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ABSTRACT

One of the major applied biocide in the cut flowearket and industry is hydroxy quinoline citrateQ@8). This
compound is the most recommended biocide for g flowers. Beside its ethylene inhibiting behaviigr major
function is to control microbial proliferation antbnsequently improve cut flower water relation. iBesnicrobial
proliferation control, biocides could affect cubWer’'s quality and physiology in various aspectsotder to study
HQC impact on various microbial and physiologicabpacts, ‘Cherry Brandy’ roses were treated with HQRQGO,
300 and 400 md) and sterilized distilled water (control). As astét, effects of HQC application as vase solution
biocide and its impact on vase life, water relatimase solution microbial kind and population bestifferent
physiological parameters such as chlorophyll degtézh, chlorophyll fluorescence and membrane petiliya
were investigated during this study. Results ingidahat HQC significantly reduces vase life of e@ly Brandy’
rose flowers compared to control. This is whileahcentrations of this compound completely preagmticrobial
proliferation in vase solutions. On the other hatsdlow concentration application improves freshigid gain and
solution uptake during the first week of vase I&#hough this compound did not have a visual a@dosis side
effect, but it declined leaf membrane permeabiktyd chlorophyll fluorescence of the treated flowers
Controversially chlorophyll content of HQC treat®owers increased during vase life.

Keywords: Bacillus chlorophyll content, chlorophyll fluorescence,migane permeability, microbial proliferation,
water relation.

INTRODUCTION

Cut flowers vase life is affected by several fagteuch as: cell programmed death [1], ethylenededsenescence
[2, 3], dehydration [4, 5, 6, 7], or loss of asdatés and substrates [8, 9]. Among the above maadiowater
relation and balance play a major role in posthgtregiality and longevity of cut flowers [7] and watrelation
interruption during this period is often the reasdshort vase life for cut flowers [5].

Water relation interruption is mostly due to micrganism proliferation in vase solution and occlusio the basal
end of the cut flower stem by microbes [5, 10, 12]. Stem blockage could take place by the bac{érid0, 11,
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12], or by extra cellular polysaccharides and degtian products of dead cells [10]. Besides vebsmtkage,
bacteria secrete pectinases and toxic compoundpraddce ethylene [13], thereby, accelerate senesce

It has been shown that beside vase life reductibsruption of water relation in rose flowers causesne
physiological disorders such as bent neck [4, H], tack of flower opening [10], and wilting of thieaves
accompanied by improper opening and wilting of #wsv[10, 15]. Therefore, controlling and reducingnobial

proliferation is a prerequisite for extended qyadind longevity of cut flowers, especially for res©n the other
hand, applied biocides could also severally or mate¢y affect other physiological properties of dlawers

specially their photosynthetic apparatus functiow anembrane permeability by their toxic compoundsirdg

postharvest development and aging.

In order to prevent microbial proliferation in vasa@lutions of cut flowers, various compounds anencicals have
been used, namely, silver nitrate [15], silver shiphate [3, 16], aluminum sulphate [17], and sodhypoclorite
[4, 16, 18].

One of the major biocide applied in the cut floversiness is hydroxy quinoline which is used as taros of
hydroxy quinoline sulphate [3] and hydroxy quinelinitrate (HQC) [4, 16, 18, 19, 20]. Beside beingiacide,
HQC is known to inhibit ethylene production in dlaiwers [21] and cut surfaces of flower stems [Z}jis is while;
being a germicide is its major function [6, 18].

Although previous studies have investigated theibd® role of HQC, but they have not been comprekersnd
beside their biocidal efficacy, some aspects eaflgcphysiological aspects such as chlorophyll ddgtion,
chlorophyll fluorescence and membrane permeabiblitye been unseen. Therefore in this article we faouesed on
some of the mentioned physiological properties WHET is applied as a biocide in vase solution df‘@herry
Brandy’ roses.

MATERIALS AND METHODS

Plant Material:

Rose Rosa x hybridd cv. ‘Cherry Brandy’ (licensed by Rosen Tantauy@@ny) were harvested at commercial
maturity stage (i.e. outer petals starting to ret@d inner petals have become visible) from rdaetp grown in
hydroponic perlite in an automatic greenhouse. Elswwvere harvested early in the morning and traresfeto
laboratory within 1 hour after harvest. Before tneant, all the leaves except the 5 most upper eaf/each flower
stem were removed and then stems were recut slantlgr water so that all flowers reach a height@fm and
probable air emboli got removed.

Experimental design and treatments:

Following recut, flowers were treated in a comdieteandomized design of 4 treatments and 9 repdinat
Treatments applied as vase solutions were: hydgosyoline citrate (HQC) (200, 300 and 400 fglor sterilized
distilled water (control).

Experimental condition:

Cut rose flowers were kept in a laboratory with aximum and minimum temperature of 25 +2 °C and 2P@G,
respectively, relative humidity (RH) of 55+ 5 % dalight intensity of 4 pumol mins' provided by white fluorescent
lamps from 07.00 to 20.00 h.

Vase life and side effect evaluation:

During vase life evaluation, cut rose flowers wdedly checked and their appearance and conditioe wecorded
to determine the vase life and if the applied cloaisi had any side effects. Termination of vaseMiées recorded
when wilting of the outer 5 petals occurred or bestk was observed [10].

Solution uptake:

Solution uptake of flowers was measured using arza by weighting each vase containing its solutidhout its

flowers and correcting the evaporation from thevdpe-control vases (vases which did not containfiwers and
were located between the vases that contained iffowe different places) by subtracting the averafjed

evaporation data from solution uptake on a dailgisoaDaily vase solution uptake was calculatedvase solution
uptake rate (g stethday )=(S.:-S); where,Stis weight of vase solution (g) &t day 1, 2, 3, etc., and.Ss weight
of vase solution (g) on the previous day [11, 13, 2
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Fresh weight changes:

In order to record fresh weight changes of cut #osy flower stems were taken out of vase making that stem
end is not dry and weighted as quickly as posdigle balance on a daily basis. Data were obtaiaezhlculate
fresh weight changes (g and %) and relative freslylt (RFW) changes of the stems [23]. RelativeHreveight
was calculated as: RFW (%) Wi{W,0)x100; whereW, is weight of stem (g) at= day 0, 1, 2, etc., aliq, is weight
of the same stem (g) &tday 0 [11, 12].

Microbial Count:

Microbial count was determined by taking 1ml vaskigson samples during the first 6 days of the eipent, at 2
days intervals with 3 replications. One ml fromfeaample was diluted in 10 fold serial dilutionl @l from each
concentration of diluted samples was plated onienttragar and all were incubated at 35°C for 48rdou
Microorganisms were counted by standard plate cogimbethod (by counting the number of colonies fednafter
incubation) to generate the number of colony fogninits.mi* (CFU mr™) [23].

Microbial Identification:

After plate counting, obtained colonies were stddéd separated by their apparent morphologicééreifices
which resulted in 2 bacterial isolates. Afterwatscterial isolates were studied by their morphalabiand
biochemical characteristics in order to definertigeinus.

Bacterial morphological studies were: motility, Icghape, and capsule presence. Bacterial bioasgags potato
soft rot and hypersensitivity test on tobacco. Blechemical tests carried out on isolated bactedddnies were:
gram reaction using KOH, aerobic/anaerobic growathig production from glucose, gas production frorglOcose,
fluorescent pigments production on KB, oxidase, testalase test, gelatin hydrolysis, levan, groaitB0°C, growth
at 5.7 pH, starch hydrolysis, tween 80 hydrolysislol production, methyl red reaction, aceteoin )VRitrate
reduction, arginine dihydrolase andSHproduction from cysteine [24, 25].

lon Leakage:

Three 2.5 cm diameter discs were taken from leafach treatment’s flower stalk and placed into S@entrifuge
tubes containing 20 ml of 2 bar mannitol solutiSamples were kept at 25°C and dark for 24 h aftéctwelectric
conductivity was measured and solution’s initisdottic conductivity was subtracted in order to abeectrolyte
leakage.

Chlorophyll Content:

Total chlorophyll content was measured by non destre method using chlorophyll meter (SPAD-502 nbita

Co. Japan) which provides a SPAD value [26]. Measient was conducted with 2 day intervals on 4 whffe
flower stems (replications) in each treatment. €&arh flower stem, measurement was conducted amahleed spot
of distal leaflet of 3 leaves.

Chlorophyll Fluorescence:

The quantum efficiency of open photo system Il een{R/F=ratio of variable to maximum fluorescence), was
measured by a nondestructive method every 2 daysanOpti-Sciences OS-5P pulse amplitude fluorim@Deti-
Sciences INC, Hudson, NH, USA) [27]. Leaves weréntained in darkness for 20 min by a special clgiobe
measurement of A-,,. Minimal fluorescence @y was measured under a weak pulse of modulatitng éiger a 0.8 s
period, and maximal fluorescence,JRvas obtained after a saturating pulse of 0.78080umol m?s™. Fv is the
difference betweengrand F, [27, 28].

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@l0probability level P=0.05 and 0.01).

RESULTS AND DISCUSSION

Vase life:

HQC application has an adverse effect on vaseofif€herry Brandy roses and significantly reducedevife
compared to control (sterilized distilled water)able 1). Vase life reduction was greatly affected HQC
concentration increased, causing the least vasefi8.22 days for 400 myHQC treated flowers. This was while,
van Doorn [16] saw a beneficial effect by adding Gi€ rose vase solution and he reported that \itesavhas
restored by adding HQC to vase solution of rosevdle whenNarcissusflowers were kept in the same vase.
Although in our study HQC decreased vase life, dara Hill [19], and Marousky [18] observed beneafieffect
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of this biocide on vase life of ‘Gabrielle’ and ‘Ber Times’ roses, respectively by applying the samncentration
as us.

Table 1: Effect of hydroxy quinoline citrate on vae life of cut ‘Cherry Brandy’ rose

Treatment Vase life (day)
Hydroxy Quinoline Citrate 200 mg| 10.00 b’
Hydroxy Quinoline Citrate 300 mg| 9.00 cd

Hydroxy Quinoline Citrate 400 mg| 8.22d
Sterilized Distilled Water (Control) 11.67 a
TMeans followed by the same lower-case letters atesignificantly different at the 0.01 probabiligvel using Least Significant Difference
(LSD) test.

Side effects:

Generally, effective concentrations of biocides t@ntoxic to many flowers [6, 23, 29]. Van Doagh al. [29]
concluded that at none toxic concentrations nonthefapplied compounds had constant and high actehal
effect.

As a side effect of HQC application, Marousky [58)v that ‘Better Times’ roses treated with HQC ¢adriblue. In
Narcissus tazettdlowers, all HQC treatments caused proximal endcaf flowers to shrink and turn brown,
consequently causing a loss in quality by day-3.[&Bcontrast, Knee [6] considered HQC to be ohéhe safest
biocides forAlstromerig carnations and roses. In our study, the onhbldasside effect of HQC on ‘Cherry Brandy’
rose flowers, was vase life reduction.

Relative Fresh Weight (% of the initial):

As seen in Fig. 1, there is a general sharp iner@aselative fresh weight during the first daytbé experiment.
During the next 4 days, relative fresh weight haglight increase until day-5, which reached the imaxn point
and then weight reduction continued until the flosvease life ended. This decrease was sharp in H€HIments
while in control flowers the trend continued al@nsrate.
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Figure 1: Relative fresh weight trend of cut ‘Cherty Brandy’ rose flowers treated with HQC. There is a
general sharp increase in relative fresh weight dung the first days of the experiment. After reachiig a
maximum point there is a reduction until vase lifetermination.

Between the treatments 200 MgIQC had the most weight gain throughout the expent until 2 days before vase
life termination of its flowers. After 200 mgIHQC treated flowers, control flowers had the masight gain
throughout the experiment. This was while the otheoncentrations of HQC had an adverse effecteshfweight
gain of their flowers resulting in a significantwer relative fresh weight gain and a faster fresigivt loss.
Therefore at the end of vase life, relative fresight of the other 2 concentrations of HQC readi®aind 85% of
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the initial fresh weight. This was while fresh weigof 200 mgt HQC and control flowers was almost the same
amount of their initial fresh weight at the endvabe life.

Van Meetereret al. [30] observed a decrease in fresh weight of deahitreated cut flowers during the first 1-3
days of vase life. This decrease in fresh weighg neat seen either in sterilized distilled water moHQC treated
flowers of our experiment. Instead they all reachibdir maximum fresh weights on day-5. In fact ioro
experiment, sterilized distilled water had a betfezsh weight change than high concentrations ofCHQ
accompanied by a higher relative fresh weight thhmut the experiment (Fig. 1) and upon vase lifeneation,
sterilized distilled water had a significant highelative fresh weight.

Solution Uptake
There was a high solution uptake in all treatmemgslay-1 (Fig. 2) after which there was a decre@be. highest
solution uptake was seen in 200 tlQC treated flowers throughout the experiment! utaty-6.

During the first 6 days of the experiment, in H@€atments only 200 mglhad a higher solution uptake compared
to control (Fig. 2). With HQC concentration incraméhe ability of flowers to uptake solution deed. This was
while there was not a significant difference betwselution uptakes of the other two HQC concerdreti Unlike
our findings, Marousky [18] observed that in ‘Betfeimes’ roses application of 200 MgHQC increases water
absorption and stomal closure. This was while insiudy, application of HQC had an adverse effecsolution
uptake. Controversially van Doorn [16] found a Hena effect by HQC application on ‘Sonia’ rosé$e managed
to overcome the effect of daffodil mucilage on watp take reduction of ‘Sonia’ roses by adding H@Grase
solution.

Solution uptake trend by rose cut flowers in presictudies tended to increase initially and thesradese [7, 12].
Throughout our experiment there were two criticaings of maximum solution uptake which all treatrisen
followed (Fig. 2). Those days were day-1 and day4ée highest solution uptake on both days (day-ihvis
exactly after rehydration of flowers, and day-6)obged to 200 mgl HQC. This was while from day-6 onwards
solution uptake dropped dramatically in all HQCatreents bellow control level and remained at a JVery
amount. This finding implies that HQC could havedfkcial effect on solution uptake of ‘Cherry Brandose if it

is applied at low concentrations for short period.

30.00 } —H— HQC 200 —5— HQC 300 —~— HQC 400 ---#—-- D.W.I

2500

2000 -
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10.00 Lk
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0.00 : : : : : : : : : : :
1 2 3 4 5 6 7 8 9 0 n 12

Vase Life {Days)

Figure 2: Vase solution uptake trend of cut ‘CherryBrandy’ rose flowers treated with HQC. There is ahigh
solution uptake in all treatments on day-1. After hat, there is another point of maximum solution upake
which all treatments follow.
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Microbial count:

In cut flowers, HQC is known to inhibit ethyleneoguction of flowers [21] and cut surfaces of flovetems [22].
However, being a germicide is its major function 18]. As seen in table 2, HQC application as ‘@h&@randy’

rose vase solution preservative completely prewentirobial proliferation and therefore HQC vaséugons did

not contain any microbes even after 6 days of ewmat. The same was observed in Jowkar's [23] previ
findings. In his experiment HQC was one of the mef§ctive compounds for controlling microbial gribmand

proliferation of narcissus vase solution. Van Dod6] has also showed that HQC prevented micrgialiferation

in rose vase solution. On the other hand van DaarhPerik [4] showed that HQC limits microbial piedation in

stems of ‘Sonia’, ‘llona’, ‘Polka’ and ‘Frisco’ res bellow detection limit. They concluded that H@@& low pH

prevent vascular blockage by reducing the numbéracteria in the stem. Bleeksma and van Doorn fig®E also
found that HQC suppressed bacterial growth andgmtend the increase in ultrasonic acoustic emisdi@agiency
within the treated stems.

This was while vase solution microbial contaminated sterilized distilled water reached a relatyviigh count on
day-2 (Table 2). As same as our findings, stedlidéstilled water did not have any pleasing efiectontrolling or
reducing microbial population ®farcissusvase solution [23].

Table 2: Effect of hydroxy quinoline citrate on cut‘Cherry Brandy’ rose vase solution microbial countduring
day-2, -4, and -6.

Treatment Microbial Count ' (log10 CFU mt?)™
Day-2 Day-4 Day-6
Hydroxy Quinoline Citrate 200 mgl 0 b'" Ob Ob
Hydroxy Quinoline Citrate 300 mgl Ob Ob Ob
Hydroxy Quinoline Citrate 400 mg Ob Ob Ob
Sterilized Distilled Water (Control) 4.477 a 6.469 9.203 a

"Microbe counts, except a zero count, are reportbgl10x (x = microbe counts).
""The number of microorganisms was counted by thelatd plate counting method and expressed as Cdfonying Units mit (CFU mlY).
"Means followed by the same lower-case letters atesignificantly different at the 0.01 probabiligvel using Least Significant Difference
(LSD) test.

Microbial Kind

In the vase water of cut roses, many different &iafibacteria, yeasts and fungi have been idedtj8é, 32]. While
in carnation vase solution Zagory and Reid [33htdied 25 different microorganisms, in this expeeint only 2
microbial types were seen. It seems that fewerobiettypes were due to lower flower contaminatiod imtegrated
management applied during flower production.

As HQC completely suppressed microbial growth araliferation, contamination was only seen in cohtrase
solution. The isolated microorganisms from conttasge solution were 2 different kinds of bactesalates. This is
consistent with other published data [14, 23, Z1, 3

The separated bacterial isolated were 2 differeains ofBacillus This is while in previous studies other different
bacterial strains were seen. For example, bactstiains found in rose stems by van Doetnal. [34] were:
Pseudomonads (80 %), Enterobacteria (5-10%); amde sother genera such aseromonas, Acinetobacter,
Alcaligenes, Citrobacterand Flavobacterium In another study they had Pseudomonads and bateteyia as the
dominant bacterial strains in stems of cut ‘Som@ses [5]. Other isolated bacteria from rose vadetisn were
Fluorescent Pseudomonad and a Nonfluorescent Psemdol which reduced flower vase life of ®dsa hybrida
cv. ‘Cara Mia’ [33].

As same as our study, in previous studiBscillus has been the most common occurring vase solution
microorganism [23, 31, 32, 35]. Depending on experit condition and production system, other donibgres of
bacteria have been seen. For example, van Debral. [36] found Pseudomonaspecies as the dominant
microorganism in roses and carnation cut flowers.

Agricultural products microbial flora and populatidgs determined by the products physiological ctodiand

mixture of bacteria, yeasts and fungi coveringgheduct [37]. It has been proved that when cut 8mare placed
in vase, bacteria from flower surface transferdsessolution. For example, van Doorn and de Waitedcognized
that Bacillus and Staphylococcus xylosusansfer from leaves and stems of cut ‘Sonia’ sois@o vase solution.
Other sources of microbial contamination are vaséery contaminated vases, containers, or vess8]s TBese

facts explain the difference between the microbdaitamination in our study and others.
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lon leakage

lon leakage trend in all treatments showed an asing trend during vase life (Fig. 3) indicating merane
permeability reduction with aging in leaves of ‘@lyeBandy’ roses. Although in control flowers iozakage had an
increasing trend throughout the experiment, butitbeeasing amount was very little compared to otreatments.
This was while in HQC treatments, ion leakage imegt was higher than control and it had a sudderase from
day-6 onwards. During the increment trend, leaf lieakage increased with HQC concentration increméhis
resulted in 2-3 folds increase in leaf ion leakafEQC treated flowers.

| —5—HQC 200 ——HQC300 —~—HQC 400 --¥--DW.]

320.00
270.00

220.00 //
170.00

120.00 ///

70.00

N
N

lon Leakage (m$)

20.00

Vase Life {Days)

Figure 3: Leaf ion leakage trend of cut ‘Cherry Brandy’ rose flowers treated with HQC.
HQC has harmed membrane permeability and consequehltincreased ion leakage.

Guiboileauet al. [39] have mentioned membrane lipids degradatiolea@ssenescence progress which results in ion
leakage. Maalekust al. [40] have considered ion leakage as an index ohionane integrity and damage in plants
during senescence. Our results confirm this issuk show that leaf ion leakage increases with adinige us,
Sultan and Farooq [41] have shown that senescencat dlower is associated with ion leakage increm®ren-
Shamiret al. [42] have also found that in cut ‘Mercedes’ rose leakage increases during senescence progress.
Soodet al.[43] found same results f&tosa bourbonianandRosa damasceriowers.

Although all reports agree on ion leakage increnseming senescence, but different trends have beygorted for
this issue. In cut ‘Mercedes’ roses Oren-Shaehall. [42] saw that ion leakage trend did not changd dat/-4 and
after that it increased. Soad al. [43] observed that ion leakage trendRnbourbonianas constant and suddenly
increases upon vase life termination whil&Rindamasceni shows a slight increase during flower developtrand
senescence.

Same as our findings, Skutnét al. [44] found that HQC cannot prevent nor retard lieakage ofZantedeschia
flowers during senescence. This was while Prashanth Chandrasekhar [45] saw that hydroxyl quinokse
hydroxyl quinoline sulfate reduces ion leakage¥dnana’ gerbera up to 6% of control. Similar to éoding, the
least gerbera ion leakage belonged to 200'nugincentration. Like our findings, Gt al. [46] found that
hydroxyquinoline increases ion leakageN#rine sarniensiscv. ‘Red’. It seems that ion leakage increment ttue
HQC application has been caused by membrane iapusiyconsequently loss of membrane permeability.

Chlorophyll Content

Chlorophyll content measurements showed fluctuadioning vase life of ‘Cherry Brandy’ roses in akatments.
Generally chlorophyll content of HQC treated flosémcreased during vase life (Fig. 4). This waslevhi control
flowers there was not much difference in chloroplegintent change. The only HQC treatment that higthen
chlorophyll content than control throughout the eiment was 200 mglconcentration. This treatment had also the
least chlorophyll content increment.
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Figure 4: Leaf chlorophyll content trend of cut ‘Cherry Brandy’ rose flowers treated with HQC. Leaf
chlorophyll levels of HQC treated flowers showed fictuation during vase life.

Previously it has been shown that leaf chloropbgihtent decreases during senescence [39, 47,3hpscence
delay and chlorophyll preservation has been acHidyevarious compounds which mostly have growthuisgry
behavior such as: GA [48, 49], benzyladenine [5@] &diazuron [48, 49]. Although in our experimeait HQC
treated flowers showed chlorophyll content increbm@mpared to their initial content, previous sasdhave shown
undesirable effect of hydroxy quinoline on leafarbiphyll content. For example, KiCheet al. [51] found that
treating ‘Red Sandra’ roses with hydroxy quinolireduces photosynthesis rate and leaf chlorophyfitestd
compared with control. Lee and Kim [52] reporte@ timbeneficial effect of hydroxy quinoline on cldphyll
content of ‘Red Sandra’ roses at 200 Thgbncentration by chlorophyll content reductiormiar findings have
been seen in other cut flowers. Skuteikal. [44] has also found that HQC cannot retard chlbytipcontent loss
during senescence.

Chlorophyll Fluorescence

During vase life, leaf chlorophyll fluorescence ‘@herry Brandy’ rose decreased with aging and cguestly
reached its lowest level in all treatments at véfee termination. Control flowers had the least arolphyll
fluorescence reduction during vase life (Fig. SisTwas while in HQC treated flowers, chlorophyilldrescence
decreased with concentration increment. In HQCtébdlowers with HQC increment, chlorophyll fluocesice
declined rapidly as the flowers reached the entheif vase life. The least chlorophyll fluorescemeduction in
HQC treated flowers was observed in 200 Ingleated flowers. This treatment did not show abybuyll
fluorescence reduction until day-6. This was winileontrol flowers which had the least chloropHidiorescence
reduction at vase life termination, chlorophyll dtescence dropped at day-4. There was also incteimen
chlorophyll fluorescence of 400 mbltreated flowers at day-2 which is due to the damagused by high
concentration of HQC. The toxicity of this treatrhecaused a dramatically sharp decrease in chlotbphy
fluorescence of treated flowers and consequentip@ease in chlorophyll content as mentioned lee(6ig. 4).

Similar to our findings, Tangt al.[47] have reported that with senescence initiadind progress, quantum yield of
both photo system | and Il decreases. Niewiadorasl. [53] have also observed that during senescencetyma
yield of photo system Il reduces dramatically ibaoco leaves. Our findings on leaves of detachédose flower
stems are in accordance with the mentioned reportattached leaves. Controversially Pompodakial. [54] did
not find a correlation between relative chlorophifliorescence reduction and vase life reductiorcaél stored
‘First Red’ and ‘Akito’ rose flowers which seemite due to low temperature injury of cold storedesos
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Figure 5: Leaf chlorophyll fluorescence trend of cti‘Cherry Brandy’ rose flowers treated by HQC
application. Generally, chlorophyll fluorescence delines during vase life.

Chlorophyll fluorescence reduction indicated thattum yield of photo system Il reduces during viifeeand
reaches its lowest level at senescence. This fatbar results indicate a successive loss of plotbstic activity
during senescence and HQC application in cut ‘GhBrandy’ rose. Increase in chlorophyll contenH8)C treated
flowers during the experiment could be explainedhiy fact that flowers have increased their lddabphyll level
in order to overcome the loss of photosynthetiovagtimposed by HQC absorption to some extent.

CONCLUSION

Our findings regarding the application of HQC orh&ry Brandy’' roses, questions Reid and Kofran§ks
recommendations for standardized vase life evanatue to vase life decline by HQC application lois tultivar.
Since they recommended the application of HQC esrdrol biocide in postharvest studies on cut flsvéut it
agrees with incorporation of distilled water in gdide experiments as suggested by them.

As biocides are integrated in floral preservatiteesustain solution clarity and to avoid blockafeylem elements
by microorganisms [6]. From this aspect, HQC wangetely effective as it did not allow microbialgtiferation
until day-6.

Form physiological point of view HQC did not residtvase life improvement. Although solution uptake fresh
weight gain was improved during the first week ofperiment by low continues application of HQC.
Controversially, its application resulted in physgical deprived function due to membrane permégbdnd
chlorophyll fluorescence decline. Considering difet studied aspects, application of lower conegiatn of this
compound could be recommended.

As our report is the first report on physiologichhnges by HQC application during vase life ofrose flowers and
that no other reports have studies HQC applicdtisuch physiological approach, it provides valeabformation
on different aspects of HQC application as vaset&owl preservative. This is while further studies aeeded to
focus on its effect on physiological function ohet cultivars in order to fully recommend or oppdsepplication.
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