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ABSTRACT

Persian cyclamen is a perennial geophytes plantiwhias a special position between ornamentals duts tharm,
diversity and winter flowering period. As this flerls quality and quantity is affected extensivelyits nutrition

and environmental factors, and regarding the vasionfluences of salicylic acid (SA) in plant perfance, this
experiment was conducted to evaluate the extenppliGtion of salicylic acid on the quality and qudy of this
Iranian native flower. Therefore cyclamen plantseveprayed with 0, 0.5, 1 and 1.5 mM salicylic aartd their
morphological, physiological and biochemical feasirwere studied. Studied morphological featuresewbud

stage days, blooming days, total flowering daywltthowers, leaf area and number. Studied physgjwal features
were: fresh weight, dry weight, relative water carttand membrane stability index of petals. This waile for
biochemical features superoxide dismutase, catadasiity beside protein, spermidine and sperminatent of
petals at five different flowering stages were gddMorphological results indicate the beneficidlect of external
SA application on flowering and vegetative growfiPersian cyclamen. SA application significantlyaged bud
anthesis, increased blooming days, total flowerd total flowering days. Although SA application didt have a
great impact on total number of leaves, but it @ased leaf area. Relative water content, dry aegHrweights
were increased by exogenous SA application. Mengbssability index was also similarly improved. $#proved
antioxidant enzyme activity by increasing the afstief free radical scavengers such as SOD and @&ng all

flowering stages. Protein and spermine contentdased in all SA treatments. Spermine increment ovig

observed up to stage 3. This was while spermidinel lwas only improved in 1.5 mM concentration.

Keywords. Catalase, flower life, persian cyclamen, spermidapermine, superoxide dismutase.

INTRODUCTION

Persian cyclamenCyclamen persicunMiller. from the Primulaceae family) is an Iranigerennial geophyte
ornamental plant with various applications suclpasand bedding plant [1]. This flower is gaining popularity

within the floriculture business due to its diverattractive appearance and its winter time flowgrjg]. As

cyclamen flowers during winter, changes in nutritiand environmental conditions have a great impacthe

quality and quantity of this flower [1]. Plant grdwregulators and growth regulating compounds af$ect the

performance of this flower.

Salicylic acid (SA) (2-hydroxybenzoic acid) is angle natural phenolic signaling molecule, whichyplaan
important role in regulating a number of physiot@jiprocesses in plants [3, 4]. As its externalliappion affects
many plant physiological processes, some have niweg it as a plant growth regulator [5]. It hagt&nown that
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exogenous SA application influences lipid peroxwiat chlorophyll fluorescence, antioxidant enzynoéiaty [6]
and signaling pathogen-induced disease resistafijc®©hpe of the major roles for this compound isifitgpact on
plant stress reaction and delaying senescence.

There are various reports on the role of SA in cattystress effects. SA reduces the effect of dib{g], heat [9,
10], cold [11], salinity [12], disease [13] and kganetal stress [14, 15] by affecting the activity some free
radical scavenger enzymes such as: SOD [16], CAJ, AFOX [16] and proxidase [12]. It has also bskown that
SA increases vase life by improving the antioxidaystem and reducing oxidative stress damages gludise
flower senescence [18]. According to our knowledtieere are no reports on the effects of exogenols S
application on cyclamen physiology and quality. fEiere this paper focuses on the influence of ckffieé SA
treatments on quantity and quality Gfyclamen persicunto investigate if SA is involved in the regulatiaf
antioxidant enzymes and quality of this native #wowluring its flowering period.

MATERIALSAND METHODS

Plant Material:

Cyclamen persicunMiller. Plants were prepared from a commerciallayen production greenhouse in Golzar,
Tehran, Iran. Plants were treated with SA in a detefy randomized design which was factorial arezhfpr the
biochemical part. The main factor was applicatidnl®ml SA on apical meristem of each plant. Applied
solutions were 0, 0.5, 1, and 1.5 mM SA. The sedantbr in the biochemical part was spraying timeaading to
flowering stage (Fig. 1). As seen in Fig.1, flomgristages were: a) Goose neck (uncolored bud)ub)d&nding
(bud gaining color), c) Petal elongation, d) préhasis (one petal is not open), and e) Full anthesi

Stage | Stage 2

Stage 3

Stage 4 Stage 5

Fig. 1: Flowering stages of Persian Cyclamen.

Considering the required time for flower inductidhe first appeared flower after 30 days from SAagmg was
marked to indicate the first SA influenced flowktorphological and physiological studies were coriddafter this
period and sample taking for biochemical analysis wonducted on the %#8lay of spraying.

Morphological features:

In this part some flowering behavior and vegetagivewth indexes were studies. Flowering related-attaristics
were: a) Bud stage days, b) Blooming days, c) Titalering days, and d) Total flowers. This was Mhiegetative
growth indexes consisted of leaf area and totalbrarmf leaves. Leaf area was measured by scanmiag mature
leaves with Leaf Area Meter: Am200.

Physiological features:

Petal fresh weight:

Petals of three flowers which were at the flowerstgge of 5 (full anthesis) were freshly weightedeiach
treatment.
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Petal dry weight percentage:
Fully developed flowers at flowering stage of 5li(anthesis) were selected and their petals werzldit 80 °C for
48 h in an electric oven and weighted subsequémtbyder to obtain dry weight percentage.

Petal relative water content:
Relative water content (RWC) was calculated by wareg fresh and dry weight of petals at the flowg stage of
5 (full anthesis) in the bellow formula.

RWC (g) = (FW (9)-DW (9))/DW (9)

Membrane stability index:

For each treatment, petal samples were cut inis di$ uniform size (1 cfheach) and placed in 10 ml of double
distilled water in two set of falcon tubes. One s&ts kept in a hot water bath at 40 °C for 30 mid &s
conductivity recorded as C1 using a conductivitteneThe electric conductivity of the second seswaeasured
after keeping them in a boiling water bath (100 f&)15 min and recorded as C2. The membrane gtalrilex
(MSI) was calculated as:

MSI = [1~(C1/C2)] x 100 [19].

Biochemical features:

For biochemical analysis, sampling was conductdiyatflowering stages in 4 replication and flowmatals at each
stage were analyzed to evaluate the effect of SpliGgiion on various biochemical aspects. The Sidi
biochemical futures consisted of antioxidant enzymeévities (superoxide dismutase and catalasdyapons
(spermine and spermidine) and protein content.

Antioxidant enzyme activities:

For extracting the antioxidant enzymes, fresh pdthlg) were ground in an ice cooled tissue grimdér ml of 50
mM cooled phosphate buffer (pH 7.8). The homogena® centrifuged at 4 °C and 1509€r 30 min [20]. After
centrifugation, the supernatant (crude extract etfls) was used to determine superoxide dismutadecatalase
enzyme activities, which were measured at 25 °C.

Catalase activity was determined by following tle@sumption of HO, (extinction coefficient 0.0394 mMcf at
240 nm for 30 s. The assay mixture contained 100 pobdssium phosphate buffer (pH 7.0), 15 mMand 50
ml petal extract in a 3 ml volume. Then the reactwas initiated by adding the enzyme extract. Chanig
absorbance of the reaction solution at 240 nm wead every 20 s. Unit was defined as nmgDidecomposed per
1 min [21].

Superoxide dismutase activity was determined bysmnéag its ability to inhibit the photo reductiof mitro blue
tetrazolium (NBT)with 50 mM Tris—Ca—codylic sodium salt buffer (gpld of 8.2), containing 0.1 mM EDTA. The
reaction mixture was composed of 0.055 mM NBT, %4&riton X-100, 16 mM pyrogallol and enzyme extréad
mg protein). The unit was defined as the quantitgreyme required to inhibit the reduction of NBY £0% per 1
min [21]. The activity of CAT and SOD was expressadprotein basis.

Proteins analysis

Hundred milligrams of fresh petal tissue were gwith liquid N,, then 0.3mL of extraction buffer consisting of
0.1 M Tricine pH 8.1, 10 mM NaHCO10 mM MgCh, 5 mM EDTA, 10 mM dithiothreitol, 1.0 mM phenazine
methosulphate, 2 mM benzamidine, and 0.01 mM letipepere added and centrifuged for 10 min at 199G
4°C [22]. Total protein was determined accordingtadford [23].

Spermine and Spermidine analysis

Extraction was conducted by using one gram of Ijig@d petal tissue with using 3 mL 0.2 N perchtosicid [24].

1 mL 0.6 mM 1,6-hexanodiamine was added to theaetitm solution as an internal standard. The lat&s first
homogenated and centrifuged for 20 min at 12§0@btained supernatant was consequently used flysis of
soluble polyamins. Dansylation was performed bying>X200 uL saturated sodium bicarbonate and 40@arisyl
chloride (10 mg/mL acetone) with 100 uL of the pwhin extract obtained from petal tissue. The mixtwas
vortexed for 30 sec, incubated at 60 C for 1 h,taed 100 pL (100 mg/mL D) of proline was added. Dansylated
polyamins were extracted with 500 pL toluene, dired stream of Nat 60 C, and resuspended in 200 pL of
acetonitrile for HPLC analysis. Polyamines weressafed on a reverse phase C18 column (20x0.4 cohdavith

a 5 pm Hypersil ODS resin. Polyamines were elutethfthe column at a flow rate of 1.5 ml/min witlyadient of
60% to 90% acetonitrile in 25 min [24]. Polyamiriasthe extracts were quantified by comparison dilkpareas
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with those of the standard Spermine (SPM) and Spémn(SPD) and their concentration was expressqagég of
dry tissue.

Statistics:
Data were analyzed by one way ANOVA using MSTAT-@ftware and means were compared by the least
significant difference (LSD) test at the 0.05 an@llQprobability level P=0.05 and 0.01).

RESULTSAND DISCUSSION

Morphological features:

Bud stage days: SA application on Persian cyclamen significantlgreased bud stage days compared to control
(Table 1). With SA spray concentration incremend laimthesis was delayed. The most delay in bud sistheas
observed in SA 1.5 mM. Increase in bud stage dags only significant at concentration of 1 mM andhfr.
Although there is no report on the impact of SA @rclamen bud development, but it has been showh tha
preharvest application of SA increases bud lenggome rose cultivars such as ‘Poison’ [25].

Blooming days. Generally SA application increased blooming daysgared to control (Table 1). The increment
in blooming days increased up to 1 mM concentratind decreased afterwards resulting 1 mM treatatefls to
have the highest blooming days of 23.67 days. Wais while there was not a significant differencéhimi different
SA treatments. Like our findings, previous findingsve showed the beneficial effect of SA treatnmmvase life

of various flowers and delay of flower senesceridatamzadeh et al. [26] results show treatment oty/g
Sensation’ gladiolus spikes with SA, delays petlescence. Hashemabadi and Zarchini [25] haverafsmrted
preharvest SA treatment of ‘Poison’ rose to inceefewer vase life. Beneficial effects of SA treatmh on other
flowers such as lily [27], lisianthus [28], carmati[29] and rose [30, 31] have also previously begorted which
are in accordance with our report on flower sereseelelay.

Total flowering days: Total flowering days increased significantly b& Spplication. This was while there was not
a significant difference between SA concentratioasd total flowering days decreased by SA concegatra
increment (Table 1). This caused 0.5 mM SA tredladers to have the longest flowering days. Althloubere is
no report on the impact of SA on cyclamen floweniggiod, but it has been shown that SA applicati@amimprove
flower size. In a study Sabzi et al. [31] foundtt8A application increased flower diameter of ‘Utdpose.

Total flowers: Total flowers per plant increased significantlytoB flowers per plant by SA application (Table 1)
The most number of flowers was observed at 1 mMceotration of SA. By SA application, number of flens
increased up to 45.33 flowers per plant in 1 mMt8ated flowers and decreased afterwards. Thidteelsin the
lowest number of flowers in 1.5 mM SA treatment. 8Aknown to stimulate and increase flowering imias
species. Like our findings, Mady [32] has reportedt SA foliar application significantly increaseamber of
flowers in tomato (cv. ‘Super Strain’) during 2 sessive seasons.

Leaf area: Unlike flowering aspects which almost all had acrease up to a certain concentration and substyguen
a decrease, leaf area showed an increasing treBé lapplication (Table 1). With SA concentrationr@ment, leaf
area increased up to 549.6 min 1.5 mM SA treatment. There was not a signiftcacrease in leaf area until
applied SA concentration reached a limit of 1.5 nfiMis resulted in the highest area of 3019.3fonthis kind of
cyclamen. Confirming our findings, Mady [32] obsedvthat leaf area significantly increased by folaplication

of SA in tomato. Chandra et al. [33] have also ol an increase in leaf length of several cowqeivars by SA
application.

Total leaves: SA application did not have a great impact onltotanber of leaves (Table 1). As seen in table 1,
there was not a significant difference betweenedéfit SA concentrations in number of leaves. Orother hand
there was a slight increase in total leaf numbérs mM SA concentration, which was reduced andhedcahe
initial number of control. This was while Mady [3&]ported a significant increase in number of legwer plant in
SA treated tomato.

Generally, it seems that although SA increased murabflower per plant, it had influenced flowengépment by
delaying it and increasing bud stage days. It fesiacreased blooming days and cyclamen’s totavéking days.
On the other hand, its impact on persian cyclameagetative growth has been little; as there hasheen any
significant differences between SA treatments asrrol in number of produced leaves. Also there fiatsbeen a
significant difference in leaf area of control &84 treatments up to 1 mM concentration.
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Table 1. Effect of salicylic acid treatment on mor phological characteristics of Cyclamen persicum L.

Treatment Bud Stage Days | Blooming Days | Total Flowering Days | Total Flowers | Leaf Area | Total Leaves
(mm?)
Control 16.33 b 21.53 b 37.86 b 37.33 ¢ 2469.7 b 30.33 4
Salicylic Acid 0.5 mM 17.63 ab 23.33 ab 41.33 a 663ab 2655.7 ab) 30.33 a
Salicylic Acid 1 mM 18.00 a 23.67 a 41.30 a 45.33 a| 2833.0 ab 33.66 a
Salicylic Acid 1.5 mM 18.10 a 22.63 ab 40.73 a 606 3019.3 a 30.66 a

TMeans followed by the same lower-case letters atesignificantly different at the 0.01 probabiligvel using Least Significant Difference
(LSD) test.

Physiological features:

Fresh and dry weight:

As seen in table 2, SA application increased babhf and dry weight of petals in Persian cyclaniable 2). The
increasing trend for fresh and dry weight was inoadance to concentration increment. This result&dmM SA

treated flowers to have the most weight gain. Weggtin increment was not significant for dry weigwhile for

fresh weight only 1.5 mM SA treatment caused sigaift weight gain. Like our findings, applicatiof $A on

‘Pattriot’ chrysanthemum increased fresh weight][3evious reports show that SA application supprigesh
weight decline. Hatamzadeh et al. [26] reported 8 application on ‘Wing’s Sensation’ gladiolusppuesses
postharvest decline of fresh weight. TreatmentuvfCheers’ anthurium with 2 mM SA also resultedawer fresh
weight loss compared to control. This was while ldur experiment, lower concentrations were natiefit [35].

Like fresh weight, dry weight has been improvedS#y application in most reports. Like our findingdady [32]

observed that in tomato application of SA will rikso leaf dry weight increment. Chandra et al.][38und the
same result as ours for dry weight in several cew qultivars.

Relative water content:

Although there was not a significant differencetapeelative water content was also improved by &pplication
(Table 2). This was while SA application signifitignincreased petal water content of ‘Pattriot’ ydanthemum
flowers [34]. In their study, SA also increasedti®de water content of leaves. In our experimdrg, Highest water
content was 9.323 g which was seen in 1.5 mM SAteck flowers after which 1 mM SA treated flowersreve
placed. The least relative water content was se@rbi mM SA treatment.

Membrane stability index:

Results indicate that membrane stability index efsiRin cyclamen was also improved by SA applicafiable 2).
With SA concentration increment, membrane stabifiiex increased. This was while increase of SAiegion up
to 1 mM did not result a significant improvemenike.relative water content, significant improvemerds only
seen at 1.5 mM SA treated flowers. Similar to andihgs it has been reported that SA applicatigmificantly
improves membrane stability of various flowers sashlily [27], lisianthus [28], white carnationgRand rose [30].
In anthurium flowers, electrolyte leakage from feawspath significantly decreased by 15 min dipttneat with 2
mM SA solution [35].

Table 2. Effect of salicylic acid treatment on physiological characteristics of Cyclamen persicum L.

Treatment Fresh Weight (g) | Dry Weight (g) | Relative Water Content (g) | Membrane Stability I ndex (%)
Control 1.647 b 0.172 a 8.524 ab 7791 b
Salicylic Acid 0.5 mM 1.694 b 0.192a 7.822b 80aly
Salicylic Acid 1 mM 1.845 ab 0.195a 8.461 ab 8ah4
Salicylic Acid 1.5 mM 2.030a 0.200 a 9.323a 84009

TMeans followed by the same lower-case letters atesignificantly different at the 0.01 probabiligvel using Least Significant Difference
(LSD) test.

Biochemical features:

Antioxidant enzyme activities:

Catalase activity: In control flowers, CAT activity increased initialup to flowering stage of two and decreased
afterwards as flowers developed and aged (Fig.TBjs was while SA application increased CAT acyivit
throughout all flowering stages compared to cont@AT activity increment trend showed an increapdaistage
four and a sharp decrease at flowering stage ef fiVithin SA treatments, there was an increaseAi @ctivity
with SA concentration increment. This resulted etiviy of 44.87 Unit/mg protein in 1.5 mM SA treat flowers at
stage 4. At flowering stage 5, CAT activity in Stedted flowers was 10 folds more than control. @héers’
anthurium, Promyou et al. [35] observed that tresiimvith SA caused an increase in spath CAT agtosmpared
to control. Similar to our findings for cyclamemely observed that CAT activity trend showed anahihcrease
until day 8 which was flowed by a decrease aftedsar
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Fig. 2. Effect of SA application on CAT activity during different flowering stages of Persian cyclamen.

Superoxide dismutase activity: In control flowers, SOD activity was almost comgtduring flowering stage one
and two. At flowering stage 3, there was an ina@énsSOD activity and a sharp decrease afterwantflowering
stage 5. This was while SA treated flowers showbijaer SOD activity throughout the flowering stagéhe SOD
activity trend showed a sharp increase in activittil flowering stage 3, after which there was @nstecrease until
stage 4 and a sharp decrease at stage 5. Withitneg#ed flowers, SOD activity increased with SA camtration
increment. The SOD activity increment recordedhtghest activity of 28.97 Unit/mg protein at flowsy stage 3
in 1.5 mM SA treated flowers. Even at floweringgeieb, SA treated flowers had a 4 fold higher SOtviag (Fig.
3). Previously it has been reported that SA maaigsl SOD activity in different ways. Like our finds, most
research reported an increase in SOD activity byaplication. Zamani et al. [30] reported that S@divity of
Rosa baccarancreases by SA application. Gerailoo and Ghasehatk[18] found that application of SA as vase
solution significantly increases SOD activity intgde of ‘Yellow Island’ rose compared to controiiliar reports
were published by Kazemi and Shokri [28] for ‘Blu&ianthus and Kazemi et al. [29] for ‘Pink’ catiwen.
Although there was an initial increase in SOD aftjvduring vase life and aging of ‘Yellow Islanddse, SOD
activity decreased. Surprisingly similar to ourdiimgs, even at the end of vase life SOD activitys waore than
control [18]. Zamani et al [30] obtained trend ftranges of SOD activity iRosa baccaravas also similar to our
findings, indicating an increase and a decreasevedirds.
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% 15.00 -
« —s—SA1
3
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Stagel Stage 2 Stage3 Stage4d Stage5
Flowering Stage

Fig. 3. Effect of SA application on SOD activity during different flowering stages of Persian cyclamen.
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Proteins analysis:

Generally, SA application increased protein contarhpared to control (Fig.4). The most protein émeent was
seen at the flowering stage of three with 36.93gDWY. As seen in Fig. 4, protein content in flowestals of
Persian cyclamen had an increasing trend until dhivg stage of three, after which it decreased.oiiginout

flowering stages, SA significantly increased pnotebntent. This increment had a positive correfatiath SA

concentration increment. Similar to our results tdd@adeh et al. [26] saw that SA application on rig&

Sensation’ gladiolus significantly increases pmotieivels during different flower developmental stagfrom bud
stage to senescence). Although during vase life semkscence protein content decreases, but Geraildo
Ghasemnezhad [18] observed that supplying ‘Yellsland’ cut rose flowers with SA, increases petaltgin

content with a similar trend as Persian cyclamesvinexperiment.
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Fig. 4. Effect of SA application on protein content during different flowering stages of Persian cyclamen.
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Fig. 5. Effect of SA application on sper mine content during different flowering stages of Persian cyclamen.

Spermine and Spermidine analysis

Spermine content: During the early stages of flowering stages of @ ancontrol flowers had a lower spermine
content compare to SA treated flowers (Fig. 5)fléwering stage 3 there was a sharp increase inrspe content
which resulted to similar spermine content as Sated flowers. The increasing trend of spermindicoad until
the final stage of flowering (stage 5). This causeditrol flowers to have the highest spermine aurd¢ a value of
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28.78 nMol/gFW at stage 5. In SA treated flowepgramine content had a slow increasing trend througkhe
experiment until stage 4, after which there wadow slecrease in spermine content. In SA treateddts, with
concentration increment, spermine levels increa¥égihg and Zhang [36] reported that exogenous SWente
endogenus polyamine levels and different SA comagahs have different effects. Similar to our stuthey found
that SA significantly increased spermine contemhgared to control. This was while Nemeth et al] [&ported a
decrease in spermine content after SA applicatidaaves of maize.

Spermidine content: In all treatments spermidine content showed anmeaming trend and subsequently a
decreasing trend (Fig. 6). In all SA treatment®rspdine content increased until stage 3 after ilere was a
decrease trend. Although there was not a signifidéference between 0.5 and 1 mM SA applicatiapgrmidine
content increased with SA concentration incremdiite highest spermidine content was 40.73 nMol/gRW a
flowering stage of 3. In control flowers similaetrd as SA treated flowers was observed, but urBiketreated
flowers spermidine increment continued until stdgend spermidine content was always lower thanrivViol SA
treatment. Nemeth et al. [37] reported that in galnexogenous SA application will increase endogerfolyamine
content. Janad et al. [38] have also reportedapplication of suitable SA concentrations will résin an increase
in polyamine synthesis in various plants. This wase in our experiment this finding was only séenspermidine
and at a concentration of 1.5 mM SA. Nemeth ef3] report that there were various responses [ffgrént
polyamines. For example SA application caused aiffignt increase in putrescine content, while spdine
content decreased. Similar to our findings, Nenattal. [37] also found that leaf spermidine conianteased after
SA treatment.

50,00

4500 -

35.00

30,00 -3 - Control

—=—SA05

—s—SA1

25.00

SPD Content (nMol/g.FW)

—&—S5A15

20,00

1500 -

10.00 - T T T T
Stage1 Stage 2 Stage3 Stage4 Stage5
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Fig. 6. Effect of SA application on sper midine content during different flowering stages of Persian cyclamen.
CONCLUSION

Generally, SA treatment of Persian cyclamen impdovarious morphological, physiological and biochesthi
features of this flower. From the morphologicalmadf view, SA did not have a significant impact wegetative
aspects while it significantly improved floweringhysiological features were also improved by SAliepfion, but
the changes were not significant. From biochempcaiht of view, SA improved antioxidant enzyme aitids by
increasing CAT and SOD activity. Protein contensvedso significantly increased throughout differéatvering

stages. Beside that polyamine content also incdettssome extent. Considering the mentioned diffieespects,
foliar exogenous SA application is recommended:éommercial Persian cyclamen production.
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