? ol us| )6.'159_:.5_1;._.-‘-4 25
% ? = alJJlbﬁlJ.cbpsj.ﬁleO |S.AS' e AT

gl el g o0 vy prelBuials 195 100 e 11— 15
Gly 8 0,8 Culhel (Sl U1 Cadlad 9 555l 3y dolwg p19 wiod o3 0w 5]

' B8 o) yrand it €13 5 30 GO 58 (1 yand TS 5L 3 Jooljunl; anbld
F e oRils «(55,9laS euSiils ¢ SLEL psle 09,5
ol ol sRidls «(55,9laS ouSiils ¢ Ll pole 095"
kakavand.f@gmail.com : Jgsue odsus ¢*

ouS
Gl s 53 (NO) LT S i 00lS Ly S 3 SO gy (SNP) wylvg 3 gy oo
2 0lg gy midws 3l oy Bun b Ghegdy ol 0510 S ol 50 ok Egite s, 18 S
sk o9l (sl i el (slatnds (1950 Lyl 30 30,8 CaligS o (Gl T T Slio 3 (5550
Sl l)ls MS s’ buxo 50 Oly pd) 0,8 CuligS o pivwn yo CulS I Jolo> sbrazals
o) Y sb 0590 QI 30,5 CliS (1Y909,500 Be g Fe (Yo Ve ) wolug pyg s ma o aliio
Sl bS] Gl YL slawm 3T cadled ( Slamms | 8T cad sl (591 3 o 36 (obo
b (5 S0l ol Hland (saiged 31 (bl sladio 9 SLLigel VT Juid o jlams S L
o 00 oS gldiga 31 (5391 1w pd oo GiuliEl erge wylwg g i e I ool
Codyb ol Jol> SNP Yg0g,Sne Fo clile 50 (VINA) 5190 iVl g wo)S 50,8 culigS
4 Comd (51020 sl I39! SNP Cilisko Cdile b o jlowd slodigns 1) (Sl 5T
s ol SNP ;Y g09 5o Fr ylos 50 (FO1/BY) SloomasT 65T cdlad o3 YL g 815 oL walis diges
33 Wl gy mavaw 3 ool ;5T o 3l Ty ©byeSnl g jlaumsTy GYBL slaes 3T codlad
J il sl 3T calles p wlug gy paw dilie sbojled Fl I3 <850 I8 culds b
U o syl cme sebas Baiges 31y crilowgil Hladio 09 HIs o JLILSgal pi¥T s 5 3l
Fo 3l oolaimwl ool Cawday gulis wlw! p .8l 38! Glo om0 yebas wlwg g s mo o )l solaiwl
a0yl 30,8 S o (Gl T Slao 9 (6591 I3 (sl ol g p prws HY g0 S

D9l s
SUWligel oW1 Jud ((GlogsI T cadyl (sladiud (590 wlwg gy mdwi sl wlals

il g

doddo

L 5 dpie oY gamo (43,51 Gy (gl ook (g3t Sadyb Sl oolinl (sl (los i (Sla 330 03 54!
O Ol sl o4 b (505930 Saailass) Sl lagpiliwgiil ool plxil > 0 (LS sladsh 51 i3 )l
SLS 5 5l ookl b aS wil o gy gl 55 oSS ) paiiions dlgi (sl onte Uibg) il ChdS aiad dnie
(Corpas etal, 2011) ols 2153l lgioe |y ommb Sl 5 ol adgs slacnd g,0 Ll ,o ool

2P e S5 pliedr o8 ool (NO) wlaST 6555 00iiS by oS 5 o WSNP) ylsg g i ook
J JsSIse <3 NO 5T G, (Li et al., 2008) cowl 48,5 |15 azgi 5,90 alides sloioghy ;o (LS
G5 4 ke slagul B aty; w5l olS 0 (el ggiie lad SUI 51 (65l i o oS Sl (i

! Sodium nitroprusside (SNP)

| 21 ; : 2
[nternational 1 (y] National Horticultural \
L. Conference -_&5 Science ( ess of Iran

September 4-7, 2017, Tarbiat Modares University, Tehran, Iran



P ULl Libpgle g los jRuS uansg

EHC 2017 gl el g o0 vy prelBuials 195 100 e 11— 15

Obesply JsSse G plpreas Wl oo NO oS cusl ools (lis o3l sl 0 )l0 (A5 () 1 5 (S 1o
SonlaST S wles s (690 5 Sl edeil «Sieln s alide slasil B s 9 w5 Joe GlaLS o
Sy aboz 51 olalS (Ssls 8 5 alberdsn Glaanld il ol w55 )50 (A kS Al S e
OlalS Jlb SlaS 5 dgupe 4 S5 g Jpaze CodsS g 0 ,8ee i, aile; Slas 4 e el (pl S (oo L]
(Corpaset al., 2011) ao)f‘sq

Sl 5 Gelemni] Jade 5 6ysln 2 Wlesn 9 mrow 5l eslitel o3b ) Ban L adllas ol
s ool o8 s (gl (9,0 (sloazalS oS

i) g 29
BLS dlgo

Slu 03, 78 S o ladad 59,0 lulid 0 il pienye CaS ) o] ey slaazalS
Fod 50 p,5 e VIO (s5l> (Murashige and Skoog, 1962)MS cuiS lasws | baaxals oS5 Cya .ol ool
S o pS Ve g b 5 o S ke Ve L esS ol i 50 oS ke Vet s sieel s
Al eolawl 5,

i)l 3,50 Slao g bajles

ot Rbegpo s g wleg g s mud Vgeg,Se B0 g Fe W e e slacdale )2 9590 sl Lo
Sadsl oSy glea b s cuS e (o baxals cuaSib ol Alsl cuiS e 4 gl L Sgacas )
5 aised 51y xsln urd St GRTSI Guy ole (23 0005 plonl atin 4w o Jolsh 4 ilog s ok
STy, VB a1l (slopl colled (ST bl Jals pliasign (slacs nSesla
ol w223,5 el Sy o Sl oslial b S sl e 5 SLLigal VT b 5 sy ClysSal
s ploml S5 50 5 oaalie ¥ g 1S5 F L ol SLlS )b & g0ty tule)]

sl jo basls slows p euds iolojl (L 5l s asls sloss dadiges s, (69l wo o dle slp
20,5 ol a0 G ygods g o ales)

.(Brand-Williams et al., 1995) 5,5 b5, DPPH o5, 5,k 51 jelyly ol r Sl ool coud,ls

Aebi, ) ad Ll (159,000 SpaS 1) T iamsgos 433285 bl 2 VB 0 5T Colad (5ol ey 5T clad
5 Oired STy 5 5 LS S JsSLSE LS5 ol sl sl Cullad (o uSosbal (1983
9 Nakano g, ;5 jlowwsSTly @byeSwl cullad g uSojlasl jglaieas (Chance and Maehly, 1955)ss JsSLE
Jeto =) Dysgw 30 bl o slawasT 8 b w3l cdled 6 503lwl 0,8 olazul (1981) Asada
i r‘t’.}ﬂ clld (6,505l (GaleazziandSgarbieri, 1981) wis slxil yiaglh Vo zoe Job ;o (JoSSU g m
(Wang et al., 2006) =é,5 plowl asl Saliw adsi liae Golaol 325 o585l eolizal b 5Llisel V]
b Jsbre 0ufisn nSeill 0,8 (3135 ntian 5 shes 5o 4k30 50 saides (olol a3l ooy codled
A plxil (1976) Bradford 3, 5l ool

g Sebie JSIN ol Jgilie Jolma 51 oolital b ladiges 52 uibawgil laguibiwyil pline Siomins
(krizeket al., 1998) ol <83 5agilb OO« zge Jsb ;0 g zlmenl (V 49 s 4 ol S, 15

oSSls ygesl 5l eolatul b aosls 1 5le duslie g 8,5 aluISPSS Ver. 16 s Ll ,l58ls 5 b laools 432
A pl]

FeEDDHA

ﬁhl [nternational

Conference E”I El\f.'lsl.l.l-l-l . !! :...I:i.luuliil.!.,

September 4-7, 2017, Tarbiat Modares University, Tehran, Iran



P Ol Ll pgleolos jRiScsansg

EHC 2017 gl el g o0 vy prelBuials 195 100 e 11— 15

5 &by Slao p (Vgeg)Sa B0 5 Fe ¥ Ve o) wlusg g s mades cilizes glacdale 51 uilylg 45
(SIS Cdib (spgln cupe a5 Ol L lased (90 Lulpd 50 5o 8 ClgS G SlaenST ]
b s s logine jobr Gailaagil e aizen 5 sligelon¥I b 5 ST L slap ] cullad
sl g STy GV slam sl collad pr wlugpg i paow Sl g wd S 18 oS5 ol 5l eolial
YRR NPE I KVOW 3

CuigS o 00l CuiS ladinel ) 5y5ln crd Jsre Rl cage wleg g e ) eslatal
ool 3l eolisl (GYb Sl aiz o it Lol> SNP Yaog Sus Fr sl 5 (VVA) 6505 eVl 5 00,5 5a5
e (2009) ol Bea oXuslai bl () Jgo2) Sl ladigain) 135 0 (hie ST (Y0950 B0) oS 5
205 (o0 adigas o) 2035k Rl carge (alS 0 sloosiiS e ol welais &5k Shalag g s

@ S S0 oy SR8 SNP Galizes slaclale bonds jlos slaaised ) (oSl ol cd )b
CpyeS g 0l ol SNP Vgeg Ko o jlas ;0 (YO//OYV) SlowuST 6T cudlad o 5L 5 olo lis salis diges
5 VLIS olag 5] colleb aSulssmsh ays,S oanlin sali glodises ju, ,o (VOVIVY) SlawaST ] codbs
23] 99 ol Cedlad (oS Sl 5l Jg 885 18 S Lanma 30 dylog i ks 3l olisl 3B o jlanST
oot b ot Lo (gladigns 32, 5 STy b ysSiol o3l cellad ols i g3 wig, SNP cale sl L
Pk 5 0l VPV @l cdlad iy 5 witdls (i BB Gl wali b avlie o wleg g
o gl VT i g ST Ly gl 3T conlled i osnlive SNP Vg S Yo clale 5 (aisyg
2 IS ol cllad i S olas Slite Ky, wlegng i e ciline glajles b
PGk o wly +fo80) SNP VoegSe Fr clile 5 ((ufon pS ke o w2ly <N+ ) wald lajles
(90 p S ke 5o 02l <IFEA) ¥Fog (g p S (en yo a2ly < /PAD) Te (slaclile 5 b ol (g
WLaST G55 () Jgazaiols oLt 1) 5Lllogal VT Ltd o351 cudled G iy wilog g i ades JY509,500
Gk 5l ailagn 5y pades 915 0l Galise lalS o ST Il slag 5l b (1581 50 (g 5e (S
;o (Tian and Li., 2006) 35,5 o i cov lals o,Slas g ol (li8l cow obS cou 3l i g
clled aliEl liie 51 g b 0 Loy T colled s ilides ST syl g2 pades 3y,lS cilisks SlalS
(Tian and Li, 2006; Li et al., 2008) ass_co Lk Gl s 52 w3505 53l oo |, olaeasST 5T slops 31
s8] slom T cedled ial33l g lanaSTy o YBIS sloms T codled zals 2009) o, 5en 5 Xu 552501l
29bts a8 CubsS s sladiges 3oy (pilomyi] e ilod S I35 Wil g5t i 3B o Sl
Ve lojlos o e o ytian 9 28l Gl g cne jsboas wilg o sl esliinl S50 cod (g lo g
(V Jgu)ad Jol> SNP Vsog,See (5 0jg 5 skeSTp S (oo YVITO) B+ 9 (5 (339 2,5 skSTp )5 (ks YVIVY)
pdw alize glacdale SU cov ulwss! e (Y+10) LuilSen ¢ EsmaeilzadehBahabadi .80 o
31 GLas el sobug g i

Slao g 69l Gl Gl wlugpgrns mow Ygag,See Frosl solitul sdnl cuvsts ol wlwl
0950 apogi 508 CusS s (GhagnS] ]

Pl 08 5o y8 dsS s Gl I ST Slao 5 55505 walos sy mases JI-) Jgor

ol pa¥Idas Bl olysll sty VBl O I = B R
seSlp Sk Wlisel  ShaeST o SlaSTy il elasly) aeSTE o g
G oS elaxly) alaxly)  Llasls) ol ol M la =

g1 p
International £ Atk National Horticaltaral
H Conference t”ll';a. :I.I.--I ( o5 -II Lian

September 4-7, 2017; Tarbiat Modares University, Tehran, Iran



P Ol Ll pgleolos jRiScsansg

EHC 2017 Ol ol 5 a0 i 708 1S 19§ jou el 11§

3 3 3 (95 (95 S 955%4)
(g (S5 (S5 ) (OYse
d*
b C a b a a b AN
/A VY SN ¥ S IYYY JYAY o F) VOIVY .
, , YA
YY/VY A ¢ VAT YA B YY/aYP \ v
b
ab a b a a a ab Ard
V- /0¥ - ISAD “/-YA Y/sY N RS YV/O . Y.
[YAR
YVVO® < JFEAD .[+q.% < IASY® SN E0? feay? Yoo v f.
d
Y
SANS S ¥A e .- AP VEOP SJVAR? eva®  yypL . o-

&L

Aebi, H. 1983. Catalase. Methods of Enzymatic Analysis 3. VerlagChemie, Weinheim, Germany, 273-
277.

Bradford, M.M. 1976. A rapid and sensitive method for the quantification of microgram quantities of
protein utilizing the principle of protein-dye binding. Analytical Biochemistry; 72: 248-54.

Brand-Williams, W., Cuvelier, M.E. and Berset, C. 1995. Use of a free radical method to evaluate
antioxidant activity. Lebenson Wiss Technology; 28: 25-30.

Chance, B. and Maehly, A.C. 1955. Assay of catalases and peroxidases. In: Collowick S.P., Kapplan
N.O., (eds). Methods in enzymology. Academic Press, New York, 764-775.

Corpas, F.J., Leterrier, M., Valderrama, R., Airaki, M., Chaki, M., Palma, J.M. and Barroso, J.B.
2011. Nitric oxide imbalance provokes a nitrosative response in plants under abiotic stress. Plant
Science; 181(5): 604-611.

EsmaeilzadehBahabadi, S., Rezaei, A. and Najafi, S.H. 2015. Nitric oxide effect on growth and some
physiological parameters of in vitro cultured lemon balm (Melissa officinalis L.). Journal of Cell &
Tissue; 6(2): 195-203. (in Persian).

Galeazzi, M.A.M. and Sgarbieri, V.C.J. 1981. Substrate specificity and inhibition of polyphenoloxidase
from a dwarf variety of banana (Musa Cavendishii L.). Journal of Food Science; 46: 1404-1406.

Krizek, D.T., Brita, S.J. and Miewcki, R.M. 1998. Inhibitory effects of ambient level of solar UV-A
and UV-B on growth of cv. New Red Fire lettuce. PlantPhysiology; 103: 1-7.

Li, Q.Y., Niu, H.B., Yin, J., Wang, M.B., Shao, H.B., Deng, D.Z., Chen, X.X., Ren, J.P. and Li, Y.C.
2008. Protective role of exogenous nitric oxide against oxidative stress induced by salt stress in
barley (Hordeumvulgare). Colloids and Surfaces B: Biointerfaces; 56: 220-225.

Murashige, T. and Skoog, F. 1962. A revised medium for rapid growth and bioassays with tobacco
tissue cultures.Plant Physiology; 15: 473-497.

Nakano, Y. and Asada, K. 1981. Hydrogen peroxide is scavenged by ascorbate-specific peroxidase in
spinach chloroplasts. Plant Cell Physiology; 22: 867-280.

Tian, X. and Li, Y. 2006. Nitric oxide treatment alleviates drought stress in wheat seedlings. Biologia
Plantarum; 50: 775-778.

Wang, J., Zheng, L., Wu, J. and Tan, R. 2006. Involvement of nitric oxide in oxidative burst,
phenylalanine ammonialyase activation and taxol production induced by low energy ultrasound in
Taxus yunnanensiscell suspension cultures. Cell Physiology; 14:391-397.

Xu, J., Yin, H., Wang, W., Mi, Q. and Liu, X. 2009. Effects of sodium nitroprusside on callus induction
and shoot regeneration in micropropagated Dioscorea opposite. Plant Growth Regulation, 59:279—
285.

H“llnlmw-llinn:!l Horticnltiz

1411 National H
Conference t”l :a.:l.l.--l (

September 4-7, 2017; Tarbiat Modares University, Tehran, Iran

1T
35 of Iran



= ol us| )6.'159_:.5_1;._.-‘-4 25
= alJJlbﬁlJ.cbpsj.ﬁleO |S.AS' e AT

..... C T Ol ol 5 a0 i 708 1S 19§ jou el 11§

The Effect of Sodium Nitroprusside on Proliferation and Antioxidant
Activity of Red-fleshed Apple Var. Bonab

Fatemeh Zahedzadeh', Farshad Kakavand?®', Nasrin Farhadi!, FariborzZare Nahandi',
Samira Zeinali Farokhy'
"Department of Horticultural Sciences, Faculty of Agriculture, University of Tabriz, Tabriz
2Department of Horticultural Sciences, Faculty of Agriculture, University of Zanjan, Zanjan
“Corresponding Author: kakavand.f@gmail.com

Abstract

Sodium nitroprusside (SNP) as a nitric oxide (NO) donor has a role in regulation of various
plant cell functions. Present study was conducted to investigation the sodium nitroprusside effects
on proliferation and antioxidant characters of red-fleshed apple. The obtained plantlets from
meristem culture of red apple Var. Bonab were culture in MS medium with different
concentrations of SNP (0, 20, 30, 40 and 50 pM). After prolong period (6 months) proliferation rate,
antioxidant capacity, activity of catalase, peroxidase, ascorbate peroxidase, poly phenol oxidase and
phenylalanine ammonia-lyase as well as anthocyanin content of treated explants were measured.
Sodium nitroprusside caused a significant increase in proliferation rete of red apple and the highest
rate (7.18%) was obtained in 40 puM SNP. Antioxidant capacity of treated explants with different
concentrations of SNP showed a significant increases in comparison with control explants and the
highest antioxidant activity (35.51%) was obtained in 40 pM SNP. The activity of catalase,
peroxidase and ascorbate peroxidase did not influence by Sodium nitroprusside but the effect of
different SNP treatments on activity of poly phenol oxidase and phenylalanine ammonia-lyase was
significant. The anthocyanin content of explants significantly increased by application of SNP.
According to obtained results the application 40 pM SNP for increasing the proliferation rate and
antioxidant characters of red-fleshed apple is suggested.
Keywords: Sodium Nitroprusside, In Vitro, Antioxidant Capacity, Phenylalanine Ammonia-lyase,
Anthocyanin
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