GROWTH IN PLANTS AND DEVELOPMET IN INSECTS

Competency: The learner justifies changes in the size and complexity of plants and insects,
through data analysis of research findings, in order to develop strategies to improve agricultural
productivity and environmental sustainability.

Learning outcomes

(a) Analyse the pre- and post-germination stages during the growth and development of
plants in relation to their significance in crop production.

(b) Analyse the role of insect growth stages in ecosystems, focusing on their contributions to
waste management, food security, and water quality assessment.

Growth is a fundamental characteristic of all living things.
Growth is defined as permanent and irreversible increase in dry mass of living material.

Development is a process involving qualitative increase when cells become differentiated
(specialized) to perform specific roles in the body of an organism resulting into increase in
complexity.

Starting with an individual cell, growth of a multicellular organism can be divided into three
phases namely;

1. Cell division. This refers to an increase in cell number as a result of mitosis and cell
division.

2. Cell enlargement. This refers to the irreversible increase in cell size as a result of
synthesis of living material and uptake of water.

3. Cell differentiation. This refers to the specialization of cells to perform specific
functions. It involves change in structure to suit a given role.

However, each of these processes can occur at separate points in time.

All stages of growth involve a biochemical activity. During growth, the DNA message is
translated and as a result specific proteins are made including enzymes which control the cell
activities. This leads to morphogenesis

Morphogenesis refers to an overall change in form and structure both of the individual organs
and of the organism as a whole. Morphogenesis is influenced by the environment and the genes.
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NB. Growth can be positive or negative;

(a) Positive growth. This occurs when the synthesis of materials (anabolism) exceeds the
breakdown of materials (catabolism)
(b) Negative growth. This occurs when catabolism exceeds anabolism

For example, during germination, there is increase in cell size, freshness, length, volume and
complexity of form, while at the same time, dry mass may actually decrease because reserves are
being used.

From this, germination therefore includes a period of negative growth which only becomes
positive when the seedling starts to photosynthesize and make its own food.

Factors that Affect Growth and Development
Growth and development in organisms are influenced by a combination of internal and external
factors. These factors determine how an organism increases in size, matures, and functions
throughout its life

Internal Factors
» Genetic Factors: Genes inherited from parents control characteristics such as height,
body structure, color, and growth rate. Different organisms grow differently because of
differences in their genetic makeup.
» Hormones: Hormones regulate growth and development in both plants and animals.
For example;
In animals
Growth hormone controls body growth
Thyroxine regulates metabolism and development.
Sex hormones influence puberty and reproduction
In plants
Auxins promote cell elongation
Gibberellins stimulate stem growth
Cytokinins encourage cell division
> Age: Young organisms usually grow rapidly, while growth slows or stops at maturity.
» Sex: Male and female organisms may grow at different rates and develop different body
features.
> Health Condition: Diseases, parasites, or genetic disorders can slow or interfere with
normal growth and development.
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External Factors
Nutrition: Adequate food with nutrients such as proteins, vitamins, minerals,
carbohydrates, and fats is essential for proper growth.
Poor nutrition leads to stunted growth
Balanced nutrition promotes healthy development

Water: Water is necessary for metabolic activities, transport of nutrients, and
maintaining cell functions.
Temperature: Temperature affects enzyme activity and metabolic rate.

Extremely high or low temperatures may slow growth or damage organisms

Light: Light is especially important in plants for photosynthesis and can influence animal
behavior.
In animals, light can also influence behaviours and reproductive cycles

Oxygen: Oxygen is needed for respiration to release energy required for growth.

Soil Quality: Soil provides minerals, water, and support for plants. Poor soil fertility
reduces plant growth.

Space and Population Density: Overcrowding causes competition for resources like
food, light, water, and shelter, reducing growth rates.

Diseases and Pests: Pathogens and pests damage tissues and reduce the organism’s
ability to grow normally.

NB. Growth and development result from the interaction between heredity and the
environment. Proper conditions allow organisms to reach their full potential.

Growth in plants and animals differs in 2 main ways;

(a) In animals, it occurs in all parts of the body, while in plants it occurs mainly at specific

regions called meristems

(b) In higher mammals, growth takes place during a limited period of life whereas in most

plants, it occurs throughout life.

In order to attain greater size, organisms become multicellular.
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Advantages of being multicellular

» Cells become differentiated (specialized) in order to perform a particular function which

leads to greater efficiency
» Storage of materials is possible such that the organism uses them during periods of

scarcity

» Some cells may be damaged but others will carry out the function

» Large multicellular organisms have a competitive advantage, for example large plants
compete better for light than small ones

» Large size may provide some protection from predators because they are simply too large

to be ingested or killed

MEASURING GROWTH

The rate of growth can be got using growth curves produced by plotting different parameters
such as length, height, mass, surface area, volume and number against time.

The shape of these curves is described as sigmoid meaning S-shaped and is typical of much

growth.

A typical sigmoid curve showing the four characteristic growth phases and the inflexion

point

Growth parameter

Time
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a) The lag phase. This is the first phase in which little growth occurs. This leads to the
second phase the logarithmic phase or log phase.
Initially, growth increases gradually because there are few cells and although they are
dividing rapidly, the actual increase in size is small

b) The log phase. During this phase, the rate of growth increases rapidly. In all cases of
growth, the rapid increase eventually decreases and the rate of growth begins to decline.
This occurs at the inflexion point. There is a greater number of cells which are dividing
giving rise to rapid increase in growth

The inflexion point is the point of maximum growth rate where the curve is steepest.

c) The decelerating phase. During this phase, growth becomes limited as a result of the
effect of some internal or external factor or the effect of both. This may be limited by
genotype of individual, external factors like food, shelter and predators. (In colonies, this
may be due to excretory products, disease and competition for resources)

d) The plateau phase/ the stationary phase. This usually marks the period where overall
growth has ceased and the parameter under consideration remains constant. This is
because rate of replacement of dead cells may become equal to rate of formation of new
ones.

The precise nature of this curve during this phase varies depending on the species and
what is being measured.

In some cases, the curve may continue to rise slightly until the organism dies. This
indicates continuing positive growth.

In the case of cnidarians, the curve flattens out indicating zero growth while other growth
curves may tail off indicating a period of negative growth.

Negative growth is typical of many animals including humans and is a sign of physical
senescence associated with increasing age.

TYPES OF GROWTH CURVES
There are three main types of growth curves namely;
1. Absolute growth curve/actual growth curve
This curve is obtained by plotting data such as length, height or mass against time.

The usefulness of this curve is that it shows the overall growth pattern and the extent
of growth.
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Absolute growth curve or actual growth curve obtained by plotting live mass
against age for sheep.

Live mass

2. Absolute growth rate curve
An absolute growth rate curve shows how the rate of growth changes with time.
The rate is measured as the change in a particular parameter such as height or mass in
a particular time.
For example, it could be the increase in mass of a human over a period of a year.
This curve shows the period when growth is most rapid and this corresponds to the
steepest part of the absolute growth curve.
The peak of the absolute curve marks the point of inflexion on the sigmoid curve after
which the rate of growth decreases as the adult size is attained.
An absolute growth rate curve showing how daily gain in weight varies with age
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3. Relative growth rate curve
A relative growth rate curve takes into account the existing size.
Thus, if a five-year old and a ten-year old human both grew 10cm in height in one
year, their absolute growth rate would be the same but the five-year old would be
growing relatively faster and have a greater relative growth rate.
The existing size is taken into account by using the following calculation.

. rowth in a given time period
Relative growth rate = g g
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In humans the absolute growth curve shows that maximum mass is achieved in
adulthood.

The absolute growth rate curve shows that the rate of growth is greatest during
infancy and adolescence.

The relative growth rate curve shows that relatively speaking, growth is greatest
during embryonical development

METHODS OF MEASURING GROWTH
Growth can be measured at various levels of biological organization such as growth of a
cell, organism or population.
The numbers of organisms in a population at different times can be counted and plotted
against time to produce a population growth curve.
At the level of an organism, different parameters can be used for example length/height,
area, volume, mass/weight and number of cells.
Therefore, growth is estimated by measuring some parameter (variable) over a period of
time. The parameter chosen depends upon the organism whose growth is to be measured.
It may be appropriate to measure the weight of a man; but this method would be
impractical for a Muvule tree.
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(a) Changes in length or height. This can be measured using a ruler or growth recorder,
especially in seedlings or stems. It is common in studies of plant shoot and root
growth.

(b) Increase in cell number. This is determined using cell counts under a microscope or
with a haemocytometer. It is common in unicellular organisms and tissue culture
studies.

(c) Increase in volume or surface area. It is used in studies of organs such as fruits,
embryos, or animal tissues. It is calculated geometrically or measured by
displacement of water.

(d) Increase in protein or nucleic acid content. This indicates biosynthetic activity and
can be measured biochemically.

(¢) Changes in mass or weight. Fresh mass includes water and can vary due to
hydration level. Dry mass gives a more accurate measure, obtained after drying at
about 105°C to constant weight.

With regard to mass, there are two values that can be used namely; fresh (wet) mass and

dry mass.

FRESH MASS (WEIGHT)
This is the mass (weight) of an organism in its natural condition. It’s influenced by the
variation of the water content in the body and hence not accurate

Advantages of fresh mass
» It requires less preparation of the sample
» It does not cause injury to the organism.
» ltis also cheap and easy to carry out.

Disadvantages of fresh mass

» It may give inconsistent readings due to fluctuations in water content.

It is limited to small organisms

This method can’t be used repeatedly in plants since plants have to be uprooted.
In plants, some parts may be lost during uprooting or soil may be attached onto

Y YV V

roots hence giving inaccurate measurement

True growth is reflected by changes in the amounts of the constituents other than water
and the only valid way to measure these is to obtain dry mass.
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DRY MASS

Dry mass is obtained by killing the organism and placing it in an oven at 110°c to drive
off all the water. The specimen is then cooled in a desiccator and weighed. This
procedure is repeated until a constant mass is obtained.

Advantages of measuring dry mass
» Only the organic content (protoplasm) is measured, not fluid. Therefore, it gives
consistent results

Disadvantages of measuring dry mass

» It involves killing of an organism for example man and domestic animals

» It is expensive and takes a lot of time

» If species aren’t of the same age, size and growing in similar conditions, the
method may not give accurate results

» It may not be possible to use the same organism many times for example man and
domestic animals since organisms are killed.

» By measuring the whole organism, this method doesn’t put account the different
parts of an organism that develop at different rates and may stop growing at
different times for example in man the brain stops growing at the age of 5 — 6 yrs.

GROWTH AND DEVELOPMETN IN FLOWERING PLANTS
SEED DORMANCY

Dormancy is a term applied for any phase in the life cycle of a plant where active growth
is temporarily suspended and the metabolic rate falls to the point that it’s only sufficient
to keep the cells alive.

Certain environmental conditions such as availability of water, oxygen, and suitable
temperature must be present for germination to occur. However, even in the presence of
all these factors, some seeds will not germinate and are described as dormant.

They must undergo certain internal changes which can be generally described as after
ripening before they will germinate. These changes ensure that premature germination
will not take place.

Mechanisms exist which ensure that germination occurs only with the onset of a season
favourable for growth.
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CAUSES OF SEED DORMANCY AND METHODS TO BREAK IT

1. Dormancy due to impermeability of the seed coat to water and oxygen
Certain seeds fail to absorb water and oxygen and ultimately cannot germinate due to
hardness of the seed coat.
Methods of breaking seed dormancy due to impermeability of the seed coat

a) Scarification. The surface of the seed can be mechanically scratched or raptured.
This is often done by rubbing the seeds between sheets of sand paper or pricking
them with a pin.

Acid scarification can also be done by soaking the seeds with impervious coats
into concentrated sulphuric acid for a little time to permit passage of gases and
water.

b) Heat treatment. In many kinds of seeds, exposure to heat usually boiling water
or fire will sufficiently disrupt the seed coat to permit passage of water and gases.

2. Dormancy due to growth inhibitors.

Many fruits or seeds contain chemical growth inhibitors which prevent germination.
Abscissic acid (ABA) is the main growth inhibitor.
Through soaking the seeds, the inhibitor is often removed or its effect overridden by
an increase in growth promoters such as gibberellins.
Chilling (exposure to cold conditions) of seeds is also done to destroy some of the
inhibitors.
Tomato seeds contain high levels of Abscissic acid which prevents germination of
seeds inside the tomato fruit.

3. Dormancy due to immature embryos.

Some seeds are shed before the embryos mature and thus are not fit to germinate. Such
seeds require an after ripening period during which certain changes occur within the seed.
Once embryo development is complete, the seed then germinates without any special
treatment.

4. Dormancy due to light sensitivity

The dormancy of some seeds is broken by light after water uptake, a phytochrome
controlled response.

This stimulation of germination is associated with rise in gibberellin levels within the
seed. This may be an advantage if it ensures that the seed does not germinate until it is
buried in a suitable medium such as soli.
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NB. Seeds in which germination is stimulated by light are called positively photoblastic
and those in which germination is inhibited by light are called negatively photoblastic.

5. Temperature: Seeds commonly require a cold period, or stratification, before
germination will occur. This is common among members of the rose family and
cereals. It is associated with a rise in gibberellin activity and sometimes a reduction in
growth inhibitors.

Importance of seed dormancy

» Dormancy enables seeds to survive the dry season or other adverse conditions.

» It also enables the necessary internal changes to take place (leading to proper
growth of embryo).

» It prevents germination of seeds inside the fruits.

GERMINATION

Germination is the onset of growth of the embryo contained within a seed after a period
of dormancy to form a seedling.

Environmental conditions needed for germination to take place
1. Water

The initial uptake of water by a seed is by a process called imbibition. It takes place through the
Micropyle and testa and it is purely a physical process caused by adsorption of water by
substances within the seed.

The swelling of these substances such as starch, proteins, and cell wall materials can lead to
strong imbibition forces which are strong enough to rapture the testa.

Water is needed to activate enzymes that catalyze biochemical reactions associated with
germination.

Water is also an important reagent at this stage being used in the hydrolysis (digestion) of food
stores.

2. Suitable temperature

Temperature influences the rate of enzyme-controlled reactions therefore; there is usually a
characteristic temperature range outside which a given type of seed will not germinate.
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3. Oxygen

This is required for aerobic respiration although such can be supplemented by anaerobic
respiration when necessary.

THE PHYSIOLOGY OF GERMINATION

A typical seed stores carbohydrates, lipids and proteins either in its endosperm or in the
cotyledons of the embryo.

Germination of seeds begins with a physical process of imbibition which is the uptake of water
due to a lower water potential inside the seed.

Entry of water causes the seed to expand and rapture its coat and also triggers metabolic changes
in the embryo that enables it to resume growth.

The embryo becomes hydrated and this activates enzymes such as enzymes of respiration. Other
enzymes are newly synthesized often using amino acids provided by the digestion of stored
proteins.

There are two centers of activity in the germinating seed; the storage center (food center) and the
growth center (embryo).

The main events in the storage center with the exception of enzyme synthesis are catabolic.
Digestion of the food reserves proceeds by hydrolysis as follows;
Proteins are hydrolysed by proteases to form amino acids.

Polysaccharides are hydrolysed by Carbohydrases to sugars. For example, starch is hydrolysed
to maltose by amylase and then maltose to glucose by maltase enzyme.

Lipids are hydrolysed by lipases to fatty acids and glycerol.
The soluble products of digestion are then translocated to the growth region of the embryo.

The sugars, fatty acids and glycerol are used to provide substrates for respiration in both the
storage and growth centers. They are also used for anabolic reactions in the growth center.

The major importance of glucose is synthesis of cellulose and other cell wall materials.

Amino acids are used for protein synthesis; proteins being important as enzymes and structural
components of the protoplasm. Both the storage and growth centers obtain energy from
respiration.
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MOBILISATION OF NUTRIENTS DURING GERMINATION OF A BARLEY SEED
A well-studied example of germination of a starchy seed is the barley grain.

In the barley grain, after the seed imbibes water, the embryo releases hormones called
gibberellins (gibberellic acid) as signals to the aleurone layer which is a thin outer layer of the
endosperm.

These outer layers contain stored proteins which is the source of amino acids for protein
synthesis.

Therefore, the aleurone layer responds by synthesizing and secreting digestive enzymes that
hydrolyze food stored in the endosperm producing small soluble molecules. Gibberellins control
the synthesis of alpha-amylase enzyme which hydrolyses starch to sugars that are then absorbed
during growth of the embryo.

Fig 16.20 Role of gibberellin in

mobilising food reserves of barley ///‘ B\
grain during breaking of dormancy. /. \ \
/ B husk or fruit coat

\ (pericarp) fused with
\ d coat (testa)

tarchy endosperm

NB. Those seeds which store lipids convert them to fatty acids and glycerol. Each molecule of
lipid yields three fatty acids and one glycerol. Fatty acids are either oxidized in respiration or
converted to sucrose which is then translocated to the embryo.
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A graph showing relative changes in dry mass of the endosperm and the embryo during
germination of a barley seed
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Fig. 1

(i) Dry mass of the endosperm

Variation

From 0 to 2 days, the dry mass of the endosperm decreases gradually.

From 2 to 8 days, the dry mass of the endo sperm decreases rapidly.

From 8 to 10 days, the dry mass of the endo sperm decreases gradually

Explanation

As a result of imbibition and osmosis, the endosperm becomes hydrated. This activates enzymes
such as enzymes of respiration.

From 0 to 2 days, the enzymes oxidize the available simple food substances such as glucose to
produce energy, hence the gradual decrease in dry mass.

The energy generated is used to synthesize digestive enzymes which break down starch, the main
food storage form, in the endosperm to maltose, then to glucose. The glucose is then transported
to the growing regions of the embryo. This occurs rapidly between 2 to 8 days and accounts for
the rapid decrease in dry mass of the endosperm during this period.

After 8 days, other sources of energy take effect as the effective mass of the endosperm becomes
exhausted. The little food left in the endosperm is digested slowly. Thus, the dry mass of the
endosperm decreases more gradually.
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(i) Dry mass of the embryo

Variation
From 0 to 2 days, the dry mass of the embryo remains constant.
From 2 to 10 days, the dry mass of the embryo increases rapidly.

Explanation
0 to 2 days is a period of mobilization of the seed for germination. No growth has yet taken place
in the embryo and its dry mass therefore remains constant.
From 2 to 8 days, the food molecules mobilized by the digestion of the food stored in the
endosperm are transported to the growing regions in the embryo. The embryo starts to grow and
so increase in dry weight.
From 8 to 10 days, the first leaf emerges and starts to photosynthesize. This increases the rate of
growth of the embryo

(i) Total dry mass of the barley seedling

Variation
From 0 to 7 days, the total dry mass of the sorghum seedling decreases gradually.
From 7 to 10 days, the total dry mass of the sorghum seedling increases gradually.

Explanation

In the first 7 days, the overall loss in dry mass is due to aerobic respiration which consumes
glucose in both the endosperm and the embryo. During this period, the rate of growth of the
embryo less than compensates for the loss leading to an overall decrease in total dry mass.

At about 7 days, the first leaf emerges and starts to photosynthesize. The resulting increase in dry
mass then more than compensates for the losses due to respiration so that a net increase in dry
mass is realized.
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A graph showing changes in lipid and sugar content of castor oil seeds during germination
in the dark
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Fig. 2

(i) Lipid content

From 0 to 4 days, the lipid content remains constant because the castor oil seed stores lipids
which at this time have not been converted to sugar for translocation to the embryo.

From 4 to 8 days, there is a rapid decrease in the sugar content because the lipids are converted
to sugar and translocated to the embryo for growth.

From 8 to 11.6 days, there is a gradual decrease in the lipid content because though there is
conversion of lipids to sugars, low lipid content is remaining.
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(ii) Sugar content

From 0 to 3.2 days, the sugar content remains constant. Only the sugars present as food reserves
are present. This is because, there is not yet any respiratory demand of sugars and lipids have not
yet been converted to sugars.

From 3.2 days to 8 days, there is a rapid increase in the sugar content. This is because; lipids are
being converted to sugars in large quantities such that the rate of sugar addition outweighs its
utilization in respiration.

From 8 to 11 days.6 days, there is a gradual decrease in sugar content because the lipids are
nearly depleted so that then the rate of respiration outweighs the rate of conversion of lipids to
sugars.

(i) Total dry mass

From 0 to 2.4 days, the total dry mass is constant because there is yet no physiological utilization
of the food reserves of the castor oil seeds.

From 2.4 to 6 days, there is a gradual increase because the lipids are being converted to sugars
and translocated to the embryo for growth.

From 6 to 11.6 days, there is a gradual decrease because the lipids are nearly depleted and the
sugars are being highly utilized in the embryo for growth. At this time, the rate of food
utilization outweighs the increase in dry mass from embryo growth.

NB. At day 5, the RQ =1. This is because the embryo starts respiring sugars (breaking down
sugars aerobically to produce energy) produced.

From day 7, the dry mass of sugars falls. This is the rate of respiration is greater than the rat of
conversion of lipids to sugars. The total dry mass of the seed also begins to fall.

Respiration in germinating seeds

The rate of respiration in both the storage tissues and the embryo is high because of the intense
metabolic activity in both regions.
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GROWTH OF THE EMBRYO

Within the embryo, growth occurs by cell division, enlargement and differentiation. The amounts
of proteins, cellulose and nucleic acids increase steadily in the growing regions while the dry
mass of the food store decreases.

The first sign of growth is the emergence of the embryo root, the radicle which is positively
geotropic and will grow down to anchor the seed.

Secondly, the embryo shoot emerges which is negatively geotropic and grows upwards.

TYPES OF GERMINATION

There are two types of germination depending on whether the cotyledons grow above the ground
or remain below it. These are;

1. Epigeal germination
2. Hypogeal germination

Epigeal germination

Epigeal germination occurs when the hypocotyl just below the cotyledons elongates and then the
cotyledons are carried above the ground.

In epigeal germination, the hypocotyl remains hooked as it grows through the soil thus meeting
the resistance of the soil rather than the delicate plumule tip which is enclosed by the cotyledons.

Ilustration of epigeal germination

(b) _~— \_plumule
_hooked \ =\
- hypocotyl /\\ photosynthetic
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testa /\f / \\ cotyledons
|

two cotyledons
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lateral roots. ____/ : e.g. sunflower, castor oil
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Hypogeal germination

Hypogeal germination occurs when the epicotyl elongates and the cotyledons remain below the
ground.

Ilustration of hypogeal germination
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NB. In both cases, the hooked structure immediately straightens on exposure to light, a
phytochrome controlled response.

In grasses which are monocotyledons, the plumule is protected by a sheath called coleoptile
which is positively phototropic and negatively geotropic.

On emerging into light, a number of phytochrome controlled responses rapidly occur in leaves
collectively known as morphogenesis and the overall effect is change from Etiolation to normal
growth.

The major changes involved include; expansion of cotyledons or first foliage leaves and
formation of chlorophyll.

Photosynthesis begins and the net dry mass of the seedling starts to increases as it finally
becomes independent of its food reserves.

SEED BANKS

Seed banks are facilities or natural reserves that store seeds under controlled conditions to
preserve plant genetic diversity for future use.

They serve as a safeguard against extinction caused by natural disasters, habitat loss, or human
activities.
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Types of Seed Banks

(a) Conventional Seed Banks (Ex Situ Seed Banks)

These are the most common type. Seeds are dried and stored at low temperatures to keep
them viable for long periods.

Seeds are stored outside their natural habitat

They are used for crops, forest plants, and wild species

Example: Svalbard Global Seed Vault in Norway and Millennium seed bank partnership in
UK.

(b) Field Gene Banks

In field gene banks, plants are grown and maintained in fields instead of storing seeds.

They are used for plants with seeds that cannot be dried or frozen. For example; bananas and
coconut.

Maintains living plants for study and breeding

(¢) In Vitro Seed Banks (Tissue Culture Storage)

Plant tissues (not whole seeds) are preserved in controlled lab conditions.

It uses nutrient media in test tubes or containers. The are suitable for rare or endangered
species

They require sterile laboratory conditions

(d) Cryopreservation Seed Banks

Seeds or plant tissues are stored at extremely low temperatures (—196°C in liquid nitrogen).
This stops all biological activity and allows very long-term preservation

They are used for highly valuable or sensitive genetic material

(e) Community Seed Banks

These are locally managed collections maintained by farmers or communities.
They preserve traditional and indigenous varieties

They promote seed sharing and sustainable agriculture

They are often informal but very important for biodiversity

Importance of Seed Banks

Preserve genetic diversity of crop plants and wild relatives
Enable research on plant breeding and biotechnology
Provide materials for habitat restoration and reforestation projects
Serve as insurance against extinction due to climate change or disasters. They can
therefore be used to protect endangered species
> Provide seeds after natural disasters or crop failure.
> Support global food security by conserving crop varieties

YV VY
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GROWTH OF THE PRIMARY PLANT BODY
MERISTEMS

A meristem is a group of cells which retain the ability to divide by mitosis producing daughter
cells which grow and form the rest of the plant body.

These cells have thin cell walls, dense cytoplasm, prominent nuclei, and small vacuoles, which
allows them to divide rapidly and provide new cells for growth. Meristems are responsible for
both primary and secondary growth in plants

The daughter cells later form permanent tissue (cells that have lost ability to divide)
Types of meristems
There are three main types of meristems namely
1. Apical meristem

This is located at the root and shoot apex and is responsible for primary growth giving rise to
the primary plant body. The apical meristem brings about increase in length.

2. The lateral meristem (cambium)

This is laterally located in the older parts of the plant parallel with the long axis of the organs
for example the cork cambium and the vascular cambium.

The lateral meristem is responsible for secondary growth.

(a) The vascular cambium gives rises to secondary vascular tissue (secondary xylem to the
inside and secondary phloem to the outside.

(b) The cork cambium gives rise to the periderm which replaces the epidermis and includes
cork forming a protective bark. This mainly brings about increase in girth.

3. The intercalary meristem

This is found between regions of permanent tissue for example in the nodes of most
monocotyledonous plants such as bases of grass leaves.

It allows growth in length to occur in regions other than the tips. This is useful in case the
tips are susceptible to damage or destruction.
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Functions of Meristems
» Provide cells for primary and secondary growth.
» Form specialized tissues for transport (xylem, phloem), support (cortex, pith), and
protection (epidermis, cork).
» Allow plants to regenerate damaged tissues.
» Enable adaptation to environmental changes, such as regrowth after grazing or injury.

TYPES OF GROWTH
There are mainly two types of growth namely;
1. PRIMARY GROWTH

Primary growth is brought about by the apical meristem and it brings about increase in
length. It is divided into primary growth of the shoot and of the root

Primary growth of the shoot
Primary growth in the shoot involves cell division, cell enlargement and cell differentiation.

Passing back from the dome shaped apical meristem; the cells get progressively older so that
different stages of growth can be observed simultaneously in the same shoot.

The apical meristem consists of three basic types of meristematic tissues namely;

a) The protoderm which give rise to epidermis

b) The pro-cambium which gives rise to the vascular tissues including the pericycle,
phloem, vascular cambium and the xylem.

c) The ground meristem which produces the parenchyma ground tissues which in the di-
cotyledons are the cortex and pith.

These meristematic types are produced by division of the meristematic cells (initials) in the
apex.

In the region of enlargement, the daughter cells produced by the initials increase in size
mainly by osmotic uptake of water into the cytoplasm and into the vacuoles.

Increase in length of stems and a root is mainly brought about by elongation of cells during
this stage.

As enlargement nears its end, many cells develop additional thickening of the cell walls
either of cellulose or lignin depending on the type of cell formed.
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Collenchyma cells for example can continue elongating as extra cellulose is laid down in
columns on the inside of the original walls thus, they can give support to the original walls.

In contrast, the sclerenchyma cells deposit thick layers of lignin on their walls and soon die
thus their differentiation does not start until enlargement is virtually completed.

The pro-cambium forms a series of longitudinally running strands whose cells are narrower
and longer than those of the ground meristem. The first cells to differentiate in the pro-
cambium are those of the proto-xylem and the proto-phloem and these are part of the primary
xylem and primary phloem respectively.

In the zone of differentiation, each cell becomes fully specialized for its particular function
according to its position in the organ with respect to other cells.

Development of leaves and lateral buds
The development of the shoot also includes the growth of leaves and lateral buds.

Leaves arise as small swellings or ridges called leaf primordial. The swellings contain groups
of meristematic cells and appear at regular intervals. Their sites of origin are cell nodes and
the regions between the internodes.

The pattern of arrangement of leaves on the stem varies and it is called phyllotaxis. Leaves
may rise with whorls with two or more leaves at each node or singly, either in two opposite
ranks or in spiral pattern.

Leaves are arranged to minimize overlapping and hence shading when fully grown so that
they form a mosaic.

Soon after the leaves begin to grow, buds develop in the axils between them and the stem.
These small meristematic cells remain dormant but retain the capacity to divide and grow at a
later stage to form branches or specialized structures such as flowers.
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The longitudinal section of the shoot tip of a di-cotyledon showing apical meristem and
regions of primary growth (Drawing in biological science)
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Primary growth of the root
In the root, primary growth is also brought about by the apical meristem.

At the very tip of the apical meristem is a quiescent zone which is a group of meristematic
cells (initials) from which all other cells of the root can be traced.

The rate of cell division in the quiescent zone is slower than that of their daughter cells in the
apical meristem around them that form the root cap.

The cells in the root cap become large parenchyma cells that protect the apical meristem as
the root grows and they also have an important function of acting as gravity sensors since
they contain large starch grains which act as statoliths sedimenting to the bottoms of the cells
in response to gravity.

Behind the quiescent center are orderly rows of cells and the meristematic regions namely;
the protoderm, the ground meristem and pro-cambium.
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In the root, the pro-cambium describes the whole central cylinder of the root even though at
maturity, this contains non vascular tissues of the pericycle and pith.

Behind the zone of cell division is the zone of cell enlargement where cells increase in size.

Some cell differentiation begins at the zone of division with the development of the first

phloem sieve tube elements.

Further back in the zone of enlargement, the xylem vessels star to differentiate forming the
proto-xylem vessels whose role is taken over by the meta- xylem after secondary growth.

The longitudinal section of the apical meristem of a typical root (Drawing in biological

science)
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LATERAL MERISTEM AND SECONDARY GROWTH

Secondary growth is that growth which occurs after primary growth as a result of the activity of
the lateral meristems. It results into increase in girth.

It is usually associated with deposition of large amounts of secondary xylem called wood which
completely modifies the primary structure. Secondary growth mainly occurs in trees and shrubs.

There are two types of lateral meristems namely;

1. The vascular cambium which gives rise to new vascular tissue the secondary phloem
and xylem.

2. The cork cambium or phellogen which arises later to replace the raptured epidermis of
the expanding plant body.

Vascular cambium
There are two types of cells in the vascular cambium; the fusiform initials and the ray initials.

The fusiform initials are narrow elongated cells which divide by mitosis to form secondary
phloem to the outside and secondary xylem to the inside. The amount of xylem produced
normally exceeds the amount of phloem.

The secondary phloem contains sieve tubes, companion cells, sclerenchyma fibers and
sclereids and parenchyma cells.
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In a woody di-cotyledonous stems, the cambium is originally located between the primary
xylem and the primary phloem of the vascular bundles. It becomes very active soon after
primary growth is complete.
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The primary structure of a dicot stem
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The vascular cambium then forms a complete cylinder as parenchyma cells in the medullary
rays become meristematic spreading outwards of the vascular bundles.

Illustration

(b)

_intrafascicular cambium (in vascular
bundle)

_interfascicular cambium (between
vascular bundles)

secondary xylem

—secondary phloem

A complete ring of secondary thickening then forms. In this case, thickening is most
advanced at the sites of the original vascular bundles where the cambial activity first started.

Here, the fusiform initials produce large quantities of secondary xylem and lesser quantities
of secondary phloem while the ray initials produce rays of parenchyma.

As the stem increases in thickness, also the circumference of the cambium layers increase.
This is achieved by the radial division of the cambial cells.
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The original ray initials produce primary medullary rays which run all the way from the pith
to the cortex unlike the secondary medullary rays produced by the later ray initials.

Functions of medullary rays

The medullary rays transmit water and mineral salts from the xylem and food substances
from the phloem radially across the stem.

The rays may also be used for food storage an important function during periods of
dormancy in winter.

Illustration

— _primary phloem
= secondary phloem
—.vascular cambium
secondary xylem

primary xylem

pith
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GROWTH AND DEVELOPMENTS IN INSECTS

Growth and developments in insects refer to the progressive changes that occur from the egg
stage to the mature adult.

These changes involve both an increase in size and transformation in body form, a process
known as metamorphosis.

Insects possess an exoskeleton made of chitin which provides protection and structural support,
but it restricts continuous growth.

As a result, growth occurs intermittently through a process called moulting (ecdysis), during
which the old cuticle is shed and replaced by a new, larger one to allow for body enlargement
and further development.

There are two main types of metamorphosis in insects
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(a) Incomplete metamorphosis

(b) Complete metamorphosis

Incomplete metamorphosis

adult

incomplete
metamorphosis

S e99

nymph

4

In incomplete metamorphosis, also known as hemimetabolous development, the insects pass
through three main stages: egg, nymph and adult (imago).

The egg hatches into a nymph, which resembles a miniature version of the adult but lacks fully
developed wings and reproductive organs.

The nymph undergoes several moults (instars), each time growing larger and becoming more like
the adult.

The final moult produces a fully developed adult with functional wings and reproductive organs.

Examples of insects that undergo incomplete metamorphosis include grasshoppers,
cockroaches, termites and dragonflies.

In this type of development, the nymph and adult usually occupy similar habitats and may feed
on the same types of food, resulting in possible competition between the two stages.
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Complete metamorphosis

Complete metamorphosis, also called holometabolous development, involves four stages; egg,
larva, pupa and adult.

The egg hatches into larva, which looks completely different from the adult.

The larva stage is primarily adapted for feeding and growth, and the larvae often have chewing
mouthparts and soft bodies.

Common examples include caterpillars (butterflies and moths), maggots (flies) and grubs
(beetles).

After a series of moults, the larva transforms into a pupa, a non-feeding and inactive stage
usually enclosed in a protective casing such as a chrysalis or cocoon.

Inside the pupa, extensive internal changes occur; larva tissues break down through histolysis,
and new adult structures are formed through histogenesis and organogenesis.

This transformation results in a fully developed adult (imago) that emerges from the pupal case,
equipped with wings and reproductive organs.

The adult stage is mainly for reproduction and dispersal. Examples of insects showing complete
metamorphosis include butterflies, moths, beetles, bees, mosquitoes and flies.

This type of development reduces competition for food and habitat between larval and adult
stages because they occupy different ecological niches.

The Hormonal Control of Moulting

The process of moulting and metamorphosis are regulated by hormones secreted by specific
endocrine glands in the insect body.

The main organs involved in hormonal control are neurosecretory cells in the brain, the corpora
allata, and the prothoracic glands.
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The neurosecretory cells in the insect brain produce a hormone known as the
prothoracicotropic hormone (PTTH), which is released into the haemolymph and stipulates
the prothoracic glands to secrete ecdysone, also called the moulting hormone.

Ecdysone acts on the epidermal cells, stimulating them to form a new cuticle beneath the old one
and initiating the moulting process. Thus, ecdysone is responsible for triggering the shedding of
the old exoskeleton and the formation of a new one.

The corpora allata are a pair of glands located just behind the brain. They secrete the juvenile
hormone (JH), which plays a crucial role in determining the nature of the next developmental
stage after each moult.

The amount of JH present in the insect’s haemolymph during each moulting cycle dictates the
outcome of metamorphosis.

When the level of JH is high, the insect remains in the larva stage, and moulting produces
another, larger lava. As the level of JH declines, the next moulting results into formation of a

pupa.

When the JH level becomes very low or absent, the next moulting produces the adult insect.
Therefore, the interaction between ecdysone and juvenile hormone determines the sequence
and nature of developmental transitions in the insect’s life cycle.
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Stage of Level of Juvenile Level of Effect/ Resulting Stage After

Development Hormone (JH) Ecdysone Moulting

Early larva High High Moulting produces another

stages larval stage (growth continues)

Late larva stage | Moderate High Moulting results in formation of
the pupa stage

Pupa stage Very low or absent High Moulting produces the adult
(imago)

Adult stage Absent Low or No further moulting; growth

inactive ceases; reproduction begins

ROLES OF INSECT GROWTH STAGES IN ECOSYSTEMS
Insects are among the most diverse and ecologically important organisms on earth.

Throughout their cycle from egg, larva or nymph, pupa to adult they perform critical ecological
functions that sustain the health, productivity and balance of ecosystems.

Their contribution extends beyond natural ecosystems to human welfare through waste
management, food security and environmental monitoring.

Understanding the ecological significance of each growth stage allows scientists to predict
changes in ecosystem stability and environmental quality.

1. Role in waste management
Insects play a central role in the breakdown and recycling of organic matter, a process that
ensures continuous nutrient flow within ecosystems.

The larva stages of many insects, especially those undergoing complete metamorphosis, are
highly adapted for feeding and decomposition. Examples include fly larvae (maggots), beetle
grubs and termite nymphs, which feed on decaying plant and animal remains.

As they feed, they fragment and digest complex organic materials, converting them into
simpler substances such as humus, which enriches the sol with nutrients essential for plant
growth.

Adult insects such as dung beetles also contribute significantly to waste management. They
collect and bury animal dung, preventing foul odours, reducing breeding grounds for disease-
causing flies and improving soil aeration. This activity also aids in seed dispersal, as some dung
beetles inadvertently bury seeds that later germinate.

By decomposing dead organic matter, both larval and adult insects function as biological
recyclers, preventing waste accumulation and promoting nutrient cycling. Their activity
accelerates decomposition rates, maintains soil fertility and supports the growth of new
vegetation, which in turn sustains herbivores and higher trophic levels. Thus, insect growth
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stages are essential in ecosystem self-cleaning processes and in the maintenance of
environmental hygiene.

2. Role in Food Security
Insects influence food security both directly and indirectly through various ecological roles.

a) Pollination:
Adult stages of many insects, such as bees, butterflies, moths, beetles and flies are
important pollinators of flowering plants.

During feeding on nectar and pollen, they transfer pollen grains between flowers, enabling
fertilization and seed and fruit formation. This process is vital for the reproduction of most
flowering plants, including a wide range of food crops like fruits, vegetables and cereals.
Pollination by insects accounts for a large proportion of the world’s agricultural productivity
and the decline of pollinator populations could significantly threaten global food supply.

b) As food sources

Both larval and adult stages of insects serve as key food sources for a wide range of animals,
including birds, amphibians, reptiles, fish and mammals. This makes them vital components
of food chains and food webs, transferring energy from lower to higher trophic levels. In
some regions, humans consume insects such as locusts, crickets, caterpillars and termites as
high protein food sources, contributing to dietary diversity and nutrition.

3. Pest management and biological control

Understanding insect life cycle allows for effective biological control pests. By targeting
specific life stages (for example destroying larvae or pupae before they mature), farmers can
reduce pest populations without relying heavily on chemical pesticides. This promotes
sustainable agriculture and protects beneficial insect species such as pollinators and
decomposers.

However, some insect stages, particularly larvae and nymphs of pest species like aphids,
locusts and army worms, can threaten food security by damaging crops and stored products.
Hence, a balanced ecological approach that encourages beneficial insects while managing
harmful ones is key t long term agricultural stability.

4. Role in determining water quality assessment
Certain insects, particularly those whose larval or nymphal stages are aquatic serve as
bioindicators.

Bio indicators/ indicator species are organisms whose presence, absence or abundance
provides information about the health and quality of an environment.

Indicator species are sensitive to specific environmental conditions such as oxygen
concentration, pH, temperature and levels of pollution, aquatic insect larvae and nymphs are
widely used as biological indicators of water quality because they respond quickly to
changes in their surroundings.
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For instance:

Mayfly nymphs, stonefly nymphs and caddisfly larvae require clean, well oxygenated
water. Their presence indicates good water quality with low pollution levels.

In contrast, the dominance of midge Fly larvae and mosquito larvae (culex species) which
tolerate low oxygen and high organic pollution, signals poor water quality or contamination.

Scientists use the relative abundance of these species in a river or lake to calculate a
biological index that reflects water health. This method is often more reliable than chemical
testing because it integrates long-term environmental conditions.

The use of insect larvae and nymphs as indicator species provides a natural and cost-
effective approach to monitoring ecosystem health. It helps in detecting pollution sources,
guiding water management policies and maintaining aquatic biodiversity.

END
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