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Abstract

Functional significance of pollen aggregates in Angiosperms is discussed with reference to the
number of ovules per ovary, number of seeds per fruit, polyad stigma relationship and correlation with
the pollen type. Information regarding the pollination and breeding systems is also presented. It is
shown that pollen aggregates have repeatedly evolved in Angiosperms.

Introduction

In most of the plant groups in Angiosperms, at maturity, all the pollen grains are
frec from each other. As the prime function of the pollen grains is to provide the male ga-
metes to the female counter pari, in order to facilitate fertilization and ultimately the for-
mation of the seed, such a strategy seems logical. However, it is also well known that in
some plant groups, the pollen grains do not separate at maturity and remain associated to-
gether. The term pollen aggregate is used in the present paper to include all types of com-
pound pollen grains, and for various types of situations where pollen grains are dispersed
in groups. Char, Swamy & Cheluviah (1973) reviewed the evolutionary trends in pollen
organization and discussed their adaptive significance.

In the present paper the functional significance of pollen aggregates is discussed with
reference to the number of ovules per ovary, fruit seed number, polyad stigma relationship
and correlation with the pollen type (bi or trinucleate). Information regarding the pollina-
tion and breeding systems is also presented.

Observations & Results
(i) Range of Morphological Variation

In some cases, for instance in Datisca (Datiscaceae) the pollen grains are free or
loosely united. Looose assemblage of pollen grains are met with in those cases also where
viscin threads and other pollen connecting threads are present. According the definition
adopted by Waha (1984} viscin threads are + long exinous processes which consist of exi-
nous material and connect pollen grains and tetrads. Such viscin threads ar met with in
Onagraceae, Caesalpiniaceae, Ericaceae and Mimosaceae only. These threads always con-
sist ol sporopollenin and exhibit very stickiness even alter all viscid substances have been
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removed by acetolysis. Thus they are different from pollen connecting scleroprotein
threads of Orchidaceae and cellular threads of Swrelitzia reginae (Musaceae) (Hesse &
Waha, 1983). Nevertheless, these structures faciliate the movement of a group of pollen
graing at a time (Cruden & Jensen. 1979; Kress, 1981 Waha, 1984). The presence of
sticky polien grains are also likely o remain together, thereby resulting in comparable
genetic implications.

The regolar production of dyads is known only in the Podostemaceae and Scheuchze-
riaceae (Walker & Doyle, 1975), though occasionally dyads are also reported from some
other families e.g. Pyrolaceae (Erdtman, 1952},

Permanent tetrads are met with in 44 famdics of Dicotyledonous plants and 12 fami-
lies of Monocotyledonous plants (Table 1). In |3 families pollen grains are present entire-
ly or almost entirely in teirads, six families have significant number of genera with per-
mancnt tetrads, four have several genera with pollen i tetrads and rest of the families (27)
rarcly have permanent fetrads (Walker & Doyle, 1875). In Cyperaceae pseudomonads
(crypiotetrads) are present. Here 3 of the 4 pollen grains fail to develop and the wall of the
apparently solitary pollen grain is formed by the pollen mother cell.

In Rollinia, Rolliniopsis and the advanced West Indian species of Annona and in 3
species of Zygogonium (Winieraceae) there is evidence to indicate the formation of secon-
darily evolved solhary pollen from etrads (Walker, 1971; Sampson, 1981).

According to spatial arrangement of the individual pollen grains within the tetrad,
two fundamentally different types of tetrads may be recognised, i.e. Uniplanar — with all
the grains in the same plane and multiplanar with grains in more than one plane (Walker
& Doyle, 1975). Uniplanar tetrads may he tetragonal (square, isobilateral), rhomboidal,
linear or T-shaped, while multiplanar tetrads may be tetrahedral or decussate. As a rule,
the monosulcate pollen of magnoliid dicots and monocots occur in tetragonal tetrads,
while the tricolpate pollen of the non-magnoliid dicotyledons are generally found in tetra-
hedral tewrads.

Polyads, the pollen units of a definite number greater than four are present only in
six families: Annonaceae, Leguminosae (Mimosoideae), Celastraceae (including Hippo-
crataceae), Gentianaceae, Asclepiadaceae and Orchidaceae. In some polyads the identity of
the individual tetrads may be recognised, whereas in others it is not possible to do so.
Bigger pollen-units known as massulae, where the number of pollen grains is not ascer-
tainable due to large number of grains or as a result of large amount of pollen fusion, are
present in Asclepiadaceae and Orchidaceae. By definition, 2 polyads or massulae must be
present in each locule, if only one such unit is present, it is designated as a pollinium.
Like massulae, pollinia are also met with in only 2 families, Asclepiadaceae and Orchida-
ceae (Walker & Doyle, 1975),
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(ii) Higher pollen units and correlation with ovule numbers

As all the pollen grains present in a poilen unit are transferred to the stigma together,
it is logical to expect, at least quite as many ovules per ovary. Out of 56 families where
pollen units other than monads are present, large number of ovules per locule are consis-
tently present in 25 families, in 19 families the number of ovules varies from 1, 2, 3,
few to & and in only 12 families 1 (5 families), 2 (4 families), 2 or few (1 family), 1-3 (1
family) or 6 (1 family) ovules per locule (Table 1). From a survey of the genera and fami-
lies of angiosperms having pollen tetrads and polyads, Walker (1971) also came to the
conclusion that the evolution of these pollen units correlates significantly with a high
ovule number per ovary. In Annonaceae, Walker (1971) has discussed the examples of
closely related genera, Anaxagorea and Xylopia. The former has solitary pollen and 2
ovules per carpel, while the latter has pollen in tetrads or polyads and several to many
ovules per carpel. He has pointed out similar situation between Hexalobus and Cleistoch-
lamys; Hexalobus has tctrads and numerous ovules whereas in Cleistochlamys monads are
present and there is only one ovule per carpel.

(iii) Number of pollen grains per polyadipollinium and the number of ovules per ovary

The ratio of the number of pollen grains per polyad to the number of ovules per
ovary varies from Q.71 to 1.18 in Calliandra (Cruden, 1977, Elias, 1981) from 1.1 to 4.0
in Acacia (Kenrick & Knox, 1982) and is reported as 1.3 and 1.45 in Albizia lebbeck and
Pithecellobium dulce (Khatoon & Ali, unpublished) respectively in the family Mimosa-
ceae. Whereas the ratio of the number of pollen grains per pollinium to the number of
ovules per ovary varies from 1.99 to 2.13 in Asclepias, from 0.73 to 1.14 in Matellea
and 1.46 in Sarcostema clausum (Cruden, 1977), 1.22 in Calotropis procera, 1.79 in Pen-
tatropis spiralis, 3.31 in Leptadenia pyrotechnica, 3.81 in Pergularia daemia and 5.33 in
Caralluma edulis in the family Asclepiadaceae (Ali, 1986). Cruden (1977) has stated that
2-6 pollen grains per ovule must reach the stigma to assure relatively high seed set, but
not necessarily perfect secd set and that the pollen per polyad or polliniafovule per ovary
ratio of Mimosaceae and Asclepiadaceae are not sufficient to give perfect but high seed
set.

(iv) Polyad grain number and maximum pod seed number

Kenrick & Knox (1982) have demonstrated a correlation between polyad grain num-
ber and maximum pod seed number. In most of the cases the pod seed number does not
exceed the polyad grain number. An exceptin to the rule was found in one pod of Acacia
mitchellii which had 9 seeds, presumably the product of more than one polyad, since
there are 10 ovules (Knox & Kenrick, 1983). Studies conducted on Albizia lebbeck and
Pithecellobium dulce substantiate the above generalisation (Khatoon & Ali, unpublished).
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In the case of Asclepiadaceae also on the basis of the available data (Table 2) a simi-
lar generalisation may be made, though there seems to be a tendency of the presence of
larger number of pollen grains per pollinium as compared to Mimosaceae. More data
about other groups is needed in this connection.

(v) Polyad and stigma relationship

Kenrick & Knox (1982) have demonstrated that there is 1:1 relationship between pol-
yad and stigma in the case of Acacia. The stigma is cup-shaped having a diameter slightly
bigger than the polyad, which neatly fits in the stigma cup. Same type of polyad stigma
syndrome is met with in Albizia lebbeck and Pithecellobium dulce also. The diameter of
the polyads in A. lebbeck is 114-136 pm and the diameter of the stigma varies from 143-
186 yum, whereas in P. dulce the diameter of the pollen grain is 87-117 um and the diam-
eter of the stigma varies from 133-196 um (Khatoon & Ali, unpublished). A post-
pollination exudate is produced in the cup to facilitate adequate hydration for germination
(Kenrick & Knox, 1982; Khatoon & Alj, l.c.). It is obvious that the information so far
available is very limited; nevertheless it may sitmulate further research on polyad stigma
relationship in other groups of Angiosperms. However, judging by the information avail-
able, it can be generalised that in those cases where 1:1 relationship exists between the
polyad and the stigma, the number of ovules have also been adjusted propertionate to the
number of pollen grains per polyad/pollinium. Whereas in those plants where 1:1 rela-
tionship between the pollen unit and the stigma does not exist, generally large number of
ovules per ovary are met with, This is in conformity with the observation of Kenrick&
Knox (1982) who have demonstrated that generally the pod seed number is not more than
the polyad grain number, whereas in Mimosaceae, the presence of monads is associated
with high pod seed numbers.

Table 2. Pollinium grain number and maximum fruit seed number
in some Asclepiads*.

Taxa Pollinium grain Maximum Pollinium grain
number fruit seed number**/maximum
(Mean) number fruit seed number

1. Calotropis procera 350£2.75 337 1.04

2. Leptadenia pyriotechnica 126 £ 1.52 50 2.52

3. Pentatropis spiralis 140 £ 1.52 98 143

4, Pergularia daemia 122 £ 3.01 30 4.06

*Extracted from Ali (1986)
**Mean values used in calculation.
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(vi) Correlation with binucleate and trinucleate pollen grains

Brewbaker (1967) has shown that all phylogenetically primitive taxa are binulceate.
The trinucleate trait has originated independently at many times during angiosperm evolu-
tion. In no instance must one infer the origin of binucleate taxa from trinucleate ances-
tors. In order to determine any possible corrclation of this character with pollen aggregates
the available information has been analysed. Out of the families known to have pollen
units other than monads, information is available about 50 families. Thirty four of these
families have binucleate pollen grains; 12 families have 2-3-nucleate pollen grains and
only 4 have trinucleate pollen grains (Table 1). The frequency of binucleate pollen grain
is higher than expected if there was no correlation (X% = 6.48; p < 0.05). Thus it is obvi-
ous that the presence of compound pollen grains is associated with the primitive binucle-
ate pollen grains. As nearly all aquatic species with submerged {lowers shed pollen in tri-
nucleate stage (Brewbaker, 1967), the presence of trinucleate pollen grains in Hydrocharit-
aceae is not indicative of its advanced nature.

Discussion

It is obvious that a number of strategies have been adopted in the plant world for
achieving similar ends. The adaptive mechanisms operative in different taxa involve a
flexible compensatory system of adaptation where a relative lack of fitness in one charac-
ter may be compensated by special suitability in another character (Causen, Keck & Hie-
sey, 1948; Stebbins, 1950). Thus the dynamic processes of adaptive mechanisms opera-
tive in a population may be quite complicated and are gencrally effective at numerous
stages involving many compromises (Clausen, Keck & Hiesey, 1948; Stebbins, 1950;
Grant, 1963; Mathcr, 1966). These compromises, generally, involve a number of checks
and balances. The pollen units other than monads are widely distributed and have repeated-
ly evolved in Angiosperms, Dyads are rare, present only in 2 families, Podostemaceae and
Scheuchzeriaceae. Tetrads are the most common multipollen units, present in 46 families.
The polyads are found in 7 families and the massulae and pollinia are met with in only 2
families, Asclepiadaceac and Orchidaceae.

Aglutination of pollen grains into tetrads seems to be the first step in the evolution
of polien aggregates in Angiosperms. As demonstrated by Levan (1942) in Petunia per-
manent tetrad formation may be controlled by a single gene difference. Gene(s) responsi-
ble for tetrad formation seems to be quite widcely distributed both in Monocots and Dicots
(Table 1). From the tetrad level two types of trends, one towards structural elaboration and
the other towards structuial reduction may be traced (Char, Swamy & Cheluviah, 1973).
Trends in structural reduction from tetrads to dyads and monads are apparent in some cas-
es. In several members of Podostemaceae and Scheuchzeriaceae, the microspores separate
in pairs afier the tetrad formation, whereas in Pentochondra involucraia of Epacridaceae,
two of the microspores of the tetrad degenerate, thus resulting in the formation of dyads
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(Venkatarao, 1961). The rare occurtence of dyads in Cyperaceae is considered to be an ab-

normal feature (Shah, [962).

(Table 1. Contd.)

1 2 3 4 5 6 7
Bromeliales
52. Bromeliaceae Tetrads very rare Bisexual Entomophily bi and o
(Crytanthus) inferred trinucleate
(Rendle, 1959);
bird flower
{Grant, 1950)
Philydrales
53. Philydraceae Tetrads very rare Bisexual &
(Philydrum lanuginosum)
Typhales
54. Typhaceae Tetrads in overwhelming Unisexual Outbreeding  binucleate 1
majority of the family
Commeliniflorae
Juncales
55. Juncaceae Tetrads in overwhelming Usually Anemophilous  Outbreeding  trinucleate  « or few

majority of the genera unisexual

{Rendle, 1959;

9¢

v TS
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with outbreeding. Apparently it is not likely to have any significance for inbreeding. In
view of this, the information available for 55 families has been analysed. In 14 families
unisexual [lowers are met with. In 12 familics, self-incompatibility systems have been
demonstraled, whereas in 14 families the pollination systems investigated indicate out-
crossing (Table 1). The case of Droseraceae is, however, very interesting. Except in the
genera Drosphylium and Pusitanicum, the pollen grains are united in tetrads. According to
Proctor & Yeo (1973) Drosera is usually selfed and often cleistogamous. Though entomo-
phily has been demonstrated in large flowered and showy Drosera capensis, other species
of Drosera seem to provide an exception to the generalisation stated above.

The amount of genetic variability present in the seeds of a single fruit is dependent
on the number of male parents involved in fertilization. Random dispersal of monads
characteristic of wind pollination tends to produce less closely related seeds in multiovu-
late ovaries (Kress, 1981).

Those plants where permanent tetrads arc met with, pollen transfer in groups of fours
is affected and each four ovules are likely to be fertilized by genetically similar pollen
grains. Whereas in the plants where the polyads and pollinia are met with, the pollen
grains from one plant may fertilize all the ovules of another carpel/flower located on a dif-
ferent plant. Though cross pollination is involved here, it is obvious that considerable re-
striction is imposed on the union of the genetic material as compared to a situation where
random pollination through monads takes place. From the point of heterozygocity, this
situation may therefore be said to be somewhat intermediate between selfing and outcross-
ing through monads, It is obvious that the genetic similarity of seeds within a single
ovary is partially dependent on how many different paternal parents are involved in fertili-
zation. As the situation present in pollinium and polyad producing plants is such where a
single father is responsible for fertilizing all the ovules, the seeds will be full siblings,
i.e., the degree of relatedness r is 0.5 (Hamilton, 1964). In those case where random polli-
nation through monads takes place and every ovule is fertilized by a genetically different
male parent, the seeds will be on the average half sibs: r approaches 0.25. Seeds produced
apomictically and by cleistogamous and autogamous flowers will vary in their relatedness
from being genetically indentical to sharing most alleles in common: r approaches unity
(Kress, 1981).

However, in terms of pollinator energetics, all the pollen grains (in the form of a
pollinium) are delivered in one trip, thus the situation may be compared with placing all
the eggs in one basket. If the pollination is affected, all the ovules are fertilized, alterna-
tively there may not be any seed formation. The floral structure is also considerably modi-
fied and the pollination can take place, only through the intervention of insects or other
animals. According to Cruden (1977) the reproductive biology of groups like Asclepiada-
ceae and Mimosaceae where pollinia or polyads are present are comparable to the gam-
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bling lottery i.e., minimal energetic investment in each pollen packet, low reproductive
return on each pollinia or polyad, but large reproductive return when pollination is suc-
cessful. He has suggested the name "sweepstakes" reproduction for this strategy. Plants in
these families are exceptions in xenogamous group. These plants invest minimal energy
in pollen production and their fecundity is low, but when pollination is successful, the re-
productive return is relatively high (Cruden, 1977).
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