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ABSTRACT

Introduction: With the development and exploitation of new water resources, especially in the agricultural sector in arid and semi-arid
regions such as lIran, wastewater can be considered water resources. By using these resources, not only part of the agricultural water
shortage is compensated, but also the effects of improper discharge of effluents and its damages to agricultural resources and the
environment are prevented. Wheat is one of the most important crops in terms of level and nutritional value, so over the past few decades,
many measures have been taken to increase its yield. Among these measures, we can mention the use of organic fertilizers such as sewage
sludge, which in addition to increasing yield, it is important to study the environmental and health issues related to the use of these
fertilizers, as well as the absorption of heavy elements.

Materials and methods: In order to evaluate the effect of Ravansar industrial town effluent on yield and accumulation of heavy metals in
wheat grain (Pishgam cultivar) in the 2016-17 cropping year in Kermanshah province, Ravansar, a research project as a split-plot was
performed in three replications. Experimental factors included 1. Irrigation water as the main factor (at three levels: a) Irrigation with
industrial town effluent b) Irrigation with the channel of Ravansar c) Irrigation with well water) 2. Irrigation times as a secondary factor
(including 1- One irrigation time, 2- two irrigation times, and 3- three irrigation times).

Results: The results of the present study showed that the application of industrial town effluent and water of Qarsoo Ravansar canal had
significant values of micronutrients for wheat growth. The application of the mentioned effluent showed that the effluent increased the
concentration of iron (43 mg kg-1), zinc (41.77 mg kg-1) and copper (7.53 mg kg-1) in the wheat grain. A comparison of heavy metal
concentrations in plant samples showed that the concentrations of lead (1.01 mg kg-1) and cadmium (1.21 mg kg-1) evaluated in the present
study are high in effluent-treated samples. In well water treatments, the concentration of heavy metals was less than the allowable limit, but
in canal and effluent water treatments, the concentration was very high and beyond the allowable limit of heavy metals. However, it is not in
the toxic concentration range of these elements.

Conclusion: Effluent increased the iron, zinc, and copper concentration in plant grains compared to the control. All of these elements are
the nutrients required for filling grains such as wheat. The results showed that the application of wastewater had a positive role in filling
wheat grains, and by releasing nutrients during the growth period of Pishgam cultivar, it increased grain yield. Overall, although the
concentration of heavy elements evaluated in the present study is high in the sample treated with wastewater, it was lower than the toxicity
level defined in wheat grain.
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Table 1- Physical and chemical characteristics of the experimental farm soil
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Table 2- Some characteristics of used irrigation water
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Physicochemical characteristics
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Effluent of Ravansar Industrial Town Canal water Well water

pH
Fe (mg I)
Zn (mg I
cd (mg I

Cu (mg I

7.15

0

2.679

0.084

0.62

7.07 7.61
0.012 0.045
2.495 0.8599
0.07 0.05
0.073 0.04




Yas paS il yo S Ol S re g dils o Slas iy, Siio S el UL“L’G)L-’|;&>5)~L’

plox ;0 Lialeyl slaalg) am > e 50 0 a8lS] diges
el S Soe 4 ol )5 il az o Ve Gl b ol
RINONRC K g+ WP ES | NP PRI VIEWIRIPREL JU g Jt-
G ool F sl ax 0 VP sloo & e 5 sl S
JEie gl ;0 dgzge o sl S ol by
ol gl s abge slaaiSTly plxl 1 e
3o Laiged 5l Supm oSy sl Ay @ I3l
Ol Lwgi O oled eily ilo &S L ad Glo
I e L
iz g b olRis abiss @ O )0 5790 pgedls
&b xS ejlwl (Shimadzu, 6200) !
.(Soltaninezhad et al., 2004)

3 eolaiul L beeols ajms laesls Juded g @y
58l s 5] ookl b b Jsges ey 3 SAS 9.2 153l 5
awlie .ab bl Microsoft Office Excel 2016
gty Jloisl s 5o 5 65 50T b ool Sikeo
85 O ygo Aoy

ools Sl duglin 3l dlol> i 1padS o Slos
Gl 5 JU5 O L okl bl a5 ol olas
als o Sae ol o oby Olado b sxie S s
O i opl @b ad oy Of s 4 e
Lso s JUS L lal jlas 4 bgsyo als o Slae
5 JUS Sl b )bl jles 5 5less cnl o o5 092 s,
b oo St ol b bl s 5 kel 5L 4w

Cao opl Gkl gl e BB ‘5)lt>—| Gbogo b aw

g aly o Sles 5ol slp ilhe (g S eIl
So 0 Og2 g0 sladig wils (o Jlade (5 yole clale
GrSoilal gl ol clley O e 3l mpe e
Pz olfiwd I (e 59y «2) 5,50 polie clile
lodigas 5l 0,5 o Il by, ol 5o ol oliul ol
00 o b Jlous g5l bawsi 1) ool jog &LS
ks e 4 aleojs S SS9 03,8 (139 05 p)lie
ol F il azy0 B0-F+ o sles ;0 0,85 Jobo cele
S opl CtdS o 1) ldigad s 050D ools I3
NS o o 90 s B oSl b S
a0 ¥ Doe ay g wd adlol gl a JL g ¥ (j5s 000
ol F sl az 0 Fo-Ae slos 1o g5l o olKiws (9,
595 Ml 5 GBlo SIS L e e s 5 05,5 15
p2> 4 ol glen ;o g 0ogei Slo (6 lee O
el g gy come xSolal sl ik eails,
oolaiul Sis S S,y 4 ol pead gledigad
sBiws lawg ladiges ol g (g, (omo cale o
Jsb ;o <35 4 VARIAN-AA220 Jos o3l i
ai B el VAR 5 YATA XYFA gz
O JSlade (s ,u5 055l (Shiralipour et al., 2017)
gy Ay 4 (2l ladiged 51 G ya 50 pgredlS 4
Sk Yor B Vee s 0l plxl gownl pan
ke B Kbl sladly) o lodisad 51 S, 5o
(170) Larle G s aemsl 5l il oo 99 b g 08 Jine
Sae b ol balse (6,10a5 5l 08 Lol

o 4 aseST ol yd o 90 (U1 sles yo cells Y



Oy ydion b sanlie JUIS O jles b pasS o o
el b 6)L:-.’1 sl 4 by yaie ool i
05 e Oy LS)l-.:-.'T)lesoliMl‘.as"-"“"J)@
Qﬁd‘?v—‘gﬁw‘ﬁ‘)WPWd‘)‘mwﬁ
oo Sdale aals (Y Jgaz) ol evalie gLl b
odd 15w S kS 0 p S ke VoY o sl
alS 0 Gy polie a5 (Vecera, 1999) col
Ll 0391 paie (pl S Al 6S ol slo e
Gl 009 paS J0 pate ol jlre wlinl I e Ll
2 ol 56wy s (Malkuti et al., 2005)
obS 53 sl 5 S vo e e S ges
poadlS 5 0 HuSi DIl gecd ol (iS50l
e ol bosylol S e spol sleplail o
e oogaze jo lee plal Gy cdale a5l
e Sk el glojle oad apogs (w3l
slme a5l pgeedls (e Lol cidls 18 g9)l0 plals
S5 oy, (Tayibi et al,, 2017) o4 1,6
Sohrabi et al., ) Koo 5 ol Slidss mls
L oo Hlows S yo gals cas L byl 40 (2015
Ol el OB o 8518 ol lis OBl 2
Oty 908 9als o S Sl clale s e
oanlive ¢als aBlu jae ;0 paedlS g oy e clale

=

290 5

Sl o & bgyye ails 0 Shoe 1 58 ot caalie
Sl e (¥ Jgaz) o ikl Sl S0 g olr ST L
Sited olay 5 JUS Ol Hles 5o als o Shee (VL
cle 4 ol (Son ol Ol 4 Sl (aio
sergr Slalllas 51 (6 )bas Al ol ST 45 polic sgeaS
iy 5o 1) Slay 5l esliinl 5l Gy Jpaze o Slos
yea o,Sles ol Lds Ladlesls lid (g5,eliS
Sl Clay 59 S9rge BraseS g Grasy polie
obols e 3 S (Salehi & Karimi, 2016)
Maleki & Alinezhadian Bidabadi, ) soblus
S oo b )bl S50 Baa b Ay 4o (2015
39S obyl 5o wmyd Ol Brae QS 5 0 Slee
oole plyee Sl 5l aS andl s 05 0l 0 s
ol oy VO s @ils o,Sles g 00¢5 Can) « S
Sl 5 kel Jsere ol DS (el ol
Slo i 1y asdllae 590 (sadlaie 1o g kol Sl 500
Abdoli et al., ) ;| Kea § Joe 5,50 pwyp o
Slio Sy 2 oley 8 b)) ke 2 (2016
Dl 31 oolisd azidl s i s Slae 5 (Soiglsd e
Slacas b kel b 4w 5 Jbed LSS 0 &l IS
g s oo (59, (ol Bl S el ol oad (e

Bl (So3elsm 0 Shee
2 e G B YL polie owp cnl ) o

)0 ;0 g ke Sped Sl booad L puss



YaA paS Wil yo S Sld S res g dils o Sles o yudly, giio S el olun b s kel wjr,L,
—pS polis gazi g 4ils 0 yShos p g 5lal Wlads g gLl O gg8 Jilie 51 (uSSlo dmmglio -F Jur
F“ 4.;‘.) )\) )U.ii.o

Table 3- Mean comparison of interaction effect of irrigation water types and irrigation
frequency on seed yield and the accumulation of trace elements in wheat seed.

sl oles ol Sleds wlo o ,Slee @ poaasls ol
Irrigation water type Irrigation Seed yield (g Lead Cadmium Iron
times m?)
(mg kg™ (mg kg™ (mg kg™
o S i ol 1 700 be 0.70b 091b 36.44 bc
Wastewater of 2 855 ab 1.01a 1.12 ab 38.33b
industrial town
3 912 ab 1.00a 1.21a 43.00a
Juls oI 1 752 b 0.39¢ 1.05b 33.00¢c
2 922 a 0.38¢c 1.10b 31.67 cd
Canal water
3 861 ab 0.51 bc 1.12 ab 34.00 bc
o> o 1 132¢ 0.13e 0.07d 24.67d
3 271c 0.20 cd 0.10¢c 22.67d

5,5 g LT Lol 5l sl e B SIS ygesT ol s 0o yn O Lzl s 53 Gl Ggym syl slaeSiles

Means with the same letters do not have a statistically significant difference at the 5% probability level based on
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Table 4- Mean comparison of simple effects of irrigation water type and
irrigation frequency on copper and zinc content of wheat seed

sl ol es o 9
Irrigation water type Copper (mg kg™) Zinc (mg kg?)
Wastewater o S 0l by 7.53a 4177 a

of industrial town

Canal water Juls' o1 6.14b 3451b
Well water ol> I 4.84c 14.77¢
Irrigation times s ,LoT wlass g &9,
Copper (mg kg™) Zinc (mg kg?)

1 590b 29.73b

2 6.10b 30.18 ab

3 6.59a 31.13a

51l sine B3 ao s O Jlazsl b 55 (S35 gyl ebal 1 ey B> s slaaSiles

85,05 5 LT bl

Means with the same letters do not have a statistically significant difference at the 5%
probability level based on Duncan's test.
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