2905 T3 (o uilod (o
Ol b (5599LiS (539 LE s g Sl 00D 9 33 — (5 sl (b Qo g (533l p gl oISt
IPRY ST Y4 4 YA

2945 B 2 o ialod ok

S Nl a8y 70 9 410 (895 sl g O Khos (895 395 (T p K Wil
Y&:QT()U:J.« Gk s )*‘@Lé.a) Kves
5 sl Dlades Ol Olghol (b b 5 655518 (255aT 5 Dl 550 (Sl 5 (105 ke Dlidos b 5okl - »

Ol pleOlgaal (6558 s 5

Olejlo cOlgial Ol (aeb wlia 5 (5555UEST 5 saT 5 Dliiond 337 10 c(5555UST mnbige 5 (3 Dl idu (Gl 5l okl -

Q‘Jg_‘ GQW‘ céj”LiS @)J}' E) UZJ_,AT cQu:.Za-J
Ramazaani@yah00.com :J s sl 5 S s 2SI oy

o>

3

3Lt JolS Sl ol b by S5l 03, g 45 655 Olie 53 Shes 2 (53,555 (Al somn S o 2 ) shie 4 anlllaa
CBIE L (555 48T 52 Jols Lo e A5 2 WYY ol o 53 b Olgios] nds wlio 5 (6555187 Dlidons 50 53 1S5 4w b
@L—;.;ﬁ(p;Mu)dgzgd,lmo,,\{,(dj‘Mu)ﬁﬁJ‘Jg,;(‘J?fr,rL;uwp&,)owy‘f;,;(;&rn,w
AoV /) J,mu«fgﬁzsmc_mg5,)wa;g);fjf?)u:;);(,&“;(\f;;m?/\/r)A;t“ﬂw;f\b;\mu«;
oty (535 O 2 530 88 5o 53 (p S AS 1 p 5 Ja ¥VIA) il (55, e ST 135 iy oo y3VV/A 93 il 4y S 5
5835 %S $U (Bl glomn 25l el bl 3 e Ao )3V /0 053 AaLh & S 5 o y3VF/F gl Al & o o7 T

.;;ﬁc;j4;t>6:%ij@‘u5;§L;Luby4;\;6,,),\2”%,;&&1}!%.\;1;@L;,)Qujy

(535 HenST 5L (655 3 30 ¢ s 365l 8 (S5 DM g ¢ L gloee 11 0319 WS

Ao

ol g Sl ds iS5 (Quijano-Guerta et al., 2002) 5 Slas 2alS Jole P et ey 3 i (053 55 3 et S35 3 5eS
G;J{4;\;L;,)g;lalbu:ﬁ\}é\,5,)W>,J0lﬁ,;§,)¢wy6;gdjbum>@ome&J31.(Cakmaketal.,1999)
b los e B2 Lol 5 )3 SIS (g5, Ol b oW 4 frlaze i oy &S5 S p30us 3 £ (iang et al., 2008) Colos g g
olj-:nic;ﬁutséjjjtmu:it};l@p‘wfom,;su,;ﬂgwpwuﬁ,;@;u,s)‘uh;Mjga S O g b
35355 Span Gha) 5 pen 0l en S s n b YA OLSes 5 esdl ST S5 s 55 (Rehman, 2014) as 41, V/A
Qij;az_,,,,\,:(wﬁaf/«)g,iw",:,“t};tap@ué;“),b@w);},m,ug;uz,\fvtﬁvsjc;xda;,&fowﬁ
56 PS b ol (S s g5y Sl p S HSF o pme b pls (2 53 p S Sl L) (65 Sl 3L e L s Slas
aﬂ‘gﬂ‘;g,\;mguu(y,;(ﬁ\,~/va‘~/a‘~/vau)Ck“@,gkg,)w\,;udsqw,lm;tw,xt{(\r«r)gbm

Oan 5 sbul ;.28 8 15 (65,08 U L 5L plous 56 Coms (613 ma 5 5b 4 4ils 5, See sl2) 55 ,Shes 5, 04l

8th
San Aoy n

\ricyyy,, 24l Rjcq
“Netieg { Sciences €re

gncahllra] dNatul‘a]R e, Sal‘i, II. N
s S U,
fieel gy, n;)lio Ingii terce; Unive;
.a



2905 T3 (o uilod (o
Ol b (5599LiS (539 LE s g Sl 00D 9 33 — (5 sl (b Qo g (533l p gl oISt
IPRY ST Y4 4 YA

2945 B 2 o ialod ok

vﬁé@mn;ﬁlaw,,w\,;u,f-g,;vagt}_,.,@6,,¢w,ﬁJ,lmp@,a;(,up@w,lmp(wasad,etal.,2012)
S ys YE/F 9 YA/ il el o 5 4 59y Sl 5 65y ST U 0 peme i3 S S CBIS G e Sau Ve 5 YO 2 s
w0l 53 69y Cuntl b ax 5 b bl a3 005 5L OT s 1, 93 5l sl Chile 8548 5y b 53 cpl s Ok 3 Slas
Qw,ﬂ,w,,\:ﬂf\yuggdﬂmﬁ‘uw,ﬁ;,,ug‘m;@_}_&:;\)Cgfgt.,\&u‘;Qwsdu),:sﬁmxs,ou\
tﬁwowtﬁj,\;ju"s,éﬁ4;\3L;,,,\,\aﬂ‘_;ﬁ\;\,A;t“ﬂ‘;“\:?wusuﬁ&ab;ig‘Lgbﬂt;;g;m;ﬁw)

Ll sl &

by 3y 9 3190
e 5 (6355l Dlikows S e Gl 40 550 53 1SS 4 3 (ol ol oS ok b IB 3 IFAYAY Gladle 3 G ]
V0 L b o) dnST 5k o (J? P oY bl b g5 ol pu (Shd sk 5l a5 le (Role3T slajles | 2l Olganl (b
A el s (6,nh 5 Gy Jorl e 3 (B sken 3 g (p g3 dals) (BT ks e 5 (Ul tals) e T 2 ) D?dgrn,
Fasl YOXYO Cal8 T 55, ¥ 51 e Wi 5 o plonil LS o (5151 4 5 (,fw o pan b Glaar gy 4 (5 ,S 4l
,uiaﬁ(,?,l;rn,vu Aerlie oSl g hate .k 423l ol ) 55 S Ly a8 3l 28 6 e s b
355 308 5 ey 5 S2ed 255 oled 35 O e oSl gl 05T ol sl 5 bty Ol s ¢ i F Dland g S w
Sy g0 4 5 Jads (G5l 5 5b & Ol g a5 56l ST 5 Sty Jorl o 53 odilesdl o5l oy B L oalitl s g5 Oloj )3 05 25
PS5 e b als s Slae a6l 138 ek (o3 Ol o8ns Al gy Aok i 4l (555 pate ke 45 5 juan oS
el Syl e 3 3l eslind b la s gas oy 5 (55LT (slady i o dalons (Ao y2VF gy bl ) il 5 Shee 5 s Sils y & S

A plonit (63 ol o 03057 51 eslizal L s o S0ba alie 5 ST 5

415 3 ,hos (8593 395 Sl Jokxo Wb

s shon (510 s 2 s ooy el gebas 55 6l gmn s il 3 Sl il (555 ki 15 DS nosls il s 4 s ool
Dlas 93,8 53 SRl a8 dals Sl 53 4 S 3 Shes il ol (555 Sl g 5 S5 LSS AT plone B S 13
2 la gme dald glasles 4 S (2 5o p? o g aw) Say DM ge sled 93 a5 (2 o (ﬁ.}:ﬂ"") 104) S5y denST 5L
AR cfé:“"' Gasles 5 i ol gy Sl 2 s D?Jz;)u::,; (S s p?,l;,\ww) gl 5 Shee Sl
ol dals o 5 Azils 15 (sba sload s 55 o5 & Sy 1euSTb 2 53 8 ate s 5 (555 Dl 2 53 08 au (5, ST 5L

.(\ J.i&) Lis edalie 6)‘)‘.52“ Q)u}' C).) MU«:)

P e 4SSy sba (s s Slas SRl Eel ols gre ysb 4 655 555 o pae ST L3 ST 5518 (VM) OLKes 5 sl S
L (2006) s 5 &STHS s fol cs55 Sl ST 53 S hS=Fr oz b pl 5 Gliasmaw clale 1) (8 adis b s Shee

S 18¢ b Rl o i 5 4 il 3 Sas Slsan (a1l Eoly (Sbd slows o5 sls LS o 3 Sdas 2 (595 NS 5 Sl g BL shomse
Al Agricyy; 1ony) Ric,
Chetjcg iz Scjences e e
gFICaItura] dN}’ltllra] R :susari’ Ir. "
Tice Olo Ices [,
181 nry,g Ingtj te of Diverg;



2905 T3 (o uilod (o
Ol b (5599LiS (539 LE s g Sl 00D 9 33 — (5 sl (b Qo g (533l p gl oISt
IPRY ST Y4 4 YA

2945 B 2 o ialod ok

S s 56 Cou (gls gne ysb 4 4l 3 Shas & W3 S 5415 55 (1FAY) OL8en 5 6 08 T Sty (95 NS 5L s
IS 55 seniphal 5 pS dler 1 K5 SV e 55 (535 355 sl 1 s 3 Shee 13128 8 15 6,8 5L
H;p,;gw;ﬂ‘;dytpt@p%;A{LS,,QLAJ,M,L;,,,\:WSU;U@W,\;J;J,tf(zon)gbm,;uﬁ.c_Mta,\.:
Yoo ol 5l e ) deeST 56 2y p 8 e V00 b (Bl shoue e 3 il s Shee LT sl 53 ST ks S 8 e
deslie 53 (555 ST U 2y e 8 ha¥o Ll plone Sl 53wl 5 e 28l 35 s sme S35l Sy 5 2 e S e

g RIS i o (535 e 11 Y e O g s e i 5 55 e ST 1 015 o0 A 5 e 100

L1838 (595 e 2 B9 pase b Jglome ;W56

ol o ool o)) Sz pebans 53 (6515 simn o3l il )3 (635 i Dlion 55 51 (9 355 5B sloms Caliine slo s
3355 G55 4 413 655 Olpe o i 45 sbar 5 g Aals e 55 L awlie 53 bajles plas )3 @ls (69, e ol 3151 (S b 5 SKles
)DJﬁ‘}é‘Qi‘A‘TW*iHJ’(;J:‘V“ s\or C-J'ﬂl“i&))Aﬂs‘fuﬂ*:fﬁ‘fcsﬁc;fmjﬁwhsw@wy)@
odalin (5513 fine Sl (55, AenSTT 5L 5 555 DU s Slaskedd 5 (J5 250 sla gme Aals Glajless 4 o LSLd gloee slasled plod
d_,lg).)LM-‘_?J{)"ngjbnk?udu;;‘&“}é‘j‘&iuLs")Q‘?;‘; dzgd,lmj“\);a\;tg,,\;lalbu:it}t.u,@ﬁg.(\g}i;)m
O g Jgloes e 0355 SYL 4 Wl 5 o0 695 Ol sw lajled s &l H5 (69, CLle 055 mi 0 gDay . Cnlos s 4ils s 5 093
sk 53 a3 4 S 5l g5 sdomn JUal sl 531 ol (5) LS 5 b o3l plomn (2012) O1,18K0n 5 Olesm slizel 4 3l a3 1o (55,
3 S5y e S o g Ll 03 8l o 5 T Al o 53 635 355 (Bl sloe 0d 1S 505 e 43 D 5 053

.(Wijebandara et al., 2009) 4& ol 55, Hldas b slac s 65 5o o~ YL &l 69,y Olm b sla s 85 s e

SHI‘I A8th I .
Gep, icé;ncuh ) CieHI:GICe Nfer,
gma]tllral S anq Nat al se’ Sari’ Ir .
Ticel gy HI(‘)liOa Ingij ;Ierce; UHIVeI‘SI



2945 T 3 (o ulod (b uc

Ol b (5599LiS (539 LE s g Sl 00D 9 33 — (5 sl (b Qo g (533l p gl oISt

2945 B 2 o ialod ok

1PRY LT Y4 4 YA
CGrainYield —=—Zinc Content
10,000 -~ r 40
8,000 + ‘T‘T
T L 30 g )
a = = %
;= 6,000 o b c b a d a L2s = 3
3 = 0 = 3
3 = £ =
. - 20 3
“3’, =, E Y
35 : -
3 Z 4000 4 | s s %
= = .
!
=
10 = =
2,000 A &)
- s
0 0
Ny N Z, Zne, <, [e
d""-ZuO ‘*”G-z,,o S 3oy, S50y 4 > Phtroy, Utrgy ,
I5g 3 =4 7
mgq gy

Foliar application treatments

ol Jeloeo sl lond

‘mswaf&y\»é\,\gs&uoy—@j4;|.>ng))|41~3alggﬁwjéw.s;s:\%djbuj;‘l:—\ Jg.&

A LSD 0 55T bl s o 530 Jlaz! Tl 03 G ls re sl

sy s (iang et al., 2008) Clods iyl F 55 eiizes ple Jiw g G5y 355 Ebdglos I 53 T Wl sy hle i
Karak and Das, ) %5 5" 3,15 15 oy <N 5 59y Wil ue 5 3 695355 (Al b gy €15 655 Oln Jlaine Sl
,;szgdjlmaug;,tfuvwc;x@;u,sC,,:u,fﬁwﬁaL;,,wadsgdjlmgsdeuﬁ@,;,;.(m%
33 430 Gy Wgu b abdglows od 3,18 uses (Phattarakul et al., 2011) 55 e 61> G5y sldie 6ol 53 il 53l
Ol ol slizel 45,5 2w ol VA 1) 4ls (g5, Clale dom e Olan 53 ST 55 (695 355 9 pan b e 3 234 o 52T
Sl 53 b wls g9y ShlE (15 sl (Bl gl Ol blcos S (5,8 sl ST 5 (695 O Ll SIS 31 15 or (S omn

.(Rehman, et al., 2012) 1l a5 8 ol

3 5 als (g5 lie 5 3 Shee ST w5 4 mie oS (ol o e 655 Slasled Ol 53 313 OLS o) 1 o) b S sk
S35 w15 (53, e k5 31 (555 ST 5L 5 (555 DMl g slasled o 4 3 S 3 ol 3 (655 Sl g 2 530 8 28 5 pan
ol Pl s Ll e LS))TQé ol el s ol r{)l.:.«d Olsae 31 oslazul U 5l 50 6“‘;2) 31 aS T 1 .dis edalin Sols sme
5 Bran 635 Ui 33 (g4 po I HN I 53 (595 35008 Ol Lol 48T (6 pominy At W1 55 1, g 4l (655 Sl 03, Shes

.::Jfg;.ﬁ)’_]a.:m;:jﬂﬂlf



2905 T3 (o uilod (o
Ol b (5599LiS (539 LE s g Sl 00D 9 33 — (5 sl (b Qo g (533l p gl oISt
IPRY ST Y4 4 YA

2945 B 2 o ialod ok

References:

Cakmak, I., Kalayci, M., Ekiz, H., Braun, H. J., and Yilmaz, A .1999. Zinc deficiency as an actual problem in
plant and human nutrition in Turkey: a NATO Science for Stability Project. Field Crops Research. 60:175—
188.

Cakmak, I., Kalayci, M., Kaya, Y., Torun, A. A., Aydin, N., Wang, Y., Arisoy, Z., Erdem, H., Yazici, A., Gokmen,
0., and Ozturk, L. 2010. Biofortification and localization of zinc in wheat grain. Journal of Agricultural and
Food Chemistry. 58 (16). 9092-9102.

Chakeralhossein, M. R., Mohtashami, R., and Owliaie, H. R. 2009. Effects of rate, source, and method of zinc
fertilizer application on quantitative and qualitative characteristics of rice (choram 1). Journal of Research in
Agricultural Science. 5(1):33-43. (in Persian with English abstract).

Jiang, W., Struik, P. C., Van Keulen, H., Zhao, M., Jin, L. N., and Stomph, T. J. 2008. Does increased zinc uptake
enhance grain zinc mass concentration in rice? Annals of Applied Biology. 153(1).135-147.

Kamari, H., Seyed Sharifi, R., and Sedeghi, M. 2014. The effect of foliar application of nano-zinc oxide and free-
living nitrogen-fixing bacteria on yield and morpho-physiological characteristics of triticale. Crop Physiology
Journal. 22 (4): 52-37. (in Persian with English abstract).

Karak, T., and Das, D. 2006. Effect of foliar application of different sources of Zn application on the changes in
Zn content, uptake and yield of rice (Oryza sativa L.). In 18" World Congress of Soil Science. Philadelphia.,
Pennsylvania. USA.

Phattarakul, N., Mongon, J and Rerkasem, B. 2011. Variation in rice grain zinc and their response to zinc fertilizer.
In 3™ International Zinc Symposium (pp. 10-14). Hyderabad. India.

Prasad, T. N. V. K. V., Sudhakar, P., Sreenivasulu, Y., Latha, P., Munaswamy, V., Reddy, K. R., Sreeprasad, T.
S., Sajanlal, P. R., and Pradeep, T. 2012. Effect of nanoscale zinc oxide particles on the germination, growth
and yield of peanut. Journal of Plant Nutrition. 35(6). 905-927.

Quijano-Guerta, C., Kirk, G. J. D., Portugal, A. M., Bartolome, V. I., and McLaren, G. C. 2002. Tolerance of rice
germplasm to zinc deficiency. Field Crops Research. 76:123—130.

Rehman, H. U. 2014. N-Zn dynamics under different rice production systems (Doctoral dissertation. University
of Agriculture. Faisalabad).

Rehman, H. U., Aziz, T., Farooq, M., Wakeel, A., and Rengel, Z. 2012. Zinc nutrition in rice production systems:
areview. Plant and soil. 361(1-2).203-226.

Wijebandara, D. M. D. I, Dasog, G. S., Patil, P. L., and Hebbar, M. 2009. Effect of nutrient levels and biofertilizer
on growth and yield of paddy under System of Rice Intensification (SRI) and conventional methods of
cultivation. Tropical Agricultural Research. 20. 343-353.

Effects of foliar spray of nano-zinc oxide and zinc sulfate on grain yield and zinc content of rice
variety Sazandegi

A. Ramazani*® and M. Heidarisoltanabadi?

1- Assistant professor of Horticultural Crops Research Department, Isfahan Agricultural and Natural Research
Recourse Center, AREEO, Isfahan, Iran.

2- Assistant professor, Agricultural Engineering Research Department, Isfahan Agricultural and Natural
Resources Research and Education Center, AREEO, Isfahan, Iran.

8 *Corresponding author email:Ramazaani@yahoo.com

Sa th
Iy Agric naj Ri

.SHcu]g . Wce

Chetjcg o ISCIeHCeS ang n. €rence
Caltyr,, Natypy Reg, Sar i Ir. n
. S,
Tice] gy ology, . ; ;Irces Uiy iversi
I‘u.a (&} OfTa



2905 T3 (o uilod (o
Ol b (5599LiS (539 LE s g Sl 00D 9 33 — (5 sl (b Qo g (533l p gl oISt
IPRY ST Y4 4 YA

2945 B 2 o ialod ok

Abstract

In order to investigate the effects of zinc foliar application on grain yield and grain zinc content of rice variety
Sazandegi a field experiment was conducted during 2013-14 at Isfahan Agricultural Research Center. The
experimental design was a randomized complete block with three replications. Treatments were consisted of
six foliar application of zinc: 150 and 300 mg L nano-ZnO, 3 and 6 g L™ ZnSQ,, distilled water as the first
control and no spray as the second control.The results showed that, maximum grain yield (8968.3 Kg ha)
was obtained in 6 g L' zinc sulfate which was 10.1% and 11.8 higher than first and secound contorol respectively.
The highest grain zinc content (37.8 mg Kg!) was obtained in 6 g L zinc sulfate which was 16.6% and 19.5 higher
than first and secound contorol respectively. According to the results of this study, foliar application of nano-ZnO
and zinc sulfate can be increased rice grain yield and improved grain zinc content in the process of rice
biofertification.

Keywords: Biofortification, Foliar application, Nano-ZnO, Zinc deficiency, ZnSO4



