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The reproductive biology of okra. 2. Self-fertilization kinetics in
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Summary

The use of Cruden’s index (1977), for studying okra sexual reproductive allocations, indicates a facultative
autogamy mode. The purpose of the research described is to obtain more accurate information on the
self-fertilization process. For this, self-pollen grain germination was stopped at different times of the day.
Twelve varieties of Abelimoschus esculentus were used. Self-fertilization kinetics — expressed by the setting
rate — displayed an increase between 7.00 to 16.00 hr. Study of obtained progenies, by stimulated allogamy,
confirmed the process and showed that allo-pollen grains deposited on a stigma after midday had only a very
little chance of contributing to fertilization. As a result, the polymorphism of the flower structure and
particularly the distance between anther and stigmas, insect types and movement habits play major roles in
governing okra allogamy. We also show that self-fertilization kinetics can be used. to improve controlled
hybrid production.

Introduction Concerning the allogamy level, results reported
in the literature give contradictory information.
Okra is a tropical vegetable grown throughout the Venkatazramani (1953) mentioned anther dehis-
intertropical and Mediterranean area. Little work cence well after anthesis and suggested strongly
has been done on the floral biology of the culti- allogamous behaviour. In contrast Purewal &
vated okra, Abelmoschus esculentus. The flower Randhawa (1957) presumed that there was very
structure combines hermaphrodism and self-com- strong autogamy. They showed that pollen grain
patibility. The anthesis takes place at the end of the germination begins a few minutes after the contact
night. The flower is open at dawn, remains open all with stigmas. In their opinion, because the style is
morning and closes in the middle of the afternoon. thought to be receptive before flower opening,
Itis wilted in the evening and the petals fall the next there would be enough time for self pollination to
day. So, conditions are favourable for autogamy take place before anthesis. This opinion is shared
but, as the process is not mechanically obligatory, by Srivastava & Sachan (1973) and Chandra &
opportunity is left for allogamy. Hamon & Koe- Bhatnagar (1975).
chlin (1991) show that the use of the log P/O, de- Observed allogamy levels have given very varied

fined by Cruden (1977), positions okra reproduc- results. Chauhan et al. (1968), Choudhury &
tive mode near facultative autogamy. Choomsai (1970), Shalaby (1972), Mitidieri &
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Vencovsky (1974) and Martin (1983) recorded a
broad range of variation with levels varying from 0
to 60%.

To account for observed differences, authors
mentioned various environmental parameters such
as: plant spacing; insect population density; ec-
ological condition at a given site. We are sure that
cultivated okra is not strictly autogamous nor allo-
gamous. However, none of the present approaches
has been able to give clear information on how
pollination actually takes place. :

Here we present a simple and original method,
using interruption of self-fertilization at different
moments, to demonstrate how fertilization kinetics
takes place under natural conditions. We con-
firmed the kinetic profile by forced pollination, at
specific times and the study of progenies. In addi-
tion, the better understanding of okra breeding
gives possibilities of applications for improving hy-
brid production in some difficult combinations.

Material and methods
Material

Studies were carried out on twelve Abelmoschus
esculentus varieties. They were all pure lines,
morphologically very different and easy to identify.
Accessions and their origins are listed in Table 1.

Experimental site and period

The work was carried out at the ORSTOM station
at Adiopodoumé (20km south of Abidjan, Cote
d’Ivoire). Experimental conditions were the same
as described in Hamon & Koechlin (1991). Several
hundred plants from the same accession were
sown, over a period of a month, to produce an
unlimited quantity of flowers.

Interruption of pollen germination

Pollen germination was stopped in open flowers by
cutting the upper part of the style (zone immediate-

ly below the stigmas). Thus, in the absence of other
phenomena, only germinated pollen tubes, which
had passed this point, were able to fertilize ovules.
Style cutting was carried out systematically on each
variety at 7.00hr, 9.00hr 11.00hr, 14.00 hr and
16.00hr. For each combination (time X variety)
twenty flowers were simultaneously treated. Set-
ting was considered to have taken place when a
fruit developed one week after the operation. The
setting rate was thus the percentage of flowers pro-
ducing a fruit after pollination. Setting rate, num-
ber and weight of seeds per fruit were recorded.

Artificial allogamy

Flowers whose pollen was to be used were bagged
on the preceding day to ensure purity. In bags,
anthesis took place normally. Receiving flowers
were not emasculated so they can begin to self-
fertilize. The availability for allogamy was assessed
by placing an excess amount of foreign pollen on
the stigmas. To compare with stoppages of pollen
germinations, operations were made at the same
times. The pollen was chosen in such a way that
hybrids could be easily identified in progenies. Va-
rieties used as markers in the trials were: ORS-803,

Table 1. Origin of studied accessions

OR- Country of Collector Latitude Longitude
STOM  origin number
number

772 Burkina Faso P 37 14.10N  01.50W

803 Burkina Faso P 135 12.00N 03.50 W
1043 Togo HCS 166 09.20N 00.15E
1051 Togo HCS 174 09.30N 00.15E
1159 Togo HCS237.A  10.50N  00.05E
1347 Benin HAH 82 10.05N 02.45E
1355 Benin HAH 89 10.55N  02.55E
1467 Benin HAH 190 10.40N 01.20E
1506 Benin HAH?223.B 09.30N 01.40E
1551 Benin HAH255.A (07.00N 01.45E
2137 Sudan HSD 55 13.30N  33.35E

Clemson Spineless Standard cultivar

Collecting missions: Burkina Faso Perret (1981) unpublished
Togo, Benin  Hamon & Charrier (1983)
Sudan Hassan et al. (1983)
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in which the red stem colour dominates different
shades of green; ORS-278, which belongs to A.
tetraphyllus since the obtaining of F1 hybrids is not
limiting with A. esculentus (Hamon & Yapo, 1985).
Thus we can express proportions of natural autoga-
my and artificial allogamy. To disturb the natural
process, as little as possible, treated flowers were
not rebagged. Because of the varietal purity and
combinations chosen, possible contamination by
foreign pollen would be immediately identified in
the progeny.

Results
Blocks in the natural pollination process

The self-fertilization process was stopped artificial-
ly in a set of twelve okra cultivars by cutting the
style at various times of the day from 7.00hr to
16.00hr. At 7.00hr the average setting rate was
very small (1%). It then increased to about 22% at
9.00 hr and 46% at 11.00 hr. Stopping of pollination
at 14.00 hr permitted 75% setting. A ceiling about
90% setting was reached towards 16.00 hr. This
final percentage is very close to the real setting rate
recorded in okra under natural conditions.

This general evolution conceals underlying di-
versity. For example, the individual behaviour of
three varieties are shown in Fig. 1.

We observe that ORS-1467 set fastest, pollen
grain germinated earlier and (or) tubes grow most
quickly. It was an exception since it was the only
one able to set after stoppage at 07.00hr. ORS-
1506 was in an intermediate position and corre-
sponds to the behaviour of most varieties. ORS-
1043 and ‘Clemson Spineless’ were among varieties
displaying the slowest setting. The seed composi-
tion of the pods show that no completely mature
fruit contained less than 30 seeds. This leads to
assume a minimum seed formation for setting.
ORS-1467, with a rapid setting, appeared to be
capable of fruit set with less than 50 seeds. ‘Clem-
son Spineless’, which is very slow, requires much
greater filling (90 seeds).
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Fig. 1. Variability of fruit setting for three okra varieties.

Principal component analysis

The analysis was carried out with simultaneous use
of the setting rate, the number and weight of seeds
per fruit. The factorial plane (1 X 3 - 65% of total
inertia) is shown in Fig. 2. Variables are shown by
arrows whose direction and length are related to
their correlation with factorial axis. Points corre-
sponding to a given time of cutting, independent of
the variety, are represented by a small ellipse which
becomes darker with cutting time. The cultivar
number is shown in the centre. First axis separates
the point scatter corresponding to the cutting car-
ried out at 14.00 hr (negative values of axis 1) from
those performed between 7.00 hr and 9.00 hr (posi-
tive values on axis 1). Setting rate and number of
seeds per fruit increased during the day. Never-
theless, the 1000 seed weight (non-albuminous)
fell. This shows a decrease in embryo weight. Third
axis separates the point scatter corresponding to
the cutting carried out at 9.00 hr (positive values for
axes 1 and 3) from that of 11.00 hr (negative values
on axis 3 and positive values on axis 1). The setting
rate increased between these two moments and
1000 seed weight decreased at the same time. The
points for the cuts performed at 11.00 hr are the most
dispersed in the plane. Indeed, varieties ORS-1355
and ORS-1043, which displayed late setting and had
heavier seeds, lie off-centre, ORS-1467, which was
very fast, was the only variety able to set from 7.00 hr
onwards. Its 11.00hr point lies within the scatter
formed by the varieties at 14.00 hr.
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Fig. 2. Multivariate view of okra pod setting.

Artificial allogamy

Several plants of the variety ORS-1506 (green)
were pollinated by ORS-803 (red stem colour dom-
inant) every hour from 8.00hr to 12.00hr. The
relative proportion of hybrids for each situation is
shown in Table 2. 37.5% hybrids was obtained at
8.00hr. This rate fell quite fast. It was only 10% at
11.00 hr and almost zero (0.1%) at 12.00 hr.

‘Clemson Spineless’ was pollinated by accession
ORS-278 (A. tetraphyllus) between 6.00hr and
9.00hr. Results are shown in Table 2. After polli-
nation at 0600 A.M., we counted an average pro-
duction of interspecific hybrids of some 70%.
There was no distinct variation in the number of
hybrids until 8.00hr. This only began to fall to-
wards 9.00hr. Production of interspecific hybrids
of this combination was greater than that of the

intraspecific combination (ORS-1506 X ORS-
803).

Discussion and conclusion

The germination of new pollen tubes, stopped by
cutting styles in okra varieties, showed that pod
setting increases when cutting was carried out later
during the day. However, considerable behaviour
differences were observed between varieties. Con-
trolled cross pollinations, which are equivalent to
induced allogamy, were performed at different
times in the morning. Hybrids production decreas-
es with time. The interspecific combination using a
slow-setting variety gave 70% hybrids when pollen
had been deposited at 7.00 hr.

These results show that okra self-fertilization is a
progressive phenomenon. At anthesis, self-fertil-
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ization is far from complete and only a few ovules
are then fertilized. Ovules continue to be fertilized
during the morning and allogamy may be possible.
The possibility of allogamy decreases rapidly and a
pollen grain deposited on the style after midday has
no impact on progeny. These results differ with
those of Srivastave & Sachan (1973) and Chandra
& Bhatnagar (1975) who worked in India and who
consider that autogamy is obligatory in okra since it
takes place before the flower opens.

Mulcahy (1983) stressed that flowers of plants
making preferential autogamy tend to self pollinate
before or during opening. Exposure, of still recep-
tive stigmas, to potential pollinators occurs only
after self pollination. In okra, stigmas are exposed
to allopollination at anthesis, and only anthers in
the upper ring come into contact with stigmas. The
moment of contact depends on the initial distance
between these and the rate of elongation of the
stamen sheath. This makes easier to understand
observed differences between cultivars.

Reasons mentioned above are probably accom-
panied by a diversity of the number of ovules which
must be fertilized to ensure setting. In a given
variety, the number of ovules available depends on
the number of ovules per carpel and on the number
of carpels per fruit. These are varietal character-
istics. One locule contains an average of 10 to 20
ovules, and a variety with 5-locule fruits such as
ORS-1506 will have 50 to 100 ovules. Another with
8 locules, such as ORS-803, will possess 80 to 160

Table 2. Hybrid production and pollination time

Pollinating Female by male Female by male

time
ORS 1506 ORS 803 Clemson ORS278
S/P %H S/P %H
07.00 92.6 68.1
08.00 83.9 37.5 79.2 70.0
09.00 86.6 25.4 69.1 60.0
10.00 80.8 12.5
11.00 85.6 09.6 73.0 19.2
12.00 82.8 00.1

S/P Seed per pod
%H  Percentage of hybrids

53

ovules. The number of seeds per fruit increases
steadily when cutting is performed later. However,
it is limited for cultivars which have low initial
potential (e.g. ORS-1506). To these fluctuations
are added those related to the intrinsic require-
ments of varieties (minimum seed number) for set-
ting.

All the wild Abelmoschus species bear fruits with
five carpels (Borssum Waalkes, 1966). This charac-
ter is still present in many cultivars. In cultivated
species, it would appear that selection of fruit size
has led sometimes to an increase in the number of
carpels per fruit. Under these conditions, there is
perhaps a risk, in the long term, of producing varie-
ties in which setting is difficult due to a lack of
available polien.

Because of the sticky pollen, allo-fertilization in
okra is necessarily entomophilous. The level of
allogamy observed in southern Cote d’Ivoire under
natural flowering conditions (Hamon, 1988) is very
low (2%). Finally, everything depends on the en-
tomological environment, the dynamics of insect
movements and their attraction by okra pollen. Itis
therefore obvious that comparisons between Afri-
ca, India and Puerto Rico (Martin, 1983) have no
real significance.

The absence of systematic self-fertilization in ok-
ra cultivars combined with a progressive self polli-
nation mechanism can be used in plant breeding for
at least two reasons: — the emasculation operation
is required for controlled hybrids. The removing of
one hundred stamens from each flower is difticult
and produces a stress and some varieties do not
withstand this action very well. As a consequence,
a high abscission level has been observed in numer-
ous crosses (Hamon, 1988); — the potential contri-

bution, for plant breeding, of hardy genes present

in spontaneous species requires no further demon-
stration. In the case of the genus Abelmoschus, not
all interspecific hybrid production is as easy as the
combination of ‘Clemson Spineless’ crossed with
A. tetraphyllus (Charrier, 1984).

The method that we described has the advantage
of being simple to use. The only restrictive condi-
tion is that of being able to separate hybrids from
self fertilized seeds. The technique obtains a high
rate of hybrids when the combination is compat-
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ible. In addition, it enables setting in difficult com-
binations. Indeed, if the combination gives only a
few hybrids, the flower will drop for lack of fertil-
ized ovules; whereas if not emasculated it will be
less fragile since self-fertilization will make setting
possible. For example, after about a hundred
emasculations, each taking about ten minutes (i.e.
16 hours in all), 1000 hybrids would be obtained
from ‘Clemson Spineless’. The setting rate is ap-
proximately 10% after emasculation with approxi-
mately 100 seeds per fruit (Hamon, 1988). If, be-
tween 6.00 and 7.00 hr, the same number of flowers
is pollinated — which is perfectly feasible — approxi-
mately 7000 hybrids will be obtained since the aver-
age rate of production of interspecific hybrids is
70%. The comparative gain is on a different scale
since if it is related to the same amount of time
spent (16 hours), the multiplication coefficient is
about 100. We used this technique to obtain a few
A. esculentus X A. moschatus hybrids with wild
accessions collected in Thailand by Hamon et al.
(1987). These hybrids could not be obtained in any
other way.

In conclusion, we have precised the okra repro-
ductive biology for which flowers are self-compat-
ibles. Unlike claims by numerous authors, self-
fertilization is far from terminated at anthesis and
increased progressively during the morning. So,
even if there is no allopollen, enough ovules have
been fertilized to assure pod setting.

This mechanism gives a strong potential for allo-
gamy but in most cases only allopollen arriving
before midday could have a chance to contribute to
a progeny. The number of fertilizable ovules per
flower and the relative distance between upper
anthers and stigmas are genetic characters which
can induce polymorphism in self-fertilization rates.
These small differences in flower structure and dif-
ferent ecological conditions (temperature and in-
sects), at a given site, permit to explain observed
differences.

As we have demonstrated, the self-fertilization
process can be judiciously exploited to easily ob-
tain large numbers of controlled hybrids simply by
depositing pollen in the morning without prior
emasculation.
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