FLORAL BIOLOGY AND BREEDING SYSTEM OF THREE Ipomoea WEEDS'
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ABSTRACT - The floral biology of three weeds, Ipomoea cairica, I. grandifolia and I nil
(Convolvulaceae), was studied in Botucatu and Jaboticabal, Sao Paulo, in southeastern Brazil.
The three species are melittophilous, with a varied set of floral visitors, but with some
overlapping. Cluster analysis using Jacquard similarity index indicated a greater similarity
among different plant species in the same locality than among the populations at different
places, in relation to floral visitor sets. The promiscuous and opportunistic features of the
flowers were shown, with such type of adaptation to pollination being advantageous to weeds
since pollinator availability is unpredictable at ruderal environments.
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RESUMO - A biologia floral de Ipomoea cairica, I. grandifolia e I. nil — plantas daninhas da
familia Convolvulaceae — foi estudada em Botucatu e Jaboticabal, Estado de Sdo Paulo, Brasil.
As trés espécies sao melitéfilas, apresentando conjuntos de visitantes florais bastante
diversificados, embora haja alguma sobreposicdo entre eles. Com relacdo aos visitantes florais,
a andlise de agrupamento, empregando-se o indice de similaridade de Jaccard, indicou maior
similaridade entre diferentes espécies de Ipomoea ocorrentes no mesmo local do que entre
populacdes da mesma espécie em diferentes localidades. O cardter promiscuo e oportunista da
adaptacdo a polinizagcdo, presente nessas espécies, foi demonstrado, sendo essa adaptacdo
vantajosa para plantas daninhas, uma vez que em ambientes ruderais a disponibilidade de

polinizadores é imprevisivel.

Palavras-chave:

INTRODUCTION

Pollination mechanisms are greatly diverse
in Angiosperms.Different pollination systems
are found among weeds such as anemophily,
entomophily, and autogamy. In allogamous or
facultative autogamous weed species,
pollination is performed by the wind or by non-
specialized pollinators (Baker, 1965). The
Convolvulaceae contain species adapted to
several pollination syndromes (Vogel, 1954),
such as melittophily, which seems to be rather
frequent. Ipomoea is a very important genus
in this family, constituting of many weeds,
some garden ornamentals and edible species.
Many Ipomoea weeds are melittophilous with

polinizac&o, abelhas, corda-de-viola

non-specific pollinators (Real, 1981; Stuky &
Bechmann, 1982; Stuky, 1984), but there
are some reports on ornithophilous and
psicophilous Ipomoea weeds that also show
this feature (Machado & Sazima, 1987).
Data obtained in Jaboticabal, Sao Paulo in
southeastern Brazil (Maimoni-Rodella et al.,
1982; Maimoni-Rodella, 1991; Maimoni-
Rodella & Rodella, 1992) confirmed these
characteristics by the study of the pollination
ecology of I cairica, I. grandifolia and Ipomoea
nil. In these studies, each species showed a
well-defined set of visitors but there was some
overlapping. In the present study, the set of
visitors of these species in Jaboticabal was
compared with that observed at Botucatu, both

1 Recebido para publicago em 23.5.2006 e naformarevisada em 27.2.2007.
2 Prof. Assist. Dr., Departamento de Botanica, IBB/UNESP, Caixa Postal 510, 18618-000 Botucatu-SP. <rita@ibb.unesp.br>.

Planta Daninha, Vigosa-MG v. 25, n. 1, p. 35-42, 2007



36 MAIMONI-RODELLA, R.C.S. & YANAGIZAWA, Y.A.N.P.

regions located in the state of Sdo Paulo, in
southeastern Brazil. This investigation aimed
to analyze the similarities between these
Ipomoea in relation to sets of pollinators in
different localities.

MATERIALS AND METHODS

The species and the study sites are shown
in Table 1. All species are pantropical climbers
that occur spontaneously on cultivated land,
roadsides and other areas often disturbed by
human activity. Detailed descriptions of these
Ipomoea weeds were provided by Carrizo &
Sobrero (2001). Ipomoea cairica is a perennial
herb with vegetative and sexual reproduction
whose pollination biology was studied at
Jaboticabal, Sao Paulo, in southeastern Brazil
(21°1522" S, 48°18’58" W, 575 m altitude) by
Maimoni-Rodella et al. (1982). Ipomoea
grandifolia and I nil. are annual herbs with
sexual reproduction only (Lorenzi, 2000).
These two species were previously misidentified
in Brazil as Ipomoea aristolochiaefolia and
Ipomoea acuminata, respectively (Kissman &
Groth, 1992; Lorenzi, 2000). Under these
names, data on their pollination biology at
Jaboticabal were published (Maimoni-Rodella,
1991; Maimoni-Rodella & Rodella, 1992).
Further observations on pollination biology
of these three Ipomoea species were obtained
at Botucatu, Sao Paulo, also in southeastern
Brazil (22°5220" S, 48°26°37° W, 850 m
altitude) as shown in Table 1.

Botucatu climate is mesothermic, with dry
winter and rainy summer, or Koeppen’s Cwb
(Carvalho et al., 1983). Jaboticabal climate
is humid, subtropical with dry winter or
Koeppen’s Cwa (Aloisi & Dematté, 1974).

The species were analyzed for reproductive
phenology, floral traits (shape, color, texture,
size, nectar and scent), floral longevity, number
of flowers per inflorescence, breeding systems
and pollination ecology. Five to ten individuals
were observed in each population (Table 1).
Reproductive phenology was monitored every
week, recording the beginning, peak (when
half or more individuals were blooming)
and end of the flowering period. Number of
flowers/plant was estimated twice a month in
5-10 individuals in 1980 in Jaboticabal.
Measurements of floral parts were based on
ten flowers from five individuals.

The species were tested for spontaneous
self-pollination according to Dafni (1992). In
Jaboticabal, 34 individual flower buds from
five individuals of I cairica, 35 buds of
1. grandifolia and 25 buds of I nil, both from
ten individuals, were isolated in nylon bags
just before anthesis. In Botucatu, 30 individual
flower buds of I. grandifolia and I. nil, both from
ten individuals, received the same treatment
and, for the three species, other 30 flowers
from five individuals were marked and
maintained uncovered to estimate natural
fruit-set (control). The study sites are shown
in Table 1. Subsequent fruit production was
monitored until dispersal phase. The pollen/
ovule ratio (P/O) was evaluated in 10 pre-
anthesis flower buds following Cruden (1977).
Pollen viability was estimated in other 10 pre-
anthesis buds by means of staining samples
with aceto-carmine, according to Radford et al.
(1974). All these pre-anthesis flower buds were
collected at a stage previously known to be
reached one day before flower opening, since
the pollen is already exposed when the flower
opens.

Table 1 - Species and study sites for Ipomoea popul ations from S&o Paulo State, Brazil

: " - N - Number of
Specie Site L ocation and dates of study Location characteristic individuals
I caivica Botucatu Campus Unesp - Rubi&o Jr. (1990-1991) Disturbed areas, near farests 5
Jaboticabal ¥ Campus Unesp — FCAV (1980) Open cultivated areas 5
. grandifolia Botuc?atu Campus Unesp — Lageado (1986-1987) Cultivateq areas surrounded by forests 10
’ Jaboticabal Campus Unesp — FCAV (1978-1981) Open cultivated areas 10
I nil Botucatu . Campus Unesp — Lageado (1986-1987) Cultivated areas surrounded by forests 10
Jaboticabal * Campus Unesp — FCAV (1978-1981) Open cultivated areas 10
Y Mai moni-Rodella et al. (1982);  Mai moni -Rodella (1991); ¥ Mai moni-Rodella & Rodella (1992).
_ _ 2N
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The presence and behavior of floral visitors
were monitored by direct observation, and after
that, they were classified as pollinators or
robbers (sensu Dafni 1992 and Inouye 1980).
The observations were performed from early
morning (approx. 04:30h) to afternoon (approx.
14:00h), during several days along the study
years. Visits were monitored over approx.
S50h at each Ipomoea species. The visitors
were collected and identified. For each visitor,
abundance was registered considering the
number of recorded visits. For each Ipomoea,
visitor relative abundance (RA) was calculated
based on the total number of recorded visits.
The visitors were considered legitimate
pollinators or robbers, based mainly on
behavior and also on RA values. The pollinators
were considered efficient based on their
abundance and behavior at the flowers, that
is, they were evaluated in relation to the ability
to contact anthers and stigmas. The plant
species were compared in relation to floral
visitor presence/absence.

The evaluation of similarity between the
Ipomoea pollinators was performed using
cluster analysis (Ludwig & Reynolds, 1988).
Original matrices were constructed based on
the lists of the three Ipomoea pollinators in
Jaboticabal and Botucatu. The sample units
in these matrices were the Ipomoea species
in both localities, and the variables were the
25 main species of pollinators observed in each
locality. Qualitative data analysis of pollinators
(presence/absence) on each Ipomoea was
performed using the Jacquard coefficient for
similarity evaluation (Sneath & Sokal, 1973).
The sample units with the highest similarity
were clustered (UPGMA), forming dendrograms
in which the clusters were hierarchically
arranged, with scales indicating similarity level.
Delimitation of clusters was made based on a
subjective analysis of the dendrograms. The
adjustments between the similarity values and
those of the corresponding original matrix were
provided by the cophenetic correlation
coefficient (r).

RESULTS AND DISCUSSION

Ipomoea cairica bloomed all year round, in
a phenological pattern similar to that defined
as continual by Newstrom et al. (1994), since
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the flowering amplitude was not uniform along
the year. In the rainy season, I cairica had a
flowering peak which lasted from October to
January, and in the dry season, the number
of flowers decreased considerably (Figure 1).
The other two species showed an annual
phenological pattern (sensu Newstrom et al.,
1994), blooming from March, in the end of the
rainy season, until July, in mid dry season
(Figure 1). Thus, there was some overlapping
of blooming periods between all species.
However, I cairica and I grandifolia had
flowering peaks occurring at different periods
of the year. This flowering behavior may be
associated to the avoidance of competition by
pollinators, as pointed out by Gentry (1974a,
1974b) in relation to bignon species that share
pollinators. Considering the amount of flowers
produced by these Ipomoea, they can be
regarded as important sources of nutritional
rewards to flower visitors, especially in
disturbed environments where habitat may
become increasingly fragmented (Aizen, 2002).
Such resource offer patterns are generally
associated with pollination by different bee
species (Frankie, 1976).

The three Ipomoea flowers are ephemeral,
lasting only one day. Anthesis started around
05:00h and lasted mostly until afternoon
(Table 2), when the corollas wilted and fell off.
At the opening time, for all species, the stigma
was receptive and the anthers were dehisced.
According to Gentry (1974a), Bignoniaceae
species that flower strongly over a period of
3-8 weeks have these ephemeral flowers and

250 1

Numb er of flowe rs/pl ant

—&—|. cairica —10— I. grandifolia —>— 1. nil

Figure 1 - Flowering phenology of Ipomoea species
(Convolvulaceae), Jaboticabal, Sao Paulo, Brazil.
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Table 2 - Flora traits of three Ipomoea species (Convolvulaceae), Sdo Paulo, Brazil

Floral traits I cairica L grandifolia 1 nil

Corolla

Shape Infundibuliform Infundibuliform Infundibuliform

Color of limbus Lilac Lilac Sky-blue

Color of tube Dark-violet Dark -violet White

Texture Membranaceous Membranaceous Membranaceous
Dimensions (mm) (N=10)

Peduncle length 30 25 30

Pedicel length 10 5 10

Corollalength 50 20 50

Limbus diameter 55 20 55

Tube diameter 10 9 10
Nectar Scarce, imbi bec_i in Scarce, imbi beql in Scarce, imbi bec_i in

nectariferous disk nectariferous disk nectariferous disk

Scent Imperceptible Imperceptible Imperceptible
Flower disposition Erect or inclined Erect or inclined Erect or inclined
Flower buds/inflorescence (N=10) 2-6 2-8 2-6
Functional flowers/inflorescence (N=10) 1 1-2 1
Flower opening 05:30 - 06:30 h 05:30 - 06:30 h 04:30 - 05:30 h
Flower closing 12:00 - 16:00 h 11:00 - 12:00 h 10:00 - 12:00 h
Pollen/Ovule Ratio (N=10) 1227.05 + 444.5 1949+ 19.1 199.9 + 14.6
Fertile pollen (%) (N=10) 84.91 + 18.64 97.3+ 1.1 97.2+2.2

are visited by a wide range of bees, butterflies,
hummingbirds and hawkmoths. He defined
this phenological pattern as “cornucopia”,
which can be applied to the studied Ipomoea,
specially I. grandifolia and I. nil. For I cairica,
the “cornucopia” pattern seems to be
associated with the “steady state” pattern,
following Gentry (1974a), since there was a
constant production of few flowers all round
the year, and one period of several weeks when
the flower production was more intense.

Essential Ipomoea floral traits (Table 2,
Figure 2) reveal that several of them are
characteristics of melittophily, as described by
Faegri & Pijl (1979). The flower colors of these
species are attractive to bees, according to
Proctor & Yeo (1973) and Kevan (1979). In all
three species, nectar is scarce and produced
by a nectariferous disk located at the base of
the ovary. The five stamens have different
lengths and are disposed around the style,
which is terminal and included. This
arrangement enhances spontaneous self-
pollination because some stamens touch the
stigma.

Planta Daninha, Vigosa-MG v. 25, n. 1, p. 35-42, 2007

Pollen fertility was high in the three
Ipomoea (Table 2). The pollen/ovule ratios
indicate that I cairica is alogamous and that
I grandifolia and I nil are facultative
autogamous, according to Cruden (1977).
These results were confirmed in the breeding
system tests (Table 3). Fruit set after
spontaneous self-pollination occurred only in
I grandifoliaand I nil, and the fruit set in open-
pollinated flowers (control) was lower in
L cairica. Martin (1970) found I. nil to be self-
fertile and quotes I cairicaas self-incompatible.
Maimoni-Rodella et al. (1982) reported fruit
set failure after spontaneous self-pollination
in I cairica, reinforcing the possibility of
occurrence of self-incompatibility in this
species. Self-incompatibility has been already
reported in some Ipomoea species (Stucky &
Beckmann, 1982; Kowyama et al. 2000).

Nectar was the mainreward forI. grandifolia
and I nil visitors since pollen collection was
rarely observed in these flowers. Ipomoea cairica
visitors collected both nectar and pollen. Radial
corolla symmetry, flower dimension and stamen
and stigma disposition enhance nectar access
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Floral biology and breeding system of three Ipomea weeds

by several bees. These visitors can perform both
sternotribical and nototribical pollination (sensu
Endress, 1994) depending on the way they enter
into the corolla tube.

All visitors were active, predominantly
active between 08:00 and 12:00h, except in
I cairica, whose flowers lasted some hours
more on colder days and were visited until
approx. 16:00h. Flowers of these Ipomoea were
visited by several species of bees, butterflies,
beetles, one Tabanidae and one Scoliidae (Table
4). The floral traits and the variety of pollinators
indicate that the three Ipomoea perform
promiscuous pollination (sensu Percival,
1965). The most effective pollinators of I. cairica
were Ceratina (Crewella) sp., Ceratinasp. 1 and
two Halictidae bees in Botucatu and Melitoma
segmentaria, Ancyloscelis apiformis,
Exomalopsis fulvofasciataand Trigona spinipes
in Jaboticabal. In relation to I grandifolia, the
bees Apis mellifera, Ancyloscelis sp., Diadasina
riparia, and one fly (Tabanidae) in Botucatu
and A. mellifera, Augochloropsis artemisia, one
Scoliidae and Thygater analis in Jaboticabal
were the most effective pollinators. I nil
had the bees D. riparia, Eulaema nigrita,
M. segmentaria and one fly (Tabanidae), in
Botucatu, and M. segmentaria, T. analis,
Diadasia sp. and E. nigrita, in Jaboticabal, as
the most effective pollinators. Many other bees
can pollinate these three weeds (Table 4),
although less effectively. Melittophilous
pollination performed by several bee species
was observed in other Ipomoea weeds (Real,
1981; Stucky & Beckmann, 1982; Galetto et al.
2002). Butterflies, beetles and some bees were
robbers (sensuDafni, 1992) visiting the flowers
and not performing pollination.
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>-. nectariferous disk

Figure 2 - General view, on the left, and median longitudinal
section, on the right, of 7. cairica (A), I grandifolia (B)
and Ipomoea nil (C) flowers. Note the nectariferous disk at
the ovary basis, the different sizes of the stamens, the
arrangement of the anthers around the stigma, and the
diameter of the floral tube. Bars=1cm.

Table 3 - Fruit set following pollination treatments in Ipomoea species

Ipomoea cairica Ipomoea grandifolia Ipomoea nil
Botucatu Jaboticabal Botucatu Jaboticabal Botucatu Jaboticabal

Spontaneous self-pollination

Number of bagged buds - 34 30 35 30 25

Fruit set - 0 10 10 18 14

% of success - 0 33.3 28.6 60 56
Control

Number of marked buds 30 - 30 - 30 -

Fruit set 17 - 22 - 26 -

% of success 56.7 - 73.3 - 86.7 -
2N _ _
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Table 4 - Flora visitors relative abundance (%) in three Ipomoea species at Botucatu and Jaboti cabal, S&o Paulo State, Brazil.
1. legitimate visitors; 2: robbers. Numbers in boldface: most efficient pollinators. For each visitor species data in
parenthesi s are number of visits/total number of visits at the plant

Visitor Ipomoea cairica Ipomoea grandifolia Ipomoea nil
Botucatu Jaboticabal Botucatu Jaboticabal Botucatu Jaboticabal
Ancyloscelis apiformis 10.7 (12/112)
Ancyloscelis sp. 8.3 (6/72)
Anthidium manicatum 0.6 (1/164)
Apis mellifera 7.4 (6/81) 5.4 (6/112) 25.0 (18/72) 30.5 (50/164) 2.6 (2/76) 4.2 (5/119)
[Augochlora esox 8.9 (10/112)
[Augochlora thalia 45 (5/112)
[Augochloropsis aphrodite 1.2 (2/164)
[Augochloropsis artemisia 13.4 (22/164)
(Augochloropsis ilustris 0.6 (1/164)
[Augochloropsis cf. melanochaeta 1.2 (2/164)
Bombus morio 7.4 (6/81)
Ceratina (Crewella) sp. 14.8 (12/81) 8.9 (10/112) 0.8 (1/119)
Ceratina maculifrons 5.4 (6/112)
Ceratina $p.1 11.1 (9/81)
Diadasia 3p. 13.4 (16/119)
Diadasina riparia 16.7 (12/72) 21.1 (16/76)

1 |Dialictus (Chloralictus) sp. 4.5 (5/112)

Eulaema nigrita 7.9 (6/76) 7.6 (9/119)
Exomalopsis auropilosa 1.2 (2/164)

Exomalopsis fulvofasciata 7.1 (8/112) 0.6 (1/164) 0.8 (1/119)
Exomalopsis (Exomalopsis) Sp. 1.8 (3/164)

Exomalopsis Sp. 0.6 (1/164)

Geotrigona Sp. 0.8 (1/119)
Halictidae sp.1 13.6 (11/81)

Halictidae sp.2 16.0 (13/81)

Halictidae sp.3 8.6 (7/81)

Leiopodus lacertinus 4.2 (3/72)

Melissodes nigroaenia 0.6 (1/164)

Melitoma segmentaria 4.9 (4/81) 13.4 (15/112) 5.3 (4/76) 16.8 (20/119)
Scoliidae 4.5 (5/112) 10.4 (17/164)

Tabanidae” 12.5 (9/72) 10.5 (8/76)

Thygater analis 6.1 (10/164) 11.8 (14/119)
Trigona spinipes 6.2 (5/81) 9.8 (11/112) 1.2 (2/164) 2.5 (3/119)
Augochlora (Augochlora) sp. 0.8 (1/119)
[Augochlora (Mycterochlora) sp. 0.6 (1/164)

[Augochlora thalia 0.8 (1/119)
Ceratina paraguaiensis 2.6 (2/76)

Eulaema nigrita 8.0 (9/112)

2 |Hesperiidae spp.? 9.9 (8/81) 8.9 (10/112) 8.3 (6/72) 14.6 (24/164) 18.4 (14/76) | 23.5 (28/119)
Oxaea flavescens 3.7 (6/164) 0.8 (V/119)
Pereirapsis titania 0.8 (V119)
Pieridae? 20.8 (15/72) 5.5 (9/164) 13.1 (10/76) | 10.1 (12/119)
Chrysomelidae’ 4.2 (3/72) 5.5 (9/164) 131 (20/76) | 4.2 (5/119)
Melyridae? 5.3 (4/76)

Y Diptera ;  Lepidoptera; ¥ Coleoptera; species without symbol: Hymenoptera.
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The three Ipomoea attracted a greater
variety of bee visitors in Jaboticabal. This
greater richness of pollinators in weed flowers
can be related to reward offer at that site (Table
1), considering that in open cultivated areas
weeds may be the only available resource, at
some particular times. In Botucatu, poor
occurrence of pollinators may be due to the
fact that the study sites were located near
natural forests, which may retain the flower
visitors more hardly. Competition for pollinator
services including weeds and native plants
were reported by Brown et al. (2002). However,
in relation to the studied Ipomoea, further
studies are needed to clear up these relations.

The studied Ipomoeashared some visitors,
but there were some differences in relation to
the set of species and abundance of each visitor
observed at the different study sites, revealing
opportunistic strategy in relation to pollination.
In general, higher similarity was observed
between different plant species in the same
locality than between plant populations of the
same species in different localities. This
situation can be confirmed by the dendrogram
produced by cluster analysis (Figure 3).
Ipomoea nil and I grandifolia in Botucatu
showed the highest level of similarity, followed
by I nil, I. grandifolia and I cairica in
Jaboticabal. At a lower similarity level, I cairica
in Botucatu joined the Jaboticabal group. This
situation reveals that the set of I cairica
pollinators is somewhat more conservative

1 ] ] 1 ] ] ]
0.12 0.18 0.24 0.30 0.36 0.42 0.48

Similarity level

Figure 3 - Cluster analysisdendrogram (UPGMA) considering
Jaccard coefficient of similarity among Ipomoea speciesin
relation to setsof floral visitors. 1. L. cairica — Botucatu. 2.
I cairica — Jaboticabal. 3. I grandifolia — Botucatu.
4. I. grandifolia — Jaboticabal. 5. I. nil —Botucatu. 6. I. nil
— Jaboticabal. (r=0.85).
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than the other two species. This fact may be
related to the reproductive system of I cairica
which is alogamous, and thus, dependent on
flower visitors to perform pollination. This last
consideration needs further investigation.

Finally, the opportunistic pollination
feature of the three Ipomoea studied was
emphasized since the highest similarities were
observed among different species occurring in
the same site. The floral traits of these species,
in which the resources are easily accessible to
visitors, seem to favor promiscuous pollination,
as pointed out by Percival (1965). The non-
specificity of these three weeds in relation to
pollination is advantageous, considering that,
at ruderal environments, pollinator availability
is unpredictable (Baker, 1965; 1974); this
adaptation is frequently associated to plants
living in anthropic, disturbed environments
(Valentine, 1978), such as the sites studied in
this work.
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