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Table 1- Results of physical and chemical analysis of soil before planting
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Figure 1- TEM micrograph of Nano-ZnO nanoparticles
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Table 2- Analysis of variance mean of squares of the traits affected by zinc and drought stress
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Figure 2- Effect of zinc element application in different stress conditions on gibberellic acid, Abscisic acid and indole acetic
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Figure 4- Effect of zinc element application in different
stress conditions on the amount of zinc
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11 12 13 Zn0 Znl Zn2 Zn3 Zn4
Irrigation at 50% Irrigation at 75% Irrigation at 90% Nano zinc Nano zinc Zinc Zinc
: . - Control - . oxide -
crop capacity crop capacity crop capacity oxide 0.5% oxide 1% 0.5% oxide 1%
P"\'c
2oy O 5 o)kl 203 Y0 5 o)kl Lo ey )l Sl 69 amSI gl gy uST gl gy aST g9y 2]
=hi e )b s cedsb sy e b rais Loy +f0 Loyd ) Loy <[0 2oy )
<9

Ced b 1o A (ol 3 69y ST G do)> S )8 jlas
P prS e MW lde b 5 pate ol e (2 2e8 5 592 (2
392 =)j byl 20> B (L] ) dald jlas 4 bgape pyS kS
033 Oljee Cilyy (laia 59y ST 9L 2 )8 (¥ JSL3)

2 Jyene 59) a1 g (S5 3enST L5 3,58 156 g

24 9y pats e a5 0l L5 (S A5 Oglite Ll
oSl Slulis (Y Jods) cul jby pre o pd S Jlosis! prdas
4o bgrye s 3 g9y paie jlade 0 5VL &S 0y LS el ol



WAY 5l oF oyleds 08 o oyl oely) lesirgy apis OV

S bl o g e Jg )0 lul 85 Jidg)lST JuSis
wiste 9 ool Ailen) Jdg)lS S )3 55 i ol
Kaya and Higgs, ) +_sb 53 ((Abbasi and Enayati, 2013)
» (Movahhedi et al., 2004) -, Sea 5 (s4>50 .(2002
Wl o 69y paie (13,5 wilid] a5 Wy does opl 4 (Lol
Carthamus tinctorius ) 5,5 olS j3 Ldg )8 ioli8l Coge
gl > yaie Cpl il Cle ay Wlgh o gel cpl aS 03,5 (L
2 S9y paie odjlo (i | ansiS a8l Jdg IS cal g (g
BT B a3 0ad 3 paie S Jig)lS o) L

J89)lS a3l o e i g0y s S 9 0
Sed 5 55 oys (Movahhedi et al., 2004) s> 5L

2 Jde,ls laise ials cole (Torres Netto et al., 2005)
Lie 4o &)l a1y pasS pLE)1 50 onpd i Sy
Gy L o s slo bl 8 pMel Li b casdlyglS
Sl 5 09I JUal g (6,99 STy g2 105 byl g 5T
ol 9 48l 5yl s (y30u] el 155 ol dodes
9 Cwdg)lS )5 (gmlinslys Lo tisly esl Lo Js-Sge
Ay D95 e aonlin 9 WgUe)lS (gmmlisT el (pizxen
55 om ) el (K5 5 bl 53 (5ee] S (sla IS,
Wahid et al., ) 35,5 o gdaw a5y 5 )] Jlade jialS 5 Jubg IS
(2007
St G Sglite bulyd 53 (59 paie 28 8T
(Y Jgd) 4 Yo mine 2> S a3 (1S9 e (595
L g Ol oyt o8 0 (L el (pl (ke luslia
w9 SO 0,)5 Hla 4 bgype duo )3 WWIFY 9 WW/F AY/A polde
bl bl )3 (gg) 18T 403 o g (59 ST b 0
o bype dop> APY Jlio b 35 g ol (S 5 Jloy
{5 JS8) 092 oy cadyls wops 00 (il baaly o salis e
Fle (5)S dm plge oeSan b daly 3 (e OLB)IS
Al piigy duoyd iolisl & aS 405 o Lsl (Marschner, 1993)
9 Jd Shlabl an Ly il (ate (59) Olilgw Bpae b paiS
OS9ym e )3 g9y paic (Daniel et al., 2003) Lo
o ams il 8l 1) o] o )s lgs e g 03,8 Wl 1) coge (i
i Lol 5 called (al38l el o Vlaos! (g, STl
b g LaoBigyy i S 4 b i (goriS 39,0 (clas 5l
&5 s 5 MRNA S8l Jsbo (265 o 5 52 (slossiy
i3l (Fediuc et al., 2002) wsb opwisgyp S )i Liol38l o
g 0jdy bwgi (59 paite Gl Llpd )3 &y (B9 liee
» ol Siagh 5l golaws (Baghizadeh et al., 2011) ) ,LSon
Keram et ) Lo,S" clylplsl &y L .cuwl osds ()] 58 calises lalS
2L dalgas 59,0 m Sabygls m3T el (al., 2014

2 Lo YY/AF o YY/EA SAYD sy S 1y &ls 13 (g9, pais
alzsl (¥ JST5) diso d9mp0 hoyd Ao g VO e ()bl balys
o)l g o) 8 pogMle (2l slaplil 2 (9) pais (35
20,5 3540 0 (ggy clale 50, Sl (158l Cogo Llgs o
Cakmak et ) l)LSen 5 SLSl> .(Movahhedy et al., 2009)
s 55y mais o5 3,SaLidl a5 13,8 o)Ll (al., 2010
il Fge il sy ke Gl o ol (Sl Sk
RVCEIW-Y ):..\_,.)9.0; Ao uJ9lw c)‘%) d‘)l.) ‘D.—\j dLbaJ)J dLbaJ%.w
Stoimenov et al., ) a_iS" joue Jolw o)l 5l algn yiogil
Jlois) ol (LS (sl Jsbo 51 sl s b (ol (2002
4 213 dlge olyemay g sl Gk | Oldgl ol aS )l 3gmg
SLi )5 an Lo cpiomen b e o5 )] )3 5 ol ladily
4 424 Ly (Manjunatha et al., 2016) Lo g Lilsle
Olie ) 9l plo 4 Cud 59y 3 b ojlal (139 SasS
») olals sl 5 lya claplisl )3 036 cpl @eas 5 ol
395 e oyt 53 S 9b ple & Cos (3,8 Sliél s
45 3,0 3559 (g xio LIS 55 0,8 wlsdl loj ks 5l g
Slanasly &l (g9, cdale gilwains slyoly oy yi5e il (gyud
Ol38l ao 3 VF e dgu s U1y aly (g4, cdale Sl joboay &S
.(Cakmak, 2010) s»> .
2 89y ymais dp)LS Limed odel Cawdey el eyl
Jopd S o 0 Judo kS ety (Sid i Cglae byl
aS b i pasls ol (wShe Sluslis (Y Jada) Ad > ixe
e S 5 (o) eyl 1o A0 (gl )3 (55, 2S5l
S o)l plime BaLS 9 (58) Gl jloog (o5 bl
Db oo 033D (G9) yuais .)9.9«5 ]a.ﬁ‘).w 2 &S ol LF’LQL)“"S‘?
slaclile glas 3 cdlis b o, paic (Abbasi et al., 2016)
ly (oten 5 45955187 9 Judg)lS jitwgm 5 epolis (o Dginm
oK (65y y pbl,uw 45 (Wang et al., 2009) .S o o]
Aravind and Prasad, ) 35— Jalgs Collas o y53e oLS (4 jtuwgsd
el oS 3 (55, pete by b b lS 3o ulj81 (2004
Phaseolus vulgaris ) Ll 4 pa3 (Capsicum annuum L.)
rais deeS (Abbasi and shekari, 2016) cul oui 3,35 (L.
ok s Glalidl czrge (Jslw o)l LS el Sl s,
G5 59y = Mg e enliime 1L el (1l 457235 e
Fitter and ) asb 4 sl Sy jiwsid oyl ials g o Juds IS
2 e Gjgody S9) pais Nz o B)b I (Hay, 2002



avy

9098 Ol padl 2 (595008 T b 0 )5 9 T Jrsby ilics byl 51

Siused 39> (Abbasi et al., 2016) ), Sen 5 wle (2008
5 (5 ol (ot )3.250)5 a0l 1) iS5, Shae 9 05 (3 VL
51 bl jd 15,8 el (Sedri and Malakouti, 1998) 555l
P55 ;2 prSshee WY 5l yoS S Gl LB (55, o5 el
=l olels o, e ials caw lals s, ials ail
2 89y ST 9 do)d S0 ) L gyl )3 30,5 e
2o 3 WIAY (i 4o 1) paiS 3 Slae line JolS ()bl baslps
bwly e )3 (F JSS) Mt 39y dald bl b 4y Cuns
aS 45,8 iy)3 S (Abbasi et al., 2016) )l SKon 5 wle
Osdo kuly b 0y s clale 4 Cund gy llaw I (6550500

W b s Sles o> VY o YV il el 35

25 s s s
a
4 3 b
i 15
T
El 1
}
a0
= 05
Znl Zn2 Zn3 Znd

Zn0

3 Shas e g9, ilises WS bayl g 5T —A S

A Anled dily gy liee 8y Yl g &b )3 ond axd gl
S i Ooglite Lyl 5 5y paie 3)8 5L )y
2y ime L)y S e puS (golatl 5 Slos (49 g
S oyl as ol (i edls cpl Sk luslds (Y Jois)
O =) )b aopd A gilal 5 () wST 9L do
o=l Ol (o ieS S(F USE) 2905 255 ol 51y wly 5 S jlade
il (5 USC) 29 olys i 2o B0 (ylal byl
Khan et al., ) sosb o —<ly; olals So5ede b (slasol s

35
a

E

5]

vy

a 25

5
I b
= - c
T 9
= 1S

3

5 1

)

= 05

LB 3 Shos Jlalie g shugb y ilisee ayl o 51 -V JSu3

] . &2 o ) Figure 7- Effect of different stress conditions on yield
Figure 8- Effect of zinc element application on yield
11 12 13 Zn0 Znl Zn2 Zn3 Zn4
Irrigation at Irrigation at Irrigation at Control  Nanozincoxide  Nanozincoxide — Zincoxide  Zinc
50% crop 75% crop 90% crop 0.5% 1% 0.5% oxide
capacity capacity capacity 1%
re 308
2oy B0 5 5yl 203 V0 5 5l Loty )l a8 10 59y 381 $U V 89y ST gL 10 (55 35 \xd
. . - 9
o=hi cud )b =hj cud b ol b )b pais Lo yd Lo yd Loyd s
)
1))

45" B3ge3 pMel (Pourghasem et al., 2005) ., \Son g wuold g
ot by Sl e SalS Lol Jole (55, pais 39:eS
o=l sl el (npald 5l (S g byl oS
oledl (Abbasi et al., 2017) ol)LSen 5 (b bl oo o yod
o ol 03y HLS s slajlasd G > Gy pats D)8 &5 Al
2 Coslyy oad cdly y sladily b dwl lise (ials” s
A5 pitane il Sid i bl o (dlads cuasS il
23
Osm clalE p 5 e )3 (5 pais 3 )8 (SR
Oluslio (¥ Jodo) 10,5 )15 gime duoyd S Jlain] o 53 0lS
)LM 2 odls C)—il clle u;);\/b &S sl ul*“" ).Lo‘)li C)—l‘ u,i:l.m

bulyd )3 9y paits 38 Il Seid dl (ogad >

J9i2) 392 b3 dne b ps o Sl s > (St 5 slize
Sl o YL o ol s 20l ol 3Sike laglio (Y
o)) o 38 Jlews 4 bgsye duopd Y/VY jlade b iy S
S 9390 (o) il ko3 Ae (g)lul 1 g9y 1S iU
o & gsye 2ok 55 5 oo VP Jltin L 35 asla ) i
392 (=l Syl dop> 00 (g)lul )3 (59, ST gl do > K
Soid Ml Gygio dy lopd A B O &l o yaud (Y Jois)
S9y pais b @Sotius ladign JS5 b odle (pl 23,5 (0 055
g ol WA Caw 5 00l LialS Gl )y paie ol clale
{(Prasad, 2003) 595 o ylusl 5,155 oS y3 Lygl puss



IWAY 30l ¥ o)l A7 ol oyl ! o2ly) Gleedunr gy @ pio AOVA

b (St A5l 3 pegasy () plalS )3 ojg
9 =lyj olS IS @)seq (Liang et al., 2013) 595 0
kol (i oS SLbglS oo N )13 3929 (ndgp jiw slp pme
— 5] e ¥ g 3l (Sid yiiS bauly S 3 oo e 5
o B8l 5l sl > g (Hu et al,, 1992) oyl
AU o Jl aewdly 5 BsSly 4 15 (1015 L 5 Jjgtem
5 6N ol Stngy by gy clale (LIE ) (g9 paie
cdale (nlial L as aad o lis b jimg s ol odd )l58
Singhetal., ) ub o Sisli8l Sloa pliil gy slade g9y pais

(2014

ol ol cudybo 103 B (ol 3 (g9 08T b do > K
PU 20> 05 308 Jloss 4 bgaye 35l e (n S 035
N7 si) 392 o h; byl 200 A0 (o)l 3 (55, 1S
13 ol el ( SLts i cos alS L)) clesasls
e Iy 31 .(Zengin, 2006) il o (BLS i sbaplu]
ol b imgi s (Sis (135 Joos 5 ol 03l ) (o s9a>
2 Oy w3l (Siddiqui et al., 2015) cul oids o3l
Ul e glal 31 ials g oo s i o5 ol
(ol lalie clhtlowe cel 0 ppe ol 4S5 20,5 -
30,5 o oMyt sl il eizmen 5 sk slogiss
5 xS o olaicay edlo oyl uizen (Liang et al., 2013)

Swid i Js!

Table 3- Compare means of dry matter, yield, amount of phytic acid and proline under the influence of zinc element
treatment and drought stress

L E o Sis odbo Skd wwwl Hlade o
Stress Drought Treatment Dry matter Phytic Acid Proline
Control 3220fg 19.3b 53.67efg
Nano zinc oxide0.5 3567def 17.13fg 55.53de
Irrigation at 50% crop capacity ~ Nano zinc oxidel 3614de 16.69 61.97a
Zinc oxide 0.5 3620de 17.4efg 52.9fgh
Zinc oxide 1 3437efg 17.13fg 54.23def
Control 3151g 18.13cde 54.3def
Nano zinc oxide0.5 3631de 18.43bcd 55.87cde
Irrigation at 75% crop capacity ~ Nano zinc oxidel 3932d 17.63def 58.17bc
Zinc oxide 0.5 3579def 19.1b 56.3cd
Zinc oxide 1 3430efg 18.73bc 58.9b
Control 4910c 19.3b 49.2ij
Nano zinc oxide0.5 5429ab 20.77a 48.73j
Irrigation at 90% crop capacity ~ Nano zinc oxidel 5548a 18.7bc 52.37fgh
Zinc oxide 0.5 5126bc 17.17fg 50.8hij
Zinc oxide 1 5046¢ 20.77a 51.6ghi
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Introduction Drought stress and Zn deficiency are important factors affecting the quantity and quality of
wheat. Zn deficiency reduces photosynthesis and disorders protein synthesis that the consequence of such
process is the gathering of amino acids and amides, and disordering of carbohydrates metabolism. Besides, in
such a condition, the length of plants and the size of leaves reduce due to changes in Auxin metabolism,
especially Indole Acetic Acid (IAA). Drought stress reduces leaf size, cell division, plant growth, amount of
photosynthesis, protein synthesis and chlorophyll content. Balance of plant hormones is affected by both of these
factors. Among the compounds with zinc element, Zinc oxide is known from the US Food and Drug
Administration as one of the safest and most integral components of Zinc. Nanoparticles have attracted much
attention for their distinct characteristics that are unavailable in conventional macroscopic materials. Obviously,
increasing of zinc availability and reducing of drought effects can play an effective role in improving the present
situation.

Materials and Methods The present study was carried out using split plot experiment based on a
randomized complete block design with three replications. Two factors of drought stress (irrigation at 90% of
field capacity as non-stress condition, irrigation in 75% of field capacity as medium stress and irrigation in 50%
of field capacity as severe stress) and application of zinc element (without treatment, spraying of 5 and 10 ppm
of Nano Zinc Oxide and Zinc Oxide) were examined as factors of this study. In this study, parameters of Indole
acetic acid, Abscisic acid, Gibberellic acid, Tryptophan, Amount of Zinc, Chlorophyll index, Protein, Total dry
matter, Phytic acid, Proline, and Yield were measured.

Results and Discussion Results of variance analysis of field data revealed that zinc element application in
stress conditions could improve a number of parameters of this study. The interactions between drought and zinc
on indole acetic acid, abscisic acid, gibberellin, zinc element values, chlorophyll index, protein, phytic acid at
one percent probability level and total dry matter content at five percent probability level were significant.
Application of nano-zinc oxide in 75% and 50% of field capacity, as well as non-application of Zinc in these
conditions caused optimal changes in plant hormones, chlorophyll, protein, economic performance and proline.
Application of zinc oxide increased 13.4 and 17.43 percent in the amount of indole acetic acid and gibberellin,
while the use of zinc oxide reduced the acidity of 51.9 percent of abscisic acid under 90% field capacity. Zn
content increased in seed from 1.13 to 1.83 mg kg and reduction of phytic acid from 19.2 to 16.6 percent under
severe drought stress. Application of 10 ppm nano-zinc oxide showed a decrease in the negative effects of
drought stress and improved quality of wheat.

Conclusions As a general conclusion, it can be acknowledged that drought stress with effect on plant
hormones, decreased the growth of shoot which causes reduced plant dry matter and plant yields. The use of zinc
could increase the proline production and prevented chlorophyll degradation that causes reduced the effects of
water stress and improved plant growth conditions. As a final result, these changes in Zinc application conditions
could improve dry matter yield and economic yield.
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