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Table 1. Some chemical and physical properties of studied soil

Parameter Value
EC dS m? 3.5
pH 7.8
Available phosphorus 7.1
Exchangeable Potassium ma ka't 290
Available zinc 9Ky 0.55
Total Zinc 32
Organic matter 0.71
Nitrogen 0.07
CaCOs3 38
Clay 35
Sand 28
Silt 37
Soil Texture Clay Loamy
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Table 2. Variance analysis of the effect of treatments on pH, DOC and soil available zinc

Sources of variation Degree of - Mean squares - - -
freedoms Soil pH DOC Soil available zinc

Treatment 4 0.01** 201.58%** 0.04%*

Error 10 0.0001 0.19 0.0001

C.V - 0.13 2.04 1.42

%3 1S significant at 1% probability level s
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Figure 1. Mean comparisons of the effect of treatments on soil pH
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Same letters mean no statistical difference between treatments at Tukey’s test (p < 0.05).
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Table 3. Variance analysis of the effect of treatments on Concentration of zinc dominant chemical species
in soil solution

Sources of Degree of Mean squares

variation freedoms Zn?* ZnS04 Zn-DOM
Treatment 4 6.7x10°15™ 5.6x1016™ 2x10°16™
Error 10 1.2x1016 8.7x1016 8.5x101°
CVv - 5.53 5.85 5.86

** s significant at 1% probability level
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Table 4. Mean comparisons of the effect of treatments on Concentration of zinc dominant chemical species
in soil solution

Treatment n* ZnSO4 Zn-DOM
Ctrl 1.2x107 2.9x108d 4.9x109%
ZnS0Oq4 1.8x10°7¢ 4.6x108¢ 9.5x10-%
ZnO NPs1g0 2x10-7be 5.2x1080¢ 1.7x10%
Zn0O NPsz0 2.3x107b 5.9x 108 2.1x108b
Zn0O NPs3go 2.4x107a 6.5x10%a 2.4x10%
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Same letters mean no statistical difference between treatments at Tukey’s test (p < 0.05).

A



$3) 2ot GladisS 5 (g9, Dlilgw 5 (59, anST ) GG S

2 webes S Sme, oSheS LSy Jlaxs
aS” ¢l o (Hinsinger, 2001) o aie) oy

5 edewgid b ol sl WSLeS  LSas
GxaisS p GblS any, jlead iy I slaves!
Sade 56 g, cpl 3oyl 3 S Jelxe jo el
Sl g @555 ol 055 5 (59, deaST 13 5l
Sl oS s Coly o &S S Jele 4o (g9,

G 30 59 @l LA m (Swed
u»sM:‘Jb w,..»o‘_};ls‘_;”bdb J,l:u
3 69y ST Olyd gl Sl i puiS g (53,

69y CWgw (2l 095
wix g cbale (s BB 6o, L S Jsloe 56
ools ylis O Jgoz ,0 pasS calisee slo i ,o )
9y Slgw ploord 355 5 (55; wST S il
e ‘_ngAJ?f cdale b ‘_;)lob_;.m 9 Sl M
)é 33) uJ.?- 9 u.‘a.l.c w‘b S J}l?bo )b S9)
sleaiss clale b gyl cxe 5 Cude  Sion p0iS
2 wsls JTaluS 5 b sads uSkeS g ol1 (59,
cble g puiS 53 59, @iz g cdile o &S J
QS edline gyl e (Ken (59, Slalgw 455
Koo il @ 4z b adlhae (pl )0 S ek
P8 baugi (53, i o losae 5 Sade Vb b
2 SOl 5 L oads WSS 5 0l (59, sloaiss
SlotisS Slyie & 1, baisS oyl e oS Jyons
ol 528,55 55 S Jpbna 15 (55, e M
Slde 4 Lo &5 olS alwg 4 (S D18 DA
3o ol ldiss 4 ash (S ol cbale S
Gz loaiel 15 ol S 58 S Jolo
S —al) GlaeSleS 5 o] wlioue olpls [l
J)y.u u_)d> olﬁf AL.M:S L s_zsl.a.m ).:QLM aQ ..)uqu.sd.a
Oleie (Hamon et al.,, 1995) ;o o )Ken 5 (ool
SB Jolono 511 53, 3031 o2 L (oL o8 wiaga

Y

Sb slales o S pH i ool aallas o
e b anlie o oleed 055 5 (59, wST OIS
Tao et ) l,Ken 5 50 () JS&) <ol rals aalis
lapnl 735 b olS a5 auil s 55 (al., 2003
25 oad PH als cel o5 JsUse (3 b I
2 Ol s Coll g oS Az
winly (e oyl PH 28l L izren 10505
S5l g adly pals T ol 5 boaesT zshaws PH 4y
(Alloway, 1995) wigd oo alﬂ S Jsloxa 51 @
Sk pH el Jlss @ s Sl a4 oplplo
SLwelr 565l s, @slesll bl s (0 JS)
4 Zn-DOM 4 o3 (59, 4sS auoys iulpdl cow
S5y 4555 Ul 4 A L el o S Jyona
osble 85 oo 5 40 (JT 5 b 0 oSS
o> Gl Bk D) pasS gl Dbt 5 pH
OS5 b g5y 8 B 00 o (S5 T 8
el b Bl 5o ans iS85 oSa S 5 5525
G bt 355 5 (59) deST OIS gU gbajlas
S sl Sl 5 s g ada; Sops Jlos
JSa b olaS 5 ocnl g adl il S Joloxe
WA &S opl Gl cage sy b oSS
loyloss 30 5 S Jolome JT )8 bl aziliz
Sl Hobar (alard 955 5 (55, SeST D)5 gL
By NS o SV U)o wals 5l i
Ngy derd Loy S oo JI 08 Slpeis
2 T Ol b oad ShaS (55, 45T Sl
Harter & Naidu, ) g0l 4 5l 0 S Jol=e
clile y S Jsle PH a5 woges olsze (1995
S stn oo 556 50 (SB sl J 5
5 il o 1, S b s il sazaisS
Pl @les® 595 5 59 w3 gl e e
Sily .zusls S5 ,0 Zn-DOM aigS ao o 5 Sylee
a5 wisgeld 5,18 (Wang et al., 2002) ,Kea
Jsbe 33 Sl bl b3l 5 Jslone 1 08
G 1S - Gl SheS iS85 alanly 4,
$b 0 S Jsloe JT 0p)S Jlade cp i )b
PSS 10 e85 e Yoo lade 4y (69, wpnST )3
Ol e o050 pl A5 (Y D) sl cenn



VWAA oyl oF o,led oY al> S o, wlidos

PSS 33 59y i g Clile (S o yiws JB (59, L S Jakomo 5 50 (59, AL SladisS Cile [y (ot culpo -0 Jour
Table 5. Correlation factors between concentration of zinc dominant chemical species in soil solution phase
with soil available zinc, concentration and uptake of zinc in wheat

Soil Zn Zn Zn Zn Upztgke Zn
Available Concentration Concentration Concentration  Uptake - Uptake
Zinc in Root in Shoot in grain in Root in grain
Shoot
Zn?* 0.95" 0.87* 0.82" 0.85" 0.82" 0.77" 0.79"
Zn-DOM 0.91" 0.83" 0.81" 0.8" 0.77 0.79" 0.76™
ZnS04 ns ns ns ns ns ns ns

NS s

WAlee Sl g pas g a0 ) sl maw o ghls pae 4 g

** and ns is significant at 1% probability level and non-significant, respectively.
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Effect of Zinc Oxide Nanoparticles on Zinc Chemical Forms Species in
Soil Solution Phase and its Correlation with Concentration and Uptake
of Zinc in Wheat
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Abstract

Application of various nanoparticles is increasing in different industries, including agriculture.
Hence, extensive researches requires is needed to assessment of the relationship between metallic
nanoparticles and dominant chemical species of the metals elements in the soil. For this purpose, a
research was carried out to investigation investigate of the effects of zinc oxide nanoparticles and
zinc sulfate fertilizer on zinc chemical species in the soil solution and also its correlation with
concentration and uptake of zinc in wheat plant. This study was conducted in greenhouse
conditions as a completely randomized design with three replications. The experiment treatments
include ZnO Nanoparticles nanoparticles at three levels (100, 200 and 300 mg.kg?), ZnSO,
fertilizer (40 kg ha*) and Control. Some chemical properties of the soil, concentration and uptake
of zinc were measured at the end of the cultivation season. Geo-Cchemical model of visual
MINTEQ was used after the extraction of soil solution elements, in order to estimation of the
dominant chemical species of zinc in the soil solution. The results indicated that soil solution pH,
soil available zinc and DOC were influenced by the treatments. The ZnO nanoparticles
significantly were decreased the soil pH. Also, these nanoparticles significantly were increased the
DOC and soil available zinc. The highest amount of zinc free species (Zn?*) was obtained in
treatment of zinc oxide nanoparticles at level of 300 mg.kg-1. ZnO nanoparticles and ZnSO4
fertilizer significantly were increased the Zn-DOM specie compared to control. The results also
showed that a positive correlation between Zn?* and Zn-DOM species with concentration and
uptake of zinc in various parts of wheat.
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