Yot [ iy — ol a5 Wlho ]
S g of chlis glaingg 4 i

IYAQ ooy 8 ylowd (pidd § oy >
VIV-IAL

http://jwsc.gau.ac.ir
DOI: 10.22069/jwsc.2021.18319.3392

O 98 8 Shos (51321 39 puodlS 4 00987 S g T 3 00kt puils

T Shoal olel (5595 Lid jaans Lisguld (suge” < Sle sl Al wela

"Oliie Wb jusen 57 (oS ity 315 Hlase
5 5 oSl (T dign oS skl 3 5 e oKils (Ol udign 05 5 (655 g miils’
25 e oSl il 5 pnign 03,8 Sloolel” 38 4 K8l (T tign 05 8 L1
35 e ol&ils (St ke 03,8 il
WAL/ AANA <y b TR/ 110 5l s

oS
oslizal 3L axils (63,5LES OV puame Cudls 3 age BB Ll 5 s Sl sl sle 5l Chli 1oas 5 abla
wi@@\}uU,jmnﬂsuGu&S/UJTMVA,uq&-ﬁ\ﬁm&Q\}usﬁjjq,muéqu\
S Sl (VU (Bl il azls ol jen 4 ol OV peamee kS 5 S (Gl (93L SMSie Ll
5 S elS Wi Ol 4y bl Gt 5 ol S1Ae slge o,y 5 olS & Jlasl Col Lo 3
SL 5 ol O s wasls 8w 31 (S5 T Dl id ol s sk (Rass opl 5S35 S e

A plomil 3 S g o855 a5 550 53 Y0V 035 6\&\;@,5‘&@&\,;&@?,;)@,%){

SIS S g ST s sl Sl 2 bl oSBT kel Gl bty g slge
@)gﬁﬂo\ﬁ;&g@;ﬂjl@quﬁﬁgtsmdj\Jﬂu.M\ﬁtgifMM@ppJu&“;
S Kl e 5L S S a8 e o35 Jele 5 (i p S dee 53 5 S /00 /1) (o) dal) o
Slastas Jlasl 5l oy i a3 S a5 53 (St p S4kS 53 oS e 00 5V ((Gho) dald) o b eslS
.@;wgwgsgab-u@@@Jqum)a,ﬁ@»ﬁjmwmv;)%swsuﬁﬁ;ts
3 et 3,Shes fpizman 5 S (s 5 S il oS Cilis (gl 5s pesls Clale i 650 OLL s

A3 S 2l s Gl sle bl Obey s fpimes LS e

Jols s Sae Gl 5 (s S c\a.ﬂﬁ) Dl sme Lv_:.a;lS 4 6\:‘-)9? ufgjjhs sls OlEs @L:.} aasl

°l:t§ AELA&L}QJJJKJJ&JJ-UJJ nL_.é.iJJ BE £ly slass cd')’b B k_ai.iJ) sl M;ﬁ J;-b BE PHE bﬂ&.&

5 edlS GV ol AL s e 3 Shae (lil g eeslS 6 SLrsol (Sl flie Ll el o)

mahdi.ghobadi@gmail.com 45 J yes *
A\



1144 (0) 5,lows dTY) s S 5 f clis gla iy} s puls

YIYAY) (p ot Bl &S sls 0L mls tizdls ) 5, Shee 28 0 508 ald Jles 5 p 5t oSkt
3 RS e el gy il mﬁﬁls chle RS (Lais LB e) «ls 5 (rjfjl,s 33 Di&u
sl 5 4l 5 Shae 53 (S s m.a:lS;.il:ijJaM 5,08 S5l b 3 olS gl s s Jials RS
wo3lS 4 Sl T (Sagll el csay doys WAV /B 510/0) OV/ETN e 4 S I s s,
3,8 5l b O Grme SIS Lol @3 ol 53 Of s 28 2 (s S e 02) (5ols s (5]

2l 2l o3 WYY 510/80 Ol st o e oS sl Sa T (VL o

le.auf_sjﬂ sl s J..,Lpﬂ slenl s wrws 2 D:.ulS Ol a5 L a8 5y LIS @L:.} :‘5;4.-’3:3
et Rl el (olel O 53 sbe ppasls Clale 151 Ll ol €3 (5ls pme Dslis S il
B a5l BE 6),:»35%0)5&94{ NGV IS gs"L‘@" dj..,a:u bﬂa& &A\SMJJ}Q‘»\ o JW J..J:)
ol il s e (STl 55 sbme o 31 SVL (So T L slasSls s ol ply ol axdls (51531 58 S

S B s s a5

3 Sdas SEalS ils pgeslS Sl (Ol ozl O sgtelS” (slooSls

U S RS v DO IO 1 S T FpT | dodde

SoasliS N pams 055 sl o oo Jole i s K ol Lo sk S
53 sddode S S5l st o 50 ey 2l Coul s e ST S O o sllaals
e il e Bl s oS ol S Q) cd i s Sl LS S
sSlas 5 Ab, el BlE Ospl sl Sl 3 edacil Lol glaat¥T K
G 2 e 0 e gl (g3slaS Y e B S s
S EO T O B [ PO IR E S Aal s O e SBslas 3l ok o 3L I
ot 3 oS e 5 S e s Oy (P VL VINCE R JAE
obe opl ol g e Sb syl ol b ool L daiily S poas LIS e oS Lien QLS 4 S
G saes 5 0Ll s Kl 55 o oS Lo 5 1, Ol slalS o b 5 a0 Slls pl 35,5 Cely
laatli o Sage 51 SSFY) s3Il e 4 | Jt (So5dsm 5 oK lils () L5
5 Jyame 3 Ses (H0LES 5 6Ky sy Loms 52 GVsb et il Sl 5 dien 42
GoslsS Ve OBAS G e et 00555 5 0LLS by S 5ok 5l s il L
BERPSPH i P O I T Qe R g RS SIS\ T S RNT-RC TR UV R RE e
OalS el sliS NV same Wy s > g Sy plle cinl 5 cdS QLS
Sl i dalys Jpame O e 5 3 5as D e e A e IR
5 elicds oS Gl e hes Ly Sadlolr 5 e Sldo Col gl
Gl sl L Yo b s oS Gl 0 Cpen mbe 058 o3l L sV cms (YA) XS

YA



Ol)Se g Flw)lb 2l el

chle pimes 5 s See S5 o]

.:)'\.SJJ?L;G <o °L:§ 6LA<=|.,U\ 02 JLB u"

%9, 9 3190
peedlS Bl B e Bl L e
Sopon 23 oS 5 Shee L S5 bl O
Pl Lo S e oKl w53 SIS i
glos 5 S0k o:0le b bos e 51 e Yo
ax 5 VV/0 5 e dee YYO sy 5 g UL
ol o3 eslinals e Sl (M) A |l sl S sl
Clastie A adl, sdae oY 31 tags
Sl bt b Sy 5 S et 5 S5
Yoo sladsdr 53 & Wb e SRl 5
Bt S 3 pshite pl (6l el sl esls OLES
(Sreghe 53 Sl ppe 5 OdesS Sl de S
Sk pH (1) Sl ol aile ols el
(V) 5 OplianSt aw g S Jlslge o)
(V) ol B i ((O00) il BB el
L base gSolas I m S els clle
Jhbe 3l Cde o&aws L (08) DTPA-TEA
A) Seaka Sy & S sl 5 GBC932
5 fs b casb, slae as (g Sesll
Sloamins oSas Lo ofls (S350 ahad b,
Coypohs Lihsh ol LS o, Seslul gl
o 3 okt WS bl JosSE b
NSRS
oLl C]a“ o Jdsl Jele w:{.uj oyl
1al2) Ll O pealS S as SS me Sl S
e P I AL RNAA T
Sl Sed a3l S S el s il
ek 00 )t (he) dald) o st | elS
CBL gy ol s il (Sl 0SS

1- Pressure Plates

4

w3l aher 51 S SIS LOA) WL e S
Some Olie alS e S5 alml b e
RIS b Gl L ot e (b S
OF gy 5 oS slacil 035 Al 5 4y, o
oS i) lp eares lisd e olS S, alS
Lols e S ol gad 5 Ad, p oy 6358 Sus
Sl S8 s Caew a8 LV 5 V)
oS B sy e sled @ oS sl SU s sV
5 B3 el SIS U3 ISUS slaslis o
LS iy 5 esls il ol w by (gt gmb oub b
L (YA Obas 5 b () s3le e i ge |
S5k mans 5 OB O b bl 56 e
B) r.:a:lS Sl Lslsolas olalS 5 S s K
Shls 5 o3y slliad 31 A NGB s o
() Lile 5l WL ol Ky, el
G e 55 iy 53 (Y0 Y) O 5 ulbe
o s capedlS Wile (Ko Dl e ($55 2
e 2 01 5B 5 o 5B e sl LS S
Sl alie Wslaolis @b oS s ol
V) ol fals wls 4 Ble 5 Ble 4 4l
O PG P e K I U
5 Jee O LUl gl Jasmacs 50l 5
23,5 pRE
b e s MG e ol 5 deesler Ol
gl Sl s S s e el oy LS
Loayls 18 pmo ol ,gd sy 0 &8 oS
bl Gble cpl s, el 3l eslixal
chli olsle sl iylS oelul i s
chle ol 5 bl Ol sl
o adke OGBS YL
cdr Ol ke Gl o g Ll sl sialis
LIS W CO, I TN W ST I CH T E



1144 (0) 5,lows dTY) s S 5 f clis gla iy} s puls

Sl ol 5 bl Olul sl
PO sla iles plonil sl Sb i sad LS
ClS sl st el 53 s S el S 5 S
aslizal e Bl YO a3 5 80 plisyl b laolulS S

NI

Dol slaslgniny 4 x5 b uesls Ko lie
Sioslis 5 1 Ol (WHO) Sl cilug
5 BPA) cusslass 3l Cbli>= l51 (FAO)
5 ARNDOE) 0l 5l cusilame cbli= Olojla
e 5 S BB LT sla 218 o on

5 e S gd oS s (Mol s o es s

il )5 S plasd 5 (K3 Sy (Fp ) s
Table 1. Some physical and chemical characteristics of studied soil.
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matter EC Texture  Bulk Density PWP FC
(mgkg") (mgkg') (mgkg") (%) -—  (dS.m™M) -— (g.cm™) (35 2e3) (555 o)
Silty
323 0.002 44.6 0.624 7.73 0.547 I 1.33 8.4 27.9
oam
bl s, O lend gla Sy S Y dgas
Table 2. Some chemical characteristics of studied water.
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Table 3. Results of analysis variance of the Cd in water and soil effect on yield components of the corn and Cd

concentration in soil and plant of the corn plant.

Slag e :Sks
O Mean Square Sl
CV (%) L Sbt Ol 53 eslS Sk s aeslS O s eeslS Properties
Error Cd in Water*Soil Cd in Soil Cd in Water
_____ 30 8 4 3 b3l a3
DF
3 g | i Sles
5.85 11.65 8.04™ 396.05%* 188.08%* Rt i
Grain yield
) I ] (N
33 0233 0.065™ 1.239%+ 3.019%% PP R
Number of rows in Corn
2 1 slaws
5.81 1.889 0.661™ 22.02%* 25.14%% e 2 e
Number grain at the row
i S o0
7.089 13.06 3.232™ 113.41%* 71.82%* 92
Dry leaf weight
. S bl O35
8.26 74.44 45.44™ 733.56%* 609.97%*
Dry stem weight
O Gas LS
5.87 0.002 0.001™ 0.055%* 0.026** ~
Water use efficiency
9.96 0.014 0.007™ 24.647%* 0.053* o 22
Available soil concentration
Y 5 clale
10.26 0.001 0.027** 1.984%%* 0.063%* 72
Leaves Cd concentration
5l eslS Clale
486 0.002 0.281%* 11.749%* 0.597%* O

Stem Cd concentration

s gme M| BB ™ s ys S Jazl e 53l e Ao o Jlezl o 53l e *
* Significant at P = 0.05, ** Significant at P = 0.01, ™ not significant.
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Table 4. Comparison means of main effects of Cd in water and soil on yield components of corn and Cd
concentration in soil and plant of the corn plant.

ol slasles
Treatments
53 pesls lale S s pesls ks
Water Cd concentration Soil Cd concentration
(mg.L (mgkg™") b S
Properties
dals dals
2 1 0.05 0.01 50 10
Control Control

() w5 dly 5 &by 5 Shas
grain yield

52.69°  54.60° 58.09°  61.36®  63.71° 53.93°  56.51°  63.83"

SU ; e
13.83°  14.33° 14.77° 14.77° 15.38° 1436°  14.56°  14.93° Pz iy s
Number of rows in Corn

b b b a a b b a 3y 3l sl

22.55 23.33 23.77 25.66 26.55 23.40 24 25.73

Number grain at the row
(g) Sis k_fﬁ U)}

Dry leaf weight

4725  49.84™ 52,02 53.10°  54.40° 48.92°  50.72°  54.32°

(g) i wslu 05
Dry stem weight

96.37  102.1%  105.5"  111.3% 117.7° 100.51°  50.72°  114.25°

kgm™) of (15
0.625°  0.650°  0.691°  0.727°  0.755°  0.640°  0.672°  0.757° kgm™) ol 2 e 2
Water use efficiency

me ke . s

1253 1205%  1.041% 1101 1.064° 258" 0.746°  0.124° Mg kg™ s 52

Available soil concentration
(mgkg") &, oS ke

Leaves Cd concentration

0.358"  0.283" 0.233¢ 0.211° 0.133¢ 0.662" 0.07° 0.000°

(mgkg") sl rwsls hle
1.105% 1.072% 1.016° 0.727° 0.511¢ 1.77% 0.89° 0.000° EXE ) S o2
Stem Cd concentration

Al Sl e V] Ao s o] Jlax| C]‘“ 23 oSSl {,\j«ﬂ bl sy s alie g > ghls L;Laafql:.a
Means with similar letters do not have a significant difference at P = 0.05 based on Duncan Test.
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Figure 1. Comparison means of the interaction effect of Cd in water and soil on yield components of corn and

water use efficiency.
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Means with similar letters do not have a significant difference at P = 0.05 based on Duncan Test.
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Figure 2. Comparison means of the interaction effect of Cd in water and soil on Cd concentration in stem
and leaves.
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Figure 3. Comparison means of the interaction effect of Cd in water and soil on available Cd concentration

in the soil.
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Abstract

Background and Objectives: Conservation of soil and water resources could play an important
role in health of crop. The use of wastewaters containing heavy metals and therefore polluting
soil resources can cause many problems for quantity and quality of crops. High retention of
heavy metals in the environment causes transfer to plants and food chains and then irreparable
damage to humans, plant growth, soil and the environment. This study was conducted to
investigate the slope of changes in cadmium (Cd) heavy metal contamination in irrigation water
and soil on the slope of growth and its accumulation in corn variety (cultivar) 201. The study
was performed in the farm of Shahrekord University, Iran.

Materials and Methods: The experiments were designed in the factorial test, based on the
completely randomized design with three replicates as a pot culture with Silt Loam texture. The
first was the Cd concentration in irrigation water from Cd Nitrate Salt at five levels (0 (control),
0.01, 0.05, 1, 2 mg/L) and the second factor was the addition Cd in soil from the Cd Nitrate Salt
at three levels (0 (control), 10 mg/kg soil, and 50 mg/kg soil). After using Cd treatments in the
soil, corn was cultivated and irrigated with different levels of Cd in water, during the growing
period. At the end of the growing period, the concentration of Cd was determined in different
components of the plant (stem, leaves and seed), soil, as well as the relative components of
corn. Also, the amount of evapotranspiration and water requirement were recorded during the
experiment.

Results: The results showed that water and soil contamination with Cd had a significant effect
(at al% level) on yield components (including: grain yield per plant unit, number of rows in
corn, number grain at the row, dry leaf weight and dry stem weight). However, the effect of
water and soil contamination with Cd was not significant on the yield components. High levels
of cadmium in soil and water had the highest reduction in yield, while the control treatment had
the lowest. The results showed that the stem had the highest (2.283 mgkg') and the grain
(undetectable) had the lowest Cd concentration. In this study, the highest and lowest yields of
corn plant components due to the using of different levels of Cd in soil obtained in the grain
yield and the number of rows in corn as 11.46%, 15.51%, and 2.47%, 3.81%, respectively.
Water and soil contamination with Cd had a significant effect (at al% level) on water use
efficiency in corn. The water use efficiency due to the use of high levels of Cd in water and soil
decreased by 15.45% and 17.21%, respectively.

* Corresponding Author; Email: mahdi.ghobadi@gmail.com
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Conclusion: The results revealed that although the amount of Cd available at the end of the
experiment was not significantly different in varied soil contamination treatments, increasing
the concentration of soluble Cd in irrigation water reduced the crop growth slope and thus
reduced the yield of the final product. In addition, the concentration of Cd in stem and leaves
has also increased. Therefore, in soils with contamination above the allowable level, the
contamination of other sources such as water should be considered.

Keywords: Absorption, Cadmium concentration in grain, Unconventional water, Yield decrease
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