
Chapter 1. Introduction 

The pollen grain is the discrete and mobile stage of the male gametophyte 
of higher plants. We shall regard the pollination process in the broad senst', ,_ 
constituting conveyance of the pollen grain to the sessile female gametophyte 
as well as the germination and growth of the male gametophyte, up to fertilization. 
Pollination mechanisms are thus, in this sense, the means by which transference 
of functional pollen is achieved, or avoided, from the pollen-bearing structure 
to the compatible and receptive surface of the ovule, and by which ultimately 
fusion of the sperm nuclei of the pollen with the egg cell and the polar nuclei 
of the female gametophyte is effected. As such, pollination mechanisms are 
considered by us to comprise sexual differentiation, microsporogenesis, macro-
sporogenesis, structural modifications of flowers, pollen dispersal ecology, and 
structural or physiological barriers and facilities to fertilization. We shall deal with 
these aspects, emphasizing their implications for plant breeding and crop produc-
tion. 

1.1 Implications of Pollination Mechanisms in Plant Breeding and 
Crop Production 

1.1.1 Pollination Mechanisms and Breeding of New Cultivars 

Plant breeding activities may be characterized by a closed cycle (Fig. 1.1). Desired 
traits are drawn from the natural or artificially induced store of accessible 
variability. Traits are isolated, evaluated and recombined to enrich the store 
of variability. The creation of a new cultivar constitutes a break in the cycle 
and ingress into multiplication, maintenance and distribution of the new cultivar 
(Fig. 1.1). 

Pollination mechanisms in plants have a decisive bearing upon rational proce-
dures in all mentioned plant breeding activities. The nature of the assemblage 
of genotypes depends to a high degree on the extent of natural recombination 
of traits, on genetic uniformity within a population, on degrees of homozy-
gosity—all being subject to the past and prevalent modes of pollination. Isolation 
or selection procedures must be based on the behavior of the individual or 
the population of phenotypes (and not of genotypes) under the pressures of 
the chosen separation method. Thus, homozygosity and dominance relations 
come into play in the isolation process. The modus operandi of the evaluation 
of a phenotype (which often has to be preceded by an initial multiplication) 
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Fig, 4.1. Plant breeding activities 

must obviously be adopted with the breeding behavior of the plant in mind. 
Sexual hybridization, finally, constitutes controlled pollination, implementation 
of .which obviously depends on pollination mechanisms. 

Various plant breeding methods have been designed to adjust to the pollination 
pattern of the crop. However, pollination patterns may not remain consistent, but 
vary in time and location. Thus, for instance, different degrees of homozygosity 
may be encountered in the same crop, a situation which is important for pedigree 
breeding and backcrossing. Among other factors, selection breeding depends 
on the extent and range of variation, population breeding on stability of population 
structure, and synthetic varieties on requirements for components maintenance 
and renewed assembly of the cultivar. Thus, the importance of pollination 
mechanisms and dynamics is indicated in every phase of breeding of higher 
plants. 

1.1.2 Pollination Mechanisms and Cultivar Maintenance 

The identity of a cultivar must be. kept constant by proper maintenance of 
its original genetic makeup. Gene frequency changes may cause loss of the 
unique characteristics of cultivars such as adaptation to ranges of environments 
or quality characteristics. Agriculturists term such development "running out" 
or "loss of trueness to type" of cultivars. 

Proper procedures For maintenance and multiplication depend largely on 
modes of pollination within the variety population, on reproductive efficiency 
of components of the population, and on isolation from foreign pollen. Avoidance 
of transfer of foreign pollen may be achieved by spatial or temporal isolation 
of one cultivar community of mass in the maintenance and multiplication of 
an open-pollinated cultivar. In composite or synthetic cultivars, differential repro-
ductive efficiency of genotypes may cause shifts in the genetic composition of 
the variety population; such differential may be enhanced by certain environments 
and minimized by others. Thus, both male and female outcrossing as well as 
the reproductive efficiency of genotypes in the prevailing environment, must 
be considered in stages of reassembly, maintenance and multiplication of compo-
site cultivars. 

Pollination mechanisms are of extreme importance in multiplication of seeds 
and in the production of hybrids. Maintenance of parents, as well as the economic 
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production of hybrid seed, utilize genetic variation in flower biology. Some 
crops are propagated asexually. If vegetative parts of asexually propagated crops 
serve as agricultural yield, the pollination mechanism may be of importance 
in the breeding phase only (e.g. Irish potato), or in the breeding and maintenance 
phases only (e.g. sugar cane). If reproductive organs of asexually propagated 
crops serve as agricultural yield, pollination becomes important for both the 
breeding and the final production phases (e. g. strawberry and fruit trees). In 
some cases, where the parent genotypes are difficult to derive or to maintain, 
asexually reproduced clones may serve as parents for F 1  hybrid seed production 
(e.g. double-flowered petunia or gerbera). Thus, pollination mechanisms become 
important in the breeding and multiplication phases only. 

1.1.3 Pollination Mechanisms and Agricultural Yield 

Agricultural yield may be composed of vegetative or reproductive parts of the 
plant. In cabbage, onion or forage plants, vegetative organs serve as yield and 
pollination mechanisms are of no importance in the production. For that matter, 
it may be desirable that cultivars do not flower at all to insure quantity and 
quality of yield. "Bolting", as such unwanted production of flower stalks is 
termed, may in fact make the agricultural yield useless. Even in plants in which 
the agricultural yield is related to reproductive parts, seed set is sometimes 
unwanted. Thus, the "seedless" characteristic of parthenocarpic fruits such as 
oranges, pineapples and cucumbers, or sterility of ornamental flowers increasing 
vaselife, depend on the absence of pollen or pollen vectors, incompatibility, 
or sterility. 

On the other hand, pollination mechanisms influencing proper pollination 
are of extreme importance for yield where seed set is required. Self-incompatibility 
and vegetative propagation in certain fruit trees may cause problems in production. 
The morphology of tomato flowers may become important in greenhouse produc-
tion where air vibration is minimal. The presence of insect vectors for pollination 
may become critical in cucumber cultivation under plastic tunnels. Various 
climatic factors, such as rain, wind and temperature, directly affect efficiency 
of pollination in many crop plants. 

1.2 Reproduction in Higher Plants 

1.2.1 Historical and General Background 

The causal relationship between pollen and the formation of fruits and seeds 
was recognized at the dawn of agricultural civilization. Artificial pollination 
of the dioecious date palm was practiced as early as 2,000 BC during the 
reign of the Assyrian king liammurabi (ROBERTS, 1929). CAMERARIUS' statement 
(1694) that "pollen is necessary for fertilization and formation of seeds" may 
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