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ABSTRACT

Grape (Vitis vinifera L.) contains antioxidant compounds which are very useful for human. Unfortunately, most of the
antioxidant compounds, such as flavenoides, are reduced during grape ripening stages. Therefore, the study of
elicitors for increasing these compounds at the time of ripening, is necessary. In this study, the effect of salicylic acid
(SA) spraying in three concentrations of 0 (control), 0.1 and 1mM on the leaves and fruits of two grape cultivars
"Shahani" (with black berries) and "Fakhri” (with green berries) at two growth stages (unripe and ripe) were
investigated. Detection indicators at unripe stage were acidity and berry size, and at ripe stage were juiciness and total
soluble solid of berries . This study was conducted in 2013-2014 on the vineyards of the "Malayer Grape Research
Center". The experimental vines were ten years old and their growing system was a row planting and drip irrigation
method. This experiment was carried out based on completely randomized design (CRD) with seven treatments and
three replications. The results showed that the maximum amount of carotenoids were at the unripe stage in the fruit
skin of "Shahani" and "Fakhri" cultivars treated by SA at 0.1mM concentration to amount 73.65 and 69.94 mg/gFW,
respectively. Results of comparing two growth stages showed that the maximum amount of anthocyanins were at ripe
stages in the fruit skin and leaves of "Shahani" cultivar treated by SA at 0.1mM concentration to amount 3.21 and
2.343 mg/g FW respectively. In addition, Measurement of total flavonoids content as showed the increasing effect of
SA at 0.1mM concentration on total flavonoids of leaves and all parts of fruits (exception of seeds? both "Shahani"
and "Fakhri" cultivars at ripe stages were more effective. Also, SA treatment as significantly increased the
antioxidant activity content of most parts both cultivars at unripe stages at 0.1mM concentration and ripe stages at
1mM concentration. These results showed that the use of common materials, such as SA, can greatly increase
antioxidant properties of grapes during ripe stage.
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1. Reactive oxygen species (ROS)
2. 2,2- Diphenyl-1picryhidrazyl (DPPH)
3. Elicitor
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Table 1. The effect of SA treatment in three concentrations of 0 (Control), 0.1 and 1mM on carotenoids, anthocyanin
and total flavonid content of leaves, skin, flesh and seeds of "Shahani".and "Fakhri" grapes in unripen stage and
ripen stages. Different letters indicate significant differences at the level of p<0.05.

Characteristics Cultivars Growth stage Organ  Control ~ SA Treatment 0.1mM  1mM SA Treatment
Unripe Legf 39.19 : 45,98 : 40.21 :,
wani” cultivar Skin 60.21 73.65 i 57.15 i
RPe San o030 1ase 1455"
. in . . .
Crotenoids (mg/gFW ) Unipe el 45987 5457 ¢ 51417
wFakhri® cultivar Skin 43.78 69.94b 53.15
Ripe Legf 64.74° 23.3 14.96 ©
Skin 5.16° 455% 476%
Leaf 0.641° 1.047% 0.471°
Unripe Skin 0.365° 0.370° 0.315°¢
Flesh 0.009 © 0.022° 0.027°
wShahani cultivar Seed 0.058° 0.038° 0.067 2
Leaf 217° 2.34° 2.213°
Ripe Skin 3.00°¢ 3.21° 3.15°
Flesh 0.092 ¢ 0.249° 0.210°
Anthocyanin Seed 0.09° 0.071° 0.061°¢
(mg/gFW) Leaf 0.378° 0.230 ¢ 0.485°
Unripe Skin 0.046° 0.062? 0.045°
Flesh 0.013° 0.031° 0.038°
"Fakhri" Seed 0.063* 0.038° 0.054°
cultivar Leaf 0.871° 0.850° 0.678°¢
Ripe Skin 0.12 Z 0.188° 0.108
Flesh 0.04 0.049° 0.039°
Seed 0.08% 0.078° 0.061°¢
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Continued table 1. The effect of SA treatment in three concentrations of 0 (Control), 0.1 and 1mM on crotenoids,

anthocyanin and total flavonid content of leaves, skin, flesh and seeds of "Shahani".and "Fakhri" grapes in unripe
stage and ripe stage. Different letters indicate significant differences are at the level of p<0.05.

Characteristics Cultivars Growth stage Organ Control SA Treatment 0.1mM 1mM SA Treatment
Leaf 1.353°¢ 1511 Z 1.602°
: Skin 0.053° 0.275 0.288°
Unripe Flesh 0.184° 0350 ° 0.355°
"Shahani" Seed 0.565" 0.59° 0.410°
cultivar Leaf 1.025° 1.212° 1.031°
Ripe Skin 0.103° 0.141°% ®0.104
Flesh 0.146 ° 0.226° 0.155°
Total flavonid Seed 0.272° 0.218" 0.201 ¢
(mg/gFW’) Leaf 1.911° 1.69° 1.426 ¢
Unripe Skin 0.18° 0.211° 0.206°
Flesh 0.213° 0.271°% 0.211°¢
"Fakhri" Seed 0.325° 0.283"° 0.201°
cultivar Leaf 1531° 1.890° 1547
Ripe Skin 0.078° 0.103° 0.077°
Flesh 0.106 © 0.127° 0.109°
Seed 0.282° 0.169° 0.149°

Different letters show significantly differeces at 5% probability level.

5 by ol slocand Koo 5l i " bla” (o)
ol o b plas Ko Clidss mls (e
GBS S Glme e g 303 )55l slaojlac
3t 308 558 5o lagnilewsil 5 gudgisdld
030 Cawgy ;S LS 5 (ul Gl 9 035 o 55K
(Lo Scalzo et al., 2007) <ol ] cigS 51 i
3eslasl wls lid gizmes bow,p ml
Sl oo Sl sl e Ay glacdale
9 S 5 il slacind lafslowgsl ioli8l cely
oz 5l obaslingl j2 andl) oS land, Sgme
"6)’.‘5" rvé) e '"‘SSLQ)L&" f°'§) aJl g ()J..»
b8 1l ol ot e ran Sl
sy Ao g0 o 0 " Slali" 05, 50 4S5 sba
A Ve e oV cdale jo Selncdlo vl les
S Moy bl 5y il e 2 sl
3 bt olwgnl ol Mg 08, Sp o
I Na oo V il 5 o 8 T
50 L 00 pilewgis] e iol38l pioen oils
locdile 56 cou " Slala" 13, 0 5eé dl> e
5 Jy o edslice Sl vl Voo Lo +/)
b Sl ool Aoge g e o Mg ,m" o,
Aol ol e b gwyp mls il cials
olemsil e g Seloll ol 2033

el P00 e o lacglas og o s Basms lis glaie B>

Scond Slacilowgisl 5 Sabmdls dpusl 3G

295 8910 9 S iz
p5, 0 O Jsoz) ob eveliv Giagh cnl o
Sy et S @ Sy Ape o M gbala"
i ol ool Sijolas 5 08y (0l Bgee Cengy
Casgy 5 S o8yl Bgee Cewgy (5l ailmsgi]
ooliinl 45 g juw A S5, L "6 58" 13, Bgue
V)l cbale o Sl sl sl
rl i 0ss ol Gl el g oo (Ysga o
5550 slaed) 5l (B S5 ls Glis Slisdios s
Kennedy, ) wb oo pis §ob dl> o 0l 3 o
ol plad e 0 b owypm mbs (2001
Ay e &S K lpslegsl (o) ol
Saw et al., ) Wb oo Jli8l ojlas se>g slazsl
odnlice a5 gt opl mlo b gw,yp ol 2010
>y )0 08y 90 2 50 opbewgtl Gl ad
Ol ogr bge glasly b a5 (Eob) (S,
G,y Al e g0 Al gl o)l Slgen 28l
58 o pilnssiil (liae a5 ool (nl ik (0 Jso2)
5098 Ayl i (Soem; Al pe 0 68, 90,0
i Bolesil Ol rizmen g
oy 4 Comd MGl o) Sse slaciend
mlo g i oby Ao g0 e 0 "6)5'3"

59.‘?0 wy LSLQQ.QLH»B.QT u‘)—a—d eé‘é ul.ma 19‘5.»))4


WWW.SID.IR
WWW.SID.IR

YoV VWAV liasl o 8L oFR 5,08 el Ll psle

hb)‘\b 05.’>5 LSOL‘) Q‘)“"Q L Lﬁd).o...u 9 Lﬁboe.:.o ‘L@j).'
ol lis by ow, » zuls (Hendrich et al., 1999)
Slacend den ,o JS aSggd e (1 Jgox)
Ngy 5o ' Sals" ©8) sse Cangy 12 (owyp O)90
2l ply Geizen og all ialS fol Al s
J5 Sl i (5,9 Al e o 0delCawsdy
3 i (ogme SeboS g Sy ,0) 5" o8, o
2O B8 yeba clls pl a5 wg " Slals" o8,
5o Ll ad S (V JS2) ;Mlog Codled
03 30 IS Pl (e Ko p (S, A e
Sladss @L..a Oy "ngﬁcé" w8, 5l i "‘Szlml.i;"
J.Jyg)b o> )‘| (_SJ..B LgLaqu Q‘}:A ol ul.m.)
Pellegrin et ) cool juw 165 51 yiion 50,8 651 o
5 b easlin i egh opl e .(al, 2000
Sgeo Sawgn 50 S adgigdl (e (Sam; Al o
.. S n .o n . ‘ .o n .LQL:J" .
T O S0 00 Sl e ~
Syse locuand i (o wasliwss @l ply
Olyee LRl cely Selodlos vl Jlod (o)
pd) 45 A gl Al pe g3 e 0 5 adgigdld
ol s gy e b, 4y o " Sl
9 Cowgy oS Ceand )3 (S 08 Al pe o aBly 0
Vg /) cile g e " Sla" By bgme cuiisS
Sl el Sl aeaf les o leo
ookl ol 5l aS ad S dedl ol
"o o8y 0 S Il g astie Yae o
Sl Hless alege ol 5800 5 S e o
oo Vg N ACBE g0 2 0 Selewdls
<1\ u.‘a.l&owwﬁfﬁwy)bau,&lsu.cb
ol 2 IS 03553 s el 3 el Vo e
P 0 (S A e o ol Glas (eizmen gl
Slcwud a0 Mgy " Slals" o8, g0
+/\ cdale )l ool ):)o. ).>4) @ 0)9.4
(J"u"’l" sladale) el ol )y}ﬂ;lr:"‘
e bge sloa> (59, Sbowadlos ol Lo
) u’_l._‘a sl )‘\)(53.1.0 ol cel 5
Yousefpour Dokhanieh et ) ool ool (355398

w8y 90 2 &, Sow, d> e o (@l 2013

. n

oo @L&Lu" ‘1,5) ég.uo wy 9 w; GLQM
Sebecdlo sl 550 090 jogeden (558" o3,
Ol GFA%e ssbar Yee e NV il o
ioye 90 50 1y 08) 99 ) Sy Cusgy Gailomsgt]
Ol Scwdls il e ol olidl wl,
Sl b (5o Al po 0 08 59 52 SedsS Guilemsg]
Voadeor N Clle b (S, a5 53 5 Vo0 o)
oL Sl 9 ooy 2 gk (nl @Sl o
Vs koo o) cdale b bl sl olSim Wl
il 055 co ALl S CuiS lasme 4
Moo GlBl iy de 4 S35 el 58 endadys
oddplxl sl ow,p zlS (Obinata et al., 2003)
slasl cws 55:(2011) Brezeanu & Mihai Lo
Ol cely SOl ol Lo wls ylis 5 56X
Orized BT la oy p b gdse bagyiliwg]
eSS leedy Sl sl by lis
i) e S 0 cdmaladle
S S zez Aol )0 5SS Sl (5 3omgn)
5 bl B2 L 0 )3 oo S syl
" Sali 05, Sgne Cangy Ceand 1 g (S, Al 1
b Sl ol Yoo Loo +/V il b ond o
Fom b osalin 5 (39 05 2 05 (oo TITY Glie
<[\ cdale L: OJ.M:)LQ..\J S}’ Caound 090 wg.:
2 50 e reSske YIVF e b Ve Lo
s 1) loysbiwstl Gl o3V (Sosw, d> e
g adSgdls wb lad iores Slados =l
JSsly 805,5 Gloieds S 50 35290 slaibiwss]
‘_gLQu,u.u ).3|).3 50 ‘) ul.QLS 9 AJGA J.o.c olj
Borsanio et ) wuS co cdidls (gulansST) oioluS]
Sl b K gl 5@l S @l 2001
wy u.uL.myuT 6@0)L4€- ‘&5"‘)" é’L\AD 9 oolawl
L Cato 0 (il glaesygld lsieay Sl S5

(Pepinetal., 1995) coul ;6551 o

S JS abgighs p Selumadle sl 53T

9551 Bgmo g 5 1 cilicko
b oS ol L6 glocaS 5 onpollb laadsisdls
5% oigdy (BLS alitee slaciend den )3 350>


WWW.SID.IR
WWW.SID.IR

359 Fa Sl la Tty Sl il 5 e 5 0 TeA

@) (Soslol colled p Selwadlo dpwl 156
o gBcuwmd bugi (DPPH ioaw oS

FCTENNEN
Sy g adls (Sl sla Sy 65 8las
el o)l 5 L obl gl K, (Sass e
EZSC S (W B WSO R IO
ot 3,50 b slaenS 5 S silealls
oS3 ol Sl slalesl, (SouS Jlee coled
) ol plas s (Caillet et al., 2006) wls
fer SanShl ol Sy Abye o (O-A
5 A (ogen gy 52 M558 o) slaieend
08, 30 Sl ] g a5 0y " Slals" o3,
O Oliee 2t 2l il oge oy o Lo Mg 8"
W oaslive LtalS 6,00 bowand Ko 0 9 cuilb
WVsogheo o1V CBle o oy ol 55" Slali" o3, 5
colled il el biand das o 390> b
JS5) Sy Al o 43 a5 Iy il SuraSloly
5 Sy clrciand dan o SuruShl clld (1-B
Sl 5l i G 2a) "Sbla" o) sy
Sl Jlog 3l oolicil a5 g "5 58" o3 B0 5 S
e il el Vg o) cdale ly Sl
O Sl easlcisody s ol o8, 90 oy bl
Ao 0 18y 90, 0 SaShl el a5 el
Esk Xg) G o (Fyee Aye | Rde (Soem)
Sl (pizman o SELLSTl ol ilidl ey
SawSholy gleuS 5 e l edsliassay mls
@y Al e 93 )0 sSlglagd, i glace.d
ok Al pe 2 30l plas faghy ool 3 (V Jgoz)
Gl oo Rl (SansShl glacuS 5 (S
&5k Al o g, 50 w28 Wb (2B (nl 4 gl 6l
o ) (FonSlol bS5 )l (Fp el
GBS (Fy Gl b (Ladgdls 5 basess) S
wan sl g (LQJAJL‘.MJ}U] ez 5D 0 (Sauslsl
slmpl  akex 5D eannShl glampl
Cel a5 Cewl olpen (YL 5 UgomddnST g
o Sy Ao 5 FaaSlol ol ol
3heolasl K0 (g il sal (Fye¢ Al o
) e 53) (558 Al pe ;0 Sebeddle vl oS

Ol p Sehedle el Jles als L5t
‘olo ULM.AJ LQQSMJ))" C.tl.u W OMLM JS A..js.v})b
S S o lgieas b il ool Skl o]
Joe o2 45l GlacaS 5 adgi 805 ll lgreas asly
an oIS GllS (Sn s S WS
e Gl ) Koo (s iels ) leadgils
ogi onl mlbs o (Ghasemzadeh et. al., 2012)
Sl Gle b adS axl by 58 () Jgox)
s il el bowad Lan e ol
A JS adggs Gl alS el lalwnd san
Ol S0 b ol o pizmen e ) @Lu 5o
dop S aSgigds (e O Jgaz) Eob by &
boo G (oo ) 0,50 5N 05, 90 Slacend
:\.L'>fo )..) as "‘SSLQL.'::"WE) Sﬂm wy )"‘U c\..u.”
o <l Gl ol 8 S aSedls i (Sa,
= A58l p Soleld pexs s a4 L )l
HLas 5 00 Sladss s .l ooy Lo iliwgisl
Al 8 Sope g Sopegige b slacaS 5wl
Bgro SuigS 5 Camgy 30 59Nl (Saww b gob Al> e
(Kennedy, 2001; Jordao, 2001) &b oo uals ;o
Ao y0 A odwlive (Y Jguz) idgh oyl @L.; 4o
M‘ )Y}c‘:l‘.c '/\ )Lo..u )l ooLn.......:‘ ;M)
S Bl S5 algidls Gl rals Wl co Selewadls
P sbiend in o) fob Al e ar ol Suo3
Sy p s 09 o] SRl el g o)l 08, 90
TSI k8 slacS Saslal oy flas Ko
codled s 2l ol 51 wilg oo Skl sl Lo
PAL wyi S (PAL) jLlisel oVl b
ol calucun; 0 s olS ol s
o2gi pl yo (Chen et al., 2006) ol Woges
2 o Shmy Ao 0 IS aSeidls clale o YL
el bosasles Moz o8, Sy cund
plS ke VA e b Sl sl Yoo Lo
e G Gl eizmen g 5 39 £S5 2
20 (S 98 A pe o JS aSeigds clale 1 YL cogee
Woadeo /N clale b ool )les "us;l'“’u’" RCSAY
50 eSreS ke 0% Gl b Sidewcdls o


WWW.SID.IR
WWW.SID.IR

Y-q VWAV Lasli oY 5L PR 5,58 ool SLEL psle

Sty Al ya 0 SaraSToly e o 5V 05
) el b oosdleg " Sbls" 3, 5y Caad 4o
P skee ATINA oo b Sebedlos gl Y50 Lo
5 "SRl 08y 50 izen 5§ 03 p5 2
by Veadeo ) clile b o los g 58"
hog 5 0 pSr e Sk AVFY 9 AVAY ol
O P 4By 90 58 byee il glatend
cbale b oo )los (V JKS) bgae S 5 Cawgy 3y
Sl i Sebeddle il Ve L)
Sl bl ) S, Abye o SaxaShl
g g0 odalie (V Jgaz) odelwsa wls o cés
Solie 8 baed) jd Cwond o Sl sl
WO swyy Oy blwend o 4 Cud
sl gl Zel e Gl S psba
59 0594 adsigdld g o ysbiwgs] aile  SauSToly
Sdlad (e o cpl S Jl s il (S, dl> 1
(Fomy Ao )3 Fi%e jeba) 1) jd (Soruslaly
55 xSem Gl oalple el edls lid
Esk dl> o dig, o (SanShly collad oSl » (938
VO [ DO SRV -1 [ PR P
e oyl lmonznSloly oyl Jlazs! Saluls
lrosiasloly 38l |y bseaddenSlisn o3l
Codlad molsdl Gaely cpl oS cols iolidl el e
oy S o el oals als e pl 8 SauSTal
e slearl orlanSTy o8l glayd 5, S0o
G 2 p S T) o5 Sl glacdile L elidle
oSy wad e oSl h Glacpasliss
Ol Sl pleys sl 4ol 0 (SarasTol
S0 el oI G PES cp)ly sloS,
SoeaSy mizes Swl SBe 0pE 9 Cewgm
ol Caniss | (g S 4 555 iy SaraSTal
F oS by ple sl wols sl
che S5 5 05lS ol ol il ol
Bouhamidi et al., ) oS o0 SaS 9> JgydS
slac 45 oadanl (6,58 owyy mbs ,o (1998
Bl S G p S e 80) 568 (osilins
C ool 5l aS 00,5 slml ol sla ool Jlae o

(Baghchi et al., 2000) cwl 00,5 Joe s E o

Nkl o (M pBy g 5 "l
P Gbland don 1) (S A0 3 5 Vse oo
az e Gl cel Yeo Lo ) cdale o (08, 9o
L5 by p s b FarasShl cullé iy
Sollad g adeig)lS lie G (soriine LLSI ol
bgre Zuwgy 5o Jlo jebay il 052y SauSToly
999 Vb laadels 5 (e a5 (559 Al 1o )3 Lo,
g il il 55 Sl al o b o
ol 0 oe i cwnd ol Sanuslel el
5 ohsa) " Gla” o) Brwnd O IS Jlegh
Sl ol ol B> 55, (S o
del o a5 s Mg A" 08, A o (ki
V Jsom) gl 5l Giall el oSkl
o ltwid doa o wly lis ies (V JSG
Ol o " Gala” (8) Bne Cevgy ohiga «od) 50
Sl o b Co 0 jiw il
ERSMy s g 4l il 5 Sl
Slidd mlis Gl ply op biwad Ko 5l i
S Sl Cudlad 508 503l o ol plis 4680l (s,
Sanchez-Moreno et al., ) el )50 slaed, 5l yiiw
Su955 Ll sl s ad sanlive pizmen 5 (1999
3575 JS ot slsions 5 (FassTob Sl o
o opl @l o (Kallithraka et al., 2005) o ,ls
25950 5l (8 lacend (b osalive (rriznen
i S & o S ojlail FaraShl el |
15 S 6ysbdr Cils Sy>s soniiws bl3,| DPPH
Olie &5 55 lad, [d 9 S wile placend
SoaSlol e g it GaSeigl slaceS S
Sl Jles Jlosl sy o SlEa a5 0 VL 5
o il sl oasisly dnge slhadale o Sl
oSN 595 59y (RS 50 gl (nl plue
S i b e bl FanaSToly ol
Brenna & Pagliarini, 2001 ; ) ol lasdsigMs
(g opl yo &8ly jo (Arnous et al., 2001, 2002b
Sl SIS (pyp 8j50 Cond (08, 4 4>y L
Sdld g (FonsShl oS F ol o« Sebndlo
39 3 (g, A e o8 Al og glae  SauSToly
a>g8 Q—l 40 lgen b a5 ol ot Jole anslio ol


WWW.SID.IR
WWW.SID.IR

55 AUl slo iy el dad 5T 1) S 5 5k -

Ay DPPH activity of unripe stage

a
80 {cb 3be c3b L ap  ab 4., o0 P
c

M control :_
0.1mM5A 10 -
m1lmMSA 20

s-;»‘ & > &
@5 ggbe?ﬁ o"’ G'G}

Cultivar

(B ~ DPPH activity of ripe stage

1%
h
=

H control
0.1lmMSA |
HlmMSA 20 A

&

4‘
& E &
Cultivar
;9 39290 (DPPH) ‘Sf.\;...SbLé Codled » (MM) )Yyosls.a | 5.*/| (oaly) -

& & & &S
= Q\qqﬁ"éoﬁ

clalé an s Sl ol 3B Y S
(Blwowd) (Faumy A o g (Aland) (5 )5¢ Al 1o ;3 (GS)! (5,58 5(RS)" Slals" slopd ) bgae ;& § LS gy o5 ps
ool elans P /oD 0 laglad (0 lo cixe baiolid Dglaie B>
Figure 1. The effect of SA treatment in three concentrations of 0 (Control) 0.1 and 1mM on DPPH content of leaves,

skin, flesh and seed of "Shahani” (RS) and "Fakhri" (GS) grapes in unripe stage (Part A) and ripe stage (Part B).
Different letters indicate significant differences at the level of p<0.05.
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