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Pollination is a fundamental biological process in 
flowering plants involving the transfer of pollen 
grains from the anther to the stigma. It may occur 
through self-pollination or cross-pollination, 
with cross-pollination involving pollen transfer 
between genetically different plants of the same 
species. Many plant species have evolved 
specialized mechanisms that reduce self-
fertilization and encourage cross-pollination to 
increase genetic diversity. These mechanisms 
include dichogamy, herkogamy, self-
incompatibility, unisexuality, heterostyly, and 
male sterility, which operate through structural, 
physiological, or genetic adaptations. Cross-
pollination plays a vital role in plant evolution by 

promoting genetic recombination, increasing 
heterozygosity, and enhancing adaptability to 
environmental changes. It also contributes to 
hybrid vigor, improved yield, and resistance to 
diseases and stresses in many crop plants. In 
agricultural systems, cross-pollination is often 
mediated by pollinators such as bees, flies, and 
beetles, while some crops rely on wind for pollen 
transfer. Although self-pollination ensures seed 
production when pollinators are scarce, cross-
pollination generally results in greater genetic 
variability and evolutionary potential within 
plant populations. 
Keywords: Male sterility, Genetic variability, 
Plant reproduction, Pollinators. 

Introduction 
Pollination is the transfer of pollen grains from 
the anther to the stigma of a flower and represents 
a crucial step in the sexual reproduction of 
angiosperms. Pollination may occur through self-
pollination (autogamy or geitonogamy) or cross-
pollination (xenogamy). Cross-pollination 
involves the transfer of pollen from the anther of 
one plant to the stigma of a flower on another 
genetically distinct plant of the same species. 

Although self-pollination ensures reproductive 
assurance, many plant species have evolved 
mechanisms to prevent self-fertilization and 
promote cross-pollination because it enhances 
genetic variability and evolutionary potential. 
These mechanisms include morphological, 
physiological, and genetic adaptations that 
reduce the probability of selfing and increase 
pollen transfer between individuals. 

Mechanisms that Promote Cross-Pollination
Plants exhibit several adaptations collectively 
called outbreeding devices that favor cross-
pollination. 
1. Dichogamy: Dichogamy refers to the 

temporal separation in the maturation of male 
and female reproductive organs within the 
same flower. This prevents pollen from 
fertilizing the stigma of the same flower. 

Types of Dichogamy 

• a) Protandry: In protandry, the anthers 
mature and release pollen before the stigma 
becomes receptive. Because the stigma is not 
receptive when pollen is released, self-
pollination is avoided. Pollinators transfer 
pollen to other flowers whose stigmas are 
receptive. 

Examples include sunflower, carrot, and many 
members of the Asteraceae. 
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• b) Protogyny: In protogyny, the stigma 
becomes receptive before the anthers release 
pollen. During this period, pollen from other 
plants can fertilize the ovules. Examples 
custard apple and avocado. 

Dichogamy is particularly common in insect-
pollinated plants where the timing of floral 
maturity aligns with pollinator visits. 
2. Herkogamy: Herkogamy refers to spatial 

separation between the stigma and anthers 
within the same flower, making self-
pollination mechanically difficult or 
impossible. 

• This separation can occur in several forms. 
• Physical barriers between reproductive 

organs 
• Differences in the positioning of anthers and 

stigma 
• Floral structures that require pollinator 

intervention 
3.  Self-Incompatibility: Self-incompatibility 

(SI) is a genetically controlled physiological 
mechanism that prevents self-fertilization 
even when pollen reaches the stigma. In self-
incompatible plants, recognition systems in 
the stigma or style identify whether pollen is 
genetically similar. If the pollen carries the 
same incompatibility allele as the stigma, 
pollen germination or pollen tube growth is 
inhibited. 

Types of Self-Incompatibility 
• Gametophytic self-incompatibility: The 

incompatibility reaction depends on the 
haploid genotype of the pollen grain. 

• Sporophytic self-incompatibility: The 
incompatibility reaction depends on the 
diploid genotype of the parent plant that 
produced the pollen. 

Self-incompatibility is widespread in plant 
families such as Brassicaceae, Solanaceae, and 
Rosaceae and is one of the most effective 
mechanisms promoting cross-pollination. 
4. Unisexuality (Dicliny): Some plants 

produce separate male and female flowers, 
preventing self-pollination. 

Monoecy: Male and female flowers occur on the 
same plant but in separate flowers. e.g maize, 
cucurbits. 
Although self-pollination is still theoretically 
possible, the spatial separation encourages cross-
pollination. 
Dioecy: Male and female flowers occur on 
different plants. e.g. papaya, date palm, spinach. 
Dioecy completely prevents self-pollination and 
ensures cross-pollination between different 
individuals. 
5. Heterostyly: Heterostyly is the occurrence 

of two or more morphological forms of 
flowers within the same species, differing in 
the lengths of stamens and styles. 

Distyly – two floral morphs 
Tristyly – three floral morphs 
This structural arrangement ensures that pollen 
from a flower of one type is most efficiently 
transferred to the stigma of a flower of another 
type. 
A classic example is Primula, where flowers 
exhibit long-styled and short-styled forms. 
6. Male Sterility: Male sterility occurs when a 

plant produces non-functional pollen grains. 
Since viable pollen is absent, fertilization 
must occur using pollen from another plant. 

1. Male sterility can be: 
2. Genetic male sterility 
3. Cytoplasmic male sterility 
This mechanism is widely exploited in plant 
breeding programs for hybrid seed production. 
Genetic Consequences of Cross-Pollination 
Cross-pollination significantly influences the 
genetic structure of plant populations. 

a. Increased Genetic Variability: Cross-
pollination combines genetic material from 
two genetically distinct parents. Through 
meiotic recombination and fertilization, new 
gene combinations arise in the offspring.High 
genetic variability increases the evolutionary 
potential of populations and provides raw 
material for natural selection. 

b.  Hybrid Vigor (Heterosis): Cross-pollinated 
offspring often exhibit superior performance 
compared to their parents. This phenomenon 
is known as heterosis or hybrid vigor. 
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Characteristics influenced by heterosis include: 
• Increased growth rate 
• Higher yield 
• Greater stress tolerance 
• Enhanced disease resistance 
• Hybrid vigor results from: 
• Dominance of beneficial alleles 
• Overdominance 
• Epistatic gene interactions 
c. Reduced Inbreeding Depression: Inbreeding 

depression occurs when self-fertilization 
leads to the expression of harmful recessive 
alleles, resulting in reduced fitness.Cross-
pollination reduces inbreeding depression by 
maintaining heterozygosity and masking 
deleterious recessive genes. 

d. Enhanced Adaptability: Genetic diversity 
generated by cross-pollination enables 

populations to adapt to changing 
environmental conditions, including: 

• Climate fluctuations 
• Pathogen attacks 
• Habitat alterations 
• Populations with greater genetic variation are 

more likely to survive environmental stress. 
e. Evolutionary Significance: Cross-

pollination plays a crucial role in plant 
evolution and speciation. Genetic 
recombination and gene flow between 
individuals create diverse phenotypes upon 
which natural selection can act. 

Over long evolutionary periods, this variation can 
lead to: 
• Formation of new varieties 
• Development of new species 
• Ecological diversification 

Crop Type Dependency on Insects Key Pollinators 
Fruits (mango, apple, citrus, strawberry) High Bees, flies, beetles 
Vegetables (tomato, cucumber, pumpkin, brinjal) Moderate to high Bees, bumblebees 

Oilseeds (mustard, sunflower, sesame) High 
Honeybees, 
solitary bees 

Nuts (almond, cashew) Very high Bees 
Cereals (rice, wheat, maize) Low (wind-pollinated) Wind 
Legumes (beans, peas, pulses) Moderate Bees, wasps 

Chemical  
Self-incompatibility is another device for 
preventing self-fertilization. In this phenomenon, 
which depends on chemical substances within the 
plant, the pollen may fail to grow on a stigma of 
the same flower that produced it or, after 
germination, the pollen tube may not grow 
normally down the style to effect fertilization. 
The process is controlled genetically; it need not 

be absolute and can change in degree during the 
flowering season. Not surprisingly, chemical 
incompatibility usually is not found in those 
plants that have strong structural or temporal 
barriers against self-pollination. Formation of 
one such mechanism during evolution apparently 
was enough for most plant species. 

Mechanisms that permit self-pollination 
In many instances, successful self-pollination 
takes place at the end of a flower’s life-span if 
cross-pollination has not occurred. Such self-
pollination may be achieved by curving of 
stamens or style as occurs, for example, in 
fireweed. It can be an evolutionary advantage 
when animal pollinators are temporarily scarce or 
when the plants in a population are widely 
scattered. Under such circumstances, selfing may 
tide the species over until better circumstances 

for outbreeding arrive. For this reason, selfing is 
common among annual plants; these often must 
produce an abundance of seed for the rapid and 
massive colonization of any bare ground that 
becomes available. If, in a given year, an annual 
plant was to produce no seed at all, survival of 
the species might be endangered. 
A persistent habit of self-pollination apparently 
has been adopted successfully by some plant 
species whose natural pollinators have died out. 
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Continued selfing also is practiced by many food-
crop plants. Some of these plants are 
cleistogamous, meaning that the flowers fail to 
open, an extreme way of ensuring self-
pollination. A similar process is apomixis, the 
development of an ovule into a seed without 
fertilization. Apomixis is easily demonstrated in 

lawn dandelions, which produce seeds even when 
stamens and styles are cut off just before the 
flowers open. Consistent apomixis has the same 
pros and cons as continued selfing. The offspring 
show very little genetic variability, but there is 
good survival if the species is well adapted to its 
habitat and if the environment does not change. 

Conclusion 
Cross-pollination is a vital reproductive strategy 
in flowering plants that promotes genetic 
diversity and evolutionary adaptability. Plants 
have evolved numerous mechanisms—including 
dichogamy, herkogamy, self-incompatibility, 
unisexuality, heterostyly, and male sterility—to 
prevent self-fertilization and encourage pollen 
transfer between individuals.The genetic 

consequences of cross-pollination include 
increased variability, hybrid vigor, reduced 
inbreeding depression, enhanced adaptability, 
and long-term evolutionary success. For these 
reasons, cross-pollination is not only essential for 
natural plant populations but also forms the 
foundation of modern plant breeding and crop 
improvement programs. 

 


