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Effects of irrigation with treated wastewater on grain yield and grain heavy
metals content of barley (Hordeum vulgare L..) genotypes

Ty e 5T (g5l (6 e Sl rele

oS>

s slacs) M‘A)Aai'_molj_ﬁc@}ﬁh 3, Sles ol ksl (64t BB L gyl 51 AYAT L ymmiy TEISo o E (S0
JAL-YAT (61 .01 p! (2105 pole dlexo .(Hordeum vulgare L.)

G 692 Sl 933 2y 9O (i D13 oo 9 0 ;o (ST (il 3o g ook 4kl IMDB ST T (o 3 sgtiio 4

dial SLadm 4e )30 3 5150 dw b dola ol Sl gh &y LJIB Ho ol 35 SO T Uae 4 (Slae 0 mlbo)T
0395 =5 50 DMl ST b (bl -1 Jolds ShslodT (Sl slowd .ol 1521 1740 -4 9 174E -0 S Jlw 38 33 OMNob 4l
D5 Olgas 4 ol Wby 0398 5 08 8309l ST b il T -1 9 (Siu9lhs” O 9 SMob LT b Lgbie GolT -Y ols™ Wl
A9 50 dliuw SIART oy gy 457 318 LS S W58 (£ 8 O Olgis 4 (bl gMSB-87-12 «Dgt) g5 i g 4w 9 (Lo
SN OT b GHleT Ll s 0 § gl b8 33 (30 TY0) p93 Jlw 35 gMSB-87-12 Luigf 1o (3ue¥£0) Jof Jlw 1o gedaw
39 Pk VTR g YATY) 4l 3 shos 9 (P95 9 J9f Jlo 38 i 5 4 308 O § OA) dliw 33 413 S1AR g9 skl Mo T Cawd &
JLw 93 3 53 .0l Cawd 4 091 0l (SHlT ONoB OT b 4 Dgh 185 50 Jlw 95 & 33 (£90 9 J9f Jlw 30 iy 4 Hla
> BLAT 55 GBI 13 (2w § BT (o 3o (59 w3 T) D™ polis Ol p B olod cy o (o lo)T
Al A 0l A1 5 (g D10 rooxd i (381 4 oo ol Akl Slay b g3 oL (SHleT 45 310 VL zmls .0g4 518 a0
dial OB O Hl odlatul 45 318 OliS b3l ol b 09 Sl cuilag Ol S k!l 31 b BOT »alko

WOgh (ol (SO B pan 9 ol (S 3B 10 a3 po sl WilgT 0 9 418 5 Khos S8 el o

Slos” polic § 9 ol ddal Sl d o (8131 (ST isuls” slasly

A3l g ol 06585 (675 Al s eyl VWSV NF 5y b RS/ il 5o b
(yazdani.abas@gmail.com ¢S s ;S ) (outisS” a31656) lo 57 il g oy (65558 0aKiils (6 ;87 (g smiils—)
Ol S b g o&ils (65,588 0uSsls HLsils—Y

G338 s 5 BT (i Olojle oy (6558 Sl o S e sbskul Y

YA¢


https://dor.isc.ac/dor/20.1001.1.15625540.1396.19.4.2.4
http://agrobreedjournal.ir/article-1-819-en.html

[ Downloaded from agrobreedjournal .ir on 2026-05-20 ]

[ DOR: 20.1001.1.15625540.1396.19.4.2.4 ]

WA Oliae oF o)l ;rn:j}}_\l?ﬁ'{_;ljil ) r}lr—é\l?u"

Sl gme sl el OB OT L g LT &5 Lsls
Q\:jifL:éTcL:?dﬁij}i}:{ 3, Shes 5 als 5, Shes
s/4& 3| 5w .(Safi-Naz and Shabaan, 2015) 544
A 6l sl 5 BB OT 5355 s
SLrsS O mn 09 48 LS a ol 5 OLalS
sl 5 gy Aty Rl Eel gl
OlsS 5 05 (Esmailiyan ef al., 2008) 5 55 s oS
ol 48 4 S 5,158 (Yoon and Kwun, 2001)
Bl Jgb (55 amy D, N5 Cel OASB L
b OLagl ks o 1 olE )3 bt sltad 5 b Jgb
Slass 53 S5 g 5 Sas 5 4l 5 Sas &8 izils
o Laslad e an Cd BB L o)L T
LT 5l (b e g i1 a;@j;;b G gne
FL 5 (ol ol i odalie oS 55 OIS L
4S Wsls Ol ;5 (Bahojb-Almasi and Bagh, 2014)
sldws sl 3l el OBl OT L (g )LuT Slads
soslde sy b s (ayL;fjscla_»D\)):d:;_w
S W5 S 55 (Alizadeh et al., 2001) o1, SKen
i oS A oo ples 5 CSB L s)LT
oS S5 g > Shas 5 wls 3 Shae oy iy gy
el cals i ogdle OB OT s &5
Sl gz 350 5 S ST osle Ll sl o b
5y Rl sl il e 5 ST (S5
(Castro et al., 2011) 5 33 HLE 5 Shee
Gl 0T elits 4 aty Cul 5 Sae UOLSLG

5 o DI Ale e 04l Sy Sl (6l
Slapian 5 S 5 a8 Al s)lan Jelse
33 S 3ol Sl Bl s (K55
3 e .(Brar er al., 2000; Sharma et al., 2007)
aSLlos S 5,135 (Ali et al., 2010) Ol ,LCas
3L il LT 6l DS 51 Ol p5
Sleslaal js ol S e Jl= pl bos S eslanal
Sl Al 4 Sl Ol p oo T e
S Ol e 1) OB Sl eslizal HLLS

YA®

oo

S-S L (‘KM Olgr Camax 03331 jo, Ad,
Sle s Cgr 5 a5 (5558 eI
):@):@Lghsimﬁ- Cjéjjyégi)’\ el
oS coilods el s g Sl ) sladle
CS\) sl siS ST s P g.)Tctﬁj‘ 81> o g
JLES 5oy 555 7ol 4y &St Ghlie a8 o
.Salehi et al., 2008) 5 35 3,15 T el ol
GLLAQ%J}WL{SCAJ‘ ey siS s 5101,
).‘&.')Tw‘}ﬁ‘dl?'w)}j Col a0 o us T
58 oo g (63L5 SMAe 4 g5 T mls
Sode 3153 55 ST Ol 55,0 Esl p 500 o]
Sheslizal Ol e ol b dblie gla, Sl 1A sl
oot i SSB OT) Cojlazals 5 )53 T b
5 2T ose g SRl el o e 5 g
T (Lazarova et al., 2001) ceul CiS (g I
SioslisS chuj\écmw W
G Ol Joe Olgr oSt aas 5 oS bl ST s

3955 5588 bl 31 (ol 53355 0 sled
ST el boomn iy ot aiar Lo
G S Jms 5 ()2 bl dbaaslss g,
S 5 Glan o 195 ol i
Sl (6555LaS 53 OT Sl eslizul 5 adas cMSG
T .(Kalavrouziotisa and Apostolopoulos, 2007)
Ceul glde ole j1esl palhe lyls ONSL
ST )5 Soe 53 5 dgane Sl j5 48
) aS s ass e gT;:;JT;._Qb Sl
Cpr Jstomn 555 D)o 4 Ol 5 (s 1) 5l 5
S8 eslisl 3,50 )LS J S S
Wbl 2 e ol sl «(Madejon et al., 2006) sl
slassS 4 LSSl gl Job us U Ulg s
e 03 g o3y JLalS |y Jsems Mg 6l gland
255 2105 OLalE s Sl Eel Il
Ol 50 Oladses 31 (631des .(Munir and Ayadi, 2005)


https://dor.isc.ac/dor/20.1001.1.15625540.1396.19.4.2.4
http://agrobreedjournal.ir/article-1-819-en.html

[ Downloaded from agrobreedjournal .ir on 2026-05-20 ]

[ DOR: 20.1001.1.15625540.1396.19.4.2.4 ]

old kel (g g OB OT 1"

imloT o les s |l ), SS a5 bslas
sl OT L g LT - )] ST els
toglne (LT =Y ol diyoy5n JS )3 ok ahuas
STL A 593 5 o adoad OB DT L 50
CTL LT 5ol sy o)ss slenl b 558
A5 0L e 4 ol by 0555 IS )3 5558
S5 A g kol O S Ol e a LS 55,1Y
(bl 5505 4 Jamte o8 5 MSB-87-12 « )
S FR & S Ol ge 4 (Tadayon and Emam, 2007)
cafuc:k_..;,w;vsa,'\m.,umaf)ﬁ
G L slow] e ¥ X Fslal U slas S
s alasd iy e 03 G5 YO (ST 4 olaes
Loy e ¥ Jeb i ol o o sl
Ql_dej\@)U);J:AG:JLﬂ\“ s e Aol
@l_:jsx_isx_?-}:l_g..).}.x_&«:_&lfdl_wpra);
OT e ol (YL bl 5 OB OT 4 o0
23S OT L b o7 S S 5 (¥ Jsde)
S8 s O e 55 i o LT i 0555 S
Yo S gl s ol ST 055 ¢S |
Slid g 358 tn 51) i 350 S 3 p 5 LS
0SS B 5L 350 035 5 38 pam &S 5 (U
ST b 5 Sidey 4550 53 (o) e 1 Ll 055 2
0335 35S odile (Gl o 93 A by v
Lalgl ad 5o 53 55 (Lalls 03555 p S 4k AY)
Al Blol b S 4 S e Oy a bl g Sy
Joe S plasd 5 (S5 Dl st e Sl
33 5 CblS s Gl el S ¢ mslesT (6l o
Ao Go 3l ptaleiT b 3 e s ely5 dle 0L
CE_»)'\QJL@'L;LAA_S}ASJLﬁ-ng_’LAGﬁL»V' G
3Q3;M\ﬁj‘&héﬁ.mm\:xw)}n
SO o 25 S o6 e 93 SIS e
5 S gl (6, S o3Il 5 6 sk i, b
b S 15 eslitul 3,50 S OT 6ylas 4l

Sl oslas g S ST ok sai I (55l

YA

215 VU Cenl (il il 4 J ez 3 Shas
ST L ooy 0Ll (LT 4 ol s )18
S S Sl chle nl Bl el CNSL
ol 3V o (Masona er al., 2011) 545 s oS
O 8l K 5 655 ¢ o 2T il il 510
G5 Sl $o9 0 5 B pan oS pols Sl es ey
PP W [P RCH PRI NK QR TS
6 OLLE Gl 43 T 31 ol o bole 5 o
0 ) 53 S gl osllae s Shee 5 ) ¢l e
o900 Ol 3 Ol g 2o g Aiy ¢l ol
il 58 Jlz| (Bolan and Duraisamy, 2003) <!
33 OBl OT jleslitwl &y guo 53 S (5548
S5 01 Kea s 5l g e 655518 S
45; o=l opl 5L «(Castro, er al., 2011) Sl ol
Cndl BB OT L ol Ll 55 e 3
s el YL
55 il DY g 3l (SS sr SG) 4 a5 L
N osiS 55 5l 6ol e AV 5 059 55287 0
ol Gl ol 58 e el syl o b
w3 5kes Sl s s s L5 m
Ll s 55 o a5 als )3 oS Sl mes

sl 03 g 0l aniezs SMSL T L (g,LT

b 99y 9 3lg0

5 WAF-40) el dlw 53 5o sl il

Mok Sl ad ol SLadss 4 je s (VWAF-AF
W ol i Job Olaee Lis sy (s 44
S adsYr gax 5 OF 5 e 5 Jld 4i8s4F
o dlate s |l s e 1 p Ll e VYO
305 Bl 1l ey 557 ssaid ot L
==l dlw s Sl oKl ol S
==l 3 g e e 0) Ol jweas ATAY-AF
Oy & u;“iL“J'T S J;ndk:n YO Ol 4 YYA¥-40
‘Pgéugj_%c}i@@))cu))}&;


https://dor.isc.ac/dor/20.1001.1.15625540.1396.19.4.2.4
http://agrobreedjournal.ir/article-1-819-en.html

[ Downloaded from agrobreedjournal .ir on 2026-05-20 ]

[ DOR: 20.1001.1.15625540.1396.19.4.2.4 ]

WA Oliae oF o)l ;rn:j}}_\l?ﬁ'{_;ljil ) r}lr—é\l?u"

B s L ST 5 am 3 Shae 5 asls 5, e casls
S g S g I glasi el il I 3 8
S baydo 5l g polae b atils p & S o Lawy
c)_.i.n c(a}.:nl_fcgﬂ)&:i;_wo\)_lé 6}_:?0)".13\
L Dol B9, a0 ()T 5 oo T sy ¢ oo
5SS el S el ¢ SIS 5 sk !
dd oslitwlo)las 4gi 5 OFssdr LS,
L;:iua O9ayT (al;d\ 5l A .(Mihaylova et al., 2013)
s Dy o Laesls il lg 4 g Sl
23l S1asT Sliw 55 5o 5 A plonil S e
Jlo 33 5Kl 3l o4l e JiolaT slalas
S Sliw ¢l 5 s eslizal 5 Kke Slulis ol
39 yls me Jlw s Layles r\.\_fj_n Sz jI
W Sy s s Jle a ol KK 4 aesls
S 4 55 ke Slalie 5 Lk il 4 o
S esls Luibyls 4 S 23 8 g Jle a
S Kl aslin (gl 5 SAS 9:0 (o LT Ll 3! ¥
L 0531 55y 4 MSTATC (g LTl -3l =
S oslizal do s gty Jle| elaw SSSls (glals

el Slgr oy 4 S DI gl g (6,8 0510
5l 4 .(Baker and Amacher, 1982) 4% osla !
i b ol oslizal b slad sas (5 5LwosleT
(ICP-MS) Ll odt Cdim (sloodly s >
ols yldas (Agilent series 450, AGILENT, USA)
Jéuéj_gcj‘.l_}\w_njo_thd))c)_gh
3 e sei LSS ole 53 2 (K 5 Y ) lads)
ol eslizol b 5 ags (6,68 orkd adas OOSL
OT & S5 (gl somn ¢ QW (g0 2 (s o
35 gn K Sl Ol 1 SSle Ll (5, 05100
sl bl 5 Jlu 93 8 b odd adas ONSL s
5L 5l Olaslw (WHO) lga Cobligs 0lajla
3 IRNDOE) 0l ) Cs § Jams 5 (FAO) Sl
Jade 53 (55,58 53 OSL OT o ae b Lo |
53 5 Pl iy GBS Sl iy el et 1 ¥
T Gboles plal T lis g0 o S
Iz iolasT b 53 2 53l plasdl 55 e
Sdas L;);cj\.).}\ S Ao Sl o als 5 V0 s >
Dl O el s alls sluss cch_»t R PIE I oo

oleST Gl Joee &S5 pland Dls puas — ) Sl

Table 1. Chemical properties of soil in experimental site

@bt Slo o BIstS

Chemical properties Value
pH 4 el 7.7
EC(dSm?) K Sicuas 5.7
N (%) 035 0.009
P (mgkg ™) s 13
K (mgkg") ot 92
Fe (mg.kg™) w1 6.14
Cu (mg.kg™") Lyt 0.96
Zn (mg.kgh) ssy 273
Mn (mg.kg") L. 032

Sl sl Joee @Sl SG 58 Sls goas — ¥ J g

Table2. Physical properties of soil in experimental site

S Do s B
Physical properties Value
Sand (%) o 69
Silt (%) S 18
Clay (%) o 13
Texture <sl Loamy sand 4 oo
Organic carbon (%) JT.. 5 0.101
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Table 3. Chemical properties of soil after first and second years of experiment

ST T o
Irrigation water source

Fresh water

Waste water/Fresh water

Waste water

Soosas T SoyslaS ST/ Msb OT Mol T
YearJl. YearJl. YearJl.
\va¥ AT \ya¥ AT \ya¥ AT
Properties Sl s 2015 2016 2015 2016 2015 2016
EC (dS.m™) R URGHRT 3.8 3.6 4.1 4 3.9 4
pH el 7.7 7.8 7.6 7.7 7.2 7
Organic carbon (%) T, 5 0.11 0.13 0.165 0.145 025 031
N (%) RITE™ 0.008  0.009 0.014 0.016 0.022 0.027
P (mgkg') g 11 12.01 12.1 13.3 153 1433
K (mgkg') el 92 80 100 121 221 242
Fe (mgkg!) oo 5.55 6.2 6.66 7 8 8.21
Cu (mg.kg™") s 1 0.88 1.6 1.45 221 277
Zn (mg.kg') 2y 2.65 2.38 2.88 2.92 42 3.73
Mn (mg.kg!) K 0.31 0.25 0.65 0.45 1.81 1.77

slas, bl wlal 5 (65,5liS Coyliae (gl ol asal NS gT)'! oslazul jloes d= Slu — F Jgus
ST 5 ot ST lod Dl ot 5 0ke 5 Ol sl Gy 5 dammn 5 (6503187 Ll )15 Sler sl Ol
oslainl 5 0 0 4kl OB
Table 4. Maximum permissible limits for treated wastewater application in agriculture according to World
Health Organization (WHO), Food and Agriculture Organization (FAO) and Iranian Department of Environment

(IRNDOE) and the averages of chemical properties of fresh water and treated wastewater
$55WS 6l Ml OT (slas Il
Wastewater standards for agriculture
(FAOQ, 1992; WHO, 2006)

okl adeal COSLB OT
Treated wastewater
SioslS T YAF 4o
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Properties <l sas Fresh water 2015 2016 WHO FAO IRNDOE
EC (dsim{)ﬁjﬂ s 1.6 167 <3 <3 ;
oH w7 7.5 7.6 6-84 65-84  6-85
Nitrate (mg.I"!) o 521 14.5 12.5 5-30 5-30 10
Nitrite (mg.I'") = 0.003 1.2 L5 5-30 - 10
Ammonium (mg?fd";‘ 0.06 8.5 5.7 - - 1

P (mgl) s 2 21 4 4 6

K (mgl) e 042 0.44 . . .

TFe (mg.I") T <om 0.186  <0.1 5 5 3
gty 00 0.157 <01 2 2 2

Cu (mgl) 7o <01 <0l 0.2 0.2 0.2
Mn (mg.I") = <01 <01 02 0.2 1
As (mg.) —— Not detected 0.17 <0.1 0.1 0.1 0.1

Pb (mg.l) <7 Not detected 0.11 <0.1 5 5 1

Cd (mg.1) =l Not detected 0.023  <0.01 0.01 0.01 0.05
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Table 5. Mean comparison of number of spike.m? and number of grain.spike! of barley genotypes in interaction

effect of irrigation water source and cultivar treatments

Ch“.b-lj):dt;w alw y3 als
PPN (Spike.m™2) (Grain.spike™)
LT oT o Barley \¥4F 1¥40 \¥4F 1¥40
Irrigation water source genotypes 2015 2016 2015 2016
Loot 331a 325a 58a 57a
sl T MSB-87-12 345a  306b 52b 54ab
Waste water Afzal 271c 248d 43e 53bc
Loot 298b  296b 48d 51bcd
SoslaS ST/enslsl T MSB-87-12 295b  273c 4lef  Slbcd
Fresh water/Waste water Afzal 251d  230e 36g 50cd
Loot 306b  295b 5lbc  52bed
&S T MSB-87-12 268c  258d 49cd 50cd
Fresh water Afzal 245d  23le 40f 49d

LI gyl e Dosl& M)}@Jb‘cbaﬂ)} Q.Ql: laals Lo O g0 5T olil s clizun &S zie (o > 5!;!:5&\&&;\1@ O B 53
Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using Duncan’s
Multiple Range Test
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Table 6. Mean comparison of grain yield of barley genotypes in interaction effect of irrigation water

source and genotype treatments

&ls :nga&
Grain yield (kg.ha!)
ST O e PPN \YaF Y40
Irrigation water source Barley cultivars 2015 2016
Loot 7832a 7069a
sl T MSB-87-12 7472b 6092c
Waste water Afzal 5313d 5328d

Loot 6107¢ 6611b

SoslaS ST/esksl T MSB-87-12 5801¢ 6045¢
Fresh water/Waste water Afzal 4480e 4664¢
Loot 6073¢ 5870c¢

Soslas T MSB-87-12 5349d 5813¢

Fresh water Afzal 4322¢ 4580e
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Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using Duncan’s

Multiple Range Test
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Table 7. Mean comparison of biological yield of barley cultivars in interaction effect of irrigation water source

and genotype treatments
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Fig. 1. Effects of treated wastewater on Fe, Mn, Cu, Zn, Pb and As content in barley genotypes grains (ppm)

I = Treated waste water irrigation (WW), I = Treated wastewater/fresh water alternative irrigation (WW/FW)

and 0 = Fresh water irrigation (FW)
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Effects of irrigation with treated wastewater on yield and grain heavy metals

content of barley (Hordeum vulgare L.) genotypes
Yazdani, A. A.', M. Saffari’ and Gh.H. Ranjbar®

ABSTRACT

Yazdani, A. A., M. Saffari and Gh.H. Ranjbar. 2018. Effects of irrigation with treated wastewater on yield and grain heavy

metals content of barley (Hordeum vulgare L.) genotypes. Iranian Journal of Crop Sciences. 19(4): 284-296. (In Persian).

To assess the effects of irrigation with treated wastewater on the grain yield, yield components and grain
heavy metals content of barley genotypes, two-years field experiment was conducted on Research Field of Yazd
Municipal Wastewater Purification Station in 2015-16 and 2016-17. Experimental design was split plot
arrangement in randomized complete block with three replications. Treatments consisted of three irrigation water
quality; treated municipal wastewater (WW), alternatively fresh water/treated municipal wastewater (FW/WW)
and fresh water (FW) during growing stages as main plot and three barley genotypes; Loot, MSB-87-12 and
Afzal as subplots. Results showed that, the highest spike.m™ obtained in MSB-87-12 in 2015-16 (345) and Loot
in 2016-17 (325) that were irrigated with treated wastewater. Overall, the results showed that the highest grain
number.spike! and grain yield obtained for cv. Loot which was irrigated with treated wastewater in both years.
Interactions between methods of irrigation and genotype did not significantly affect on heavy metals
concentration (Fe, Cu, Mn, Zn, As, Cd and Pb) in barley grains. Treated municipal wastewater application
caused an increase of trace elements (Fe, Mn, Zn, Cu, Cd, Pb and As) in grain of barley genotypes. However, the
values obtained for all heavy metals were below the permissible limits recommended by the World Health
Organization (WHO), European Union (EU) and the Institute of Standards and Industrial Research of Iran
(ISIRI). According to these results, the use of treated wastewater for irrigation of barley crop can suggested for

higher grain yield, decreasing fertilizer application and protection of environment.
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