
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Growth and development. 
Growth is a permanent increase in size of an organism by addition of more body substance. The 

pattern of growth differs in different organisms. In animals, it is described as being diffuse, with 

growth occurring in almost all parts of the body. For plants however, have particular regions 

where they grow, called meristems.  

 

Apical meristems are responsible for increase in length while secondary meristems are 

responsible for increase in girth or diameter of the stem. Three distinct process of contribute to 

growth; cell division, assimilation, and cell expansion. 

 

Development; involve both an increase in size and differentiation of cell so that they become 

specialized. 

 

Measuring growth 

Growth can be quantified by measuring some features of the organism at suitable interval such as  

 

1. Length: this is easy to do and does not damage the organism but results may be 

misleading it takes no account of growth in other direction.  

2. Area and volume are more accurate than measuring length but are impractical to measure. 

3. Fresh mass: this is easy to measure but may be inaccurate due to temporary fluctuation in 

water content 

4. Dry mass: this involves removing all water by drying before weighing. It is accurate but 

difficult to carry out and kills the organism 

 

 Growth curves 

When any parameter is measured against set intervals of time, a growth curve is produced. Form 

many populations, organism or organs, the curve is S-shaped or sigmoid curve. It represents a 

slow growth at first, because there are so few cells initially that even when they are dividing 

rapidly the actual increase in size is small. 
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Allometric growth 
This is growth where the different parts the organism may grow at different rates and stop 

growing at different times. This one problem of measuring growth rate. 

For example, in human the head grows rapidly at first and then slows down, virtually stopping 

altogether soon after the age of about five years. However, the legs and arms continue to grow 

for another 15 years or so, as do most of the other organs given in figure below 

 

Growth rate of different parts of the human body between 0 and 20 years 

 

                          
 

  

The sigmoid growth curve 
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Slow growth due very dividing cells 

 

AB 

Exponential growth due to presence of big 

number of dividing cell 

 

BC  

Growth slows down and finally stops due rate of 

cell division equal to rate of cell death or cell 

division limited by the genotype of the animal. 



NB 

- The head and hence the brain mature rapidly to take over the overall control of the body 

system 

 

- Lymph tissue which produce white blood cells to fight infections, grows rapidly in early life 

when the risk of disease is greater as the immunity has not been acquired. 

 

- The reproductive organs grow slowly such that they are mature when the organism is body is 

ready to support the fetus and to take care of the offspring. 

 

Limited and unlimited growth 
Growth in plant and animal show two basic of growth i.e. limited [definite or determinate] 

growth and un limited [indefinite or indeterminate] growth 

 

Growth in annual plant is limited and after a period of maximum growth, during which the plant 

matures and reproduce, there is a period of negative growth or senescence before the death of the 

plant. If the dry mass of the annual plant is plotted against time then sigmoid curve given below 

as obtained 

                  
Explanation of the graph 

-The negative growth in the first week is due to respiration of food reserves in the seed 

-At A, the green leaves have now grown and opened above ground. 

-Along AB dry mass increases because photosynthesis is greater than respiration 

-Along BC, dry mass decreases due to dispersal of fruits and seed, loss of leaves / chlorophyll 

and high respiration as compared photosynthesis. 

 

 

Several organs show limited growth but do not undergo a period of negative growth e.g., leaves 

and stem internodes. Animals that show limited growth include insects, birds and mammals.  

 

Unlimited growth is seen in woody perennial plants and some invertebrates, fishes and some 

reptiles 

 

In plants growth only occurs in group of immature cells called meristems.  

 

The meristem has a number of defining features, including small cells, thin cell walls, large cell 

nuclei, absent or small vacuoles, and no intercellular spaces. It is divided into three zones. 



(i) The zone of cell division is closest to the  tip and is made up of the actively-dividing 

cells of the root meristem, which contains the undifferentiated cells. 

(ii) The zone of elongation is where the newly-formed cells increase in length, thereby 

lengthening the root and shoot 

(iii) The zone of cell maturation where the elongated cells differentiate into specialized 

cell types 

 

There are three types of meristems: - 

 

1. Apical meristems: these are found at the tips of roots and shoots and are responsible for 

primary growth of the plants i.e., increase in length. 

 

 
Role of apical meristem in growth 

- Cell division and elongation causes increase in length 

- Bud primodium give rise to bud which can develop gives rise to branches 

- Pro-cambium gives rise to vascular tissue 

 

 

Root cap meristem 



        
Role of root cap meristem 

- Root cap protects the delicate root tip 

- Cell division and expansion leads to increase in leangth 

- Cell differentiation leads to formation of differents tissues 

 

 

2. Lateral meristems: these are found in a cylinder towards the outside of the stem and 

roots. They are responsible for secondary growth and cause increase in girth. 

3. Intercalary meristems: these are found at the nodes in monocotyledonous plants. They 

allow an increase in length in positions other than the tip. 

 

Experiments to determine the region of growth in a root 

1. Take a freshly-germinated bean with a root about 2.5cm long.  Mark the root every 2mm 

with line in permanent black ink. 

2. Pin the bean to the underside of a cork, with the root hanging downwards, and put the 

cork into the moist cotton wool 

3. After 2-3 days, the region of growth is indicated by the part where the black line are 

linger than 2mm. 



 
 

 

Germination 
Seed germination may be defined as the fundamental process by which different plant species grow 
from a single seed into a plant 
Conditions necessary for germination 

1. Water 

The  role of water in seed germination may be 

- Dissolve and leak away germination inhibitors 

- Soften and rapture seed coat to allow in water and oxygen 

- hydrate vital activities of protoplasm 
- converts the insoluble food into soluble form for its translocation to the embryo 
2. Oxygen is necessary for aerobic respiration 

3. Temperature; moderate temperature (25 – 300C) activates enzymes. 

 

Others 

4. Light: some seed require exposure to sunlight before they germinate 
. 

Experiment to demonstrate conditions necessary germination 

Prepare 4 test tubes as follow 



Test tube 1: place dry seeds on cotton and place in a test tube in a warm place such that seed are 

provided with air and warmth but no water 

Test tube 2: seeds on a cotton wool are placed in a test tube full of freshly boiled and cooled 

water and then covered with oil to prevent entry of air. 

Test tube 3: seeds in soaked cotton wool are placed in an open test tube and placed in a warm 

place. These seed have warmth, oxygen and water 

Test tube4: seeds in soaked cotton wool are placed in an open test tube and test tube placed in a a 

beaker if ice 

 

 

 

The setup is left for a few days 

Observations 

Seeds in test tube 3 germinated because they were provided with warmth, oxygen and water 

 

  Physiology of germination 

 Germination starts with the rapid uptake of water by the seed through the micropyle 

by a process called ambition. Water then moves from cell by osmosis. 

 The water causes swelling of the embryonic tissue thereby rapturing the seed coat and 

also activates gibberellins. 

 Gibberellins diffuse to the aleurone layer (a special layer which one cell thick  that 

surrounds the endosperm). Here gibberellins cause the synthesis and activation of 

hydrolytic enzymes such as amylase and proteases. 



 Amylase catalyzes the breakdown of starch to glucose while proteases catalyze 

hydrolysis of proteins to amino acids. 

 Glucose and amino acids are translocated from the storage centre (endosperm or 

cotyledon) of the seed to the growing regions of the embryo. 

 Here glucose is used in respiration and in the formation of cellulose and other cell 

wall materials. Amino acids are used to make proteins, which are enzymes and 

structural components of protoplasm. 

 Cell division, elongation and differentiation leads to immergence of a seedling from a 

seed. 

Types of germination 

1. Epigeal germination 

Here hypocotyl grows faster than epicotyl causing the cotyledon to grow above ground 

 

2. Hypogeal germination 

Here epicotyl grows faster than hypocotyl that the cotyledons remain under the soil. 

 

 



 

Advantages of epigeal germination over hypogeal germination 

Epigeal germination has advantage over hypogeal germination because the cotyledon may 

acquire chlorophyll and photosynthesize for the plant. 

Intermittent growth in arthropods 

Due to inelastic nature of their exoskeletons, they appear to grow only in spurts interrupted by a 

series of moults. Significant growth is only possible when the new cuticle is still soft enough to 

allow the body to expand 

 

 

 

               
 

 Moulting is controlled two main hormones: moulting hormones (ecdysone) and juvenile 

hormone. Moulting hormone is produced by gland in the first thoracic segment called 

prothoracic gland. Juvenile hormone is produced by a region behind the brain known as the 

corpus allatum. The production of both hormones is controlled by neurosecretory cells in the 

brain. All moults require moulting hormone. If juvenile hormone is present in high concentration 

larval moults occur, which means the insect remains as a larva. 

 

 

  

Arthropod growth curve 



 

Metamorphosis 

Applies to those changes which occurs during the transition from larval to adult forms. It is very 

common in insect, frog and other amphibian’s metamorphosis enable the different stage 

organism develops to fill different ecological niches which reduces competition. 

 

 

 

Complete metamorphosis 

     E.g. in butterfly 

 

 

 

 

 

 

 

 

 

Incomplete metamorphosis 

E.g. in cockroach 

 

 
 

 

Senescence 

Senescence refers to the body changes that lead to a decreasing life expectancy with age. 

These changes include: 

- Mental senility i.e. mental deterioration 

- Atherosclerosis and arteriosclerosis which lead to hardening of arteries. 

- The speed of impulse conduction in nerves decreases and so does sensitivity. 

- Shrinking in body size 

- Osteoporosis 

- Hair becomes grey etc. 

- Decrease in body sensitivity  

 

  

egg 

Adult Larva 

Pupa 



Exercise  

1. The figure below is a graph illustrating the growth pattern of an insect 

               

A. Moulting 

B. Pupa formation 

C. Larva formation 

D. Constant growth 

2. Which of the following is a difference between an adult and newly hatched nymph of a 

cockroach? 

 Adult  Nymph 

A.  Has three pairs of legs Has no legs 

B.  Has compound eyes Has no eyes 

C.  Has wings Has no wings 

D.  Has a pair of antenna Has no antennae 

 

3. Which of the following parts of seedling grows rapidly to bring about epigeal 

germination 

A. Cotyledon 

B. Epicotyl 

C. Hypocotyl 

D. Plumule 

  



4. The figure below is a diagram of a seedling 

 

The region that elongates most rapidly during epigeal germination is indicated by 

A. L  B. M  C. N  D. O 

5. The following are conditions necessary for germination except 

A.  oxygen 

B. Moisture 

C. Moderate temperature 

D. Carbon dioxide 

6. Which of the following is correct about dividing cells at the tip of the plant shoot? They 

A. Have large vacuoles 

B. Are specialized 

C. Have soft walls 

D. Have rigid cell walls 

7. Which one of the organism below has a growth curve represented by the graphin figure 

below 

                  

A. Bacterium 

B. An insect 

C. A human being 

D. A bony fish 

  



 

8. The figure below represents germination in seed A and B 

 
(a) Giving reasons, identify the type of germination in each seed (04marks) 

(b) Explain how germination in seed A is brought about. (02marks) 

(c) Explain the advantage of the type of germination in seed A to the growing seedling 

(04marks) 

9. The table below shows the change in mass of starch and protein in typical pea seed 

during germination 

Food substances in 

seed 

Days of germination 

0 4 8 12 16 20 

Starch (mg) 60 56 32 8 5 4 

Protein (mg) 28 21 11 5 3 2 

(a) Using the same axis, draw two graphs to show the change in mass of starch and 

protein during the first 20 days of germination of the seeds in the space provided. 

 



 
(b) How are the changes in mass of starch and proteins 

(i) Similar? (02marks) 

(ii) Different? (02marks) 

(c) Explain why the mass of starch and proteins change in the germinating seed. In each 

case write the reaction that result into the changes (04marks) 

(d) Suggest two ways in which the products from each of starch and proteins may be 

used in germinating seed. 

(i) Starch (02marks) 

(ii) Proteins (02marks) 

  

10. (a) Explain the role of each of the conditions necessary for germination. (09marks) 

(b) Explain why germination may not occur in some seeds when the necessary conditions 

for germination are available (03marks) 

(c) Outline the importance of a seed remaining dormant during favorable conditions for 

germination. (03marks) 

11. (a) With aid of well-labeled diagrams explain the difference between hypogeal and 

epigeal germination. (07marks) 

(b) Describe an experiment you would carry out to show that heat is liberated by 

germinating seeds (08marks)  

12. (a) What is germination? 

(b) State external factors that affect germination 

(c) The figure below shows a growth curve of a been seedling 



         
(i) Why does the mass of seedlingincrese bbetween day 0 and day4? 

(ii) What caused the drop in mass between day 4 and day 6? 

(iii) Give reason for the steady increase in mass after day 6. 

13. The figure below shows a vertical section of the end region of a growing root and figure 

(b) shows an enlargement of a cell from the root. 

 

 
 

(a) (i) Name the region labeled A 

(ii) How does growth occur in region labeled B 

(iii) Describe briefly what happens to the cells in region labeled C 

(iv) What structures may be expected to grow at the region marked D. 

(b) State the function of region A 

(c) Figure (b) shown a cell from region B 

(i) Name the process taking place in this cell. 

(ii) Briefly describe what is happening  at this particular stage of the process. 

  



Suggested answers 

1. A 2. C 3. C 4. C 5. D 6. C 7. B 

8. (a)  A – epigeal germination because the cotyledons are pushed above the ground 

 B – Hypogeal germination since cotyledons remain under ground during germination 

   (b) Hypocotyl grows rapidly carrying the cotyledons with it  

   (c) cotyledons may acquire chlorophyll for photosynthesis 

9. (a) 

 

 

 

 

 

 

 

 

 

 

 (b) (i) – the mass of each decreases as the days of germination increase 

          - the mass of each remains almost constant after the 12
th

 day 

     (ii) – the mass of starch is always higher than that of protein throughout the experiment 

          - in the first 3days the mass of starch decreases very slowly while that of proteins 

decreases rapidly. 

 (c) Starch is hydrolyzed to glucose to be used in respiration 

 

 

Proteins are hydrolyzed to amino acid to be used to synthesize enzymes and structures. 

(d) Starch products are used in respiration 

Protein products are used to form enzymes and embryo tissues 



12 (c) (i) due to uptake of water by imbibition 

(ii) Due to respiration 

(iii) Due to photosynthesis 

13. (a)(i) root cap 

     (ii) by cell division 

(iii) Cell elongation 

(iv) Root hair 

(b) protect growing root 

(c)(i) mitotic division 

    (ii) telophase 


