11 S pole 0 S5 o 3l

ol wix § S grlols 5 onds 1allie jgo \VYA2 ye 0 AL P

PSS gy 6 ylyl (B ]39S 9 pommdiwannSTgo Oly3gL K

e Tl Goye dazme e s T LS o e T (Gliasg pus rmslogl il 2 < g3g0 0058
fooly g
bl T# ¢ o y0e Can i olKizils (65,9l eaSiisls luiilo T ¢ wyde Can i olKiils (g,9liS 0uSisls (g 1SS (ggmiils
S 5y9LiS 0aSiiils Leiile ® ¢ jde Cau i o8ty (55,9LaS saSiiils woliwl T o y0e Cop 5 oKl il pgle suSiisls
Oy S 5 ol8ils
kassaeem@modares.ac.ir

oS

S paS ol ady eyl (S p GheS g (Geke) parliwannSlgs Sl S ) jslie &
I o alesl ool (sl S8 5 s S50 S5 o ok S sloSl b B 5 5 ]
s o 42) (505, (sl pe s 3 oL 5 S & o oLl (395 5 ek S350 (el sl SIS
A oldgl Bpae aS ol (lis mls Wws 8 Brae b ol 9 Brae S Ojse 4 (20 b g ddle ol
Jole cails (poaliss (loj g adles elis | vamty Slawi oSy Jedg)lS Sy o O gl oSy s 2 (6l sme
@ 10 57 S35k 58 e VU LI GByan s S8 by, s e o0 b ol il worge S35 ik
Bras ;0 Bl faemme ;0 0l Dl3gk B ras pus 4 Cod 00l (6,5 ol Slas s o pee Ses g0 (6l (o
5305 Jpiee S a5 calisie slo g, 5 polie 5 S350 gl

OlgaS (5SS gl @Al (ki ( Ji39 IS 1 guudS slaoly

doddo

5 Sllg 4055 (b angs sl s adsi jelaie 4 Lis ciliee bl o a5 ceul o5 LS o5 send 5l puS
SO g Sl 95 1 (g0b ) Slws Caenl 51 LSS Comen 5l sowd dhol (slaE lgins ol cpl gl o cllS Srio Blas
SrSpi dnsgi 5 15y 23l o bls) 5l G55SRl o s By TV il 85,8 oo (5 Syl oLS
s>l .(Moraru et al., 2003) cul 00 )51 952945 cainl jo (55,5liS CISie Sy 3 ade sl |, olas)lgausl g ails
Park ) 55 oo oalitul ol gl 5955 Jigo slojed 5 sl siluln; 5 (LS (slacs,lom J5uS 5 0 ) (5551555 (il
obow paiS 5 4z 5 bl wile STy S8 HblS adg Gl s wlgioe 5,5l ol et al., 2007; Singh, 2012
@ pogrndw 5l eolatul a5 sas o olis Sladow bl (Rico et al, 2011) il aube pasS g gy «,d aibe ails b
Srind 9 sty SBORT ple 5 (a5 o len (bl 4y (LS coslie slml 3 6955 05 g el D50
Oekaze 3l > (Bacchus et al., 2010) o)l i olS o, Slae (iol38l Coles 1o 5 (Sielenpd Codled o8l langs
390 & ek 3,1l5 Sioges sdalie Sy S 5o LS 8 o 10+ 500 S L pgkin Sl o 0
(Ahmadet al., 2007) sls isl38l 1) alg> 39 5 oLS el )| ¢ ologa (5 lo Sxo

oty Szt i anle gl st ()l SIS ) Sl end e 5 et Sl b S olisiS
Sl G ol Hake Jl o 45 ABlie (s 3525 o Sl | (ol £55 5o oo 5 b Sz 5 dngS
GolS Sl 3T cdlad (g 45 Woges B)IF oudize >y (DUt et al, 2004) il o Consbs 45 Ss>ge
9 o0 oS (Sanmg g oy (il crge g ools (I3l (Gl g g jbis elalS LS50, Dl ) (39 e solie
Mondal et ) iol38l 1) o Slos wilgs o 09 o0 ooliinl HlalS jo 598 a5 Sy oo (ChunYan et al., 2003)
SlaS 5 sl bog 055 &y 4 olge gl 0395l a5 Lxil 51 .(Dzung et al., 2011) was zalS 1) 5,25 4 (al., 2012


mailto:kassaeem@modares.ac.ir
mailto:kassaeem@modares.ac.ir

ORI SE pols 0,55 (mond U

obS 4055 § S gpdlols 5 ol i jooe VY7 e ,0 s AL F

0)45 L ublﬂf ..\...u) 9 G».M.u) ‘_gl.bu...jl:d » ..\...;‘5.1‘5@ 13J “'\"5'“"(50 (5))5Lm5 ‘_ngpMjS‘ 9 w) h.am 0)‘5 sgsal.uo.o...u

g9 ra..\..f OLS » ul)j....f 9 du.l...u; u‘)\)yl.v )...sL u...a.u &a.?u LJ"‘ RV u—")—'L‘-’ ML ).s§.a me‘;
g, g olge

V0 O3k el g0 b Solas JolS slacSsl 7,k LB o e iolejl &ygo 4 VYA Jlo jo sy o]

S g D355l ol plosl g jde oo i olRidls (65,5liS (goaSiils o (I ST Y )0 (B ranS § Lob Jolxe) mhaw ¥ o

plsl sln (Brae SB laShg wns S ad ©)5 )% 9 JWb lol sme 5l ki o3, pasS )0 g oAl (0] ]
el oads LoV Jga 0 Liales]

Sran SB olbowd 9 (S 3d s SHe-) Jgux

(5 (o) SB- 2éL JB o ad JB ey ool
Colas . .
oy S o i o o o
pH Soxsdl IS U8 G3es
% ds.m? % ppm
\Y/0 VYIYO YYIY YIY idy AR <\Y 7a/f7 IATIENN YIV#

e Ae 3l i o gl 5 yiegil Ve ol a8 5 gl bawgte 38 osls b 5, dries ke 30
055 o 5 yagtl Ve v 5l a8 Bl 03l Lagte . AAID ool b 55, s 13558 Slydalh wisg: o5 2 uye
VUSG5 D3t cpl (FE-SEM) (glase JonS (g (59580l g8y e polial aiog 05 10 qoye yle Ae 5l i

Sl 00 00ls UL“"’

013555 Ol539ib e Caow 9 o g ST (60 I3 9l Cawly o S i1y 3456 FE-SEM  y3 gl - S

s NS Fohead l5p )0 ¥ S 4 03550le S lawgi S 5550 55y salS Tl palejl el cgr

Ghmgn (§355 ol 9 SL e @l 4 azgi b5l 050 jlake a3 055 5 as)he Sl (bgle L laplalS kS
SIS oy sae Ve olaws @ Ll s sl e 310 sad Jshead jady ol HleSs 055 b ol 5 S Sl
oy 3l olieS I3l 9 (Adhikari et al., 2013) g, 5l madiew Ol3gil gnilbawgw (sds gl p A0S cls
mals e d j0 Ll 0400 lacdale )0 ol oolel Bl 3l guiliwgan jads CalS 5 g0, 8 ool (Li et al., 2008)



11 S pole 0 S5 o 3l

ol wix § S grlols 5 onds 1allie jgo \VYA2 ye 0 AL P

3l om 59y 005 Was S Srae AL Jole 9 Bpae SI D50 4 (BoadsS 5 (Boazy (S L plojen) 00 s
b (Bradford, 1976) by, 4 Sy (pSgy «(ArNON, 1967) og, 5l eolatwl b pz 0 S g IS ol glidlos 5
Schonfeld et ) )|, Kon g alassds alolee Lull 5 5y cond O (Glaizme 5 5y zhaws (5,50 5l0l oKt ool L Sy
slaals w903l b Slao (.Kile awslie 9 SAS Jl38le 5 5l ooliiwl b esls Julow 5 4525 .ol acwl=e (@l., 1988

2385 el 10 Jleis maw jo SSls

Sl Glgme oSy s p Bran Sy g Slidsil gl (hiSen oS ol la Wosls uilyls 4528 Jgur b
b9y et Sl Gizmen (V Jsa2) 05 syl sme woys S phaw o alle gl g azy slaed Sy Jid 1 o
2 6 (e pledd 00 G lajles g o ime do s gy Jlinl mhan o (o83 adsS (lej p 09l Bran

P 3 3395 g G 153936 1 il ylg 4 3 Y Jgue

Slayye (S0lee
poadgs Bl gl wxnpola SpddelS Spotsy  eeiolulime Spghe S glie
NN V- /80 VYY Y- fIAY feeeey s AN FIAA Y iKY
AR ASIEA™  YANYTT AYYALY T e fY S INT AT YeAdT o # A) oydgb
VEYA T VYOI F T AVAN AB/NY e ofeeeayy S Q. AR Vo B) Bras b,
YIAS S AIVE ™ YOIPN T YeA[YTT efeeepa s FYAY ARTA R 2 AxB
AU ol-# O/A- Tov/fa ofee ¥y YIAS Y/ \i2 Uas
V/04 ¥IEA VEIAA YV F0) fiof Yioo - CV (%)
NS e e g 10 Y Jleiml sl o s (e od 5 4 NS 9 X K

Gy ok S35 pl g A0 S By b Sy e e cpa it 45 ol lis b ools uSiles dylie b
ez el Sy ko S35l el o o V0 3L Jsbre b 5 S O (o Slgiome (i (7 J592) el
038 5 55 o el Sy 35S S5 ol o g Te (S Bpan bty s 5 S s IS i oot
59, 5h sl 5 Gedows S35 (ST G pas Bl Syzmg 00 (65 o5l Slao uSilie g S sime DS
coge GlignS Dl3gil S G pas aSl jo clilad Oly3gil B pas pas 4y ol aziy olawd (g 4lo Jae il 6,345
(omizmed bl ddlu glas )l gl Jme S lignS Oldgl S G ras usres ol dsy Slass o Se ol 58l
AV J55) ol Bras S () 4 S (20 ads3 Gloy Gl cage D39l AL Jelxe
Iy ol god g oy ol e (5558 Sl 3Ll oaile Bl asLiil llS ges g o) (59, <350 Jos [5g500
Dzung et al., ) aos il38l Bt 5 s aisly s o, 5l oS siwgn 4 bgy o ply Jl 6o s san lavgs
5 J29,lS e (lienS sl Jele wio,ST 5,155 (Farouk and Ramadan, 2012) .l )Sen ¢ g, (2011
45 doges )15 OligS SBhslme b by 5 @5 ails byl e [Vl O olySen 5 5 ols Gl ) laasiss S
S r Jeds S slsizme g ool LT codlad ¢ 51 (5090 (slgiome e Sl & e plignS yud p )8 F-Y clile
(Sheikha and AL-Malki, 2011) ai & mxhaw iol38 el Logd oS 5o 5608 oL Jokxe e .00 5 aalg>
cel bylals S L bolxe g 109 &jg0a Kdwsil 00,5 a5 0l aseie (Zea mays L) &3 oS 5 andod o
(Yuvakkumar et al., 2011) ai Show ;los g 08 @ Cos olS S o IS s g 0l 690 0 wupo il
g aly ey wbide o dew a5 oy lis S5,84>45 5 (Haghighi and Pessarakli) S s g td> Sliass gl

WAL (698 S S5 olS Ju9 IS (e 5 Cash) (crd (S5 (Fgid o) Sgn s 0,590



11 TG pole 0 S5 ot il

oLS 43355 § S (g juibols g conds i jgome \WAS g s AL S

PSS 5 o (g oIl Wle (B 1 ¢ (13955 9 b 53936 1 Sl duns o Y Jgur

o glis)| aohy Sl Srdis s e ol lse S » gl Slsgls edale Bras b9,
(cm) (mg.m2) D (cm?) (Ppm)
OFYf VY5 be A YOIrAf Ay o (+) sals
Y-y e VY/AY be £aV/yy abed AAIYY @e AR Yo ko 56
SEINY P VEIYA £ay/yy abed AYIAA € Y. /Ay ¢efo iz ik .
SANY @ VY/YE b FYY/Y A bedef /oy 2 YA\ e q- ji“ :u e
AN VY/EA b FOY/YY €0 AV/RY be Y/ coef Yo oles gl
ZZAN VY/FA P Y./ e A+IVY® V¥ . b Fe g 5l
FYNE At FYY/AY Coefo INTA A YEIAY @ e olisS il
OAFY © AN SYANA O VAIXA ¢ VA g9 (+) aals
geipy b VYA b FEAIN 0T AAJBY 2 YY/Vo b Yo ebew 5
YY/fa @ VY/EA B FAY)- ) dbcde ASIOA P Y\/ps cdefy F o lins 9 e S
\ATRATE VY/f0 b FYAJYY bodef AV-AE YV/ps @ e ek 5i6
ApY Wk Vig/fY e A-JfY © VY. o Ve oligeS ol
O/A- Vo/aa b AN vasgy e \AAR T e olgms g
AR VEIYA Al A-vef V¥ . b e olisS st

70 Jloizl mhaw jo s e S STl (gl atels iz g0l ulal 5 alies S i By S j0 Plas 4S5 et o ol 1Kl

100 Q <

40

(D90) ot 4 sa pla)

20

ool s gl By S 50 JBlos &S b (Sl L podbies lo) O3l & pan o9y 1 (Sl s lin .Y STl
W5 70 Jles! gl 53 J18 (Sxe S| S5l (gl asold Wiz (ygw 3]

it JSl g 18 Slga g T e al Bl eomis 5 5 Ay 0y Sy b S s 45 sy oo 5 4y 50 ]

PS5 slaazalS ol oS (SouS oo Jl 00 S o aziy sl Rl 4 e (8L il s slge
5 bl (Conl 0als ain (Xie et al., 2001) woj plob o (Worrell et al., 2002) < ,3 «(Winter et al., 2002)
pogdle 9ol il jiwgid g Judg IS (seie yioldl yo lienS a8 auxél o 3.5 (Limpanavech et al., 2008) .l Son
Arags 5 03l 53 Dl oS 59k & g 418 8l o 1) S g IS 5 ol sS85 WS ol sl ol



11 TG pole 0 S5 ot il

ol wix § S grlols 5 onds 1allie jgo \VYA2 ye 0 AL P

b S13610 a5 als salie clalllas plo jo yuiores ol HlalS i, caisS G o Jole canl S Cadlyg IS
(Bhatia et al., 2014) o4 Lol aiy; slass caly ) Job cadlus glas )| 25138l C> g0

Sglaie glacdale (o ol 35l 0,15 gy die) 10 (6 ian Sliass el o3l ol axdllas 090 Dlae ST 050
Dol s SIS Sledbl slge ol Sl1 51 G o 15 sl ai ) il slalase o olalS

&l

3o, b oylw] ol el ode (50985 NYY eyl )]

Adhikari, T., Kundu, S. and Subba A.R. 2013. Impact of SiO, and Mo Nano Particles on Seed Germination of
Rice (Oryza sativa L.). International Journal of Agriculture and Food Science Technology, 4: 809-816.

Ahmad, F., Rahmatullah, R., Aziz, T., Magsood, M.A., Mukkram, A.T. and Shamsa, K. 2007. Effect of silicon
application on wheat (Triticum aestivum L.) growth under water deficiency stress. Emir. Journal of Food
Agriculture, 19: 01-07.

Arnon, A.N. 1967. Method of extraction of chloroophll in the plants. Agronomy Journal, 23: 112-121.

Bacchus, G.L. and Bennett, S. 2010. An evaluation of the influence of biodynamic practices including foliar
applied silica sprey on nutrient quality of organic and conventionally fertilized lettuce (Lactuca sativa L.).
Organic systems, 5: 1177-4258.

Bhatia, S.S., Bahri, S. and Moitra, S. 2014. SiO, Nanoparticles: Effect on Seedling Biology. International
Journal of Applied Engineering Research, 9: 935-939.

Bradford, M. 1976. A rapid and sensitive method for the quantitation of protein utilizing the principle of
protein-dye binding. Annual Review Biochemistry.72: 248-254.

ChunYan, L., GuoRui, M. and WenYing, H. 2003. Induction effect of chitosan on suppression of omato early
blight and its physiological mechanism. J Zhejiang Univ Agric Life Sci, 29: 280-286.

Dutta, P.K., Dutta, J. and Tripathi, V.S. 2004. Chitin and chitosan: Chemistry, properties and applications.
Journal of Scientific and Industrial Research, 63: 20-31.

Dzung, N.A., Khanh, V.T.P. and Dzung, T.T. 2011. Research on impact of chitosan oligomers on bio-physical
characteristics, growth, development and drought resistance of coffee. Carbohydrate Polymers, 84: 751-755.

Farouk, S. and Ramadan Amany. 2012. Improving growth and yield of cowpea by foliar application of chitosan
under water stress. Egyptian Journal of Biology, 14: 14-26.

Haghighi, M. and Pessarakli, M. 2013. Influence of silicon and nano-silicon on salinity tolerance of
cherrytomatoes (Solanum lycopersicum L.) at early growth stage. Scientia Horticulturae, 161: 111-117.

Li, B., Wang, X. Chen, R., Huangfu, W.G. and Xie. G.L. 2008. Antibacterial activity of chitosan solution
against Xanthomonas pathogenic bacteria isolated from Euphorbia pulcherrima. Carbohydrat Polymer, 72:
287-292.

Limpanavech, P., Chaiyasuta, S., Vongpromek, R., Pichyangkura, R., Khunwasi, C., Chadchanwan, S.,
Lotrakul, P., Bunjongrat, R., Chaidee, A. and Bangyeekhun, T. 2008. Effect of chitosan on floral production,
gene expression and anatomical changes in the Dendrobium orchid. Science Horticulture, 116: 65-72.

Mondal, M.M.A., Malek, M.A., Puteh, A.B., Ismail, M.R., Ashrafuzzaman M. and Naher, L. 2012. Effect of
foliar application of chitosan on growth and yield in okra. Australian Journal of Crop, 6: 918-921.

Moraru, C.l., Panchapakesan, C.P., Qingrong, H., Takhistov, P., Sean, L. and Kokini, J.L. 2003.
Nanotechnology: A new frontier in food Science. Food Technology, 57: 24-29.

Park, H.J., Kim, S.H., Kim, H.J. and Choi, S.H. 2007. A new composition of man-sized silica-silver for control
of various plant diseases. Plant Pathology, 22: 295-302.

Rico, C.M., Majumdar, S., Duarte-Gardea, M., Peralta-Videa, J.R. and Gardea-Torresdey, J.L. 2011. Interaction
of nanoparticles with edible plants and their possible implications in the food chain. Journal of Agricultural
and Food Chemistry, 59: 3485-3498.

Schonfeld, M.A., Johnson, R.C., Carver, B. and Morhinweg, D.W. 1988. Water relation in winter wheat as
drought resistance indicator. Crop Science, 28: 526-531.

Sheikha, S.A.A.K. and AL-Malki, F.M. 2011. Growth and Chlorophyll Responses of Bean Plants to the
Chitosan Applications. European Journal of Scientific Research, 50: 124-134.

Singh, S. 2012. Achieving Second Green Revolution through Nanotechnology in India. Agriculture Situations.
India, pp 545- 572.



11 TG pole 0 S5 ot il

ol wix § S grlols 5 onds 1allie jgo \VYA2 ye 0 AL P

Winter, Y., House, Q.P., Zhi-Meng, Z., Xiujuan, W. and Xiao-jun, H. 2002. Germinating seed of peanut effects
of chitosan on some physiological activity in germinating seed of peanut. Journal of peanut science, 31: 22-
25.

Worrell, D.B., Sean, Carrington, C.M. and Huber, D.J. 2002. The use of low temperature and coatings to
maintain storage quality of breadfruit, Artocarpus altilis (Parks.). Postharvest Biology and Technology, 25:
33-40.

Xie, W.M., Xu, P.X. and Liu, Q. 2001. Antioxidant activity of water-soluble chitosan derivatives. Bioorganic
and Medicinal Chemistry Letters, 11: 1699-1701.

Yue, D.Y.Z., Zhi, M.Z., Yong, G.Q., Yin, G.W. and J. Xiu. 2001. Effect of chitosan on physiological activities
in germinating seed and seedling leaves of maize. Journal of Habei VVocation—Technical Teachers College,
15: 9-12.

Yuvakkumar, R., Elango, V., Rajendran, V., Kannan, N.S. and P. Prabu. 2011. Influence of Nanosilica Powder
on the Growth of Maize Crop (Zea Mays L.). International Journal of Green Nanotechnology, 3: 180-190.

Effect of silicon dioxide and chitosan nanoparticles on some of wheta growth parameters
F. Behboudi?, Z. Tahmasebi Sarvestani?, M. Z. Kassaee*, S. A. M. Modares Sanavi*, A. Sorooshzadeh®

IPhD Student, Department of Agronomy, Faculty of Agriculture, Tarbiat Modares University
2Associate Professor, Department of Agronomy, Faculty of Agriculture, Tarbiat Modares University
3Professor, Department of Chemistry, Collage of Sciences, Tarbiat Modares University
4Professor, Department of Agronomy, Faculty of Agriculture, Tarbiat Modares University
SAssociate Professor, Department of Agronomy, Faculty of Agriculture, Tarbiat Modares University

Abstract

A factorial experiment was performed based on a randomized complete block design in three replications to
evaluate the effects of di SiO; (silica) and chitosan nanoparticles (NPs) on some of growth parameters of wheat
plants. Experimental procedure includes planting seeds and then prepared silica and chitosan NPs suspension
added to them through soil and foliar application in three stages (tillering, stem elongation and heading). Results
indicated that the use of NPs had significant effect on leaf area, relative water content (RWC), leaf protein,
number of tiller, plant height and time of heading. Foliar application of NPs was increased time of heading as
compared to the other method. Use of high concentration of both NPs (60 and 90 ppm) was significantly
improved measured traits as compared to the control (No-NPs). In general, selectivity in applications of NPs
with different concentration and methods is essential.

Keywords: Chlorophyll, Silica, Heading, Nanotechnology, Chitosan
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