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ABSTRACT

The understanding of both the reproductive biology and the
regulation of the sexual expression of cucumber flowers (Cucumis
sativus) makes crop management easier and can improve fruit yield
and quality. The objective of this study was to evaluate the
physiological answer of cucumber floral verticilsto the application
of IBA. The experiment was carried out in a greenhouse, in
completely randomized blocks, with four replications of 4-plant plots,
and treatments applied to a5 x 2 factoria (0, 50, 100, 200, and 500
pumol of IBA, and two cultivars: Wisconsin MR28, gynoecious, and
Caipira, monoecious). Cultivar Wisconsin MR28 produced in average
7,636 pollen grains (PG) per flower, with a positive linear response
to the increase in IBA concentration. Instead, in cultivar Caipira
(5,160 PG) al IBA concentrationsreduced PG production. Cultivars
did not differ from each other in relation to PG viability (averagein
vitro germination of 75.4 and 79.9% to cultivars Wisconsin MR28
and Caipira, respectively) and in both PG viability increased linearly
with theincrease in AIB concentration. Cultivars Wisconsin MR28
and Caipira presented in average 71.6 and 70.6 seeds per fruit
respectively, and responded with an increase in seed number and
improvement in fruit general aspect to therisein IBA concentration.
The ratio male:female flowers was significantly different between
cultivars(4.2:1and 3.5:1, respectively to cultivarsWisconsin MR28
and Caipira) and responded in adistinct way to IBA concentrations.
While in cultivar Caipira, IBA concentrations near to 100 pumol
increased the number of male flowers; in cultivar Wisconsin MR28
thesame|BA concentration reduced it. Thetwo cultivarshad asimilar
number of female flowers. However, whereasit remained relatively
stablein cultivar Caipirain spite of theincreasein IBA concentration,
there was an increase in the number of female flowers in cultivar
Wisconsin MR28, as aresult of therisein IBA concentration.

K eywor ds: Cucumissativus, fecundation, flowering, viahility pollen,
plant hormones.

RESUMO

Biologia reprodutiva de cultivares mondicas e gindicas de
pepino em fungéo do uso de AIB

A compreensdo da biologia reprodutiva e da regulacéo da ex-
pressdo sexual das flores do pepineiro (Cucumis sativus) pode faci-
litar 0 manejo do cultivo e melhorar a producéo e a qualidade dos
frutos. O objetivo do presente estudo foi avaliar arespostafisiol 6gi-
ca dos verticilos florais a aplicacdo de AIB em pepino. O experi-
mento foi conduzido em casa-de-vegetacdo, em blocos casualizados,
com os tratamentos dispostos em fatorial 5 x 2 (AlB nas concentra-
¢Oes de 0, 50, 100, 200 e 500 imol, para as cultivares Wisconsin
MR28, gindica, e Caipira, monoica). Foram utilizadas quatro repe-
tigdes, com quatro plantas por parcela. A cultivar Wisconsin MR28
produziu em média 7.636 gréos de pdlen (GP) por flor, com respos-
talinear positivaao aumento nas concentragoes de AIB. Janaculti-
var Caipira (5.160 GP), todas as concentragdes de AIB interferiram
negativamente na producdo de GP. As cultivares ndo diferiram entre
si e em ambas houve efeito linear positivo da concentragdo de AIB
sobre a viabilidade dos GP (germinagdo média in vitro de 75,4 e
79,9% para as cultivares Wisconsin MR28 e Caipira, respectiva-
mente). As cultivares Wisconsin MR28 e Caipira apresentaram em
média 71,6 e 70,6 sementes por fruto respectivamente, respondendo
com aumento no niimero de sementes e melhoria do aspecto do fru-
to ao incremento da concentragdo de AIB. A relacdo de flores
masculinas:femininas diferiu significativamente entre cultivares
(4,2:1 e 3,5:1 respectivamente paraas cultivares Wisconsin MR28 e
Caipira) e foi afetada de forma distinta nas duas cultivares pelas
concentrages de AlB: concentragBes proximas de 100 pmol au-
mentaram o niimero de flores masculinas na cultivar Caipiraeredu-
ziram na cultivar Wisconsin MR28. A quantidade de flores femini-
nas foi semelhante entre as cultivares e relativamente constante na
cultivar Caipiranas diferentes concentragbes de AIB. Janacultivar
Wisconsin MR 28, houve aumento do nlimero de flores femininas
em funcdo da elevacdo da concentracéo de AlB.

Palavras-chave: Cucumis sativus, fecundagéo, floragéo, viabilida-
de de pdlen, hormbnio vegetal.

(Recebido para publicacdo em 1 de outubro de 2006; aceito em 6 de fevereiro de 2008)

I n the Brazilian vegetable growing
sector, the economic value of
cucumber (Cucumis sativus) is quite
relevant for the continuation and
development of the farms devoted to its
exploitation. The average yield is
approximately 10 t hat for the pickle
type, and 21 t ha' for the fresh type
(IBGE, 2005). Yield potential isnot fully
achieved due to severa reasons, among
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them, inadequate plant nutritional status
and adverse climatic, biotic, and
physiological aspects(Silvaetal., 1992).
Concerning endogenous reasons, cultivar
influence on yield stands out, moreover
when it involves the plant physiological
response to hormone concentration
(Stankovic & Prodanovic, 2002).

A plant process highly affected by
hormones is the onset of the

reproductive cycle. Cucumbers possess
a unisexual floral biology, with a
monoecious behavior (Silva et al.,
1992). The vertical growth habit
promotes apical dominance, which is
also stimulated by the high production
and concentration of auxins in stem
meristems. Such plant architecture aids
the basipetal hormone transportation
(Brendaet al., 1979). By means of both
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external and internal stimuli, the auxin
synthesis is unchained, starting up the
biochemical signaling that resultsinthe
activation of homeotic genes in the
reproductive buds (Kater et al., 1998).
As conseguence, an early regulation of
the floral verticils development takes
place. In cucumber, plant manipulation
through the induction of sexual
expression differs among cultivars
(Nienhuis et al., 1979), with the auxin
signaling directly inducing three
physiological functions: suppression of
lateral bud development, differentiation,
and definition of lateral meristemsinto
more complex floral tissues (Stankovic
& Prodanovic, 2002).

The hormonal concentration,
especially of auxins, in species with
monoecious flowers, such as
cucumbers, will define also the flower
sex (Mendonza, 1982). High auxin
concentration tendsto promote ethylene
synthesis in doses that favors the
development of female flowers
(Takahashi & Jaffe, 2003). Thus, an
adequate manipulation of auxins to
stimulate meristematic processeswould
increase the female/male flowers rate
(Dan et al., 2003). In spite of needing
androgynous flowers, the femaleimale
flower ratio isextremely relevant, since
only gynosporangiaturn into economic
products.

Nitrogen nutrition in appropriate
doses contributes to the auxin
biosynthesis, while the plant structure
interferes with its translocation and
transportation, playing a role on the
definition of flower sex (Nienhuis &
Lower, 1979). The early fruit
development is also influenced by the
biochemical signaling derived from
hormone action and control, mainly of
those hormones synthesized inthe apical
meristem (Godoy & Cardoso, 2004).
Other factors, such as pollen quality and
pollination and fecundation efficiency
may also impact fruit development and
yield (Silvaet al., 2000).

The hypothesisin the current study
is that sex expression in cucumber
flowers is mediated by the signaling
from different auxin concentrations, as
demonstrated by Kater et al. (2001).
Consequently, it is expected that
appropriate concentrations of this
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phytohormone in flower meristems
would induce physiological alterations
infloral tissuesand verticils, which will
lead to the growth of either
androsporangia or megasporangia.
Thus, the objective was to evaluate the
physiological effect over such
reproductive structures of their
induction by exogenous application of
3-indolbutiric acid (IBA) in monoecious
and gynoecious cucumber cultivars.

MATERIAL AND METHODS

The experiment was carried out from
October to November, 2004, at the
Federal University of SantaCatarina, in
Floriandpolis, Brazil. Plants grew in 8-
L pots, in protected cultivation, driven
by a net system, according to Silva et
al. (1992). Formulated fertilizer NPK
(05-10-10) was balanced by adding
H,BO, (17) + MgSO,7H,0 (16-24) +
Ca(NQ,),4H,0 (15-14), following the
recommendation of the Official
Network of Soil Analysis Laboratories,
adjusting the fertilization levels to 60-
100-80-60-20-20-5 ppm of respectively
N-P-K-Ca-Mg-S-B. The experimental
design was of completely randomized
blocks, with four replications and four-
plant plots. Treatments were disposed
ina5x 2 factorial, corresponding tofive
IBA concentrations (0, 50, 100; 200 e
500 imol) and two cultivars (Wisconsin
MR28 — gynoecious, and Caipira —
MONOECi ous).

The experiment started 30 days after
sowing, with the removal of al visible
floral budsin all plants. Following, 2.0
mL of the IBA solutions were directly
applied over thefloral meristems, every
other day, for 28 days, using a Pauster
pipette. The three youngest leaves
received from four to six drops of the
same solutions, in the adaxial surface.
The surfactant Herbitensil® (agueous
solution with 400 g L™ of nonylphenol
ethoxylate and 150 g L™ of isopropilic
alcohol) was added to the auxin
solutionsin the concentration of 1.0 mL
L 1. Tendaysafter AIB application, fresh
pollen was collected and used for the
pollination in the different treatments.
Female flowers selected for the
controlled pollination were protected in
the bud stage, for four days, using

waterproof paper bags. Fertilization
efficiency was estimated in four fruits
per treatment eight daysafter pollination
by counting fecundated and non-
fecundated ovulesin two perpendicular
and longitudinal fruit sections (Figures
laand b).

The number of pollen grains was
assessed in samples of four flowersin
the ball stage per treatment. All anthers
in each flower were mashed in
microtubes, with 500 iL of lactic acid
85% (Gomes et al. 2003). Two 3.0 iL-
aliquot samples of thissuspension were
used for evaluation. Pollen grain
counting was carried out in
stereomicroscope (10x), using the
scanning field method. Three flower in
the ball stage and three anthers per
flower were used to evaluate the
potential of pollen grains in vivo.
Antherswere mashed over glass slides,
colored with acetic carmine 2%, and
assessed five minutes later, in a
stereomicroscope (10x). The cytoplasm
of viable pollen grains reacted with the
acetic carmine becoming reddish, while
the cytoplasm of unviable pollen grains
remained translucid. Pollen grains in
two vision fields per slide were counted
to calculate the percentage of pollen
viability. Four flowers per treatment
were used for estimating pollen grain
viability in vitro. Pollen grains were
placed in Petri dishes filled with agarose
gel 2% + sucrose 20% + boric acid 0,03%,
and incubated at 26°C, in the dark, ina
BOD. Assessment was carried out 24
hours after induction, by counting the
germinated pollen grains. Germination
was characterized by the emission of the
pollinic tube in a 2/1 length x diameter
ratio (Bueno & Cavalcanti, 2003). The
male/female flower ratio was assessed
by counting all flowers developed
during the experiment.

Data were submitted to multiple
regression analysis, while means were
compared by the F test, P<0.05, using
the Software Statistica.

RESULTSAND DISCUSSION

The estimated averages for number
of pollen grainsin cultivars Wisconsin
MR28 and Caipira, respectively 7,636
and 5,160, differed significantly from
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Figure 1. Aspect of cucumber fruits of cultivars (a) Wisconsin MR28, pickle type, and (b) Caipira, fresh type, and (c) percent increment on
seeds as affected by theincreasein IBA concentration (aspecto dos frutos de pepino das cultivares (a) Wisconsin MR28, tipo conserva, e (b)
Caipira, tipo salada, e (c) acréscimo percentual de sementes formadas em fun¢do do aumento da concentragdo de AIB). Floriandpalis,

UFSC, 2004.

*Significativo pelo teste de F; p < 0.05 (Significant by the F test, p < 0.05).
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Figure 2. (a) Average number of pollen grains per flower and (b) average percent of pollen
potential and viability as affected by the increase in IBA concentration, in two cucumber
cultivars ((@) nimero médio de gréos de polen por flor e (b) percentual médio de pdlen
potencial e pdlen viavel em fungdo do aumento da concentracéo deAlB, em duas cultivares

de pepino). Floriandpolis, UFSC, 2004.

*Significativo pelo teste F, p<0,05 (significant by the F test, p < 0.05).

each other and were altered diversely by
treatments (Figure 2a). Cultivar
Wisconsin MR28 responded to the
increasein IBA concentration by raising
the average number of pollen grains,
while in cultivar Caipira all IBA
concentrations hindered pollen grain
production (Figure 2a).
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It was observed that 91.7 and 92.9%
of the pollen grains of respectively
cultivars Wisconsin MR28 and Caipira
reacted to the acetic carmine and,
therefore, are potentially viable. In both
cultivars, IBA concentrations altered
significantly pollen viability. Within the
studied limits, therewasapositivelinear

effect of the interaction between IBA
doses and pollen potential capacity
(Figure 2b). The estimated averagesfor
in vitro pollen viability in cultivars
Wisconsin MR28 and Caipira,
respectively 75.4 e 79.9%, were
statistically similar (Figure 2b).
Regarding IBA application, therewasa
positive linear effect of IBA
concentrations over in vitro pollen
viability, in both cultivars. Hence, the
highest IBA concentrations resulted in
the highest estimates of in vitro pollen
viability (Figure 2b).

The number of seeds per fruit did not
differ between cultivars. Fruits of
cultivar Wisconsin MR28 had in average
71.6 seeds, while fruits of cultivar
Caipira had 70.6. The highest
concentrations of IBA induced a
significant increase in the number of
seeds per fruit (figure 1c). As
conseguence, fruit commercial aspect
improved (Figure 1laand 1b).

Male:female flower ratios for
cultivars Wisconsin MR28 and Caipira
were 4.2:1 and 3.5:1, respectively, a
significant difference. It was observed
also that IBA concentrations altered
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significant and differently this ratio
(Figure 3). Concentrations around 100
pmol induced apeak of male flowersin
cultivar Caipira and the strongest
reduction in themin cultivar Wisconsin
MR28 (Figure 3). There were not
significant differences in number of
female flowers between cultivars,
athough IBA concentrations atered it
in a different way in each cultivar,
likewise what was observed for the
male:female flower ratio. While in
cultivar Caipira, the number of female
flowers remained constant in spite of
changes in IBA concentration, in
cultivar Wisconsin M R28 the amount of
female flowers increased along with
IBA concentrations (Figure 3).

Growth regulators in different
concentrations alter the expression of
several genes (Friedlander etal., 1977).
Homeotic genes of the MADbox type
may differ within a species, since they
are regulated not only by genetics, but
aso by environmenta stimuli (Yin &
Quinn, 1995). Such stimuli induce the
biosynthesis of the phytohormones that
regulate the expression of genes
responsible for the cellular further
development (Kater et al., 2001), like
the definition of floral sex in
monoeci ous plants. When
environmental variations happen, auxin
is one of the first growth regulators
whose biosynthesis is atered (Taiz &
Zeiger, 2002). In this experiment, when
it comesto theaverage number of pollen
grains, cultivars responded differently
to the variation in auxin concentration.
Thisindicatesthat the growth regulator
may act over the androspore formation
inside the androsporangium, like what
was observed also by Stankovic &
Prodanovic (2002). Our assaysto check
pollen potential and viability presented
an interesting behavior. The application
of IBA at 500 pmol substantially raised
pollen germination, in fact up to close
tofull potential. It demonstratesthat this
growth regulator may improve the
biological conditions to the androspore
and aid the development of the pollinic
tube. Similar effect was described by
Nijs & Visser (1999), when
investigating the compounds that
induced flower masculinity in
gynoecious cucumbers. In the current
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Figure 3. Male:female flower ratio, as affected by theincrease in IBA concentration in two
cucumber cultivars (relacéo nimero de flores masculinas:femininas, em fungéo do aumento
da concentragéio de A1B, em duas cultivares de pepino). Florianopolis, UFSC, 2004.
*Significativo pelo teste F, p<0.05 (significant by the F test, p<0.05).

study, the analysis of fruits originated
from fertilization with pollen from the
sametreatment and cultivar showed that
fecundity was higher in the treatments
with the highest IBA concentrations.

Takahashi & Jaffe (2003) carried out
research on the effects of ethylene over
the cellular development of cucumber
flowers, and concluded that ethylene
was more efficient on female flowers.
High auxin concentration unchains the
ethylene biosynthesis (Taiz & Zeiger,
2002) and, in such environment,
ethylene may exert itsinfluence on the
behavior and differentiation of
reproductive buds. Ethylene regulates
the speed of cellular growth and the
biosynthesis of other hormones,
producing defined organs (Kater et al.,
1998). This hypothesis could be
observed, for there were not highly
significant variationsintheflower ratio,
but on improving the development of
fruitswith more seedsand onincreasing
pollen viability.

IBA application resulted in similar
stimuli and reactions in both cucumber
cultivars, such as preservation of
potential pollen viability, improvement
of pollen germination, and increase in

therate of ovulefertilization. However,
cultivars responded differently to
mounting IBA doses. As IBA
concentration rose, the number of pollen
grains reduced in cultivar Caipira and
increased in cultivar Wisconsin MR28,
aswell asthe number of femaleflowers
remained stable in cultivar Caipira and
increased in cultivar Wisconsin MR28.
In addition, the amount of male flowers
grew in cultivar Caipira and fell down
in cultivar Wisconsin MR28 for IBA
concentrations up to 100 umol. The
application of exogenous IBA, in
concentrations up to 500 umol,
improved fecundati on and the biol ogical
conditionsfor seed development in both
cucumber cultivars. Thus, theuseof IBA
can potentially boost fruit yield and
quality in cucumber. Nevertheless,
flower sex regulation in cucumber by
means of IBA exogenous applicationis
agenotype-dependent phenomenon, and
deserves further studies.
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