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Introduction

Cut carnation flowers have high economic importance in the floriculture industry. The postharvest life of cut
ornamentals, including carnation, is important in determining their quality and consumer preference. High
production of ethylene is one of the most important factors that reduce the postharvest life of this flower. High
ethylene production causes the aging of some cut flowers. In order to increase the vase life of cut flowers, many
studies have been done and various preservative solutions have been introduced, and in some of these solutions,
disinfectants have also been used. One of the effective compounds in stopping or reducing ethylene production
are alcohols. Ethanol stops ethylene synthesis in cut carnation. Cut carnation is climacteric flower and sensitive
to high levels of ethylene. Therefore, the aim of this research was to investigate and compare the effect of
different amounts of propanol, butanol and pentanol on the vase life and quality improvement of cut carnation
flowers cultivar 'Nelson'.

Materials and Methods

In the present study, propanol, butanol and pentanol were used at the concentrations of 2, 4 and 6% for 24-
hour pulse, in order to reduce ethylene production and increase the vase life of cut carnation cultivar 'Nelson'
flowers. In February 2020, cut carnation flowers that were harvested at the commercial stage were prepared from
a greenhouse in Mahalat city and were immediately transferred to the Postharvest Laboratory, Faculty of
Agriculture, Islamic Azad University, Rasht Branch for treatment and evaluation of traits. This experiment was
conducted as a completely randomized design in 30 plots. For each treatment, 3 replications and 5 samples for
each replication and a total of 150 flower branches were considered. Some traits such as vase life, water
absorption, dry matter, petal protein, leaf chlorophyll, ethylene production, fresh weight loss, flower opening
index, Brix degree, lipid peroxidation and activity of antioxidant enzymes, peroxidase and superoxide dismutase
were measured. To evaluate the vase life of cut flowers, the main criterion is the turning of the petals inward and
the apparent wilting of the flowers. Data analysis was done using SAS statistical software and mean comparison
based on Duncan's multiple range test.

Results and Discussion
The results of variance analysis of the data showed that the effect of different amounts of propanol, butanol
and pentanol application was significant at 5% and 1% probability level on vase life and most of the traits
measured in cut carnation flowers. This research revealed that propanol had a more effective role in reducing
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ethylene production and increasing the vase life than butanol and pentanol. The results showed that the longest
vase life (14.11 days) was observed in cut flowers treated with 2% propanol. This treatment also caused the
highest amount of water absorption, percentage of dry matter, petal protein and leaf chlorophyll, as well as the
lowest amount of ethylene production. The lowest vase life (8.91 days) was observed in control cut flowers. The
mean comparison of the different alcohol treatments showed that all treatments of propanol and butanol alcohols
in different concentrations increased the absorption of solution by cut flowers compared to the control.
Maintaining the water balance in cut flowers is one of the important factors in the vase life of cut flowers. The
content of water uptake by cut flowers depends on the hydraulic conductivity of the water channel in the stem
and the water potential difference between cut flower tissues and the preservative solution. The least plasma
membrane damage was caused in cut flowers treated with 2% propanol. This treatment also caused the highest
SOD activity. The short vase life of cut flowers is a global challenge, and efforts are being made to increase their
vase life by using appropriate compounds in the vase solution. One of these compounds are alcohols, which have
been used by some researchers in order to increase the vase life of various cut flowers. Alcohols are usually toxic
for cells in high concentrations. Propanol and butanol in low concentrations inhibited the synthesis of ethylene
and therefore increased the vase life of cut carnation flowers. These anti-ethylene compounds prevent the
senescence of the petals, which is usually associated with the browning of the petals. Alcohols in optimal
concentrations act as a signal and increase the vase life of cut flowers and improve their postharvest quality by
reducing lipid peroxidation and inducing the activity of antioxidant enzymes. Similar findings were reported in
cut alstroemeria, some carnation cultivars and chrysanthemum flowers.

Conclusion
The present study showed the positive effect of disinfectant and antimicrobial compounds on increasing the
vase life, some physiologic characters and antioxidants activity. This research revealed that propanol had more
effective role in reducing ethylene production and increasing the vase life than butanol and pentanol. The results
showed that the longest vase life was observed in cut carnation cv. Nelson flowers treated with 2% propanol.
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Figure 1- The arrangement of the treatment plots
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Table 2- ANOVA for the effect of different concentrations of evaluated treatments (propanol, butanol and pentanol) on vase
life and flower physiological traits of cut carnation ‘Nelson’ flower

. o Iy Judg IS oale o b R [ERYN S
& @ o oMl lake s = o s 5 o o a )
g e g s S5 a Suis J5 > 00X Jelo
Ol gt 83! Ethylene Loss of . oS 2
SOV 4 Vase  content  Petal  Chlorophyll  pry Flower ¢ Solution -
0. ; . resh D
life protein a matter  opening iah uptake ecrease
b weight of Brix®
index
Sed 0.294" 0.642™ 0.642™ 1.113" 13.067" 0.096" 0.164" 6.001" 0.243™
Treatment
Eurar-z)r 20 0.046 0.106 0.009 0.214 0.808 0.001 0.032 1.297 0.016
T;Jfal 29 19.130 0.168 243.136 12.364 42.670 0.037 0.895 0.367 2.008
oo
&l i - 5.26 4.32 3.68 14.24 2.34 4.09 7.49 9.73 8.46
C.V. (%)

S gime pae ™ o y3 ) 50 Sl daw 55 I ine e a6
*, ™ Significant at the 5% and 1% of probability levels, respectively, ": non-significant

e oy bl IS5 (S 55d90 508 Olbo 5 LS pos 1 (s 9 Sl J9ilign) (ot 3590 (510 jlowd illisee (LIRS 1Y Jouo
‘gl o8
Table 3- The effect of different concentrations of evaluated treatments (propanol, butanol and pentanol) on vase life and
flower physiological traits of cut carnation ‘Nelson’ flower

»e ol O s 5 ol lgadls g ol Jaee Qs 423 R

B Loss el Ethy]ene S Chlor“o;hyll S S s Solution oS

Treatments Vase (nL.Llhlg? Petal a Dry Flower Fresh uptak_el Decrease

life FW) protein  (mgglFw) Mmatter opening  weight loss (mL.g of brix®
(day) (*0) (*0) index () FW) (%)
aale 8.91¢ 1.58° 1.91° 4.61° 15.07° 167 12.93° 1.29¢ 3.78°

Control

P1(2%) 14.11° 1.15¢ 4.322 8.472 20.162 1.24¢ 9.09¢ 2.632 1.97¢
P2 (4%) 13.732 1.19¢ 3.73 8.972 20.732 1.21¢ 8.91¢ 2.04b 2.17¢
P3 (6%) 12.23° 1.25¢ 3.18¢ 6.76° 19.46° 1.37° 10.01° 1.96° 1.19f
Bl (2%) 12.16° 1.18¢ 2.70¢ 6.69° 19.83° 1.65°¢ 9.98¢ 1.98° 2.64¢
B2 (4%) 9.81¢ 1.34° 1.92¢ 4.87° 18.76° 1.63° 12.91° 1.33¢ 3.46¢
B3 (6%) 9.07¢ 1.39°¢ 1.91° 4.79° 14.24¢ 1.64° 13.26° 1.30¢ 3.71°
T1 (2%) 8.09¢ 1.61° 1.81 5.11° 13.87¢ 1.68° 13.49° 0.94¢ 4.19°
T2 (4%) 7.21¢ 1.782 1.699 3.34d 14.49¢ 1.842 15.722 0.26f 414>
T3 (6%) 7.13¢ 1,73 1.609 3.46¢ 14.61¢ 1.832 16.172 0.24f 4.612

0 o me ciglis (Sl (glaials dix yg0i] ol doyd g Jless] prdaw 53 itns laed gy gl )1s a5 Ll pSile g ya 0 %

Jotiy T g Jgibisr B Jglgy P
* Means with different letters on the same column are significantly different (P<0.05) based on Duncan’s multiple range test.
P: Propanol, B: Butanol and T: Pentanol.



VEoF i) o 0 lods FR ol ((55y3LiS qslio 3 poke) SLEL pole 4 pii  OOA

P O)s plals

gy Jlil gaw 3 5 Gig plels jlade )3 bajles slis
P 5 Oig Rl Cud it (Y Jgi2) 2 bgee woy
G5 5 ey Jplin ohig) Y dops b s S slales
clale b S I slajloss 3 5 0y R8I (iS5 (1o
S s b edalie dop Jlez 5 90 Jslion esn omb
omb glckile 3 Joby 5 Jobsn il o5 ¢ (g o
(¥ Jgia) 828 5 5 09 (il 5l gle

5 gl sl ol gllS Jgbe > assSl jpis
Ol 0ig Gl Caleg o & b ol ) 6y ele
(Ezhilmathi et al., 2007) 5,ls olyon 4 |, 53,05 o e
2 oSl by 5l ( SasS Ssaeas Sl e Ll Jdsay b JSII
la Gl eel g WS o S5l o &y (xS Jolxe
o)l 51 (B 3 Bgbioe SIS yae aled 2 5 5 iy o]
03y oIPl g SdS pee (Il e SIS dlasly 5 (Saen
hi gonpadls b5 caby 5l o) 0 (e §
Anjum et ) s 50 JS5 {Solgi, 2009) (Gerbera jamesonii L.)
ol (Amini et al., 2014; Amini, 2018) sus 4 (al., 2001
&S ob Gl Soue o paslis 5 (g9 adllas ol i 0dld
Ml 65l cage o8 lackle ) Sow IS slaceS 5
O 5V b g Sgdpe e 5 55 s iR 5 syl
21y 5 iy s 1l ol p3b 4 Jshe O 2o
zW (Heins & Blakely, 1980) )b o0 & 55Vl zskow
jyonp JS ;5 (Sood et al., 2006) -, San g 5w (sl 3usi>s

iliggn 3l gl @l b ) 5

Sl oale wis ju

s polie y3l a8 ol lis ooy Luibjly ajod Jeds
pdy oo oy padls 5 Sis oo doy p b S 5y
Jot (¥ i) g2 loisime 2oy gy Jloisl o )3 “pguds”
Hlow ccdlises glacdale yy j0 aS ol L laedly (1 Ske duslds
VO/+Y L) dals & cans (g)b gre MBI L do > Jlos Joibgy
(doyd Yo /VY) Sis oolo doyd oy sl (Sis 00le doya
oS o d WAV L asys 90 Joibiy jlow 50 Byl jl g
Y Jods) ol slas 1) Sis odlo duo

Cunl (e J5 a8LD 13 39290 Slalying S e ol 3]
M e (g oS Glie Bl > Sl ol 18 4
Moon et ) ) Ken 5 g0 bl ululy ail baye b 5 ol
OS5 oyl 4SS e bl slaST S ol 28 (2004 al.,

Jolae cda

e d)LoT chw 0 Jolbre Cla (g5, cilisee (slajles 3l
s slajloy 1Slhe duwlio (Y Joio) 29 Hb gxe oy
3y i ©oyguds” o8y Sots oy pasls IS Jske i p JSUI
slekle > Jsby 5 Joban Sl (o)l don oS
Wld & Cans |y oy padls a8 Ly Jobre s il
0i lagi oy s ls GBS Jskme dis (¥ i) W3l iyl
YU Jolore Ol g jieS aald 4 cuns Joiliy clale aw b
Nz 9 92 2 b cia (5 jg e p ke V/AY 5 VIFY)
ol pa3ls cla 5 bwg Jolbre s el cand 4 Joibyp dop
Py 2 ke I ) a8 Joliy o> i g 5lex b oddles
D9 P s

roe 3 e Jolge jlonpadls o5 5 o) ol b
Cola 4 onpals b5 Ol Gl Cepuw cwl gldS
Loy J5 il ol Jouily 0gles g il o (el oo (Sgyum
van Meeteren & van Gelder, ) 5)ly  Siws 0351055 Joloes
Sy .S T Ly gyta sbdS jes Ll L (1999
9 e 5 05y ol (Jalore Ll lie ialS g A8 eyt
S D9 oo oanlie caliste (clapliil )3 dgnge O i ialS
Calts 3 5 sl Sl bl of Gis s M) syl el
W (Pearson-Mims & Lohr, 1990) sgd 0 5 (Sosei
Wlo  (sloaisS Seacas slacuSy 5l eolael a8 ob las
cdd S b dlge (S slogSl) IS cloJloxs
Colian alil el ale bl 5 S Jobro 55 oluls g,
2ol ol @y e bl o 55 o ol gl (Sdgyin
(o5 oyl 50 Anled wald oy a1 )0 18l Ay g dbls
Oils laceSp L osadjles ‘el o8, e S
Jolie il sals 4 cui |, ol Cls o386y Gz yobody
ol ) 1y 23l i el YF Ll ©jp0h 20p 5l
ol (Petridou et al.,, 2001) cusly (g0l onyy 5 55 (50
» Jsbe 5 Jobgyp 2)8 (Liao et al, 2012) ui 5,8
le Gl cage (68 Cunex e pogdle oS slaclile
Jddas cunl Son b JSU ()35 51 g 0 2] bailgy dgugo g ]
Jetal., 2006; Bagheri et al., 2015



008 s “pygmdd’ 08 ) s o pas Ll J5 CoiS 9 SxlS poe p Sy 9 Joiligr (Jeilan 1 oiSen g sobT pible

Jbl U1 ela Lo 51 oslizl 51 )5 1, 48 aoys 28 (20022
3,5 S S gl S SIS jas Jobo p apallial

JS (a5l pad bl

Gl sime M odly uiljlg ajo0 5 Jols bt awyp
dulio jl Jols mls (Y Jaio) o L wsyd a pow jo |,
2 U5 A5 b e ieS A sl ) kil il
VYN 5 IVY (a3 li b i o) oz 9 99 Jsibon sbolows
B 5 SG dasy00 50 4 a0 st o les i lgie s
s ey b bl s 5L el e S e il
2 Jsbig lasloss b JS 1 S o 55l (sl sine gl
(P Jsis) cudlss aoys 93 Uikt 5 YU elacdale

Cae 9 3 ATP Gpae 4 5l (0 b sl J5 &5 oloxl)]
oS Al b 5 el sSse (1S 4 5l ATP (b
N9y Bl oo NS 05 S Gliee 5l &5 (ole o nlply sl
[Blankenship & Dole, 2003) sjlay b a1, J5 oad 5L
Ol g SIS g (09Seens GlacuS 5 ol g
Makvandi et al.,) o hen o cxoSo oy (LS 1) oy
oS 5 a5 wizl s byeg mdl oy S (g, adllas L (2011
S el ol > J5 b 1 b b S 5 g Seerd
L (Hashemabadi, 2006) (¢oblpaisle .05,5 J5 o b asls
Syl eolatwl 45" cdl > Tempo' 8, Soue (g5 dalllas
A Cuws S a5 L Wy, shoyn W kel cely Jdslus
oo pols yimgh 5l odelcansa b L YL mls oS sals

3y

S S (i g 53 ) giae
Gl xe AMBT (Y Join) Lodld (il )lg 4yjon Jodn gl
L) S el ) sl S1 0 sy K s o
(" Jgia) 0nSolbe anglie Jodo 2l (lits SlS” (3590 (slgie
Bl Gl L g s oy b IS sl e o ol s
ot dilizie glachle (o ) Wb (ign S el
b 9 )los e Olyisd 203 YIVVE L ao)s 93 Jsiby
P# dsliy 8 IS Glales g8 Sen u)BS liee
ol 5 Cwl Ggepgn mlal Wgile oo S oy
i 0 alesdcan) 5 (Susd G Shy st 55 wlB
Blo palojl 3 adlas )00 S a5 Al Jolo
Jae Jlas 5l (gyly pme iul58l (Sadeghi Nasab, 2011) cuws

Wl SIS g 29 Jobo (Sideid Jleel o MBI el
Lo 3 oS cul i ol (la J0sl, Wg Jdsas 565
Qoo coyss b gt Bl laJISly 23,5 0 sl Joko
2 Jobs 5 Jolon & ey a5 4 sl LIS G
gl a5 5l ol Qe (Il b I oS lackle
O Ol (AR g g )5S SIS L g A8 e 55 gl
Lo JSU1 b il Jobrs g oo Sis o3le duoyd Lialsal 4yt
Ol el Wlg e ) Syme g S e S lysa
(Khosravi et al., 2018) 54 LS ;> 3,Sles 5 odgicum
oS Gl GpSele cuw s slcuS sl eolal
S 5 B jes Gl g SWS s (el g ljagyS
Hashemabadi & Mostofi, ) ui ‘Tempo’ Souo oy pasli

Sy 8 ol s gels sl 3 @l ol (2007

OuS3 3 4 o plals
Jobon lojles dmodly Guibly wjos Jgdo eluly
) SSue S Sy ey S gy Jpliy 5 Sy
wdl dop G Jlin! maw 3 b e M € gl
oy dncdly 18 e Lin a1 ayleg oy ieastio ¥ Jsia)
Shod MAY g WA il b i sy oy 93 9 b Joibigp
alie gylol b 5l anls ) WSy av s LialS lade b osalie
dglie Jodo 4 dogi b imen g oy (S Joily e
ol Jlowi > Sy 42> G cpyida (Y Jsi2) (6Ske

el Cawd & o yd i
ol gl 54 Glgiee |y Joilgn slasles 65, i
il j0 b e o cel a5 ol Caus uis Sl
9 (Joloee dols dlge) WiB jlaze (Hashemabadi, 2011) wad
Ablbige obpadls S pes Glie e 3 e Jalse
Job il yide oddopdd (Slang S dlge o) 42 ym (ulnly
(Mutui et al., 2001) ub o Sl 5 el 5l ju s
@ sbdlS pladgbre ) o Cund 4B (5 Jgene )L
NS S gl L)y S (g I Wlon &5 (S5 a9y
PSP ool CllSS g Sy S sliome gm0 el Nl e
ol (Ichimura et al., 2003) l,Kan 5 |)geuzu] 23,5 il
b SIS Joloe Glying S clale gals a5 wab
oS joe Jobo o 0 asigl dlail & Cos (gyttn Cuonl
Podd & van Staden, ) bl s g 3L .ol Uigw’ o3, 5,



VEoF i) o 0 lods FR ol (55y5LisS qslio 3 poke) SLEL pole & pii  OF

o pasls JS S Judg S arios jl culen 3 1y b op i
[(Petridou et al., 2001) cusls> (¢34l

oLl sl g3

Al il (slajles o ilel a1 s bgne glis
P Fr g e s SRy S plyea ol Wy e
¥ Joda) ad sl by S Jlois] pdaws j0 b 5 (5,8 ks
Foager > Canilon gyt doodls (:Sle duolie Jodo (polul
e g 2oy 93 Jols 9 Joibon S L sl 3 (ol
Jsi2) 3l s s ops G 5 e Jyin b sl o ol 4
S OB Lop3 93 bty Hlas g ald Hles o (T
b cos b S Bl il & sy o ks 4y i osalie
Mooy ol ] tans 3L 2o S IS (sl les
A8k ol jitosy

sbs caby 5l g e Gl wre sbcde jI (S
I e s aibe S LB o 5 ol 22y et el
sl catby Gl e Jib GRIEI 0l o S
08wl il culd g ob; Ay 5l oS els s pasls
gl b sl Wy esals L oeyybil slacuSs
SblS oo Gl Gl (2l (Sl alex ) WaoaisS Sgde s
gl 3 B i peelcaibge odlinul ile o pasls glaS
Bayat et ) cusl o (5,155 ok pasls gla J§ S 0 Sy
[(al., 2012; Amini et al., 2014; Sadeghi et al., 2017
ok 31 ol 3 e Vsl Jibis: 5 Jlay ol slacdale
2 5 JaSFACC eyl ials o jw-ACC i ials
alae > g o e IS Sl yee Ll el ams
Sensi 18, Soue g9, (AMini et al., 2014) -, Ken 5 ool
Jals ol padls (S 0 (bl Hlade p i & ME asuie
9 Jobl el V¥ by )3 2oyd b g 5l Jplbl 5 48 g
ol > 2oy b Jglie 5 el Y b 53 200 WY Jgilia
ol ) ol Wy Glie ey JB jeba el YF Y
el Sensi 18, Soue 1 Jpbl calisee (slacdale 5y,5 050
@ did 9y 3145 392 59k ]y g, A5 Gl Mg Jals
Lo WY Jlass 55 ol 55 e 08 cales] (sle b an
el YF Gl b dod o 5 i sl 5 ol VYl
D92 y95 3 slajlad bl jee ol b sllas )3 4 sol cuwd
S 92 S SbdlS poe IS 5 (S 53 (e LB (]
ol oo ol Wy 5 LSSEas GaIEl Sy b eSS
S b ol ader o ioli8l uocen (Amini et al., 2014)

sdalcunddy gl b lis JSU ol Lo 51 odlawl 51 )3 (ui5g
bt “ablel’ 68 5y ohp 5 59y olilas slacuS 5 38 |
il el Joho slie ol Ll b euS s ol & sb
Gerailoo &) was LSS e lere
Oliee ili8l &S sy e lai a4 (Ghasemnezhad, 2011
9 e loSen s Jda bjles cnl 3 Jobe (359
5 oo 3l @l G5 el Bl leonBen s el
e 5l Lials (Bruce & Cosyrove, 1998) gy 565
J sS55I glayles ) eolanl B 1y pSep
5 yegiadl siile (GBS 5> (g ay5S Nidgel G515 st
Al sy (o &5 Ab pastle 9 COF 1S o) 2y90 ST
S il A Sl an 3 (g w3 &) oFan Ol
Podd & ) ksl 9 9 3L (Jones & Hill, 1992) xsl o 5l
s 5 Bl Jgbl 5l asdlles L (van Staden, 2002b
GalS L Jgbl e o 38 o sisdls Soue o
Mo cp iy oS g 39 olyen LS RIS )3 (1S9 (Slyie

bl 1y e p

a Jsdg,ls
Sl sime BMAL (Y Jodn) Loold (il lg 4yjo0 Jods puls
Jie 3 IS ebajlos 5 onlial 1 il oy iy pdaw
Loas ob slis ¥ Jods 50 eddlyl gls b lis a Juég i
B Jds)lS ke Jgtny 5 Jsbs lales > clle Gl
& Judg S e ccdale (2l b Joilgp sle o Lol ccdly ials
o5 gyl S 5 smls e il (a5 il L
O el o) (iS g ke Joly clasles b s
Jor Jks 5@ Jds)lS ke cuyite 5 oi oS )3 pS ke
ha Jbo )5 lde (iS5 s p)5 3 p S ke YIVY Laoy
2 8 L llas o jlag 5l oolitl &S sy o 5 4
Lis 5 055 3] sl Sl olul gy Sl 5 slS w3l
2 Wlgie w5l 8l mimen ol oad Sy A by S
o g Cogw 5> a8 Dl RIS 4 &5 A8l Cute ¢ Jidg)lS (5
oy 93 gaw 3 Jplie g Jobl sbyjlog adloe bgiye olS
h SSue o pedls JSD g @ Ldg)lS 5 55 (lie (%S
sleuS sl edlawsl (Sadeghi Nasab, 2011) sl jlas
i3S s Gl 53 sl Jolomo )3 sl 5 2S5,

weels YF Ll Oypods o pd e ol cwl 5ie Sy,



OFY s “ppgmdd o8 ) S o pas Ll J5 CoeS 9 SxlS poe p Sy 9 Joiligr (Jeilan 1 olSen g sobT pible

395 0 Oylg oyl 4y (o slaam] WS o )8 s Lo )
Ashraf et al., ) 545 0 03933 bl 1sillied glle Jaie p g
2 35llied olle oo a8 ol ol pobs iagh mls (1994
9 S5 joe oS olajles 5392 58 Sl 9 Jpilgn lales
o5 5 gl sidlies gl Gl il e of Gl
A il 18 ey 350 slasles ple 4 S S0k
LS clacdale ) Jyibs 9 Jpbyn ol sladglone 45 a0
B GplinSly ol g palin] 5 s
GBS S sl coge cmimen 9 T 35 5l S5l
0 el i 0 Jolo slis culbw s L Jolo pH
Rl L ol haogy > 4, s SNl (6 (3l
il ol bis el S8 Llid ot oomslins]y,
Jobl a8 S IS (63 9 S ol Sl S oke 9 2l
# 1y e Bsle oy yieS 4y g wsllien oglle clale oy i
(Kazemi et al., 2012) >s Wl (Lisianthus) g5l
ol 1y ssdlies gl 5 e et (JSUI oL slacdale
die ol ggals 5wl felle asls Ll b .aed e
@l b (il oy padls b S B ale (Jobo (olawdy
o5 slackle > Jobe 5 Jpbyn « ob olis pols (g}

Bgd o Job elité ol el

seas) g3 pa 350

Glajlos o a8 ol ol Wodly uilyly 4jo0 puls awyy
2 el Bl 5l ()l imo gl a1 clled g il
Jorr elsly (F Jgi2) il a2y dopy S Jleis) o
o (MU Gjles G 5 (0 Jgia) ool Sbe anlie
(4835 5 5 (39 p)5 2 Jgeg S V/4N) cp iy 20 93 J9ibise
Cullsd o ieS (4883 )0 § (jg )5 3 Jse9sSee +/TY) ald
ol s |y Ty o]

sLid (s pddsh )0 i b olyen 0 pasls a5 > oy
ol pie i JgSheciud s 56 gl oIS il ¢ olowsdly
Cllsd 53 5035 5 il dlox 1 laygey90 Cllsd g 4o il
&y {(Sadeghi et al., 2017) cul lawsl sl (clag 3!
sl Gl g ol (oK), diugy sy 4 S,
Jub T laaigs clld il adl oo baspe JUb (j3ens]
5 L) daieSen oS b epSlige JS0)) ale (ROS)
clld Gilil Wed e S opm el Sy claal
S ismilng Sl Bl gt 5 Gupmsll slag sl
Ashraf et al., 1994; ) cul JSio ol b b Jolw ablas slaol,

Kim ) cosl elyom gl (o5 5 (Sop05 9 SIS pilicuisy,
23,5 by (Amini et al., 2014) |, Ken 5 el (et al., 2005
SeNSi 3, Koo 0y asls oS clxlS yos Jsb Lil5él oS
oll 5§ exSsle 3 o 18 & Glgiee |y Sl 0,8 51 )
S8 Jgle o g iSh eV oyl eeds Soue b ol s
Farokhzad et al.,) o,\Ken ¢ 557,58 .diws wles Ll 0Jgi 4
M5 Ol oS o b Jsbl a5 53,8 3l (2005
ul)Kan 9 g0 Wl ULW‘" wyw ody dLban I 1) ul.u‘
9 Jbl Jlaw a8 wimdl > imgh 4> (Shour et al., 2013)
Grow @ ) mpe S5 (2BgSd 5 0 sl g ials el dop
Gl g ol b 5 jrws 5 Ssl b saalisl syl
).ul.» Souo oy S (sym p eSS e syl
ol lgiedy ol 5l eslimal gl (gdamte oy Ll ccuiliS
5l 65 ol> (Podd & van Staden, 2002a) 51> 425 cuily
OIS S £l JS )3 Sl g mallial J oolizal b oll sl
Amini, ) el ilejl (Podd & van Staden, 2002b) .
oyd i g e Jslie celu VY (elalass a5 b L (2018
ssbar Sensi o) Soue sy padls b5 1) ol Ay
BAS pee Jobo by me ol58l 4 poxie g Mdly el g Seuis
My el e (Jglie 5 Jobl) (IS (slaylos 5,087 (piomen
Jafari ) ws Soe oy s JS (5305 5 Sy > w0 g ol
2 358 sl yimgh 5l ol s (Marandi & Majd, 2008
@b b ol jue el SeSa Blsl Wy ke 390

(w0159 G glle Ol 2) Lasaaad () gasslasas]

@l olie Sl as ol L odly uibjly 430 s
s )3 o3y padls e IS il oglle iy b ISUl 5,18
22> 93 Jobgn slesi (T Jsi2) 390 )l isine doyd S Jlois]
o slesd onpicmlie oF Gig £S5 3 Joegsls OV g S L
3520lies glle SV Jlde Al g 18llies (glle gans talS
i S5l Jlos & 3o {5 iy 5 2 > Jyestb VI Y)
(B Jgaz) 59 2oy

5 Sidnssd Cuoglie jasls i asdllies pglle ol
Sy b (Geng et al, 2009) yqb 0 48)S Gl 0 (gym
4 W) 2gg (ganled 8l o BT olewdl slie > ol
Isvand &) s> sxge @ Iy aanl s opl Js8 (log slagys
Sl owlie (a3ls lgcas w3)l o> o9lle .(Ashouri, 2010
B9 QLS ol 9 3980 wguins Lt s (onlinnsTy



VEoF i) F 6 ko ¥R ol (55 ysLisS aslio 5 pole) SLEL pole & pis  OPY

Isvand & Ashouri, ) s byl 356 (5len o slag Soe bl
(2010

o H202 gesi 5| (65 gl> 5> 5Ty o351 (Nasibi, 2011
)l 3929 (53lon sag)San )3 @y yobd T cpl 2l Sl

Sl 35T Callad 9 w63 glle lime 2 (J9liy 9 J9lir gl ) (ot 2190 (S8 jlowi lliee GLCIRE 1 (il ply @525~ Jgor
Table 4- ANOVA for the effect of different concentrations of evaluated treatments (propanol, butanol and pentanol) on the

content of malondialdehyde (MDA) and enzyme activity of superoxide dismutase (SOD) and peroxidase (POD) in cut
carnation ‘Nelson’ flower
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Table 5- The effect of different concentrations of evaluated treatments (propanol, butanol and pentanol) on the content of

malondialdehyde (MDA) and enzyme activity of superoxide dismutase (SOD) and peroxidase (POD) cut carnation ‘Nelson’

flower
o STy U gommnd My o w5l oyl
Treatments POD (umol.g’* FW.min) SOD (U.g' FwW) MDA (nmol.g* FW)
2l 0.21¢" 34.73¢ 67.91
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P1 (2%) 1.092 49.822 59.64¢
B1 (2%) 2.012 40.16° 61.14°¢
Bs (6%) 0.97° 29.344 62.31¢
T3 (6%) 0.39¢ 27.864 71.012
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* Means with different letters on the same column are significantly different (P<0.05) based on Duncan’s multiple range test.
P: Propanol, B: Butanol and T: Pentanol.
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