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

It St s gt It St s gt
(amount) (Soil properties) (amount) (Soil properties)
SHEE Db o
14.67 ] 44.4
(cmol kg™ ) CEC (/) sand
JS O3s s O
0.14 33.6
(/) Total N (/) silt
e B i o
2.34 | 22
(mgkg ) Available P (/) clay
715 o B el o5 Sl il
(mgkg™") Available K loam Soil Texture
S Aol bl e LB o sanls Ll oslas ila o
2.02 _] . 8 Crm s
(mg kg™) Cd extracted with HNO; pH (saturated extract)
oo B 5038 Ll oslas S xSI1 Culda
0.05 L 0.79 gl ober Sl
(mgkg™) Available Cd EC (saturated extract) (dSm™)
Slesle
1.79
(/) OM
.‘54,‘.3?‘.0; 093 cLe.S‘ J'| o= u.\}JAB v.:a:‘s chale Y J}J}
Table 2. Concentration of available Cd after incubation.
(6;%)5@559)%‘;\’-&5@“\5 (eﬁ,Lﬁ)wadlg)Sl}'a__‘amouﬁals
Available Cd ( mgkg™) Cd added to soil (mg kg™)
0.03 0
6.64 10
10.76 20
19.43 40
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Table 3. Variance analysis of the effect of CO,, Cd and plant on shoot and root dry weight based on mean

square.
gy S 05 ilor bl e 03 )
@3l e S L
' bs ” ¢,5 Degree of freedom Sources of variations
Root dry weight (gr pot™) Shoot dry weight (gr pot™)
oSSl
0.52%* 4.19%%* 1 PSSl
(COy)
Ny
2.27** 20 .2k 3 =
(Cd)
M X L SalSles
0.01* 0.22%* 3 (eedlS X S emSis
(CO,xPlant)
oS
5.39%* 7.5]1%* |
(Plant)
oS X - SuSlgs
0.001™ 0.02%* 1 S X pSkSle
(CO,xPlant)
oS X
0.42%* 2.21%* 3 Ry V.:ulS
(CdxPlant)
0.01** 0.007" 3 oS X aslS X 0 SUSis
(CO,xCdxPlant)
s e
1170 11.64
(cv)
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** Significant at P<0.05, * Significant at P<001, " Non Significant.
g > g g

Lo ShanSlss S5l s o olS 53 a5
slp phl Kis 03 (Sbt el il 1550
Sl sl s (P<e/o V) s me 5 bas iy
LS 53 ddy o ke o SaSles () IS2)
S i 8 8 s sy aS s sba sl
L tmslie o 0 StaSles clile (ol 58l (eeslS
St 035 (P</N) ls ime el 33l o Aald
A elS slackle wan



O)Ked 5 Soldls o W5

Il (a)
5 a L =CO2
=
584 p co2+
x5, e
]z f
5 2 h ®
1 Ee
_1‘ E 1
b =
n
u] 10 20 40
Py Lyt H
Cd Concentration (mg kg-'l)
= ()
25 oz
— a coze
@ 2 b &
R =
5 % d
7 13 i e f
\] = g
- t‘
&
g
2 0.5
o
u] 10 20 40
paedlf CBll

Cd Concentration (mg kg.'l)

el plad S 5

At g S

< (c)
7 a 02
E & Iy b CO+
=] 5 C
5o
) .
= e
g2 f
E 2 E
5 I
1]
0 10 20 40
paeedlS Sl
Cd Concentration {mg kg.-l)
(D)
35 )
= b ®CO2
= . CO2+
= 25 d -
o f
-
" h €
& 15
o
E
i 0.5
u]
o 10 20 40
#anedlE SJALE

Cd Concentration (mg kg-'l)

%Lﬂ)j(&)&‘}-ﬁ rl.).a'kgc.)-’f () iy o () gl gn C|M|MQ}31&;M|‘5:W&|P’| BRI L
ol o S deS g3 4Bl I3 clile CO,' 5 e b aals clils CO, 085 (3)

Figure 1. The effect of increasing CO, concentration on shoot (a) and root (b) dry weight of wheat and shoot
(c) and root (d) dry weight of sorghum. CO, and CO," are natural and elevated concentration of CO,,

respectively.
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Table 4. Variance analysis of the effect of CO,, Cd and plant on shoot and root Cd concentration and Cd
uptake based on mean square.

. Ly Lon ] aslS ol
25 S ol eIl 53 eslS e e S @t A e

/ ) SUS 3 a8 SUS 5 a 8 EXSIRESR e
S N S el s
Root Cd Shoot Cd cgree o Sources of variations
Root fd L)thake Shoot (Cd)uptake Concentration Concentration freedom
He He (mgkg") (mgkg")
o SAS|gs
141.60** 354.84%%* 1.12%* 3.10%* 1 oSSl
(COy)
NSy
552.44%%* 9.09%%* 523.47%* 139.91** 3 =
(Cd)
5.21%* 0.75™ 0.20%* 0.79%%* 3 r:”ls sl
(CO;, x Plant)
blj
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(Plant)
bL.§ X - LS|
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(CO; x Plant)
bLg X :lS
55.86%** 15.73%* 0.91%* 15.56%* 3 ) =
(Cd x Plant)
7,01 0.77" 2.89% 1.71% 3 S Sl
(CO, x Cd x Plant)
Sletd 2
12.10 12.88 10.82 11.37
cv)

s e VY CE”” 03 b3 s Fae CE.N 23 I3 s
** Significant at P<0.05, * Significant at P<0.01, ™ Non Significant.
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Figure 2. The effect of increasing CO, concentration on shoot (a) and root (b) Cd concentration of wheat and
shoot (c) and root (d) Cd concentration of sorghum. CO, and CO," are natural and elevated concentration of

CO,, respectively.
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Figure 3. The effect of increasing CO, concentration on shoot (a) and root (b) Cd uptake of wheat and shoot (¢)
and root (d) Cd uptake of sorghum. CO, and CO," are natural and elevated concentration of CO,,

respectively.

035503 A5 S ASes Sl )
i Sl San 3L g ol S 5 R e
55l s el i a5
sl gl s pate CBle G55 cpd L JLa
S D5 SR oal 02 () b I 58
S heSIss biess atyy 5l 5k e gl
Sy sty gl G g e S s 31

st

)+

Y r.:,a.sl_i clble (S m;ls clle Ll b

3 Soglize oS 3 mﬂbswﬁdﬁw\db
B QT )\J 2P J‘:’.‘J—Q‘J ¢J~_~§ B r.«.dblj o ble
Yozl a8 s pslS clale 2alS s oS 5
RSUNG Py WS -] [ B IO PIRCR SR [ WIS
S ST E) 0L 5 Kol w0 el



O)Ked 5 Soldls o W5

Sl sble KI5 o ol cpl .l Lolium &5 55 s
53 (VF) sl s ol s oLS Cglie a5
a3 5 plsa vlJ.jl Ay Uj.il).él)f.i: axJlas
).Jt_?v_>d =0 v.vdbl_ig,_]al& oeals 5 s,
OLLSan 5 0L (YY) s 5sl5S o SusSliss
JEART J_:.:J)J_icﬂ VYoo cble wsls OLas (YY)
¢L§JJ o ke falS Ca e o SAST6s
clale il bl ol Sos oldlas (YY) s
o e gk Js 2 lejifl:.ﬂ (S AenSliss
L oonl ol diS o ol s )T S 3 1) (65 b
2l s Grsim ol Sl Jeole mld s
5 S AeSIss S S8 Ol e RIS
&l ol S oS fom am oS o 56 chls
1238 e o SeSles CBlE 15 e S
ol 53 el s oS e ioman 5 S 05
055 b ol 5l Clr Sipl @ ax 5 Ll
ol 2l T e Cmnan e il > S
Sl bl 3l s e Sl S Sl slS
O35 Sl o SdeSlgs cble 51500 L puS
sdalie oS ;3 el S S ke fals s S
L oaslie o cdr (’J—'g 53 oS S s S
S (Gl s e (o ShSTgs anb cble
zoA SlpolS Ul sdasiles Ol S =0l
A3 S8 8 i Ol g il S Sl eslS
23 S0 etk (oSSl hle
Solsas sl il e U§UM slsn plll 5wty
Pl 4 S Sl (5 5 edlS S Ol e S0
slaasl U mls cpl ool 4l JUst olS sl

OV ) s ls s 55 0l Kiass sl

YoV

Cble (il LS 55 S D

sdaline oS ;3 el Slale L5 SunSTss
Sl o585 5 pdeS SIS iy S 20T 51 S
L pedlS Cdr s sl Ol 5 e cpl plo 55wl
oS o5 A V| ol o oS Sl ot 4
s kS o 3l iy s 3 S 1 L
Ul 55 pdS ax S o eedlS Dl 5
s b bl sgls s sl s |y st ol
S S s <=,L_;§&i_>'-ojjj_3dj5,\:~5\é_s;\
GALS g Jole s LS s o5 0S5
ROUNPRE S SYSIE O 25l s PS> clale
cble ol eas Al gla 5158 bl
A5 e eslS R el e SeSlss
Dot 5 53 00) 5y s shani,
g5 53 ks OA) Jskoe T slge (2530 glady s
SlapslEls S e dlad 5 s S Comax
(I olpn 525 s S Do 5 I s
[PEVERRNTCIN U A PO IPURSERNY) § (RCS
OLLSar 5 55 (V) 255 e OLalS sl 3l
055 s 3 1y ppr i o ble (15 8l (Yo )
o s 53 a0l s S a5 S iy
hele 1 of 5 ealics [ pH 288 o SuSlgs
Sy s JLPH Jals L cidls Ol Lﬁ\j.v-é-‘
a5 al Jials SLs ) gl gl 5 T
3T L Il 53 (55 s Olsnay s 3l
5 oaLS st ol Sldllas s (FR) L5t e
cble Sl s ol b el lale Al
sl 0l odaline ilizee OWLS 53 p SS|iss
sy QLES (Yo V) UL 5 L Jlis Ol gsas
03 S deSles d oy s S AV o ble
oslS Chle 1Al o el a ea T slas



YL (£) o )lond d0) s Jlasly adgi 9 SI& Cuppro &y pul

}Q}@AJ’LS\J@LS}JJJQ)UA{}?JJJJQ- t«qd%}_b‘(BCF)d:..._l}c,_lé.LbJ‘,:Su
sl glac Bl a s Ca S b s o (TF) JLas) | g5 (BAC) g
(0 Jadr) Wsls Ol o SSles @L:j bl (RR) g;-lm-.’, s 3 (TT) J-«:u'

Sl o Kike wlul » RR TI TF BACBCF , olS o3l (o S S Tis3 S uilsly 420 0 J g

Table 5. Variance analysis of the effect of CO,, Cd and plant on BCF, BAC, TF, TI and RR based on mean
square.
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Table 6. The effect of CO, concentration increasing on phyto-remediation factors.
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Abstract

Background and Objectives: One of the outcomes of the industrial development has been the
increase in CO, levels in the atmosphere from 280 to 367 Microliter per liter by the end of 20™
century. Many studies have investigated the effects of increasing CO, levels on plant. Increase
in atmospheric CO, levels and increasing concentration of heavy metals in agricultural lands
can effect plant growth, production and have negative impact on human health through food
chain. This study was aimed to investigate the effects of different levels of CO, and cadmium
on growth and cadmium uptake by wheat and sorghum.

Materials and Methods: A greenhouse experiment was carried out with pots containing 3.5 kg
soils and in split factorial design. Treatments included four levels of cadmium (0, 10, 20 and
40 mg cq kg'sn) (from Cd (NOs),) and two levels of CO, (400 and 900 pL L™). Cadmium
uptake by plants roots and shoots and phytoremediation indices were calculated for both plants.
Results: The results indicated that increasing CO, levels, enhanced maximum shoot and root
dry weight by 26% and 17% for wheat and 18% and 13% for sorghum, respectively. Increasing
CO; levels did not have any effect on Cd uptake by wheat but increased Cd uptake by 37-44%
in shoot and 26-37% in root for sorghum. Phytoremediation indices were calculated based on
the effect of increasing CO, level on plant dry matter and Cd uptake. Although, Bio
Concentration Factor, Biological Accumulation Coefficient and Tolerance Index were all less
than unit, but with increase in CO, levels these indexes and Remediation Ratio increased for
sorghum.

Conclusion: Since the increase on CO, concentration increased cadmium uptake and
remediation ratio in sorghum, this plant has a higher potential for extracting cadmium from
polluted soils, specially in areas where increase in CO, levels are an issue. This can be
important in industrial areas and the agricultural lands around them. The interactions between
soil cadmium and increasing CO, levels in the atmosphere with respect to climate change
requires further research to study its effect on various plants.
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