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