NAA and STS effects on potted bougainvilleaearly flower death
allows delayed bract abscission.
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Abstract

The effects of Silver Thiosulphate (STS) and Naleimi@ Acetic Acid (NAA)
(0,45%NAA+1,2% NAA-amide at 500 mg) on flowering bud development, anthesis
duration, bract longevity and bract photosynthedie were studied iBougainvillea
spectabilis ‘Killie Campbell’ plants, under interior condition$he relationships
between bract longevity and the above parametems also investigated.

NAA induced longer bract longevities, shorter flovamthesis duration and
lower percentage of flowers reaching anthesis. &d8e increased duration of flower
anthesis but did not affect CD (completely devethdmact abscission, as compared to
the water treatment. Depending on the experimelding STS to NAA delayed or had
no effect on bract abscission. Longer bract longgs/ivere related to shorter flower
anthesis and lower percentage of flowers reachmtigesis. Manual removal of flowers
from the bract+flower unit increased bract longgvidespite the low level of
irradiance, bracts photosynthesized and plantsetglegith NAA (alone or with STS)
had lower bract photosynthetic rates. Bract phatthstic activity, although with
relevant rates (similar to leaves and most probeapable of covering respiration
expenditure) did not seem important as an energscedor bract longevity since bracts
that lasted longer had lower photosynthetic rdtethe water control, percentage of
flowers reaching anthesis positively correlatechviaitact photosynthetic rates.

In potted bougainvillea under low light conditiofiewer senescence and bract
abscission are under different types of controhddition to the classical effect of auxin
reducing ethylene production, and/or sensitivityiwf abscission zone to ethylene,
NAA delays bougainvillea bract abscission via eartgrruption of flower
development.

Keywords: auxin, ethylene, anthesis duration, letgebract photosynthesis, flower
development.

1. Introduction

The influence of hormones in plant reproductiveedepment is far from being
well defined. Ethylene is involved in stamen irtiba (Ogawa et al., 2007) and
regulation of floral sex determination in cucumfieuan et al., 2008). Ethylene can
inhibit, promote or modify the opening of a flowér.cut roses, ethylene may
accelerate, prevent or modify flower opening, delr@mon cultivar, flower stage and
ethylene concentration (Reid et al., 1989), altloiigs not part of natural senescence
(Reid, 1989). IrtEuphorbia fulgens ethylene reduces flower opening, while STS or
gibberellins promote it (van Leeuwen, 1985). AlisoL.iliumand freesia STS promotes
the development and opening of flower buds (vantbtea and De Proft, 1982; van
Meeteren et al., 1995).



Auxins have an important role in reproductive depetent. Auxins are needed
for the initiation of floral primordia and, modiftions in the auxin levels may cause
abortion, or different flower forms (Cheng and Zhao07, McSteen, 2010). Auxins
also control the relative growth of the differelover organs (Aloni et al., 2006).
Auxins affect abscission, not only by regulating #ensitivity to ethylene but also by
modifying the transport of the enzyme polygalactase which degrades the cell wall
(Degan et al., 2001). In rose, NAA inhibits the ojpg of flower buds, but does not
promote their abscission (Halevy and Kofranek, }9i#6Theobroma cacao flowers, a
single application of NAA at anthesis, anticipgbesal wilting but prevents flower
abscission (Aneja et al., 1999; Hasenstein andd@g\v2001). In potted bougainvillea
postproduction, auxins delay bract+flower abscis$®Bago et al., 2001, Meir et al.,
2007, Gago and Monteiro, 2011, Liu and Chang, 2011¢ auxin form influences
plant morphology: NAA causes severe epinasty ohgostems and leaves but 2,4,5-
trichlophenoxy acetic acid (Meir et al., 2007) of®NAA+1.2% NAA-amide (Gago
and Monteiro, 2011) do not have this effect. Presiworks focused on the general
plant appearance, evaluated bract abscissionhérd are no detailed reports on the
specific effects of the exogenous auxins on bowgéaa’s floral
development/morphology, or flower longevity.

Few studies focused on flower and bract photoswmh®emmos and Goldwin
(1994), report that photosynthesis of ‘Cox’s Oramagele flowers, when in the ’ballon’
stage, represent about one third of leaf photoggmhcontributing to the development
of the flower and early development of the smalitfrin Euphorbia pulcherrima
Willd., when comparing leaf and bract photosynthesia light intensity of 350mol.m
2.st, Woodrow and Grodzinski, (1987) state that brhetge photosynthetic rates 10
times lower than green leaves. It is unknown whettleeigainvillea bracts have the
ability to photosynthesize under interior condigpand if so how does their
photosynthesis compare to that of green leaves.

The objective of this work is to study the effestexogenously applied STS
and NAA (0.45%NAA+1.2% NAA-amide) on bougainvillsaflower development,
anthesis and single bract photosynthetic rate.réla¢éionship between these effects and
bract longevity is also investigated for a bettederstanding of the influence of the
flower, and of the chemicals applied, in bract &ésson.

2. Materials and methods
2.1. Main experiment

2.1.1. General procedures

Two postproduction experiments wih spectabilis 'Killie Campbell* plants
were done (beginning September 23, 2005 and JylIg@%), with completely
randomized designs and at least four replicati@ngrpatment.

Plants were grown in plastic greenhouses, usingdnmal procedures, at the
“Horto” of University of Algarve, Faro, until thedginning of the experiments. The
only environmental control provided was greenhouesdilation when the temperature
exceeded 24 °C.

At end of production, plants were approximatelyr@dagh, with at least ten
groups of three bracts completely developed atebat one group with an open flower
(at anthesis).

Treatments with STS were initiated during produttistarting when bracts
became visible, and were applied every 15 days dipet end of production. They



consisted of a 160 mgtspray of STS (2 g 1! of Argylene®; Argylene Biochem ApS,
Frederiksberg, Denmark). Treatments with NAA caesif a single spray, at end of
production (day O postproduction), using 500 rrigif NAA (30.30 g =" of Agritone®
(0.45% NAA+ 1.2% NAA-amide; Etisa, Barcelona, EspgfBoth types of spray were
applied to wet uniformly the leaves and bractstauhe start of dripping. Treatments
performed were: (a) STS, (b) NAA, (c) STS +NAA gddl WATER. Once dry from the
sprays, plants were sleeved, boxed in open cardsbaix10 plants per 30 cm x 52 cm x
50cm (height x length x width) box, and kept faretdays under simulated transport
conditions (17 £ 1 °C, no light).

At day 3 postproduction (PP), plants were unbopéated under interior
conditions [21 + 1 °C and L#nol.m=2.s*of cool white fluorescent light (Philips, TLD,
58/830) 12 h a day] and the sleeves removed. Bgibraments ended at day 30 PP.

2.1.2. Bract longevity, flower development and leadbscission

At the end of the production period (i.e. day O,RRach single bract and flower
in a plant was tagged, numbered and, its develotahstage recorded. Each bract in a
group of three had the same developmental staggrodp of 3 bracts was named
“completely developed” (CD) if the bracts had d&iue size and color, or
“developing” (D) for all other bract stages bef@B. Also, at day O PP the number of
leaves in each plant was recorded.

The developmental stage of each flower and braatedl as the bracts and
leaves that abscised, were recorded at the ergk @limulated transport period (day 3
PP) and daily from then on. Bract longevity is thenber of days from the start of the
postproduction experiment until the bract abscimeithe end of the experiment.

Flower development was only monitored on CD bréelswvers were
considered: a) pre-anthesis, when the flower tulpdaanth was still linear and closed,
b) in anthesis, when the flower was open and thieevgart of the corolla visible, c)
post-anthesis when the white part of the corolla mat visible anymore and the tubular
perianth twisted itself, forming a senescent stalcture. Computed variables
included: the percentage of closed flowers thattiged to anthesis and the anthesis
duration of each flower, (i.e., the period of tithat the flower remained open). For the
calculations, events that occurred during the satedl transport period were considered
to have happened at day 3 PP.

2.1.3. Photosynthesis measurement

Single bract and leaf G@xchange rates were measured at day 8 PP, under
interior conditions, using a portable gas exchaygem HCM-1000, Walz, Effeltrich,
Germany) operating as an open system mode. Measntenvere performed on
attached bracts and leaves, using 3 bracts pet;, plah similar exposition, and 3 leaves
per plant, immediately below the bract zone. Duth#osize of the chamber, bract
photosynthetic rate was assessed only in CD baacislid not include any flower part.
Measurements started one hour after the beginditigedight period in the chamber.

2.2. Additional experiment

To do a preliminary test of an explanatory hypoihaa the Spring of 2011, 10
potted bougainvilleas were obtained, from a localgr (Viveiros Monterosa,
www.monterosa.pt) which uses STS treatments, sidlavhat was described above.
Half of the plants were treated with NAA, at artivas described above and, the other
half was left untreated. For both treatments wiéh or without NAA, on half of the
bracts+flowers per plant, the flowers were manuaiyoved. Plants were exposed to



the postproduction sequence of environments destabove (simulated transport +
simulated interior conditions). Bract longevitylmhcts+flowers and of bracts without
flowers was assessed during a 30 day postprodustioad.

2.3. Statistical Analysis

Analysis of variance (ANOVA) was performed on ttetadand, when needed,
means were compared using Duncan’s Multiple Rarege dt p=0.05. Regressions
were also run when appropriate. Softwares utilipedhe statistical treatments were
SAS (SAS Institute Inc., Cary, NC,USA) and SPSSS§Sinc., Chicago, USA).

3. Results

The percentage of closed flowers reaching anthesssaffected by
postproduction treatmen®P£0.0002) (Table 1). In both experiments, plantattd with
WATER and STS opened more flowers (75% to 80%) fflants treated with NAA
and NAA+STS (36% to 52%). Anthesis duration wase &learly affected by
postproduction treatmen®P£0.0001) and experiment (P=0.0001) (Table 1). Fiswe
treated with STS remained open the longest, foltblethe flowers treated with
WATER. Flowers sprayed with NAA or NAA+STS remainggen the shortest. In
2006 flowers lasted longer than in 2005 but thattnents’ ranking was the same in the
two years (Table 1).

Bract longevity was affected by experiment(ye&3.0001) and
postproduction treatmen®£0.0001), with a significant 3-way interaction, amgo
experiment, postproduction treatment and bractldpweental stageR=0.0037). As a
consequence each factor was ultimately analyzégeat levels of the two other factors.

In both experiments and for both bract stages tdtagated with STS+NAA
lasted the longest, and bracts sprayed with WATRIRSATS lasted the shortest (Fig.1).
In 2005, bracts treated with NAA lasted shortentbeacts treated with STS+NAA. In
2006, bracts treated with NAA lasted the same astbtreated with STS+NAA.
Generally and in both experiments, D bract longewis equal or shorter than CD
bract longevity, only in plants treated with ST8red, did D bracts last longer than CD
bracts (Table 2).

Despite the low level of irradiance, the vast migjasf bracts photosynthesized.
In a first approach, bract net photosynthetic nates not influenced by postproduction
treatment, experiment, or developmental stageeflthwer adjacent to the bract.
Pooling the data for the two treatments without N&A., WATER and STS) and for
the two treatments with NAA (i.e., NAA and STS+NA#vealed an higher bract
photosynthetic rate in treatments without NAA (®@46. 0.368 pmol COm?.s%)
(P=0.0478). Lower bract photosynthetic rates, in traeated with NAA or
NAA+STS, could have been caused by the excipiestided in the commercial
product (Agritone) or a real NAA effect. Plantsayed with Agritone had a visible
white dust deposit on leaves and bracts, whichdcbale reduced the light reaching the
plant tissue. However, reduced light does not seg@mobable cause since, for the same
treatments, no differences could be found in |ditpsynthetic rates.

In both experiments, anthesis duration quadrayicatrelated with longevity of
CD bracts in the different treatments (Fig. 2).@isingly, the shorter the anthesis
duration of a flower the longer the bract longevBy'S alone did not increase bract
longevity, but increased anthesis duration. In 2@0good, linear, negative correlation
could be established between plant bract longewityanthesis duration 380.952,
P=0.024). In 2005, only if the plants treated v8ihS were excluded from the



calculations, were we able to establish a linegatiee correlation between bract
longevity and anthesis duration’é®.983,P=0.082).

Also using the averages for the treatments anain éxperiments, linear
negative correlations were found between CD brawjévity and percentage of flower
reaching anthesis (Fig.3). STS alone, althougteamsing anthesis duration (Fig.2), did
not influence percentage of flowers reaching ansh@sg.3). However, correlations
between CD bract longevity and percentage of flsweaching anthesis could not be
revealed at the plant or bract level, possibly ue) forced termination of the
experiments at day 30 PP (most of the NAA or NAA&STeated bracts had longevities
close to 30 days), b) variability induced by thietent bract positions in the plants and
c) discrete levels of percentage of flowers reaglinthesis in the abscising unit (only 3
flowers per abscising unit).

In the WATER treatment, the higher the bract neitpsynthetic rate, the higher
the percentage of flowers reaching anthesis (Figl His trend was also observed for
the treatment means, but with a less significanietation (R=0.837, P=0.0853).

Under interior conditions, leaf net photosynthetites did not differ from bract
net photosynthetic rates (Fig.5). Leaf net phottsstic rate was lower in 2005 than in
2006, which can be explained by different leaf dewmental stages. Leaf net
photosynthetic rate was not affected by postpradadteatment, experiment or leaf
position (£, 2"%or 3%leaf, immediately below the bract zone). No relasinips could
be established between leaf net photosyntheticaraddeaf abscission (data not shown).
Variability was considerable and leaf photosynth@ss measured in the upper part of
the plant (leaves immediately below the bract zonb)le leaves that fell the most,
were in the lower part of the plant. Plants abstless than 40% of the leaves in 2005
and, less than 30% in 2006.

In the additional experiment all plants were STeated. At day 30 PP, plants
treated with NAA had almost all the bracts (absorss 0.5%), independently from
flower removal. In the plants not treated with NA#acts lasted longer if the flowers
were previously removed (25.8 days) than if thevéos were left intact (19.8 days)
(P=0.013).

4. Discussion

Under interior conditions, the clearest effecttiN&A (NAA or STS + NAA) in
B. spectabilis reproductive organs were shorter anthesis duratiecreased percentage
of flower buds reaching anthesis, decreased braxtbpynthetic rates and increased
bract longevity.

4.1. Flower opening and anthesis duration

The anthesis period &ougainvillea stipitata flowers (Lopez and Galetto,
2002), growing outside, is at least 5 days andgening of the flower is usually in the
evening. The longest anthesis duration we had Aadays, and is most probably
explained by the different environmental conditionglifferences between species.

Exogenous auxins inhibiting flower opening was régub previously idpomoea
(Kaihara and Takimoto, 1983). Auxins may enhancatubit ethylene production (van
Doorn and van Meeteren, 2003) as well as, mod#ystdnsitivity to ethylene (Taylor
and Whitelaw, 2001). Enhanced ethylene productreenbanced ethylene sensitivity,
do not seem probable explanations for NAA-indudedér death, since adding STS to
the NAA treatment, did not significantly influenaathesis duration or percent of
flowers reaching anthesis. Also, Liu and Chang (30@&und inhibited ethylene
production in potted bougainvillea sprayed with NA#is not likely, either, that NAA



impaired normal flower development via decreasbglene production or sensitivity:
STS alone prolonged anthesis and did not affegbéineentage of flowers reaching
anthesis, as compared with the water treatment€Tigb

Flower opening and closing has been explained giralifferences in growth
rate of the different tissues of petals (van Daand van Meeteren, 2003) and this
differential tissue growth is a typical auxin respe (Zhao, 2010). Auxins regulate and
synchronize the development of the different floaegans and, their levels are tissue-
specific, with minimal auxin redistribution amoniferent flower parts (Chandler,
2010). Blocking auxin biosynthesis, transport gnsiing, disrupts flower formation
(Cheng and Zhao, 2007). Thus, it makes sense Itkahg the flower-bract auxin
gradient, with an exogenous auxin application, aasguflower abortion. NAA-induced
impairment of flower development explains why, neyious experiments (Gago and
Monteiro, 2011), NAA treated plants decreased bradbiohydrate consumption per
gram of bract dry weight.

4.2. Bract abscission

CD and D bracts lasted longer in NAA (alone or v8fhS) treated plants. In
2005, adding STS to NAA increased bract longevityievin 2006 NAA alone was
enough for maximal bract longevity (Fig.1). Thigoperment dependent type of
response was previously found in other reports (Gaal., 2001, Gago and Monteiro,
2011). Different bract ages, even in what we atgrgid to be CD bracts, meaning
different ethylene sensitivities of the abscisdayer, may explain why in some
experiments adding STS to NAA can effectively ias®e bract longevity. D bract
longevity was equal or shorter than CD bract lontgeexcept for the STS treatment,
where D bracts lasted longer than CD bracts. Tdyiees with previous works (Chang
and Chen, 2001, Liu and Chang, 2011) where lesslojged bracts were shown to be
more ethylene sensitive, showing a stronger resptinSTS. However, even for D
bracts, the longest longevities were obtained wighNAA treatments. NAA may
reduce ethylene sensitivity of the abscission l¢yethe same way as STS) or ethylene
production (as shown by Liu and Chang, 2011) bistithnot enough. An NAA-induced
elimination of the competing flower and/or an irased priority for bract development
is also needed, for full bract longevity.

4.3. Flower-bract interactions

Excluding the STS treatment, the shorter the argltesation, the longer the
CD bract longevity (Fig.2). STS alone increasedhesis duration but did not affect CD
bract longevity. Also, the lower the percentagfi@iers reaching anthesis, the longer
the CD bract longevity (Fig.3). This strongly sugigeflower-bract competition for
some scarce resource, such as available carbobgd@dmpetition for carbohydrates
has been shown to exist among the petals of omeflamong opening flowers as well
as among flowers and flower buds (van Doorn andMeeteren, 2003) and could be
expected between bracts and flowers. Mechanicakflaemoval, allowing for longer
bract longevities (as in our additional experimestipports this competition. This can
also be envisaged as an auxin-mediated change@hogenental priorities: floral
organs producing high levels of auxin inhibit aiare the development of neighboring
organs (Aloni et al., 2006). The exogenous NAA gpdato Bougainvillea, a species
where the flowers are protected by the bracts, evalier the relative concentrations,
increasing NAA concentration in the bracts, andeasing their developmental priority
in relation to the flower.



In our additional experiment (all plants treatedw8TS), untouched bracts in
NAA treated plants lasted even longer than bradfsourt flowers in non-NAA treated
plants. It suggests therefore, that NAA sprays atoomly remove the competing
flowers but also increase bract developmental pyiat the whole plant level.

In bougainvillea, bracts abscise and flowers senéseroll). Bract abscission
and flower longevity seem to be under differenetypf control, although somewhat
affecting one another. Due to the specific morppgplehey abscise together. Different
types of control for bract and flower senescencevsbown previously. Under interior
conditions,Euphorbia pulcherrima (poinsettia) flowers (cyathia), abscise much earlie
than bracts (Scott et al.,1984). Actually, cyatia the first organs to abscise, then leaf
abscission starts and, bracts are the last orgaaisstise under interior conditions.
Reports of, NAA inhibiting simultaneously abscissa&nd development of floral
organs, also exist for other systems: sprayingedatbses with NAA, before simulated
transport, prevents abscission of flower buds tthetouds do not open (Halevy and
Kofranek, 1976).

In opposition to what was assumed in a previousrndago and Monteiro,
2011), under interior conditions, bracts had phpttdsetic rates similar to leaves (Fig.
5). Treatments with NAA had lower bract photosytitheates than treatments without
NAA. In Gago and Monteiro (2011), treatments witAAhad decreased bract+flower
respiratory rates per unit of dry weight. Sincekdaspiration usually reflects the
metabolic intensity of an organ, the two reportseagorgans with lower photosynthetic
rates, i.e. lower metabolic activity, have lowespieatory rates. Net photosynthesis of
reproductive organs providing considerable amoahtarbon for their development
was previously shown in the flowers Adnbrosia trifida L. (Bazzaz and Carlson, 1979),
the carpels of the flower &tanunculus adoneus (Galen et al., 1993), the sepals,
receptacles and pedicels of apple flowers (Vemmds&oldwin, 1994), and in cotton
bracts (Zhao and Oosterhuis, 1999).

With all the inaccuracies involved in mixing datarh different experiments
(Gago and Monteiro, 2011 and this report), we esinthat bract net photosynthesis
can provide enough energy for supporting bract+flovadjacent stems expenditure
during postproduction under interior environmeilgté not shown). In WATER-
treated plants, the more a bract photosynthedieekitjher the percent of flowers
reaching anthesis (Fig.4), suggesting that flovexetbpment is controlled by
carbohydrate availability or, simply, that photogatic rates are responding to
increased energy demand. Nevertheless, since Néghetl bracts photosynthesize less,
at least in NAA-treated plants, bract longevity sloet seem to be limited by energy
supply from bract photosynthesis.

4.4. Conclusion

In potted bougainvillea under low light conditiofiewer senescence and bract
abscission are under different types of control ANghortens flower anthesis, decreases
percentage of flowers reaching anthesis and, deesdaract net photosynthesis, at the
same time that it delays bract abscission. In audtb the classical effect of auxin in
reducing ethylene production and/or sensitivityiwf abscission zone to ethylene, NAA
delays bougainvillea bract abscission via earlgringption of flower development and
increased bract developmental priority.

STS alone induces longer anthesis duration inltdveefs and may increase D
bract longevity but does not affect CD bract lorige\Depending on the experiment,
adding STS to NAA may delay or has no effect orctadscission.
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Table 1 — Percentage of flowers that reached anthesis and anthesis duration in the 2005 and

2006 experiments, for the different treatments.

FLOWERS THAT REACHED ANTHESIS
ANTHESIS (%)
DURATION
(days)
2005 experiment
WATER 76.81a 2.3258 b
STS 79.81a 3.6571a
NAA 52.37b 1.5278 c
STS+NAA 35.81b 1.3210¢c
2006 experiment
WATER 79.88 a 3.8075 b
STS 75.97 a 4.2195a
NAA 47.08 b 2.1339¢
STS+NAA 46.81b 2.0779c

*the values followed by the same letter, in the same column and experiment are not

significantly different (Duncan’s New Multiple Range Test, at P=0.05).



Table 2 — Bract longevity. Comparison between developing (D) and completely developed

bracts (CD), by year and post-production treatment.

D bract longevity CD bract longevity Significantly

Year Treatment (days) (days) different at P="
2005 WATER 8.533 9.100 N.S.

STS 15.111 9.383 0.0001

NAA 19.529 22.000 N.S.

STS+NAA 25.032 27.973 0.0072
2006 WATER 9.500 9.652 N.S.

STS 11.815 9.856 0.0014

NAA 27.932 29.888 0.0089

STS+NAA 29.321 29.964 0.0014

* N.S.-Non Significant
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Fig.1 — Longevity of CD and D bracts, in 2005 (A) and in 2006 (B), for the different
postproduction treatments. Letters compare postproduction treatments for the same
developmental stage and year. Bars with different letters are significantly different (Duncan’s

New Multiple Range Tests, at P=0.05).
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Fig. 2 — Relationship between anthesis duration and longevity of CD bracts in the different

treatments for the 2005 and 2006 experiments.

2005: CD Bract longevity=77137-48.182x(Anthesis duration)+8.111x(Anthesis duration)?,
R?=0.9987 and P=0.0358.

2006: CD Bract longevity=99.957-45.346x(Anthesis duration)+5.684x(Anthesis duration)?,
R?=0.9995 and P=0.0229.
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Fig. 3 — Relationship between percentage of flowers reaching anthesis and CD bract longevity

in the different treatments for the 2005 and 2006 experiments.

2005 : CD bract longevity=44.521-44.783x(% of flowers reaching anthesis), R>=0.9904 and
P=0.0048;

2006 : CD bract longevity=59.598-63.873x(% of flowers reaching anthesis), R*=0.9931 and
P=0.0034.
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Fig. 4 — WATER control. Relationship between percentage of flowers reaching anthesis and CD
bract net photosynthetic rate (each dot is a plant average). Percentage of flowers reaching
anthesis=0.403234+0.72203(Bract photosynthetic rate), R>=0.6279, P=0.0109.
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Fig. 5 — Photosynthetic rate in bracts and leaves, at day 8 PP, for the 2005 and 2006
experiments. Letters compare experiments for the same organ. Bars with different letters are

significantly different (Duncan’s New Multiple Range Tests, at P=0.05).



