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Table 1- Meteorological data recorded during the rice-growing seasons in two experimental locations (Six month period from
March to September 2016)

Jlo slasle ol Oyl dayd bhwgle Cugh, hwgio SS9y ggeome olebw ggoone
Month of the Location Sl TP PR Ll dl:éi

year Average of Average of Total monthly Total sunny

monthly monthly relative rainfall (mm) hours (hr)
temperature (°c) humidity (%)

RO Amol 14.7 77 99.3 123.6
March-April Nour 13.8 80 129.8 121.1
b)) Amol 20.6 78 41.4 140.9
April-May Nour 185 84 43.0 159.3
sl 5 Amol 23.8 80 24.6 232.8
May-June Nour 22.7 79 27.7 260.8
5 Amol 26.5 79 39.6 203.0
June-July Nour 25.7 78 179.9 208.9
31350 Amol 27.8 76 11.4 2325
Ju|y_August Nour 26.7 79 46.1 251.1
I Amol 26.3 78 88.5 193.0
August-September Nour 25.6 78 182.6 205.9
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Table 2- Soil properties of the experimental sites in depth of 0-30 cm

o Soil Silt Clay Sand PH 1 P 0C OM P 1 K 1 Zn 1 Si
i ! ! y ds.m’ % % % mg.kg" mg.kg" mg.kg’ %
Location Texture %) (%) (%) ( ) (%) (%) (%) (mg.kgT) (mg.kg) (mg.kgT) (%)
Amol Clay 37 45 18 7.30 1.59 82 1.84 3.17 12.3 184 0.98 0.44
Nour Loam 44 20 36 7.51 3.02 63 1.66 2.86 10.5 116 0.81 0.28
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Table 3- Characteristics of the experimental treatments studied

(Experimental treatments) g lo;l (b jlowi

T1 (Control) sals
T2 (Soil application of calcium silicate) pulS S (SB 3,8
T3 (Soil application of zinc sulphate) ¢g, ©Wow (S5 3,8
T4 (Soil application of calcium silicate + zinc sulphate) (¢g, cldlgus (S 5,5 + pedS S (SB 3 ,)8
T5 (Foliar application of nano-SiO;) s LSl e3¢l il Jglro
T6  (Foliar application of nano-SiO, + soil application of calcium silicate) plS cllu (SB 5,18 + udow 1Sl o390 5 Jgloro
T7 (Foliar application of nano-SiO, + soil application of zinc sulphate) (g, Gligw SB35 + Lo 1Sl 63956 5L Jglxe
T8 9 Sligw SB 3 )l8 + ands Sl SB35 + sl 8T 6356 5L Sl
(Foliar application of nano-SiO, + soil application of calcium silicate + zinc sulphate)
T9 (Foliar application of nano-Zn0) sy, 1uSlsl b Jebe
T10 (Foliar application of nano-ZnO + soil application of calcium silicate) puds’ cllus (SB35 + (59, 4S5l b Jole
Ti1 (Foliar application of nano-ZnO + soil application of zinc sulphate) g, cWew (S 5,5 + g9y 2uSlel 5L Jgle
T12 9y Sllgw (SB35 + el Sk (SB35 + (g9) STl (8L Jgloxe
(Foliar application of nano-ZnO + soil application of calcium silicate + zinc sulphate)
T13 (Foliar application of nano-SiO; + NaN0-ZNn0) (59, 1wyl (b Jsloxe + sl oSl 53936 o5l Jolono
14 pelS” S (S 305+ (555 2SI o3 Jolora + b 20T 390 (B Jplone
(Foliar application of nano-SiO, + nano-ZnO+ soil application of calcium silicate)
15 3y iy (S 3,l8 + (55 2mSTls (3 Jgboee + uakios 2S 53986 o3l Jolone
(Foliar application of nano-SiO, + nano-ZnO + soil application of zinc sulphate)
T16 9y Slilgu SB35+ pnlS Sl (S 3,5+ coy 38Tl 5L Jsloee + usbis 2T 0396 3L oo

(Foliar application of nano-SiO, + nano-ZnO + soil application of calcium silicate + zinc sulphate)
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Table 4- Analysis of silicon dioxide (SiO,) and zinc oxide (ZnO) nanoparticles

Ol 4345 JRVT LRV Oly3 310 *8lg o515 S,
NPs Purity percentage (%) Particles size (nm) True density(g.cm™) Color
SiO, >99% 20-30 24 white
Zn0O >99% 10-30 5.606 Milky white
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Table 5- Combined analysis of variance for yield components and grain yield of rice affected by experimental treatments

Sy aolia B Al b AT b axuolag adgd 3 paliolan Al g5 ey g
R ;! Panicle No. of fertile tillers No. of filled grains 1000-grain o
Source of variation o length hill ™ panicle.% weight Grain yield
(Location) .S 1 11.4™ 14.1"™ 27.6™ 0.09"™ 1035218.3™
(Error) s 4 0.3 1.962 57.3 0.17 172940.0
(Treatment) ,los 15 44" 10.02" 635" 0.11™ 427350.6"
(LXT) Jlos x oo 15 0.9™ 3.7 57.17 0.18™ 133017.5™
(Error) las 60 0.6 15 28.1 0.51 144124.9
et . 33 7.4 5.8 28 8.9
CV (%)

sy Sy g iy Jloi o )3 fosne g e it sy

# NS

™ "and ™: Not-significant and significant at 5% and 1% probability levels, respectively

oilojl g ylows 1T o gy 4l 3,508 g adigh Jgb il dmulie -1 Jgus
Table 6- Mean comparison of panicle length and grain yield of rice under the influence of experimental treatments

Lo adgd Job aild 3, Sos
Treatments Panicle length (cm) Grain yield (kg.ha™)

T1 22.52 3632
T2 23.50 3948
T3 24.10 4023
T4 24.93 4371
T5 24.97 4081
T6 24.75 4263
T7 25.17 4462
T8 25.43 4580
T9 25.22 4253
T10 25.38 4477
T11 25.02 4373
T12 25.25 4233
T13 25.63 4623
T14 25.72 4643
T15 25.58 4283
T16 25.52 4316

LSDxs, 1.358 620.0

23b o 5 ine BMiS) 1816 do > iy Jlein! o 53 LSD 9051 (wliol oy 2 p3 il by 5 Jolis (6l (slapSibo
Means followed by similar letters in each column are not significantly different at 5% level of probability according to LSD test
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Figure 1- Mean comparison of the effect of location on panicle length of rice
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Table 7- Interaction effect of location and experimental treatments on fertile tiller number per hill and filled grain number
per panicle of rice (Amol and Nour Regions)

L, los S 4> 49, asy dlaai Adgh 4D g dld dlaxs
Treatments No. of fertile tillers hill* No. of filled grain panicle™

Amol Nour Amol Nour

T1 14.53 13.13 83.77 81.53
T2 15.77 15.03 89.40 88.03
T3 15.70 16.03 93.37 87.60
T4 18.07 16.57 89.60 97.07
T5 15.63 15.90 98.80 85.80
T6 17.50 15.53 91.47 100.0
T7 19.00 16.50 90.83 94.10
T8 19.73 16.73 86.10 95.00
T9 17.07 16.50 92.83 90.93
T10 19.50 16.37 95.60 94.40
T11 16.97 17.07 90.93 83.50
T12 16.10 17.13 94.50 88.93
T13 18.87 18.47 96.23 93.90
T14 20.03 17.70 91.47 95.50
T15 15.97 17.83 92.00 90.23
T16 16.33 18.00 94.17 87.37

LSDyos 2.056 8.671

bl o Iy xe BB WB o> gy Jlein! o 13 LSD g0l Lolel p gt o 50 aliie By G JBls gyl (oo Sike
Means followed by similar letters in each column are not significantly different at 5% level of probability according to LSD test.

D Joda) ad b pme duopd iy Jlois] e pd ol 0L Cao
5 3l i talef] (sl 5 (NS blite 151 ok dusli
o pdaboose Voo (Sl b ddss oy ab ol Sl
Gyao pis b5 a8 Jobs s ailate 13 T6 Jlog Jlos! s aiss

A g jo 43 ddla alasd
gy p Al olawr ob L bly 4o Jeds mlo
slojes Sl Jy <55 5 el ol b cos
2 oy pilefl lajles 9Bg> blite Sl izen 5 hile]



09 wOlio g S Gpacl 59 9 uabw Olydgil b Jelxo du lio

plos NS 59y 9 sk Bpae pis b duglie ) 4l 5Sles
Al 28 o (T1) sals slajlog j2ds oy 3y50 Slojloss
s wls 3 Skes s 5 (T2) Gpar B by, 4 ualses
M zun pils idoh )0 WWdes 085 b (gl bxe BV
SB 2p)l8) ptalefl o edlitl 3y paie 93 o (5o ine
2 ol (Bbdgle 9 69y (SB Bras b awlie ) el
Oz Bl g2 3 Slas a1 59y (Sh gl b duslie
O Sobine NS (Ghalejl y3 edlil 3)90 sl by o 5
5 5535 5 el ol Joloxs b s 5 b (S5 3,08
b g b >,Shae SIS J52) 200,55 oanlito 3,8las 5
9 Sdgl (Bl slxe 09y 93 1 4 ke 5 59y polis Spas
ol 5 3yp0 it yole enlp 4 s |, bpae Sk
Liwe 4l g ol plul 4 yole Jsl 5 Ols aol3 seum0
—SB g Shslxe gy 93y ) edlil b g9y 38 il
St 3> Sygloge Galil g 4 3Shas g0 > Bye
o585 (Faroog et al., 2018) usb o cuvlio g0y CuiS calisee
B sle dlye 93+ (1) S Bk 5l 55y el oS 00
als 3Skes Mg b g )3 59y il Gl 5 1y b iy
yols ilejl zuls a5 (Saha et al., 2017) 3,15 ol yors 4 gllas
Ity polbe yaasS w59y Bpas e b )
i3 leg 5 nadgs s S Ll slo i 4 lié ol
Amanullah and Inamullah, ) 55 . JS Sis oole geos
g 3wy 3,Skes b e by gy b g5y clale (2016
s reS &l > (59, chle & ladyly > (59) Spae Sl
b 3 )See Ll 5 (59) 2o PRI o ()3 e yobots )
b Y90 Lo ¥ (8 yuao (Jaksomsak et al., 2017) 555 .
b > Slas (ghoyd FO Lili8l o mip el Aby dlspe )
Lavinsky et ) 15,5 (oasy alsyo cpl 13 )] G yme pas 4 G
Dialsdl dlawlsay gy 4l 3,Slee Il wizpen (@l 2016
2 oo 02981 L (2138 polie jip o g 0 Shee il )
(Cuong et al., 2017) cul 00335 &) S} pho b
oy s Gl ol ol 3 pepad A ek Byas
b o Slos dae Coleg 0 g g slrdsddsd dopd WS D a5l

(Tamai and Ma, 2008) 33,5 .» z

B @l s pulis 0da g Clald
g chle ol o 35 ol 1 Sb ibly w8 Jgie @l
Dsigize (P<-/+3) Lislejl syl il cos aily pubow Ol
Slao p ilojl slajlesi 5 e Jilize S g (WS S Jg 45
Sljles @il ke duslio (A Join) 15,55 )b gme o 3L

Ab 0 Gudow Gds g cdale e cp i oS b Glis Giole;]

Lopd YAFY dgds jeShe Cio dlais (pl )3 (g9) 9 (uadew
b oaded 0y aild ol cpyide Jol ddhaie p .cdl ialS
ot g del sy T13 s Jleel b p 4l A8/YY 1 Sko
20,8 awls ol ol Cas jl xopd WAY e 4 el bylyd
5 (TA) Srar Sk ©iso @ (5) 5 e (655 Spae
I BracSE ) 4 (T3) 9y 9 (T2) purew a1 28
Jol dilaio )3 Jg 29 yg adlaie )3 adgs ;> p il dlaw s
@yl s ske bay > i sanlie (g)o ine M3
2008 2 b 6 (T13) 9y 9 b I (o5 5 02latl
Sl Ko 5l Sozun 45 al8las @ygods (T9) (o 9 (T5) (ke
3 sk (Y Jsin) il asgs 55 5 il dlas ki 5 tgle)]
By b 3Shes GLIE caw el o)k LRI Gk
&b ol b sxe Liliél (Tamai and Ma, 2008) 2,5 .
G 35 e plo @5 > ks 2208 IR b A
&S cul ol 5l S ols)lF (Cuong et al., 2017) ol srs
E9r8) @ oialy 18y Jolye Jsb 53 bew V9o o ¥ S piae
2 o ab ool Liliel 4 e (JolS adabes U adddes
(Lavinsky et al., 2016) 15,5 z5, dbs>
wls )13 058

olalefl e (Spo sl Jobs @l pelul
slojles §l Sz b cov ald Jia 55 & 435 jasie
S5 o S &l i (59 (0 Joa) )5 )18 (s 2590
JAS dtugy dlawgy @y > ab olul ALl 4 a2y b g cul
oi)l5S (Saha et al., 1998) cuus dbj Ciuo (ol Ol 395 o0
039 2 S Fl el s glado)y Spae & 0l
yols ilejl zls b a8 (Kim et al., 2012) cusly &b e
Sy by ond pbul Clidss b Blie 5 )b cdlhs
51 Gilises glio 1 (g5 355 o oS 0 00l oLt ] Simgy
.(Shivay et al., 2016) cuils g5, 4 58 59 1 (g0 Gxe
a@ly g Slas

Ay ol b ol Gilef] slaplSe Sy 4328 b
g 095 fogine wls 3Shes py iulejl clajleg 5 S iz
rop o Sl g 5 3 8kes  tilefl lajles Sl
bl Sl ke amlie @i (0 Joi2) 45 e
23 89y 5 L pais g3 ym o)l A olas il
Gly s sals @ cond ab 2Slee Lisli8l & e (o)l xe
SB35+ s (516 35 4 gl il Jgoxe Jit
5 (T13) (s99b (2bJglone + puabaogll (b sl (T8) (s

SE ol ol Shdsre + puliogl o8l gl



WAA Gl o ojla AV o o)l o815 Sl gy 4 s QY+

Sl b a5 ond a5 8 olS 0 el Gl 5 clile
23l Gl sbiine st g 6 ks coesles g
Luwg odel Cuwday gl o,y (Dhamapurkar et al., 2011)
=i Jw ¢ (b (Yazdpour et al., 2014) l,\Sen ¢ y505
Jbo 93 2 53 @ &b e o Gl cp il o5 b LS
odol Comddy ol ol Conday 6Siliwgil (Bb Jgle b o)
Spas Gl L oS ol (Ui 35 olSKdagh 16503 095 bawgs
5 adey > ol CBIE (Vg dos o 4 jhao s §) (ol
Ziaetal, ) cdl iul3sl 0o > Y g ¥A dgds s iy oo pluil

(2017

L Se jd p)8elS YAY g o FIF sl 1 Sho b s pay
P A b Gl gl 4081wl cunsa T14 jlos Jlos!
T14 Jlowi b plp (raw > (iSa )3 p)55kS YA-/A) T8 jlos
90y & Sy L Al Cyaods w1 oolatwl il Hl,E
GVl Sl panl b s By S il sl s,
g ab bl Glie g 5 @ Al 3 e
byls b alie (T2) G pae B (hg) & Gusbus $Blas 5,8
by Glis ol zols (A Jodn) 250wl (o (pubiw clale ws )y
35 b shan Shigls 3l Jge sl 1 oS e (el
9 99 F3e sl olS urbew (lise GRIPL  pate ol (SE
gkt 4 peie (993> U 58 SlS i ol 4 gy pate (958

Oirlojl s jlowi iU codi g 4l (59 5 e i g CBIE S 50 il lg 41520 —A Jga
Table 8- Combined analysis of variance for Si and Zn concentration and uptake of rice grain affected by experimental

treatments
TR 4’;"‘ -4.513 O u.lalc 4\513-W u» &> 59, uJaJ.c - &> g9, u..b
Source of variation i; 3 Si concgeP;irr?tlon in Si ugprt:ilﬁle in Zn cont;err;tigatlon in Zn Ze;?rlfe in
(Location) e 1 0.3" 6171.3™ 18.2" 2583.3"
(Error) L 4 0.2 1347.4 8.03 199.4
(Treatment) ,logs 15 1.57 6927.5" 131.6™ 3696.6™
(LXT) jlog x 550 15 0.05™ 688.1" 1.6™ 165.6™
(Error) s 60 0.5 14479 14.6 390.7
et e - 131 153 132 158
CV (%)

o) S5 g i Jlein] zolaw 50 )b pixe gyl gime i e N 9 <
, and : Not-significant and significant at 5% and 1% probability levels, respectively

ns

# NS

olejl s los il ot g 4l (595 5 e e g SIS (uSUlie dunlie -4 Jga>
Table 9- Mean comparison of Si and Zn concentration and uptake of rice grain under the influence of experimental

treatments
Lo A1y (o Cdile &1> o ail> (g9, ke il g9y e
’ Si concentration in Si uptake in grain Zn concentration ingrain  Zn uptake in grain
Treatments grain (%) (kg ha") (mg kg™) (g ha)
T1 4.70 169.3 16.92 62.67
T2 5.55 218.9 22.62 88.50
T3 5.01 201.7 26.95 108.8
T4 5.70 250.3 29.40 129.0
T5 581 247.3 23.85 97.33
T6 6.15 261.2 24.65 105.2
T7 5.95 266.0 30.00 132.7
T8 6.35 290.8 30.75 140.0
T9 5.16 219.8 31.15 131.8
T10 5.63 252.1 31.35 140.7
T11 5.16 221.0 31.60 134.5
T12 5.85 246.0 32.65 136.2
T13 5.95 277.3 32.42 148.8
T14 6.40 297.0 32.65 151.2
T15 6.11 262.0 32.85 139.8
T16 6.38 276.5 33.30 143.2
LSDse, 1.224 62.15 6.248 32.28

2l o I3 gxe BB 1B Mo > gy Jloin o 13 LSD g0l (bl p cygins o 50 il By o JBlis (lyls cla pSSleo
Means followed by similar letters in each column are not significantly different at 5% level of probability according to LSD test
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Figure 2- Mean comparison of the effect of location on Zn uptake in rice grain
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Introduction

Among the nutrients, silicon (Si) and zinc (Zn) play a key role in improving plant nutrition and increasing
rice (Oryza sativa L.) growth, because their deficiency reduces growth and yield. Si, as one of the most abundant
soil elements, helps to increase the amount of photosynthesis, improve performance, prevent lodging, and reduce
pests and diseases. Zn is one of the most important micronutrients involved in protein synthesis and carbohydrate
metabolism. One of the most important uses of nanotechnology in various aspects of agriculture in the water and
soil section is the application of nano-fertilizers for plant nutrition. Nano-fertilizers can increase the nutrients use
efficiency, improve plant growth and reduce environmental impacts compared to traditional methods. The
purpose of this research was to evaluate the effect of Si and Zn by two forms of nanoparticles (NPs) foliar
application and soil application in order to increasing the nutrient uptake efficiency and improving the rice grain
yield.

Materials and Methods

This experiment was conducted as a randomized complete block design (RCBD) with 16 treatments and three
replications in two locations of Mazandaran province (Amol and Nour) in 2016. The treatments included two
forms of Si and Zn application: foliar application (nanoparticles source) and soil application (common source) as
individually or mixtures treatments. For soil application, Si fertilizer was applied at the rate of 400 kg Ca,SiO,
ha® and Zn fertilizer at the rate of 40 kg ZnSO, ha™ as basal in experimental plots. Foliar application of nano-
SiO, and nano-ZnO in the concentration of 50 mg L™ was applied at four plant growth stages (early tillering,
middle tillering, panicle initiation and full heading stage) in plots. At the end of season, some yield components,
grain yield as well as the concentrations and uptake of Si and Zn in grain were determined. The combined
analysis of experimental data were done by using MSTAT-C software. The means were compared using the LSD
test at 5% of probability level.

Results and Discussion

The results revealed that yield components, yield and concentration and uptake of experimental elements in
rice grain were significantly increased by Si and Zn application in both methods of NPs foliar application and
soil application compared to the control. In the case of soil application of the elements, combined use of Si and
Zn was never statistically superior to use of only Zn in terms of yield, concentrations and uptake of test elements,
but there was a significant difference in the sole application of Si in terms of panicle length and Zn concentration
and uptake in rice grain. The combined application of Si and Zn as soil was statistically superior to the separate
application of both elements in terms of fertile tillers per hill at Amol and filled grains per panicle at Nour site.
In the case of NPs foliar application, combined use of Si and Zn was not statistically superior to use of only Zn
in terms of yield and all other studied parameters, but superior to the separately use of Si for fertile tillers number
in both experimental sites and Zn concentration and uptake in rice grains.

Conclusions

The Zn application had a better effect on Zn concentration and uptake in grain compared with Si, but there
was no significant difference between Si and Zn application in terms of grain yield. There was no significant
difference between the methods used in this experiment in terms of grain yield and concentration and uptake of

1- Ph.D. Graduated, Department of Agronomy, Gorgan Branch, Islamic Azad University, Gorgan, Iran

2- Assistant Professor, Department of Agronomy, Gorgan Branch, Islamic Azad University, Gorgan, Iran

3- Assistant Professor, Department of Agronomy, Ghaemshahr Branch, Islamic Azad University, Ghaemshahr, Iran

4- Associate Professor, Department of Agronomy, Gorgan University of Agricultural Sciences and Natural Resources,
Gorgan, Iran

(*- Corresponding Author Email: norollah.kheyri@yahoo.com)



o0\o waébd}«mbds)swol)éyb@bbgblaaw‘ho

Si and Zn in grain. Therefore, according to the results of this research, NPs foliar spray and soil application of Si
and Zn is effective way for increasing concentration and uptake of test elements and as well as improving rice
grain yield in soils having low-availability of these two nutrients.
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