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Effect of Carbon Nanotubes on In Vitro Germination of Seeds of Two
Strawberry Cultivars

£ . . v L. wY . .
e b)lag solodese 97 colae Ay FT Ggmige (cwge o hwg le>)

A TARFAV RNV VIF TRl A VA RYA G TSt PR g

o) 5 sl (s I bl ol o] ol 5 Bl o ey E1yS Voo (S s el
&S sas e OLFSIHa & 1y ojlel ol el (il GV Seys 4 ey 5 S5l sl a3 pleg 03,5 oS 0pd oS
8 oslatal 3,90 HaLS Lok (Sialsz Sgre sl S Sbosssl Ll ans Gl |, (Kj3og slapadhps (>
Ginlesl b el (S R0g 5k (Sladnding;d (itlez 2 S SoogEl b ) p sekitet Slejl ol W stz S
3 MS) slateigys EoiShamn g5 35 ol 65515 ¥ rl 5 iy 5o ol SIS ol s i &
5 0onk) NAOF 88 5 Gl S0 595 Frog Ve e b aald) jio) (05 slhonisil wilike glacbls (BS
Qo yd B ay ey oy Fialez Sy g doe ol Al slepaslis Goy o) GialesT oys0 ol o aisg: (3,Lels
S9) 32 0D SiS 1) 50 pa el aS ol Gl @S el xSl azdile g azady; b (Sle 5 W5 Sl
597 $3%lez 5l Slalas 59, Fr gl o oagll e 50 59,8 Fe g Ve e slacdile 551> BS 3 MS cuiS e
oalie )3 cire Sglil b jlosd (9 W3 Allex Hody wiSlarzme £95 99 2 50yl oo ;o 059,500 O Cdale g wald )3 sl
as ol las sl Cawsd s cllb bles plo b og)lo cme Ogls g 09 e woli jles b asls 25T o 000§
sleol o a5 Wl a5 04, o0 Jleixl a5 Wals  ,8085 Hod Giailez> 10 Covgame sl el YU slocdale S slasgls

Bl s i (gl e

seaS b (LLAE (o 0y i 10l sl

3leal 5laal ol rex dgds olSiils «(53,5LaS 00Sails ( SLEL pole 09,3 sliwl g Lobiul wi )| ol IS axsgal iils e s Yo ¥ o)
0l 1ol el (oo e 5 55,9l GBjeal 5 Sl 3 5o jbsbi] ¥
Email: m.mousavi@scu.ac.ir Jgims 0dtungi

el o ool Slsml ez aged olKils o a8 wil so sl oaiss il sl IS anbip Ll 5l ot dlis oyl

va


mailto:yosefi.rahman@yahoo.com

0,5 o)l byl (K00 5 (VT4 (o) San o hss 1969
Sidlez lr Hh S Ghlg &S (g den o8 e
S Slossgl a5 ud eols sl Tl S o ol
Ol JLds 4 g oS 3985 54 by 50 (5550 b sl e
5 bl o) a3l NS85 LS 0 5 40 Sials
by w8l o S oyl (2010 (o San
slay sl as el )5 51 S (eldl )F) aail o codl S
oS (gdien S5 )5 slaeil (rloid slagialyl s>
OLSen 5 055els) aiil o iz slaoslasl lyls
).3‘)3 Voo f}/w o)|5.3.$ X ‘5».:)5 GL‘M—’%}’L’ (YYAQ
wz ogam 5o el ol ()5 b 5 wils Jsb o3 sl
8 sl wyleps wix slacgisl ML"_&' gl 00
Al oo oylg 00 Wiz U ogo g yegil Vee-Veo ol
Sar 5 ploliw OYAL oL Ken o sSipks)
Sl S sleossslh 1 sjses L5 010)
Siulesl jo aS wols (5,845 oS w9 0 4l
ol s Gialer g Ssl S sl bl
2 oS sl S eeyn s (2013) s
4 W, At ol 4 @i Aoy w5 )0 (il
P pSeSee Vo Gl b omip ady; ab) g 5d Gialsx
cbale By (g 955 I serte ()5 Slogsel il e
el o lay Gl Adibe 5 0558k 100 & ol
b aglin ,o ale Jlb o 5 ady, Jsb 5 colls LialS
5 a3 pSeSee Ve kil
2 S sbossl Sl ey o (2014) e
Jol G 5 ke Jlil a3y s (il
a5 Loy 4 pl 4y et Gy (KeesS
A g il 5l i Lo 5 (S paxsS jed Sials> e
3% (Gilsz P el Lo g 509050 5 Sl 03
ezed el sols olad aBaleyl Ll o )
SR SEKATN SPNGRERT
el aiBls az g 5l Hed Giler R (e 9 (Seew
2 oS Syl CBIE 2l L s Jleds 5 s
5 $38lez Sundlel ()5 ©agl g 05 lag el SllS
(2013) o) San 5 ' ileaY by yeai | ikds Jlggls o,
23,5 ol g WS SS9 b oz Jlil 0l g (el

11. Srinivasan
12. Jiang

13. Haghighi
14. Lahiani

S 3lez p S5 Sbos sl G

doddlo

Gl Fragariax ananassa Duch. oole b L (5,804
aS ooy e g Aludix (sladgs LS 4 Rosaceae o, 4
OYAF (giye) &S o joe Jlo 8 B Y Lugie sba
NSO OTPYURNINE S SINET [ e
Coeal bl wibe Tolls (S0 5 N ol
Sl osee 2y S Olpea Okr b 0 ol
Uiy 2007 ) San 5 Fnlon 2009 .oy Ken 5 T il5D, )
A3b e og, slradls | eolaiul 80y obosl Jeens
eSS wibe olS sl 5l eslaal L (S0 ,iS8
090 SShagze ;0 Iyl Glekad 5 olesl dilez ipias o
g9 dbml (g 0580 plnl )5 oldie jo 5 gladed
039 i olSel (G sl ol yo ez bl 4 (S
B 5l) i sa ooliial (B 5| Jol> slaydy 5l enlple g
SYsb 5 CHleS e (SP0s syl Siailex (VWWAS
Sl Sglate (5,4 sosgs ;o Jialsx e yiSlas 5009
SlaJldls 03, £5,5 5 ialsz (1992 oo San 5 7 4L
G4 clS lan e WY U Y 5l el See (S804
Oosr 0S5 SleiSy d o Mol gasly Sy (gl (1973
osily (B3l 028, o Sl esl (Spog jed Sailsx
5 AL S350 Gl i 5 GBS ) 5 oz’
5 NP Hedy Jalex ley 30,5 oligS (1992 () Sen
ol Gl Vb (Sl a9 00 )0 ((S319iSs 0 (e,
P Tsledp)s Sl @ a8 e oo ol Tol5a &
yoba pladswe (2004 o oLy s 13 byl ojse |
Sortr 9 @S Sln ol oty e ;3 polae
Sy @S lojlers il (SAOE Hoh (Sials
a5 Siallsr slearly See 5 Fialer wnl n U
G ol dex ol Gl A oS G)lE (Spoy
Lilpd jo cis g Sopedlem aeul b el (el
3hoeolaiul 9 (OWAY () Ken 5 Bwg) gladaiiygyo
O gl S ez dpl aiile (LS 0l sleoaS wdas

. Fragaria virginiana Duch.
. Fragaria chiloensis Duch.
. Gerdakaneh

. Debnath

Riazi

. Miller

lyer

. Wilson

. Germplasms

10. Thompson

©ONOUTA WN P


http://www.ncbi.nlm.nih.gov/pubmed/?term=Lahiani%20MH%5BAuthor%5D&cauthor=true&cauthor_uid=23834323

7 bl g 5l /3l 8)lod [phoin wlor | LS wladgi (5590
L2008 (Koj g o) Canl 0als 0ols lis S| Sladllas o
2 (69,505, 5 AL Sk (Fiailsr Cussl 4 Az
uLﬁbLj @)4.:‘9? Sgupe Ls‘)" Lmug.us.»l; 9 u‘)byl.v )| oslazul
5,5 58l a8 el T LialesT cnl Bas wcenl ool S5 54s
ooy slassigye cuShow o oS Gl
aFeie g dled (o) p (KAOF H9h il slaasll
Silyz Sguge Ll allgi oo (S Slesigl Ll o5 wS
O Slaslie 55 oo cnl 50 9 T3 boogd (S5 R06 5ed
Sidlsz pgat 0 68 5 g latndgye CaS b gy
5 o Gialosl ol pslate s 35 ool (S50

mo)f |J?|

09,9 Slgo
2 RS sl Ol wyp jshiea addlae
Lolels 5 oogsl pB)l (S5 8095 5o (Jielex slagasle
JLs ,o (Fragaria ananassa cv. Paros and Camarosa)
SLel pole 05,8 aLE oS oKzl e VYA
ogods lsal Ghez degd olails (65,lsS euSiils
G S5 o ol SIS b il S il
Sleaie Slisle;l s sbcwl & a5 Ll 5l alye 1,2
L (KA08 seh @UilS &5 WS anie
Wl ek Siailez p (295 U Jlp VPSS sl gmannl
a5 50 Siallsr slogasls wyy psliier Glalojl nl 1Y
Y7 Sstlsmienl baS Lo )lels 5 ey o)) (5005
slecdale 51 ol o aS wo )8 b wal ol Jb
Sloogigl il dee 0 059,80 Fe g Vo Ve ity jho
A oolaiwl BS g MS (glacisiyg,e cusSlase o o)S
2509 LS 0L el o gled oS5 Ve ggemme o
obed jo b 00 L5 A Guos s oy shoae Ve 1SS
TF S syl b aSl e Loy sjlers 0S5
oo (55; p Wad 2ol adds O Gowda Jby
a0 YO glo b yaignd jo bows wae S s
celw A é")l) 0,99 g celo VP ‘;L..wﬁj 0,99 g 0‘;‘5..&.»
Lalys ol 5o Gy Fo) Galesl oj90 bl U g winds Jaie
Y olagl axais, Jsb 45 (5)90) eojailex ,eds auils I,
by 9 A5 u..:)Loﬂ: (ws&ddﬂ ETIWE O OQ)AJ‘P ML )‘*“°&5L"°
Okl o 5 08l asbl jled malesl ey oLl

@ o) Ol (Sitler S (G5l do 0 laall

7. Xingma

A

Jedls ad;y 9 Sialsz p (oS Glacssisl cute ol il a8
slosssl (uls, bwy ol it sladss (o o
\ B 39 sdalie Wyt oo alidee sl b, 4 i)
k_éal_i.:;iLa)’—l byls jo a5 wisls 5158 (2011) ),
S8lez Rl o o)l ST (05 sleoasel 0 p)l8
wals b aglis o Bgnad o glaals Jal (ISmaye s
slable oyl Gl 5 aKill alllas o 08,5
Ly S on st 525 @ssil d o 0,8 (Lo Yo g Ve )
30 Sl aiils sals b awslas jo Jlls Sis 9 5 59 2

YL slacdale i

i spSell sla il
Egozmo ;0 .Cuwl 009y oljer i OISIL 55 slacguigls
B g (Mo ln Jldls 92, 5 )5 iale> oo e
Vo cdale (o glaads Jald glp g i 0 6,8 e Ve clale
4 (2011) ), 4 T‘_SJ‘{;:{)J‘.MT Cawddy yid 0 f)f‘_,’i..a
@ Jolme basgi 0955 oS 0l Sy (55 2 o5 (o)
& Jelme (ol a5 ol 3155 aals 0,5 sleogssls
3950 Ll .l alid 05 ol il Cae s )38l Eels
Seesisl ol Jole oo )0 2,595,500 7 b oad Lo
Jols oS s paiz 3wy g Gl (S
axg b oglas L aiols las |y Slblesdl g laasls doas,
5 S sl Jolxe b ool e plalS ol oy
0955 LS al, il aS al ol wels LS
Jo 2 e wilies ol e 6)S s o 4w
Coouw )| (e 40 omww u‘)éyl.: K9y 2 Sladlas
Lol ools las YU glacdale o paazay 5], olS
asle o3 oS @il as cnl ools las Sladss
5 % Sidler wile ol S wdy alide Jolpe 55 (55 95T
2007 T Ky g o) oS e obml Cales dly, dxwss
Sl ool Hlis sirews Ol pas  MEL oLS g0 Jlls wi
A Cawl ool las 3t Glalas (2008 () Sen 5 0 N
Vol S as o Feyd Wldgl b LS slacdale
Ol 500 5 Gmsinl)] Jlib ln Wi plas
S oll e MBL wlie glasy, el Lo sladss
Feoly jabay yiagil Ae U yiegil Ve o3l Lo, ol 340

1. Pourkhaloee

2. Tripathi

3. Linand Xing

4. Yang and Watts
5. Lee

6. AgNPs



29 Sialez do s el a4 e i dee o 05,500
dall 4 Sl jady Jiailex pae 4 yoe JYL slacdale
olis by Lol &l 31 . SShe aslie (Y Jgaz) wo )5
21 G g )lolS 43, 5 MS o BE S nomo 45 ol
Sologime U L g g Sialex aopd wgyb o,
P pS ke yho clile S lacdle oled o o il
Js a1y Siailez aopo (p s (0,5 Gleosssl 1l

(Y Jgoz) Cenl asils

29 (Fiileer Cus
Sy 2 sy g0 S, blite 5 (Lol SIS alos
slaogsigl )5 () Jgaz) w8 jlosne 50 (Jiails>
235 (SAOF ok Gialler Cepe el el S
€5 30 2 50 Heh Graler Loy ke A5G 0ba
2 BlelS g o)l 08, 99 2 lp 9 BS g MS cuaS e
sloyles) o0y caigl s S j0 05 dw yho clale
M ooy ;K0 olead b 45 wyo,S alisdle (anls
feog Y -
Silsr S8 Ed )5 sl e )0 059,50
08, g MS e 4 Coed BS Laors 100,55 onnline (5,4

sladale o (V Jaaz) ails lo e

Los e Siailer e Lugyh o) 4 Cawd 1g)LelS
(Y Jgaz) wsls las 1) (g ks gxe B

AY

BE SV PP P G PO JE ROt |

wis 50) azaile Jsb 5 azais) Job (ol Siailsxr 10+
S Gailex doy al 6 pSejlal (Gailsx gy 5l
Voo )0;.))..5 )5:}3 JS Sloss » ob)’cu‘?.‘? )5:» Slass M

(1999 7 5,5 Ko 5 gilhmalS) 3305 drslono

GP% = E—G =100
N
08 jalg> 9ds Slaws :G
o9 JS slass N
Gebo 53, 50 00jailez 53 Sl s T Jlez ey
Jsb 00,5 acwle (1994) ° i/ §(1962) ¥ 050 Jgo,
> (Si8ilex E950 5l G athe g0) azadle 5 azaiy,
2 (S o3lil (6 e hae (A5 has Sl eolainl b e e
r - = S
— Di
Ooyleds 1o 0 00jdlle> ey dlass S
el i leds U 5g, olass :Di
oyleds Slado N
9.1.1 kel 58l 5 5l eolaul b ol iolejl oL o
dalie Cuz 9 85 I el g 455 996 SAS
10 Jleiz! mlaw o oSSl glasloaiz gesl 5l oSl
0,5 oolazw!

29 (Fi4iler ws s
e 51 a8 8l 5l () saz) baesls il lg 426 gl
29 ($8lsz 0o )d (555 2 ey Dyse S, Al
289 esdsl chle Sz go s, o e
(V' Jgo2) a)les (nS0le anlie 0l o cme (23l ()l
Sl aLBlS 3925 o e B Lo jlad s a5 Sl las
(TIPS TR
3 2 3 S sboisl il 5 eSS
ioslalas e 59, T o5l G BS 4 MS cuiS e
5 ook p8) 90 2 3 (T Jeuz) Wl e (Siailex
ciSlaze g5 93 2 )0 (Sialsr wo)d e g lelS
Sk )3 55,5 o) wall slajles ;0 BS 9 MS
U o ass 15 & o 45 35,5 anlie (gl

(_gL&»vJa.l.c o FRWIRAY p..é) 9o ,» )5;\9

o cdale o 08 Gleogaal 0,5 anily o siee

1. Germination percentage
2. Camberato and Mccarty
3. Germination rate

4. Maguirw

5. Eschie



A5 (bl g 5leg [ Jol 6 o / pbaris als | BLS Oladgs (5550

05, 9 S Bloogsl cbale S e U cos Sialsr slaasls Sl pe Sk 1) Jso
Table 1: Mean squares of germination indexes affected by culture medium, carbon nanotubes concentration and cultivar
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arads, il ol Gl e (Sl Sl Sl gle
Radicle Plumule Time to 50% of final Germination Germination df SOV
length length germination rate percentage
6.09" 2.05" 12.96" 0.043" 16219 1 S Ly
Culture medium
275.81" 378.81" 2866.13" 0.536™ 45958.11" 4 il bl ]
Nanotube concentration
Gasal cdale X oS
2.28™ 0.77" 9.08™ 0.016™ 0.6592" 4 g %’?‘L’ g _
Culture medium x nanotube concentration
13.41™ 4.40™ 21.16™ 0.008™ 1.6347™ 1 ‘“’5_)
Cultivar
5. X nS]
0.11™ 0.09™ 1.44" 0.0004" 0.3626™ 1 ~ -
Culture medium x cultivar
5 X Gesals culals
5.05™ 1.90™ 11.53™ 0.003™ 0.8864™ 4 ™) '9”?[’_ )
Nanotube concentration x cultivar
5. X el culale X css
0.06™ 0.23" 2.56™ 0.002™" 0.3434" 4 w8 X sl B
Culture medium x nanotube concentration x cultivar
0.044 0.049 0.60 0.001 0.14 80 e
Error
7.77 7.02 8.89 8.04 1.09 - (3:0)9) Slyeedd o 22
CV (%)

ns, * and **: are respectively non-significant, significant at the 5% and 1% level
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Table 2: Main effects of culture medium, nanotube concentration and cultivar on seed germination indexes
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Radicle length  Plumule length ~ Time to 50% of final Germination rate percentage level Factor
(mm) (mm) germination (day) (seed/day)
2.95a 3.30a 8.38b 0.13a 11.30a B5 eSS b
Culture medium
2.46b 3.01b 9.10a 0.09b 9.10b MS
6.72a 7.28b 21.45b 0.34a 31.75a 0
6.83a 8.52a 22.25a 0.24b 19.25b 5 coagl clale
oc oc oc oc oc 10 (Adlee )2 p55,5)
Carbon nanotube
concentration (ug/ml)
Oc Oc Oc Oc Oc 20
Oc Oc Oc Oc Oc 40
2.34b 2.95b 9.20a 0.10b 9.30b o9
Paros o3,
3.07a 3372 8.28b 0.12a 11.10a L bl Cultivar
Camarosa

A3, g o gae BT e (o ilBlaz 15551 2 4y by o g 2,0 dlie By b slo .Sl
Means with the same letters in each column related to each separate factor, are not significantly different at the 0.05 level
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Table 3: Interaction effect of culture medium, nanotube concentration and cultivar on percentage and rate of seed
germination

Gy 59 5% Srallsz ey
Germination rate (seed/day)

(do,0) Siale> do s
Germination percentage (%)

(elhee 0 p55,500) clale cuaShaoms

I59,LlS o3, o9k ol 159,L5 o3, o9k o, Concentration (ug ml™) Culture medium
Camarosa cultivar Paros cultivar Camarosa cultivar Paros cultivar

0.31b 0.25¢c 30ab 26bc 0

0.20d 0.19d 21d 14e 5
Oe Oe of of 10 MS
Oe Oe of of 20
Oe Oe of of 40

0.41a 0.38a 38a 33ab 0

0.33b 0.25¢c 22cd 20d 5
Oe Oe of of 10 B5
Oe Oe of of 20
Oe Oe of of 40
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Means with the same letters in two columns related to each index, are not significantly different at the 0.05 level
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Table 4: Interaction effect of culture medium, nanotube concentration and cultivar on time to 50% of final germination

and the length of Plumule and radicle
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Radicle length (mm) Plumule length (mm) Time to 50% of final germination 0 X Ire B
) e S
155,L o5, o9k o5, 159,L55 3, o9k 5, 159,L55 3, o9k o5, Concentrf_iltion
Camarosa cultivar  Paros cultivar  Camarosa cultivar  Paros cultivar  Camarosa cultivar  Paros cultivar (hgmP)

6.92b 5.26e 7.39d 6.46e 22.6b 23.4b 0

7.06b 5.3% 8.59b 7.73c 20cd 25a 5
of of of of Oe Oe 10 MS
of of of of Oe Oe 20
of of of of Oe Oe 40

8.46a 6.26d 8.53b 6.73e 19.2d 20.6¢c 0

8.33a 6.53c 9.19 8.59b 21c 23b 5
of of of of Oe Oe 10 B5
of of of of Oe Oe 20
of of of of Oe 0Oe 40
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Means with the same letters in two columns related to each index, are not significantly different at the 0.05 level
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Effect of Carbon Nanotubes on In Vitro Germination of Seeds of Two Strawberry
Cultivars

Yousefi!, R., Mousavi®*, M., Moalemi®, N. and Ghafarian Mogharab®, M. H.

Abstract

Strawberry seed germination is long and non-uniform and variable, which can cause problems for the plant breeding
programs. Reducing the time of germination for strawberry seeds and achieving a high percentage of germination, will
allow breeders to easily assess the strawberry germ plasm. Recently, carbon nanotubes have been used to improve seeds
germination of plants. Therefore, this experiment was conducted to evaluate the effect of carbon nanotubes on in vitro
germination of strawberry seeds. The test was carried out through a factorial experiment based on a completely
randomized design with 5 replicates. Factors included two in vitro culture media (B5 and MS), different concentrations
of carbon nanotubes (0 (control), 5, 10, 20 and 40 pg/ml) and two cultivars of strawberries (Paros and Camarosa). At
the end of experiment (40 days) germination indexes including germination percentage, germination rate, time to 50%
of final germination, means of radicle and plumule length (two weeks after germination) were evaluated. The results
showed that seeds of the two cultivars cultured on MS and B5 media containing 10, 20 and 40 pg/ml nanotube had no
sign of germination. In 0 (control) and 5 pg/ml, seeds on both culture media germinated significantly compared to the
other treatments. In most indexes, control treatment was better and significantly different among treatments. The results
showed that carbon nanotubes in high concentrations restricted the strawberry seed germination possibly because of
toxicity induction for the seed embryo.
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