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ABSTRACT

Nanotechnology has been able to pave the way for new methods in plant sciences and agricultural research. This
research was carried out to investigate effects of Nano silver in 4 concentrations (0 (control), 100, 150 and 200 mg L) at 8
replications in a complete randomized block design, on viability, bacterial contamination and some morphological
and biochemical indices of GN15 explants at Urmia University. Shoot tip of cultivated GN15 rootstock were placed
in MS medium containing 3% sucrose and 0.8% agar and different concentrations of Nano silver and 1 mg L™ BAP.
Samples were recultured and were grown in growth chamber. By increasing Nano silver concentration, the plants
survival increased and the percentage of bacterial and fungal contamination decreased. Nano silver increased the root
length, leaf number, chlorophyll a, b, total chlorophyll, carotenoids and soluble carbohydrates at concentrations from
0 to 100 mg L™ At higher concentrations, these factors were decreased. Increasing the concentration of Nano silver
decreased the shoot number and lateral branches number of explants, but did not have a significant effect on root
number. Despite the effect of increasing the concentration of Nano silver on reducing bacterial contamination, up to
200 mg L, even to less than 10%, the best level, improving the biotic properties of GN15 explants was 100 mg L™
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Table 1. Analysis of variance of different concentrations of Nano silver (NS) effects on the plant survival, bacterial
and fungal contamination percent of GN15 explants

S.0.V df Plant survival Bacterial contamination Fungal contamination
Block 7 12.33™ 1.62™ 5.30™
Ns 3 7290.327 1384.137 3966.107
Error 21 11.60 4.27 6.21
CV (%) - 4.75 461 12.66

Aoy ) Jleisl mha ol pre BB g jlo cie BB 34,5 1 g 1S
ns, **: non-significant and significant at the 1% of probability level, respectively.
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Figure 1. The survival, bacterial and fungal contamination percent of GN15 explants under different concentrations of
nano-silver. (Similar letters in the labels indicate that there is no significant difference between them at the 1% probability level.)
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Table 2. Analysis of variance of different concentrations of nano-silver (NS) effects on the morphological and
biochemical properties of GN15 explants

Root Root Shoot Shoot Leaf . Leaf soluble
SO.V  df length number  length  number  number Chla Chib ChIT  Carotenoid carbohydrates
Block 7 0.01280™  0.47782™ 0.00219™ 0.00990™ 0.94973™ 0.00336™ 0.04761™ 0.04344™ 0.00049™ 0.00802"™
Ns 3 353" 0.63™ 275"  13.06” 57.02” 2.74" 18.63"  35.13" 1.09™ 34.53"
Error 21 0.083 0.572 0.001 0.007 0.950 0.002 0.043 0.045 0.002 0.008
C.V. (%) 1.81 5.92 1.33 1.27 4.79 2.32 2.94 2.29 3.29 4.89

Aoy ) 50 Jleisl e )8 ls g B g o jixe BV 59 s g % S

ns, *, **: non-significant and significant at the 5% and 1% of probability level, respectively.



e S5t se sl 5 b S (Fogll o iisil il Ken 5 ooil>

A)

Root number
Shoot number
Leaf number

ERoeot number ®Shoot number BLeaf number

Nano silver concentration (mg L-1)

Root length @ Shoot length

\YY

-

Root lenght (cm)
Shoot lenght (cm)
(5] w

[

=)

150

Nanosilver concentration (mg L-1)

B)

o,igl Galises slocdale 3T cov GNIS sladiges 3, adlu 5 atu, Jsb (ALY S
0yigil alisee glacdile 36 cow GNI5 gladiges 31, 5y g adls ey, olass (B

Figure 2. A) Root and stem length of GN15 explants under different concentrations of Nano silver.
B) Root, stem and leaf number of GN15 explants under different concentrations of Nano silver.

3 sl Sad gl 5 ol Vb glackle ;o ady,
Ol Gl oy e il il 1l o)d (5 ]
JEst pos Gialojl ol 5o Sz sl (5090
5 425 pae @l 4 Sy 5l S e del (9090
Ol g )8 Jods pae b g gey98 (l By
Gl bV wiilsi ge (Jlub g oliT 8 e (150,50
Ehsanpour & Nejati, ) wsl 4l Job o,
J..Jo:u ‘o).a.»u‘).w )‘ o..\.....»é‘j 0y (_gl.muy (2013
RSP FRPRN It JNCOV | PR PPSOK SN PR DR B
olaxi (oF 4zl Job (o0 (698 slrasly oy
Bl SIS ey 5O i Job b oS ady,

(Turhan, 2004) o

sty oyiglh cilie glcdale 50

GNI5 sladiged sy (o brommiion
Gl gre BB 5429 by bosls il jlg 4y 320
e 2 286 Bld 5l womish lajles o

b @ Jde)ls s Sp Jee sbaclomeg S

el Jloto] e 53 Gk I ol

Sl olen L L O gdse il el zals
Slooki S (59, (Adg Olpiedr g oad Jobw o)y
Jos A3 b (F s Jliped |y T ol
Loy oSl L g o b o5 o a0 oS
walf e |y o clld (lal 0ainS )0 e 032
&S sl el o Ls| (Ehsanpour & Nejati, 2013)
Perl et al., ) 5o oo sk oLl § pouds 3l
oLS coaS Lame 45 wo,iiglh cubale 2133 (1988
(olol codled 51 6 .5 el> L Tocomella undulata
g adle olaws 5 aBle Job « Jleowsy (ili8l el
Aghdagi etal., ) ol olS -yl ;o LugllS ,ad alS
dgadiy, o S0 Hlil aem (2012
Sacly ;o baimme ;0 0 p3Caly 08, (e jn
9 CoiS o gbasls (ol leais, oy
0 gl bawgs (LS (nl e b S8 slaS
oS a2l crge okl Cdlad ) Caniles b
Jsb aalS 5 oo Sils alols 5 a3l Job sials



YO

ooy laizme iulidl Cel g2 olS o 0,a8 il \dgil
b olS ol o oSt sl sole S lgrea
2 el oS 5 ol Liali8 (Nowroozi et al., 2016)
Olyeds «oaligt’ a5 00 Caely o)iigl Lo il
2 S Oddan g U9l e S tie edle iy
Mahajan ) ol ails &8 o Jdg IS 1w e
SlS e slans )8 Wilgs e a5 (& Tuteja, 2005
Aol o,Eigl booad Jled lalS o L8g)lS wi
Lol agby o wien (01 LS5 laagde
b g 039 (698 GgelinaST 2l o Jdg)lS 5l cbolix
STl 25 Jld 5eS] s s, i
.(Delvin & Whitman, 2002) oS’ e Wl

2 Seree 395,59 JS D @ gl Gl
clale lEl 3l s o o8l S Glls ol 5,
390 el ) 2 p S es Ve g b wo,isil
L oas cab sols b 4 cawd oo, YO
Tabatabaee et ) scsl rals «,aigl clale i3l
.(al., 2013

B Carotenoid

VWAA g ) 5yles B0 80 ol SLEL psle

Soy ) il mhaw jo w5 g J5 Jde kS
gl U wo,iigl cdale (a8l b (Y Jsaz) o
5 oRlP oasls col Gl i pp S e Ve
teliv mls (Y-A, B JS8) o5 oy (ralS s
F99,5 ol sl ouls camline L8 wladss o
oS e Foocdale U oiiglh clale iolidlbb ga
(Sl il cod glaaed s S o id g
0,396 0I5 (adlg s 8l JralS uew g il
Colled 258l (gt oSS, Counds dgun b
2 5 seadanST s i (a1l slap !
Sl cailes g (gyied deSTn s alS A
Fs 0l ko Gand Galid Genlinnsly
ool Cute gbgn Jal Gk ol ol
slyze Gl 555 olsl (eign Glaoni S
5 S Ol Bl 4 el wlS S ety
a8 olS cnl ) S By s %) ) S
.(Hatami & Ghorbanpour, 2014)
Y glackl 3 s gslans] s ol

B Leaf soluble carbohydrate

Carotenoid (mg grFW-1)
Soluble carbohydrate (mg grFW-1)

2z

EChl a

14

12

10

Ch a,b and total chlorophyll concentration
(mg grtFW-1)
S

B)

100

100

150

Nano silver concentration (mg L-1)

BChlb BChT

150 200
Nano silver concentration (mg L-1)

05l alizee glacdale ,5b co GNI5 (glaaiges 31, JS Juds)lS b @ Lds I clale (A Y s
05l alis glacdile ,5h coi GNI5 gladigai 5y Sy Jslre ol jamme S 5 08eu 5 clale B

Figure 3. A) Chlorophyll a, b and total chlorophyll concentrations of GN15 explants under different concentrations of
nano-silver.
B) Carotenoid and leaf soluble carbohydrate concentrations of GN15 explants under different concentrations of
nano-silver.
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