, with increasing the levels of heavy metal,
the concentrations of cadmium in the roots increased linearly in all culture systems. Maize had more
ability to uptake and concentrate metals in its roots than soybeans, and mixed cultivation of maize and
soybeans increased the concentration of cadmium in the roots of maize and soybeans. In this
experiment. The highest concentrations of root cadmium in mixed maize and soybean crops were
recorded 105.97 and 60.46 mg kg-1, respectively.

Conclusion

Dry weight of maize and soybeans was lower in mixed than pure cultivation, which seems to be the main
cause of the higher uptake of cadmium in plant organs under mixed culture conditions. In general, the
ability of maize to phytoextraction is higher than soybeans due to its higher biomass.

Keywords: Dry weight, Heavy metals, Root, Shoot
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Fig. 1. Effect of cadmium and planting ratios on changes in shoot dry weight (a), root dry weight (b), height (c) and
stem diameter (d) of corn and soybean.
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Table 3. Appropriate equation describing the effect of cadmium and planting ratios on vegetative traits and

chlorophyll index of corn and soybean
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Table 4. Analysis of variance (mean squares) for the effect of experimental treatments on cadmium content in plant

organs, soil and phytoremediation index

s 30 puools clale 30 peodlS cdale 30 pwodlS cdale 30 podlS i
.o . M )
e i &olsT o lusLis Al ) SB oylus L
S.0.v ar Cd concentration  Cd concentration = Cd concentration Cd uptake in
in shoot in root in soil shoot
cd hadd 4 261.82™ 14166.17* 25592.89™ 0.20™
cls GL“M '’ *k ' sk
Planting ratios (Pr) 3 34.04 9467.06 734.63 0.04
Cdx Pr 12 11.29" 570.52"" 50.54™ 0.009™
. ol stz 0.16 3.72 491 0.0001
rror
C.V.(%) - 8.05 4.47 4.59 8.22

** significant at 1% probability levels

9.0y o lusli 0 peeslS cdale yiolidl cbglie ciS o
Pk Vo) (o Oyg0 sl cdale 0 YL 50 Liges
Ao, £ MYY g VAYIAY s sy salds o (p,55lS 0
S
D)3 kg peedlS Sl (redlS Lo Zslaw al8 L
5 by ady; meedls clale g bglie 9 Al aas” s
e b e b Ojpen byl 5 alls oS
il il asly +/YAAY o - /YSOD o [FAYD o [FFA
clle 2ol jlade aS g sbay (O Jgoz o -V JSD)
SE o5 kS )3 peedlS o S oo Yoo )0 aly) eeslS
CUlS 50 &S Ady )0 (eeedlS B s pace) dald 4 Cous
bsls § palls S 50 bgw ady; 5 byl 5 all>
YAPEIFY o YEYYIAY Y78 AT XAYYIAY . Coja

X290 ‘—i-' JLA-->| a_]a...: 5 (5)1‘3 xS

S g peedlS o Jl fiSon S 55 @l

9 Q)é D)Lw.">LC:J L) Molf cdale oS MQ‘SA uLM»J cunls
b slaSSes 5 s jud Sgonr bolie 5 (alS 55 Lse
L Sy ol JS2) Gl e o s 2l
blg Lo 4y Cond )3 lawigy Al -V S 4 ax g
cdale e g auily o sl 1o peodlS Liz jo 6 5YL
RAY L ol S u)é 9 Lx}w ‘5Lb439) c)L...}L..: Molf
Y USS eimen g Lo alls cuns 5l iy belse
Sloos zskaw (38l b balde S jo aws oo plis W
meodlS 2,85 Lo VPO 390> U puoolS jao clale Sl pueolS
5 )y o)lusld o pueslS cale e (SIS 5,50 0
Egozme ;3 (0 Jooz I -V i) cél ioli8l g iy



¥ O3 bl 5 LAl cotS co 518l mem s 5 stag, Slio s meeslS Gilies slaclale 3 addllas o) Ko 5 ol i

5 483 o5 |y Camy Loy 5 S slae ] Collad
Sy S0 1, Sl iy (oenl P Wl oo cnlple
(Khan, 2005; Yang et al., 2009) sas |5 b cos
BLS slass 5l S a5l ool ol slasle]
L I sl b g 00,5 jolo H e ol 4 0ilgs oo
AL alg e 8 i Jitie S 41, o8 550 3
Chiang ) sas ioljal |, @lils S 9,50 odlad
H* (plpede (et al., 2006; Duarte et al., 2007
L1y 63l slagssls 5 958 bssls (iile Wi oo
Marques et al., ) 55l 5,55 5 (6 i (5 u i
(2009

0320 Jgaz 4 ax g biojlusll )0 edlS Ll Jlade
CilS Glacns 5 S presls clalé ool 51 il g
w50 Lgw 5 &0 o lusls jo pedlS Cldx Jlads (o
FUNEEL OTSURIEE V-SRI CYEEPRR WSS Vg L2
S gixe sy SO Jleixl mha 5o 55 SulS g4 5 peeslS
Lgw 5.0,y 0 )lusls ;o pedls i Jlade (F Jgoz) 0l
oRIBl Rl o Lol i8S )0 oo g alls ciS o e
JKo) clls (laSig ¢ hd e digy S ppeols clale
s (g S5 45 gl 4 4z b0 Jgu o Y
ool a0 YL o )3 o)l ls o ool Qi
Srae pac) wald & Cond (p55lS 50 p S e Ve 0)
s VEYNAA cuijay bylis 5 Lalls cutS o (pueslS
2 peedlS Cd ke g cdl ol as e A0V
50 wald 4 ol peeolS e YL o g o lus Ll
S s YEYI o 5 FYSIFY (od gy bglie 5 Lalls cuis
(5-Y JS5) cdly iyl

CetS 3o Lgw 5 0,5 LT slaalail 3 peesls i
Sl (6 Y JS2) o5y Al i ) iy ol
@ S bgldee ciS )0 bgw 5 &5 K23 (39 a8
slaplail jo oS polie juie Qi Jdoay Lalls s
G GBS 0 wiloe bolie ciS Ll b 0 alS
Jsba e Sl mess 0 LS LUl el oe]
oo o5 55 (i yolie gt s (fyises Jyano
P S S 0095 Cemy 3Ly agi 1A 09d oo Gl S2s
ol pte e S Dol Gl LS
@ls 4 a>g L .(Neugschwandtner et al., 2008)

Ot pol Ghagl )0 (0 Joazr «on ¥ JS8) 05 wo o
iz oole p,55hS 13 aueslS 0,5 Lo £4/F5 51 0/AY
) Al s o S Cds BB oS clale s
b Ojgon p plibglie CaS )0 rizes 9 bgw
eoolS A eroolS L paban aled yo .l il
St 1i0g Lgw LAl oot cow a5 SB s i LB
19 eeolS 55 L VAVIEY) S o soliul LB eeols
SIS DR NCHN IR ECRY DU ERN AR
35 (=Y JS8) cdly plasl S oSl s aeesls
cdale gl boos evslive gladdlas o Lul, yos
Jald a4y lg 90 o)Ll o pueols clale S 5 ppeolS
Capsicum annuum L. cvs. ‘Demre’ and ) sql
.(Barut, 2019) ¢l l;8l CATSS’
BB oodlS CLle (slo loged a az g b Gralejl ol 5o
a o L slaaiy ) (0 Jguz =Y JS2) S i
e polis enld Ces jo (5 b o3
Jolie conld oy Gialidl Yozl iols las eesls
Sl 4 baje &3 4 Cad Lgw Jled o S
COz J5 G5z Lid lapudlS )lg Soo 5 aa) (oS w0l
PH S Jobo o o] Mool b g sl mldl S o
.(Puschenreiter et al., 2005) &S o loy als S
Tabreteh Farahani et al., ) |,Ken 5 Jlolg a5,
LS 50 oy caddl> wols las Ados o 50 (2017
Lietal,) o,Keo 5 J .0l oo ls8l S pH als
DI el 5iaesS) BLS b, 4 WS ol 2009
Sl S o Ll o] g e s SB e ol ekl
oorwd BB polie plime pois (G)le 405 S
5 Sl lon oS i i oS L logen S
yolie owyiws Gl i (o olS aty, Olod 5
.(Baghaie and Mahanpoor, 2018) sl S X
SB&S fmjon 15 9% 3 SB I wliliys



VP il OF alr el pole o e sl i

FEY

Ay 30 pedlS cdale

o)Ll paosls i Hlado

Corn in mixed culture balsoe cuis y ey ™

Mono culture of corn <3 Qb cuis

Soybean in mixed culture bglio cuiS yobgw ~*** - — Mono culture of soybean bgw dls cuis--=---

140 - 20 4
- Bo - AW
S 120 ' S
= = 15 -
£ 2 100 :3 z
A v -k
Fy 80 3 &8
g4 tEL,
S 60 42 £ 2
2 £ 4 E 80
g 40 31 8E
3 3¢
20 Faliid
s @]
oe 0 + T . )
0 50 100 150 200 50 100 150 200
(o755 23 7slee) eedl 25t 5 (e 55 0,5 ko) el Zstas
Cd levels (mg.kg™) Cd levels (mg.kg™)
1 - 160 -
s 9 T 140 - Ce
égg'§: D> ’.:a.EAIZO
£ 2 46 - o EZ 100
- 2 St 80
2 g 04 a 5 60
= = N o g
= 0.3 4 5= 40
© 0.2 LRI
0.1 3
0 ; ; . . 0 '
0 50 100 150 200 0 50 100 150 200
(255945 5 055 o) 38 Zglanw (P55 50 p 5 o) odlS Zolanw

Cd levels (mg.kg™)

Cd levels (mg.kg™")

() ding y 35 aodlS ©az (W) 0yud Ll 33 @rodlS Gz oyl oo Ol puask Wigy g1 b5 GBCainni § podlS Jiliio &l 1LY JSCi

(9) o)l Ll jo puodls LA Hlade g (Z) S 50 ool clale

Fig. 2. Effect of cadmium and planting ratios on the trend of changes in cadmium concentrations in shoot (a), cadmium
concentrations in root (b) and soil cadmium concentrations (c) in corn, soybeans and cadmium uptake in shoot (d).
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Table 5. Appropriate equation describing the effect of cadmium and planting ratios on concentration of cadmium in
plant and soil

SPRT Gyd Wb cls boloo s jo &yd bgw A Cls balowo S o bguw
. Mono culture of Corn in mixed Mono culture of Soybean in mixed
Traits name
corn culture soybean culture
y=0.0446x +1.25if y=0.087x+0.249 y=0.0456x -0.249if y=10.0865x-1.214
x<163.1 ifx<164.9 x<166.8 if x<164.5
0 )lus Ll 40 puosls’ y =-0.0763x +8.52 y =-0.255x + 14.59 y =-0.0983x + 7.36 y=-0.2466x + 13.01
Cadmium in shoot if x>163.1 if x>164.9 if x>166.8 if x>164.5
p=0.0122 R*=0.91 R2=080 p=0.0408 R2=0.84 p=0.0294  R?>=0.81 p=0.0361
CV=18.5 CV=38.68 CV=35.844 CV=47.68

Ay 5o paodls

Cadmium in root

y =0.4489x + 14.81
R?=0.93 p=0.0080

y=0.4815x + 1591
R>=0.94 p=0.0066

y =0.2655x - 3.90
R?=0.93 p=0.0071

y =0.2993x - 3.78
R*=0.93 p=0.0077

CV=18.79 CV=17.60 CV=28.06 CV=28.25
. y = 0.5005x -1.89 y = 0.4742x -3.49 y=0.5526x +1.64 y=04773x -3.58
S 53 meedls p=0.0009 R>= 1 R2=0.98p=0.0016 R>=0.98 p=0.0014 R>=0.98 p=0.0012
Cadmium in soil Cv=12.21 CV=15.39 CvV=13.22 CV=14.21
] i y=0.0013x +0.53if y=0.0012x -0.002if y=0.0012x-0.002if y=0.0014x +0.017
29 odls i Hlade x< 161.6 x< 161 x< 161 x< 150 if
oylus L y=-0.0027x +0.26 if  y=-0.0025x +0.19if y=-0.0025x +0.43 if  y=-0.0023x +0.23
Cadmium uptake in x> 161.6 x> 161 x> 161 if x> 150
R2=0.89 p=0.0148  R°=0.80p=0.0292  R>=0.84p=0.0292  R2=0.81 p=0.0377
shoot CV=17.84 CV=38.15 CV=35.04 CV=32.96
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