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Abstract
Ocimum species have a combination of reproductive system which varies with the
locality and cultivar. We have studied here the reproductive mechanisms of five
variants of three Ocimum species in Nigeria, namely: Ocimum canum Sims., O.
basilicum L., and O. americanum L. Flowers from each variant were subjected to
open and bagged pollination treatments of hand self-pollination, spontaneous selfpollination and emasculation. All open treatments of the five Ocimum variants
produced more fruit and seed than the corresponding bagged treatments. The two
O. canum variants and O. basilicum ‘b1’ produced high fruit and seed set in the
open and bagged treatments of spontaneous self-pollination. Ocimum basilicum
‘b2’ and O. americanum produced higher fruit and seed set in the self-pollination
open treatment but significantly lower fruit and seed set in the bagged treatment.
Fewer fruit and seeds were produced in the emasculated open treatments but none
in the emasculated bagged treatments of the five Ocimum variants. The floral foragers comprising of bees, wasps and butterflies visited the Ocimum species to collect pollen or nectar in the open treatments. The two O. canum variants and O.
basilicum ‘b1’ variant reproduced mainly through autogamy but O. basilicum ‘b2’
and O. americanum showed mixed reproduction of autogamy and outcrosssing.
Insect visitation to the flowers enhanced pollination resulting in higher fruit and
seed set in all the Ocimum species studied.
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Introduction
The genus Ocimum L. (basil) belongs to the family Lamiaceae and comprises approximately 30 species of herbs and subshrubs distributed across tropical regions of Asia,
Africa, Central and South America, with Africa as the primary center of diversity of
the genus [1]. In Nigeria Ocimum is represented by four species, namely Ocimum
basilicum L., O. canum Sims., O. gratissimum L., and O. suave Willd. [2]. The genus
Ocimum is an important essential oil crop with around 100 tons of essential oil being
produced annually throughout the world, about half of this is produced from O. basilicum and close relatives [3]. Ocimum species are also very important in indigenous
systems of medicine [4–8]. In addition to these uses, Ocimum is widely cultivated
as a potherb for culinary uses [9] and for the fresh herb market for which export of
Ocimum from Israel alone is worth 4 million US dollars per year. Floral nectar and
pollen are offered as a reward for the biotic pollinating agents [10]. The pollen and
nectar of members of the genus Ocimum are known to support certain potential pollinators of several wild plants species when the latter are not in bloom [11]. Insect and
other organisms play major role in boosting agricultural production by significantly
increasing the yields of crops, vegetables, fruit and seeds by visiting flowers to aid
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pollination processes. Self-incompatible and cross-pollinated crops require pollinating service of efficient pollinators. Self-pollinated crops also benefit from insect pollination which increases yield up to 30%. Lack of pollinators causes decline in fruit and
seed production [12]. There are various reports on the pollination system in species
of the family Lamiaceae. According to Darrah [13] and Khosla [14] species of Lamiaceae are primarily crossbreeding and have floral structures suitable for pollination
by bees. Raju [11] reported that O. americanum and O. basilicum are predominantly
autogamous. A study performed by Almeida et al. [15] revealed that O. officinalis L.
is predominantly autogamous but also able to reproduce by cross-fertilization. The
floral structure of O. basilicum is adapted to pollinator-mediated out-crossing [16].
The pollination mechanisms and plant-insect interactions of the Lamiaceae species
vary greatly with the locality and cultivar concerned, ideally pollination investigations
are necessary in each locality where the species are grown. Also due to the extensive
uses and economic importance of the species in the Ocimum genus there is need to
have better understanding of the reproductive mechanism in this taxon. This study
compared the mode of pollination in three Ocimum species: (O. canum ‘c1’ and O.
canum ‘c2’), O. basilicum (O. basilicum ‘b1’ and O. basilicum ‘b2’) and O. americanum,
type of floral visitors associated with these Ocimum species, and the effect of insects
on fruit and seed production.

Material and methods
This study was conducted in the Department of Botany, Obafemi Awolowo University,
Ile-Ife, Osun State, Nigeria, located at N07°31 146', E 004° 31 583', 287 m a.s.l., between
April and August 2013. The Ocimum species used in this study included two variants
of O. canum Sims. (O. canum ‘c1’ and O. canum ‘c2’) two variants of O. basilicum L. (O.
basilicum ‘b1’and O. basilicum ‘b2’) and one variant of O. americanum L. The Ocimum
variants used here were selected from germplasm collections of the genetic unit of the
Department of Botany, Obafemi Awolowo University, Ile-Ife. Ocimum canum ‘c1’ is a
tetraploid with chromosome number of 2n = 52 and O. canum ‘c2’ is diploid with chromosome number of 2n = 24. Ocimum basilicum ‘b1’ is tetraploid with chromosome
number of 2n =52 and O. basilicum ‘b2’ is a hexaploid with chromosome number of 2n
= 72. Ocimum americanum is a tetraploid with chromosome number of 2n = 52. The
seeds of each Ocimum variants were raised separately on moistened filter paper in 100
× 15 mm Petri-dishes at room temperature in the laboratory. At the four leaves stage,
seedlings were transferred into small plastics cups containing topsoil and were kept
in the screen house for the seedlings to be established. Three weeks after germination,
seedlings were transplanted one plant per bucket into 7-liters plastic bucket filled with
topsoil using five replicates per variant in each treatment.
Flower morphology
For each variant, the anthers color was determined before anther dehiscence and the
number of male and female reproductive structures per flower were also determined
by observing the flower bloom each day. The length of twenty stamens and carpel
were measured separately on each of the Ocimum variants and compared. In each of
the variants, the time of opening and closing of flowers and anther dehiscence were
observed three times a week between 6 a.m. and 7 p.m. over a period of 2 months. The
arrangements of the floral parts immediately after anthesis and after pollination were
also observed.
Pollination experiment
At anthesis time, five potted plants of each Ocimum variant were transferred into a
screen house made of wired net of mesh size 0.5 mm to exclude the activity of external
pollinators. Also five potted plants of each Ocimum variant were left in the open. On
© The Author(s) 2016
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each of the Ocimum variants in the open and screen house (bagged), the following
pollination treatments were investigated on 200 flowers per treatment. The treatments
included: (i) emasculation of flower buds before anthesis and anther dehiscence occurs; (ii) hand self-pollination of stigma by touching it with pollen from its anther immediately after anther dehiscence; (iii) spontaneous self-pollination in which flower
buds were untouched. In each of the treatments flowers were examined every day
for fruit sets. After fructification, the number of fruit and seeds produced from each
treatment in the open and screen house were recorded for each Ocimum variant. Statistical analysis was performed using system analysis software (SAS) version 9.2 (SAS
Institute, Cary, NC, USA). Data obtained from floral measurements, fruit and seed
sets were subjected to one-way analysis of variance and their means were compared
using Duncan’s multiple range test (DMRT).
Insect visitor behavior
Observations on the behavior of different foragers were recorded. The observations
were carried out five times a week during the day from 6 a.m. to 6 p.m. The foraging
period, the part of the plant visited and the type of reward collected by different visitors were recorded through close observations. The time spent on a foraging visit was
also recorded. The visiting insects were captured with hand net and identified using
identification keys [17,18]. The type of pollen grains picked up by the floral visitors
were assessed through body washings and examined under a light microscope and
compared with pollen of the Ocimum variants.

Results
Flower morphology
In each of the Ocimum species the terminal inflorescence consist of flowers arranged
in whorls and oriented horizontally to the axis. Each of the three Ocimum species has
white petal, green sepal four filaments with white anther, purple-pigmented style and
white style in O. basilicum ‘b1’. The flower of each of the Ocimum species opens by the
separation of the upper and lower corolla lips. Immediately the style bends down but
the stigma remains closed for some time. Later the stigma forms a bi-forked shape in
the five Ocimum variants. Anther dehiscence occurred before anthesis in O. canum
‘c1’ and in two variants of O. basilicum. In O. canum ‘c2’ and O. americanum anthesis
occurred before anther dehiscence. Anthesis occurred from 7 a.m. to 2 a.m. in all
the Ocimum variants. The style is significantly longer than the filament in the five
Ocimum variants studied (Tab. 1).
Pollination experiment
The average number and percentage fruit and seed sets produced for each treatment
on each Ocimum variant in the open treatments and bagged treatments were recorded
(Tab. 2). In the three Ocimum species all the open treatments produced higher fruit
and seed sets than their corresponding bagged treatments. In the spontaneous selfpollination of all the five Ocimum variants the open treatments produced significantly
higher number of fruit and seed set than in the bagged treatments except in fruit set
of O. basilicum ‘b1’ which showed no significant difference (Tab. 2). Fruit and seed
sets of spontaneous self-pollinated were low in bagged treatments of O. basilicum ‘b2’
and O. americanum but significantly higher in the open treatment (Tab. 2). In all three
Ocimum species fruit and seed sets were low in the emasculated open treatment and
no seed production was recorded for the emasculated bagged treatment, revealing the
necessity of pollination (Tab. 2).

© The Author(s) 2016

Published by Polish Botanical Society

Acta Agrobot 69(1):1648

3 of 9

Oziegbe et al. / Reproductive mechanisms of Ocimum L. species

Tab. 1 Comparative mean length of stamen and style (mm) in each Ocimum variant.
O. canum ‘c1’

O. canum ‘c2’

O. basilicum ‘b1’

O. basilicum ‘b2’

O. americanum

Stamen length

8.00 ±0.10b

4.20 ±0.10b

7.70 ±0.40b

8.20 ±0.20b

4.80 ±0.30b

Style length

9.90 ±0.10a

5.20 ±0.10a

9.90 ±1.70a

10.8 ±1.00a

8.20 ±0.20a

Means in the same column followed by the same letter are not significantly different at 0.05 probability.

Tab. 2 Result of pollination experiment on each Ocimum variant.
Treatments

O. canum ‘c1’

O. canum ‘c2’

O. basilicum ‘b1’

O. basilicum ‘b2’

O. americanum

Spontaneous
self-pollinated, open

Fruit set (%)

98.90

100.00

90.00

90.00

82.76

Mean ±SE

50.00 ±10.30a

50.00 ±2.43a

39.75 ±5.65a

67.00 ±6.04a

54.000 ±2.27a

Spontaneous
self-pollinated, bagged

Fruit set (%)

81.80

85.50

72.00

31.00

13.26

Mean ±SE

39.25 ±13.16b

43.50 ±2.66a

24.000 ±2.38b

28.25 ±8.27b

12.500 ±2.59c

Hand selfpollinated,
open

Fruit set (%)

91.50

88.00

98.50

96.00

82.11

Mean ±SE

45.25 ±16.77ab

43.75 ±5.64a

39.25 ±3.64a

74.50 ±7.89a

44.750 ±3.09b

Hand selfpollinated,
bagged

Fruit set (%)

76.30

64.50

99.00

90.00

89.27

Mean ±SE

38.75 ±14.64b

32.00 ±5.93b

37.250 ±0.85a

58.00 ±4.26a

58.250 ±4.27a

Emasculated,
open

Fruit set (%)

46.00

33.00

27.50

28.00

40.74

Mean ±SE

22.75 ±3.12c

18.25 ±0.75c

8.250 ±2.39c

16.00 ±1.58c

19.250 ±0.63c

Emasculated,
bagged

Fruit set (%)

00.00

00.00

00.00

00.00

00.00

Mean ±SE

00.00 ±0.00d

00.00 ±0.00d

00.00 ±0.00c

00.00 ±0.00c

00.00 ±0.00d

Spontaneous
self-pollinated, open

Seed set (%)

98.90

100.00

96.25

81.75

44.25

Mean ±SE

200.00 ±41.18a

200.00 ±9.71a

156.0 ±21.93a

245.75 ±60.90a

115.50 ±11.89b

Spontaneous
self-pollinated, bagged

Seed set (%)

81.80

79.00

68.13

18.50

8.36

Mean ±SE

157.00 ±50.23b

168.50 ±14.65b

91.75 ±10.78b

62.50 ±14.38b

31.50 ±7.24c

Hand selfpollinated,
open

Seed set (%)

91.30

58.10

98.50

90.13

55.05

Mean ±SE

181.00 ±67.05ab

(113.50 ±19.40c

(157.00 ±14.5a

(279.75 ±34.35a

(120.00 ±4.89b

Hand selfpollinated,
bagged

Seed set (%)

74.00

48.00

98.88

83.88

88.69

Mean ±SE

153.00 ±56.48b

95.25 ±27.30c

148.75 ±3.64a

211.25 ±22.16a

231.50 ±15.84a

Emasculated,
open

Seed set (%)

42.00

20.00

24.38

18.50

18.65

Mean ±SE

78.25 ±11.66c

44.75 ±2.10d

29.75 ±2.21c

43.75 ±8.41b

35.25 ±2.09c

Emasculated,
bagged

Seed set (%)

00.00

00.00

00.00

00.00

00.00

Mean ±SE

00.00 ±0.00d

00.00 ±0.00e

00.00 ±0.00c

00.00 ±0.00b

00.00 ±0.00d

Means in the same column followed by the same letter are not significantly different at p = 0.05.
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Insect visitor behavior
All insects observed visited each of the Ocimum variant studied. Insect visits were
observed as early as 7 a.m. to 6 p.m. The frequency of insects’ visits increased as soon
as the flowers started opening between 7 a.m. and 2 p.m. The bees observed visiting
the Ocimum species are shown in (Tab. 3), and include: Apis mellifera Linn., Amegilla
cingulata Fabricius, Dactylurina staudingeri Gribido, Lasioglossum Curtis sp., and
Xylocopa calens Lepeletier. The wasps observed visiting the Ocimum species include:
Vespula Thomsom sp., Pseudomasaris Ashmead sp., and Polybioides tabidum Fabricius. Other insects observed on the Ocimum species were the butterflies, dragonflies,
hoverflies, and the housefly. The bees and wasps visited the flowers of the Ocimum
species to collect either nectar or pollen grains while Musca domestica L. and the
dragonflies were observed visiting leaves and racemes so they cannot be considered as
flower visitors. The butterflies visited the flower to collect nectar. The Ocimum pollen
grains were observed on the insects most often but sometimes they carried pollen
grains of other plants along with that of the Ocimum species. All bees, with the exception of Apis mellifera regularly visited studied Ocimum species. All wasps: Vespula sp.
and Polybioides tabidum visited the plants very regularly except Pseudomasaris which
visits were rare. The dragonflies and Musca domestica were also rare. The butterflies,
however, were frequent in their visit. On all the bees, pollen grains were observed
on their legs and abdomen but Dactylurina staudingeri carried pollen on legs only.
The wasps also carried pollen on their legs and abdomen, except Polybioides tabidum
which carried pollen on mouthparts. The butterflies carried few pollen grains but the
Tab. 3 The insect visitors observed on the Ocimum species studied.
Plant part
visited

Foraging type

Range of time
spent(s)

Frequency

Lasioglossum sp.

Flower

Nectar/pollen

6–38

Regular

Abdomen, legs,
mouth

Apis mellifera

Flower

Nectar

2–5

Rare

Legs, abdomen

Amegilla cingulata

Flower

Nectar

3–10

Regular

Legs, abdomen

Dactylurina staudingeri

Flower

Pollen grains

4–37

Regular

Legs

Xylocopa calens

Flower

Nectar

3–8

Rare

Legs, abdomen

Braunsapis sp.

Flower

Pollen grains

3–6

Rare

Legs, abdomen

Syrphidae

Flower

Nectar

3–6

Rare

Legs

Musca domestica

Leaf and
racemose

-

3–23

Rare

-

Vespula sp.

Flower

Nectar

2–12

Regular

Legs, abdomen

Pseudomasaris sp.

Flower

Nectar/pollen

1–8

Rare

Legs, abdomen

Polybioides tabidum

Flower

Nectar

2–7

Regular

Mouth

Butterfly (Lepidoptera)

Flower and
leaves

Nectar

14–62

Regular

-

Dragon flies (Odonata)

Leaf and
racemose

-

11–82

Rare

-

Insect

Region of pollen deposition

Bees

Flies

Wasps

Others

© The Author(s) 2016
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dragonflies and Musca domestica were not observed to carry any pollen. Compared
to other floral visitors, the bees were observed to carry more pollen grains due to
their hairy body. The insects contacted pollen grains when they tried to feed on the
nectar or pollen. The time spent on each flower visit by the floral visitors is indicated
in Tab. 3. Insect individuals that feed on nectar alone spent less time on a flower than
those that feed on pollen.

Discussion
The seed set observed in the emasculated open treatments and lack of seed production
in the emasculated bagged treatments of all three studied Ocimum species indicated
that the insects that visited the flowers in the open treatments enhanced fruit and
seed production. Also the production of higher fruit and seed sets in the open treatments when compared to the corresponding bagged treatments showed that insect
visit enhanced fruit and seed production. Insects such as bees, wasp and hoverflies
have been reported to play important functional roles as pollinators which facilitate
fruit production in Ocimum species [19]. The production of high fruit and seed sets
in the spontaneous self-pollination bagged treatments of the two O. canum variants
and O. basilicum ‘b1’ indicated that their pollination occurred through autogamy. Autogamy in O. canum has been reported to be optional as it could also reproduce by
cross-fertilization [20]. It has also been reported that O. canum is predominantly allogamous due to formation of smaller number of fruits from manual selfing and spontaneous selfing [21]. The low fruit and seed in the bagged spontaneous self-pollination
treatment but significantly higher in the open treatment of O. basilicum ‘b2’ and O.
americanum indicated that these two species showed out-crossing features and more
flowers were pollinated by insects in the open treatment. Ocimum basilicum and O.
selloi Benth have been reported to exhibits mixed reproduction system via out-crossing and autogamy [16]. A combination of protandrous condition (a mechanism promoting out-crossing), annual habit, herbaceous nature, more conspicuous floral parts
and bee pollination in the Basilicum group which includes three studied Ocimum
species have been considered as advanced characteristics of the genus [22]. The mixed
mating system indicated a great reproductive versatility of these species which might
have contributed to the high genetic variability in the genus, through intraspecific and
interspecific hybridization. According to Darrah [13] the genus Ocimum is characterized by a great variability of both morphological features and chemical composition
because cross-pollination has created a large number of species and subspecies. This
might also be responsible for the variability in the chromosome number of the variants of O. canum and O. basilicum used in this study.
This study showed that successful pollination is marked by the corolla abscission
(dropping) in all the three Ocimum species. Corolla abscission was observed to occur
after successful pollination in other species of the family Lamiaceae [23] and was also
directly related to pollination efficiency [24,25]. The corolla of the non-pollinated
flowers remains intact for 4–5 days which still attract insects to effect pollination. The
withering of corolla in Ocimum species is common in plants with many flowers that
pollinators failed to visit [25]. According to Whitten [24] and Cruden [25] variation in
flower longevity, marked by abscission (dropping) of the corolla, indicated an association with pollinating insects visit. This is also confirmed in the five variants of Ocimum species studied here. In the case of already pollinated flowers, post-pollination
abscission increases the probability of visits to the remaining (non-pollinated) flowers
on the plant.
Result of anther dehiscence indicated that the five Ocimum variants varied in their
period of anther dehiscence. In O. canum ‘c1’ and the two variants of O. basilicum anther dehisces before anthesis while in O. canum ‘c2’, O. americanum anther dehisces occurred after anthesis takes place. Anther dehiscence has been reported to occur before
anthesis in O. canum, O. basilicum, O. americanum, and O. officinalis [11,15,21,26].
Pollination in O. basilicum and O. americanum has been reported to occur mainly in
post-anthesis which coincides with period of intense insect visitation which favored
out-crossing because the insect carried pollen from flower to flower [14,16,27]. The
© The Author(s) 2016
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period of anthesis coincided with the peak of insect visit in this study which might be
due to the peak of nectar production and availability of pollen. According to Kulloli
et al. [28] nectar secretion occurred 2 hours before flower opened and increased soon
after the flower opened which continued till early morning in members of the Lamiaceae. This also coincided with the time of maximum pollinator activity.
Insects foraging for both pollen and nectar of studied plants could affect pollination. Ocimum species have been reported to rely on insects for pollination [11]. Bees
foraging on pollen grains spent more time using their legs to rub against the anther
and stigma in a bid to harvest pollen. But those foraging on nectar spent lesser time on
flower but their landing position on the lower lip of the petal made their ventral surface to contact the stigma and anther which enhanced pollination. Longer visits were
reported to correlate positively with pollination efficiency because it allowed more
pollen collection from flowers [29,30]. Other factors such as larger body size, navigation pattern might also effect pollination [31]. Insects that spent less time on a flower
were able to visit and navigate more flowers. This might increase the number of flowers pollinated during a single visit to an inflorescence. However, the tendency of pollinators to visit several flowers on a single plant increases opportunity of geitonogamy
and self-pollination rate [32–35]. The repeated visits by various insects to our study
plants to collect nectar and pollen suggests that they produced enough reward to the
visitors which may enhance pollination. Nectar production is the most common floral
reward furnished by animal pollinated plants to their mutualistic partners [36].

Conclusion
The two O. canum variants and O. basilicum ‘b1’ are primarily adapted to reproduction
by autogamy while O. basilicum ‘b2’ and O. americanum exhibited mixed mating system via out-crossing and autogamy. Insect pollination in the studied plants enhanced
fruit and seed production.

References
1. Paton A. A synopsis of Ocimum L. (Labiatae) in Africa. Kew Bull. 1992;47:403–435. http://
dx.doi.org/10.2307/4110571
2. Burkill HM. The useful plants of West tropical Africa. 2nd ed. Kew: Royal Botanic Gardens; 1995.
3. Lawrence BM. Chemical components of Labiatae oils and their exploitation. In: Harley
RM, Reynolds T, editors. Advances in Labiate science. Kew: Royal Botanic Gardens; 1992.
p. 399–436.
4. Keng H. Labiatae. In: van Steenis CGGJ, editor. Flora Malesiana. Alphen aan den Rijn:
Sijthoff and Noordhoff International Publishers; 1978. p. 301–394. (vol 8).
5. Gonzilez-Tejero MR, Molero-Mesa J, Casares-Porcel M. The family Labiatae in popular
medicine in eastern Andalusia: the province of Granada. In: Harley RM, Reynolds T, editors. Advances in Labiate science. Kew: Royal Botanic Gardens; 1992. p. 489–506.
6. Heinrich M. Economic botany of American Labiatae. In: Harley RM, Reynolds T, editors.
Advances in Labiate science. Kew: Royal Botanic Gardens; 1992. p. 475–488.
7. Rivera-Nufiez D, Obón de Castro C. The ethnobotany of Old World Labiatae. In: Harley
RM, Reynolds T, editors. Advances in Labiate science. Kew: Royal Botanic Gardens; 1992.
p. 455–474.
8. Githinji CW, Kokwaro JO. Ethnomedicinal study of major species in the family Labiatae from Kenya. J Ethnopharmacol. 1993;39:197–203. http://dx.doi.
org/10.1016/0378-8741(93)90036-5
9. Darrah HH. The cultivated Basils. Independence, MO: Thomas Buckeye Printing Company; 1980.
© The Author(s) 2016

Published by Polish Botanical Society

Acta Agrobot 69(1):1648

7 of 9

Oziegbe et al. / Reproductive mechanisms of Ocimum L. species

10. Reddy TB, Rangaiah K, Reddi EUB, Reddi CB. Consequences of nectar robbing in the
pollination ecology of Vitex negundo (Verbinaceae). Curr Sci. 1992;62:690–691.
11. Raju AJS. Reproductive ecology of Ocimum americanum L. and O. basilicum L. (Lamiaceae)
in India. Plant Species Biol. 1989;4:107–116. http://dx.doi.org/10.1111/j.1442-1984.1989.
tb00052.x
12. Partap T. Mountain agriculture, marginal land and sustainable livelihoods: challenges and
opportunities. In: Proceedings of the International Symposium on Mountain Agriculture
in HKH Region; 2001 May 21–24; International Centre for Integrated Mountain Development (ICIMOD), Kathmandu, Nepal. 2001.
13. Darrah HH. Investigation of the cultivars of the Basils (Ocimum). Econ Bot. 1974;28:63–
67. http://dx.doi.org/10.1007/BF02861381
14. Khosla MK. Inter-relationship studies of different species of the genus Ocimum L. Journal
of Plant Anatomy and Morphology. 1986;3(2):157–167.
15. Almeida OS, Silva AHB, Silva AB, Amaral CLF. Study of floral biology and reproductive
mechanisms of Ocimum officinalis L. aimed at breeding. Acta Sci. 2004;26:343–348.
16. Nation GR, Janick J, Simon EJ. Estimation of outcrossing in basil. HortScience.
1992;27:1221–1222.
17. Michener CD. The bees of the world. Baltimore, MD: The John Hopkins University Press;
2000.
18. Eardley C, Kuhlmann M, Pouly A. The bee genera and subgenera of sub-Saharan Africa.
Brussels: Belgian Development Cooperation; 2010. (Abc Taxa; vol 7).
19. Klein AM, Vaissieve BE, Cane JH, Steffan-Dewenter I, Cunningham SA, Kremen C,
Tscharntke T. Importance of pollinators in changing landscapes for world crops. Proc Biol
Sci. 2007;274:303–313. http://dx.doi.org/10.1098/rspb.2006.3721
20. Cruden RW. Implications of evolutionary theory to applied pollination ecology. Acta Hortic. 1997;437:27–51. http://dx.doi.org/10.17660/ActaHortic.1997.437.1
21. Silva AB, Souza MF, Harley A, Almeida OS, Amaral CFL. Floral biology and reproductive mechanisms of Ocimum canum Sims. (Lamiaceae). Biotemas. 2008;21:33–40. http://
dx.doi.org/10.5007/2175-7925.2008v21n2p33
22. Khosla MK. Study of inter-relationship, phylogeny and evolutionary tendencies in genus
Ocimum. Indian Journal of Genetics. 1995;55:71–78.
23. Rudall P. Flower anatomy of the sub-tribe Hyptidinae (Labiatae). Bot J Linn Soc.
1981;8:251–262. http://dx.doi.org/10.1111/j.1095-8339.1981.tb00157.x
24. Whitten WM. Pollination ecology of Monarda didyma, M. clinopodia and hybrids (Lamiaceae) in the southern Appalachian Mountains. Am J Bot. 1981;68:435–442. http://dx.doi.
org/10.2307/2442781
25. Cruden RW, Hermanutz L, Shuttleworth J. The pollination biology and breeding system
of Monarda ﬁstulosa (Labiatae). Oecologia. 1984;64:104–110. http://dx.doi.org/10.1007/
BF00377551
26. Pushpangadan P, Sobti SN. Cytogenetical studies in the genus Ocimum. 1. Origin of O.
americanum, cytotaxonomical and experimental proof. Cytologia. 1982;47:575–583.
http://dx.doi.org/10.1508/cytologia.47.575
27. Krishnan R. Natural out crossing in sweet basil, Ocimum basilicum L. Industrial Perfumer.
1981;25:74–77.
28. Kulloli SK, Chandore AN, Aitawade MM. Nectar dynamics and pollination studies in
three species of Lamiaceae. Curr Sci. 2011;25:509–516.
29. Castellanos MC, Wilson P, Thomas JD. Pollen transfer by hummingbirds and bumblebees and the divergence of pollination models penstemon. Evolution. 2003;57:2742–2752.
http://dx.doi.org/10.1111/j.0014-3820.2003.tb01516.x
30. Kudo G. Anther arrangement influences pollen deposition and removal in hermaphroditic flowers. Funct Ecol. 2003;17:349–355.
31. Sadeh A, Shidima A, Keasar T. The carpenter bee Xylocopa pubescens as an agricultural
pollinator in greenhouses. Apidologie. 2007;38:508–517.
32. Harder LD, Barrett SCH. Mating costs of large floral displays in hermaphrodite plants.
Nature. 1995;373:512–514. http://dx.doi.org/10.1038/373512a0
33. Harder LD, Barrett SCH. Pollen dispersal and mating patterns in animal-pollinated
pllants. In: Lloyd DG, Barrett SCH, editors. Floral biology: studies on floral evolution in
© The Author(s) 2016

Published by Polish Botanical Society

Acta Agrobot 69(1):1648

8 of 9

Oziegbe et al. / Reproductive mechanisms of Ocimum L. species

animal-pollinated plants. New York, NY: Chapman and Hall; 1996. p. 140–190. http://
dx.doi.org/10.1007/978-1-4613-1165-2_6
34. Snow AA, Spira TP, Simpson R, Klips PA. The eclogy of geitonogamous pollination. In:
Lloyd DG, Barrett SCH, editors. Floral biology: studies on floral evolution in animalpollinated plants. New York, NY: Chapman and Hall; 1996. p. 191–216. http://dx.doi.
org/10.1007/978-1-4613-1165-2_7
35. Karron JD, Holmquist KG, Flanagan RJ, Mitchell RJ. Pollinator visitation patterns strongly
influence among flower variation in selfing rate. Ann Bot. 2009;103:1379–1383. http://
dx.doi.org/10.1093/aob/mcp030
36. Simpson BB, Neff JL. Evolution and diversity of floral rewards. In: Jones CE, Little RJ,
editors. Handbook of experimental pollination biology. New York, NY: Scientific and Academic Editions; 1983. p. 117–141.
Porównanie mechanizmów reprodukcji trzech gatunków z rodzaju Ocimum L.
(Lamiaceae)
Streszczenie
Gatunki z rodzaju Ocimum, zależnie od występowania i odmiany, reprezentują różne systemy
reprodukcyjne. W pracy badano systemy reprodukcyjne trzech gatunków Ocimum canum
Sims., O. basilicum L. i O. americanum L. Badania prowadzono w Nigerii. Zastosowano następujące sposoby zapylania: zapylanie swobodne (z udziałem owadów zapylających) oraz pod
izolatorem (dopylanie pyłkiem własnym, spontaniczne samozapylanie z usuwaniem pylników).
Wszystkie gatunki produkowały więcej owoców i nasion w warunkach swobodnego dostępu
owadów do kwiatów. Kwiaty O. canum i O. basilicum ‘b1’ swobodnie dostępne dla owadów
oraz spontanicznie samozapylane pod izolatorami produkowały najwięcej owoców i nasion.
Ocimum basilicum ‘b2’ oraz O. americanum produkowały najwięcej owoców i nasion podczas
samozapylenia z kwiatów nieizolowanych, istotnie mniej owoców i nasion powstawało z kwiatów izolowanych od owadów. Mniej owoców uzyskiwano z kwiatów nieizolowanych, z których
usuwano pylniki. Kwiaty Ocimum, izolowane bez pylników, nie wiązały nasion i nie tworzyły
owoców. Owady odwiedzające kwiaty badanych gatunków z rodzaju Ocimum (pszczoły, osy,
motyle) korzystały z nektaru lub pyłku. Ocimum canum i O. basilicum ‘b1’ rozmnażają się głównie autogamicznie. Ocimum basilicum ‘b2’ oraz O. americanum wykazują mieszane systemy
reprodukcyjne (autogamia oraz zapylenie krzyżowe). W przypadku wszystkich badanych gatunków z rodzaju Ocimum, owady wspomagają zapylenie, powodując wzrost produkcji owoców i wiązanych nasion.
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