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About this Module
Environmental science (biology and agricultural science) has been produced by Chalimbana University. All modules produced by Chalimbana University are structured in the same way, as outlined below.

How this module is structured

The course overview

The course overview gives you a general introduction to the course. Information contained in the course overview will help you determine:

If the course is suitable for you.

What you will already need to know.

What you can expect from the course.

How much time you will need to invest to complete the course.

The overview also provides guidance on:

Study skills.

Teaching skills.

Where to get help.

Course assignments and assessments.

Activity icons.

Units.

We strongly recommend that you read the overview carefully before starting your study.

The course content
The course is broken down into units. Each unit comprises:

An introduction to the unit content.
Unit Objectives
Unit outcomes.

New terminology.

Core content of the unit with a variety of learning activities.
A unit summary.

Assignments and/or assessments, as applicable.

Answers to Assignment and/or assessment, as applicable

Resources
For those interested in learning more on this subject, we provide you with a list of additional resources at the end of this module; these may be books, articles or web sites.

Your comments
After completing Environmental Science we would appreciate it if you would take a few moments to give us your feedback on any aspect of this course. Your feedback might include comments on:

Course content and structure.

Course reading materials and resources.

Course assignments.

Course assessments.

Course duration.

Course support (assigned tutors and technical help)

Your constructive feedback will help us to improve and enhance this course.

Course overview

Welcome to Environmental Science (Biology and agricultural science) 

This course covers the biological and agricultural aspects of early childhood science. Environmental science (Esc) is a learning area in which the learner is expected to acquire scientific knowledge and develop life skills, positive mental attitudes and values that enable an individual to explore and understand their immediate environment.  Therefore, this course aims at equipping and enhancing skills and knowledge of ECE trainee teachers in the content of environmental science to enable them teach efficiently, effectively and competently. 
The aim of this course is to create rich and complex learning environments that engage the early learners in integrated approaches to learning in science.

Course objectives

The objectives of this course are to equip student teachers to:
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Objectives
	· Identify common plants and animals in order to assist children in developing skills for observation and appreciate the beauty of creation.

· Initiate informal learning experiences as the children engage in naturalistic experiences.

· Initiate children’s understanding based on theories of concept development as put forth by Jean Piaget and Lev Vygotsky.



	
	


Course outcomes
Upon completion of Environmental Science (Biology and Agricutural Science) you will be able to:
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Outcomes
	· demonstrate or exhibit   an understanding of the main scientific concepts in Environmental Science.

· demonstrate appropriate knowledge, general understanding and skills in Environmental Science ideal for you teach efficiently, effectively and competently at Early Childhood Education level.

· use appropriate pedagogical skills to teach ESc efficiently, effectively and competently at ECE level.

show case appropriate innovative skills in developing teaching and learning aids from the local environment in the teaching of ESc at ECE level.

· Appropriately utilize informal learning experiences to engage learners in naturalistic experiences in their learning process.
· Appreciate child development as put forth by Jean Piaget and Lev Vygotsky.



Timeframe
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How long?
	A year course comprising of three residential.

Three weeks of contact sessions.

You need three (3) hours for formal study per week and you are expected not to spend less than ten (10) hours per week for self – study.



Study skills
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	As an adult learner your approach to learning will be different to that from your school days: you will choose what you want to study, you will have professional and/or personal motivation for doing so and you will most likely be fitting your study activities around other professional or domestic responsibilities.
Essentially you will be taking control of your learning environment. As a consequence, you will need to consider performance issues related to time management, goal setting, stress management, etc. Perhaps you will also need to reacquaint yourself in areas such as essay planning, coping with exams and using the web as a learning resource.

Your most significant considerations will be time and space i.e. the time you dedicate to your learning and the environment in which you engage in that learning.

We recommend that you take time now—before starting your self-study—to familiarize yourself with these issues. There are a number of excellent resources on the web. A few suggested links are:

http://www.how-to-study.com/
The “How to study” web site is dedicated to study skills resources. You will find links to study preparation (a list of nine essentials for a good study place), taking notes, strategies for reading text books, using reference sources, test anxiety.

http://www.ucc.vt.edu/stdysk/stdyhlp.html
This is the web site of the Virginia Tech, Division of Student Affairs. You will find links to time scheduling (including a “where does time go?” link), a study skill checklist, basic concentration techniques, control of the study environment, note taking, how to read essays for analysis, memory skills (“remembering”).

http://www.howtostudy.org/resources.php
Another “How to study” web site with useful links to time management, efficient reading, questioning/listening/observing skills, getting the most out of doing (“hands-on” learning), memory building, tips for staying motivated, developing a learning plan.

The above links are our suggestions to start you on your way. At the time of writing these web links were active. If you want to look for more go to www.google.com and type “self-study basics”, “self-study tips”, “self-study skills” or similar.


Need help?
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Help
	For assistance contact the following people
1. Professor Muzumara. P. M - 0977676448

2. Mr. Ndhlovu. W. D – 0977694937
3. Mr. Miyambo.A-0979687875
4. Mr. Kambi. M.- 0978572573

5. Mr. Katakwe A.- 0977867208

6. Mr. Soko J. 0977543151
7. Mr. Chikwanda R. 0977546660



Assignments
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Assignments
	There are two assignments for this course
Assignments should be submitted to the course lecturer



Assessments
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Assessments
	ASSESSMENT: Will be based in 4 ways.

 Continuous assessment                                                    50%                                                                                           

Two Assignments:                                                             20%   
Practicals                                                                            20%                                                                 

Test:                                                                                    10%                                                                                          

Examination                                                                       50%                                                
Total   100%


	


Getting around this Course
Margin icons

While working through this module you will notice the frequent use of margin icons. These icons serve to “signpost” a particular piece of text, a new task or change in activity; they have been included to help you to find your way around this module.

A complete icon set is shown below. We suggest that you familiarize yourself with the icons and their meaning before starting your study.
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	Outcomes
	Assessment
	Assignment
	Study skills
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Summary
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Terminology
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Unit 1

Introduction to Environmental Science
Introduction

When you go through this unit you should be in a position to develop knowledge of what Environmental Science is all about. This unit will help you develop basic teaching skills and understanding of what the concept environment means together with the types of environment. 

Upon completion of this unit you should be able to:
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Outcomes
	· Define the term environment

· Identify the different types of environment

· Explain the term environmental science

· Describe the nature of man-environment interaction 

· Develop teaching skills on related environmental concepts


The concept of Environmental 
Science
Meaning of Environment 
According to Alan Gilpin (1976), the term “environment” is the surroundings, region or circumstances in which anything exists; everything external to the organisms. 

In reality, an effective environment is everything external to the organism which affects the fulfillment of that organism. This is true if you consider the environment of the human being, which includes: the abiotic factors of land, water, atmosphere, climates, sound, odours, and tastes; the biotic factors of the environment include animals, plants, bacteria, viruses and the social factor. 
Going by National Environmental Protection Agency (NEPA) as stated by the EnvironmentalScience.org (2019), “environment” is defined as follows: 

· Air, land and water

· Plant and animal life, including

· The social, economic and cultural conditions that influence the life of man or community 

· Any building, structure, machine or device or thing made by man

·  Any solid, liquid, gas, odour, heat, sound, vibration or radiation resulting directly or indirectly from the activities of man.
Types of Environment 
· natural or physical environment

· Man-made or cultural environment. 

In this context, you will consider the two types of environment stated above. 
Activity 1.1
· Define environmental science.

Compare and contrast your definition to what is outlined below:

According to Strah-o.ler and Strahler (1972) environmental science can be defined as the study of all systems of air, land, water, energy and life that surrounds man. Environmental science also includes all science directed towards the understanding of the environment particularly, as system. Such environmental system contains complex processes which must be understood in order to be able to solve several problems.
Why do you think it is necessary to teach Environmental Science to learners at ECE level? 

· Learn in a fun way global problems using hands-on Learning (learning all science directed towards the understanding of the environment)

· Helps to awaken the desire in a child to try new things and pursue previously unconsidered dreams using various basic processes.

· Facilitates in the young ones the ability to recognize, and understand various living things (plants, animals)

· Enhances development of scientific concepts through the use of five senses
How do you sustain an environment?

Have you in the recent past heard of climate change effects; fish diminishing, global warming? What do you think are some of the causes of these? When we say sustaining or maintaining the environment, what comes into your mind or what does it mean?

To sustain an environment means using the present environment in such a way that its benefits being obtained now are used in such a way that even in later years the same benefits will be obtained. In this case therefore, the sustenance of any environment begins by one being in a position to understand and appreciate the following:

· The maintenance of renewable resources like timber and fish. 

· The conservation of the non-renewable resources e.g. fuels. (The length of time taken for fossil fuels to form justifies them to be termed non-renewable).
· How do you respond to the call to reduce the effects of natural disasters (floods, earthquakes windstorms)?
· Response to alleviate chronic damage to the environment brought by phenomena such as erosion, drought, deforestation, pollution by man. 

· How to cope with smoke, natural pollution such as volcanic dust and allergens. 
Teaching skills

· Take nature walks with your learners and encourage them to observe using their five senses i.e. sight, smell, taste, feel/touch, hear. Give them time to explain and describe what they have seen and discovered. 
· Formulate some simple activities for the learners to do to improving understanding of the environment. You may think of purpose of dust bins; taking children to a waste recycling plants; engage them in creative activities e.g. toy making using waste materials like paper, plastics, metal cans, wires, clay, plasticine, fabric, fibre, etc as a way of looking after the environment and awareness. Show them pictures of poorly maintained environments, do some projects to allow children explore their environment.
· Ask learners to go home and observe the environment and let them come and report their findings. Undertake simple projects like burying a mixture of plastics and materials that decompose. Observe after some days/or week. Ask them questions about their experience with the environment.

Caution: Safety of learners is important as they explore their environment. Do not allow them touch or taste dangerous things in the environment.
Unit summary
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Summary
	In this unit you learned the concept of environmental science (biotic and abiotic elements of the environment; i.e. plants, animals, air, water, weather, rocks, ourselves and built environment). 

· The reasons for teaching environmental science to learners at ECE level.

· Sustainable use of the environment.



Assignment
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	1) In your own way, define the term environment.

2) Can a young child learn environmental science?

            If yes, how is it possible?




Assessment
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	1) Distinguish between environment and environmental science.

2) Why should you teach Environmental Science to learners at EC E level?

3) Explain how to conserve fish in Zambian environment.



Unit 2

Living and non-living things
Introduction
In this unity you will be introduced to living and non-living things and their characteristics. You will also learn about plant and animal cells.

Upon completion of this unit you should be able to:
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Outcomes
	· State the  characteristics of living things and non- living things

· Describe cells as basic units of living organisms
· Draw the basic structure of an animal plant and cell
· State the differences between plant and animal cells

· State the structural functions of cell organelles

· Describe cellular organisation (atoms, molecules, organelles, tissues, organs and systems) of animals and plants Observe plant and animal cells under the  microscope
· Develop teaching skills on living and non-living things.
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Terminology

Atom:

Smallest particle of an element that takes part in a chemical reaction.

Molecule:
An electrically neutral group of two or more atoms held together by chemical bonds.
Organelle:
A tiny cellular structure that performs specific functions within a cell. 

Tissue:

A group of cells found together in the body and perform a specific task.
cell:

Smallest or basic unit of life.

organ:

A group of tissues in a living organism adapted to perform a specific function.

Plant:

A multicellular, predominantly photosynthetic eukaryote of the kingdom plantae.
Animal:

A multicellular eukaryotic organism that form the biological kingdom Animalia.

	


Characteristics of living and non-living things
Can you brainstorm and come up with the characteristics that classify matter as either living or non-livings. You can call living things as organisms. Show certain common characteristics that distinguish non-living organisms from living organisms.
The characteristics of living organisms include:
1. Movement- moving of the whole or part of the organism (although air moves, water flows, car moving. It doesn’t mean these are living things. These move under the influence of external forces).
2. Responsiveness- reaction to stimulus

3. Growth- uniform, permanent increase in size. It also involves the addition of new materials that are incorporated into the organism.

4. Feeding- organism is able to take in and assimilate materials.

5. Reproduction- should be able to reproduce themselves or perpetuate their species

6. Respiration – release of energy in a controlled and usable form from living cell.


7. Excretion –toxic substances must be eliminated or stored in harmless form.

8. Homeostasis- able to control their internal conditions so that their cells have a constant chemical and physical environment in which they can function effectively.

9. Evolution- living organisms should be able to change into new forms of life.

Structure of the cell (plant and animal cell)

The cell theory

You may wonder how the cell concept began! While, wonder no more. The cell theory was proposed by Mathais Scheiden and Theodor Schwann in 1889 and it stipulates that:
· All living things are made of the cells

· Cells are the smallest working unit of all living things.

· All cells come from pre-existing cells through cell division

· Given suitable conditions, a cell is capable of independent existence.

Cell structure

You can now state that a cell is the lowest level of structure capable of performing all the activities of life. 
Cell organisation
· Both molecular and cellular organization. 

· Living things must be able to organize simple substances into complex ones from atoms, molecules, organelles, tissues, organs and systems. 

· Tissue - a group of cells that perform a common function. 

· Organ - a group of tissues that perform a common function. 

· Organ system - a group of organs that perform a common function. 

· Organism - any complete living thing.
You can summarise cellular organisation by the following list:
Atoms (Smallest)

Molecules

Cells

Tissues

Organs

Systems

Organism

Population

Community

Ecosystem (Biome)

Biosphere (Biggest)

Created by Brochez B.F.J GCSE Biology 2006

What Is a Plant Cell? 
To help you appreciate a plant cell, you can look at the diagram below: 
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Figure 1 Plant Cell. Source: Brochez B.F.J GCSE Biology 2006

· Plant cells are similar to animal cells in that they are both have similar organelles. However, there are a number of differences between plant and animal cells.  You can check the table below. 
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Table 1 Differences between Plant and Animal Cells
Source: Brochez B.F.J GCSE Biology 2006
Plant Cell: Structures and Organelles

The following are examples of structures and organelles that can be found in typical plant cells:
· Cell (Plasma) Membrane - a thin, semi-permeable membrane that surrounds the cytoplasm of a cell, enclosing its contents.

· Cell Wall - outer covering of the cell that protects the plant cell and gives it shape.

· Chloroplast - the sites of photosynthesis in a plant cell. They contain chlorophyll, a green pigment that absorbs energy from sunlight.

· Cytoplasm - gel-like substance within the cell membrane containing water, enzymes, salts, organelles, and various organic molecules.

· Endoplasmic Reticulum (ER) - extensive network of membranes composed of both regions with ribosomes (rough ER) and regions without ribosomes (smooth ER). The ER synthesizes proteins and lipids.

· Golgi Complex - responsible for manufacturing, storing and shipping certain cellular products including proteins.

· Mitochondria - these organelles generates energy for the cell by converting glucose (produced by photosynthesis) and oxygen to ATP. This process is known as respiration.

· Nucleus - membrane bound structure that contains the cell's hereditary information (DNA).

· Ribosomes - consisting of RNA and proteins, ribosomes are responsible for protein assembly. They can be found either attached to the rough ER or free in the cytoplasm.

· Vacuole - structure in a plant cell that provides support and participates in a variety of cellular functions including storage, detoxification, protection, and growth. When a plant cell matures, it typically contains one large liquid-filled vacuole. You can look at the diagram below:
Animal cell
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Figure 2.  Animal Cell. Source Brochez B.F.J GCSE Biology 2006

· The cells of animals are advanced and complex. Along with plants and fungi, the cells of animals are eukaryotic. Eukaryotic cells are relatively large cells with a nucleus and specialized structures called organelles.

· Although animal cells can vary considerably depending on their purpose, there are some general characteristics that are common to all cells. These include structures such as the plasma membrane, cytoplasm, nucleus, mitochondria, and ribosomes.

Plasma membrane

· The plasma membrane is a porous membrane that surrounds an animal cell. It is responsible for regulating what moves in and out of a cell. The plasma membrane is made from a double layer of lipids. Extra compounds such as proteins and carbohydrates are embedded into the lipid membrane and perform roles such as receiving cellular signals and creating channels through the membrane.
Nucleus

· The cells of animals and plants almost always have a ‘true’ nucleus. A nucleus consists of a nuclear envelope, chromatin, and a nucleolus.

· The nuclear envelope is made from two membranes and encapsulates the contents of the nucleus. The double membrane has numerous pores to allow substances to move in and out of the nucleus.

· Inside the nuclear envelope, the majority of the nucleus is filled with chromatin. Chromatin contains the majority of a cell’s DNA and condenses down to chromosomes as a cell divides. The nucleolus is the center core of the nucleus and produces organelles called ribosomes.

Cytoplasm

· The cytoplasm is the internal area of an animal cell that isn’t occupied by an organelle or nucleus. It consists of a jelly-like substance called ‘cytosol’ and allows organelles and cellular substances to move around the cell as needed.

Endoplasmic reticulum (ER)

· The endoplasmic reticulum is a network of membranes found within almost all eukaryotic cells. The membranes are connected to the membrane of the cell’s nucleus and are important for many cellular processes such as protein production and the metabolism of lipids and carbohydrates.

· The endoplasmic reticulum includes both the smooth ER and the rough ER. The smooth ER is a smooth membrane and has no ribosomes, whereas the rough ER has ribosomes that are used to produce proteins.

Mitochondria

· Mitochondria are one of the most important of all organelles. They are the site of cellular respiration – the process that breaks down sugars and other compounds into cellular energy. It is in the mitochondria where oxygen is used and CO₂ is produced as a byproduct of respiration.

Golgi apparatus

· The golgi apparatus is another set of membranes found within the cell but is not attached to the nucleus of the cell. It serves many important functions including modifying proteins and lipids and transporting cellular substances out of the cell.

Ribosomes

· Ribosomes are involved in the process of creating proteins. They can be either attached to the endoplasmic reticulum or floating freely in the cell’s cytoplasm.

Peroxisomes

· These small organelles perform a number of functions regarding the digestion of compounds such as fats, amino acids, and sugars. They also produce hydrogen peroxide and convert it to water.

Lysosomes

· A lysosome is the waste disposal unit of the cell. They are another small organelle and contain a range of enzymes that allow them to digest molecules such as lipids, carbohydrates, and proteins.

Centrosomes

· Centrosomes are involved in cell division and the production of flagella and cilia. They consist of two centrioles that are the main hub for a cell’s microtubules. As the nuclear envelope breaks down during cell division, microtubules interact with the cell’s chromosomes and prepare them for cellular division.

Villi

· Villi are needle-like growths that extend from the plasma membrane of a cell. For some cells, such as the cells along the wall of intestines, it is important to be able to rapidly exchange substances with their surrounding environment. Villi increase the rate of exchange of materials between cells and their environment by increasing the surface area of the plasma membrane. This increases the space available for material to move in and out of the cell.

Flagella

· Movement is particularly important for certain animal cells. Sperm cells, for example, live for the sole purpose of traveling to an egg and fertilizing it. Flagella (plural of flagellum) provide the mechanical ability for cells to move under their own power. A flagellum is a long, thin extension of the plasma membrane and is driven by a cellular engine made from proteins.

 Differences between plant, fungal and animal cells

· Animal cells have slight differences to the eukaryotic cells of plants and fungi. The clear differences are the lack of cell walls, chloroplasts and vacuoles and the presence of flagella, lysosomes and centrosomes in animal cells.

· Plant and fungal cells have cell walls. A cell wall is an external structure that surrounds the plasma membrane and provides protection and structural support. Plant cells also have chloroplasts and vacuoles. Chloroplasts are the site of photosynthesis and vacuoles are large sac-like organelles used to store substances.

· Plant cells lack flagella, lysosomes and centrosomes. Fungal cells typically have lysosomes and centrosomes but very few species have flagella. The main difference between fungal and animal cells is the presence of a cell wall in fungal cells.

Prokaryotic and Eukaryotic cells

· The major difference between prokaryotic and Eukaryotic cells is the location of chromosomes. In Eukaryotic cells chromosomes are contained in a membrane-enclosed organelle, the nucleus.eg plants and animals.

· In prokaryotic cells, the DNA is concentrated in the nucleoid without a membrane separating it from the rest of the cell eg Bacteria.

· Plant and animal cells are both Eukaryotic (Which means that the cells contain a nucleus and have many structures and functions in common.

Teaching skills

· Take your learners on a walk around the school e.g. the grounds or gardens and look for living and non-living things. You can also use a living thing in real life like a chicken and ask the children whether it is dead or living and what make them think it is dead or living. You may bring a note book or clip board to take down some notes.  Remind the learners that they are also living organisms. As you interact, ask the learners what living and non-living things they have at home.

· Draw pictures of various things and ask the learners to colour and identify living and non-livings.

· Provide flash cards/ pictures of various living and non-living things. Ask the learners to identify and group them into living and non-living things.
Unit summary
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Summary
	In this unit you learned that:

· Matter can be classified as either living or non-living. 
· Living things are called organisms and all tend to show certain common characteristics distinguishing them from non-living things.
·  Animal cells are typically large, specialized eukaryotic cells – they contain a nucleus and numerous organelles

· The plasma membrane surrounds an animal cell

· Almost all of a cell’s DNA is kept inside its nucleus

· Endoplasmic reticulum (ER) is a network of membranes connected to the nucleus – it includes the smooth ER and the rough ER

· Cellular respiration occurs in the mitochondria

· Ribosomes produce proteins – they can be found in the endoplasmic reticulum or freely floating

· Animal cells have lysosomes for digestion, centrosomes to help with cell division and sometimes flagella to help with movement – none of these three organelles are found in plant cells

· The cells of animals lack cell walls, chloroplasts and vacuoles which are all found in plant cells

· Different types of specialized cells are found in different tissues and have features relative to their function e.g. nerve cells have axons and dendrites to send and receive messages.


Assignment
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Assignment
	1.0 Go out of the classroom and collect five different things. Come back to the classroom and classify what you collected as either living or non-living. Why have you classified some collections living and others non-living? 

2.0 Identify these cell structures from their descriptions:

(a) Structures which contain chlorophyll

(b) Cavity that is found in plant cells

(c) Contains cellulose and surrounds a plant cell

(d) Jelly-like material which fills most of the cell

(e) Coloured threads found inside the nucleus

(f) The sites of aerobic respiration

(g) Controls the entry and exit of substances

(h) Carries the genetic information, and controls the activities of the cell.


Assessment

1. Get an onion bulb, remove the outer scales, then peel off a thin layer and make a slide (temporary). Observe the slide under the light microscope. Then draw and label at least two clearly seen plant cells.

2. Gently scrape the inside of your cheek with your finger nail and mount the scrapings in a drop of water on a microscope slide. Cover with a cover slip. Observe under the microscope. Locate a single cell and examine it under high power.

Unit 3

Human Body
Introduction

In this unit, you will explore the main external and internal parts of the human body and functions. You will also develop knowledge and skills on how to teach the human body to your learners.
Upon completion of this unit you will be able to:
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Outcomes
	· identify the main external and internal parts of the human body 

· describe the functions of the main external and internal parts of the human body (skin, skeletal, muscular, digestive, circulatory, respiratory, excretory, reproductive, hormonal, and lymphatic and immune systems).
· discuss the functions of four types of human teeth-incisor, canine, premolar and molar

· demonstrate an understanding of the physical and chemical breakdown of food in the alimentary canal
· develop teaching skills on the main external and internal parts of the human body and functions.
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Terminology
	Absorption:

	The process of moving digested food into the blood

	
	Adrenaline:

	A hormone produced by glands that prepares the body for emergency situations and/or stress

	
	Aerobic Respiration:
	The process of respiration using the oxygen from the atmosphere. 


	
	Alveoli:
	Tiny air sacs, present in the lungs, where gas exchange takes place

	
	Antagonistic Muscles:
	Pairs of muscles that work together to cause movement of joints.


	
	Capillary:
	The smallest blood vessel, through which substances are exchanged to and from the blood.


	
	Digestion:
	The process of breaking down food molecules.

	
	Gametes:
	Sex cells produced in sexual reproduction.


External parts of the body and their functions
Which parts of the human body can you list as being external?

	Name of body part
	Function

	Head

Eyes

Nose

Mouth

Neck

Head hair

Ears
	-Holds eyes, nose, mouth, head hair and contains brain that controls the activities of the body

-for sight

-used for breathing in and out of air, and sense of smell

-entry of food and chewing. Also used for talking

-connects head to the chest region and contains air and food passage

-covering and protecting skin of the head

-for hearing

	Chest region

Arms with hands

Shoulder 

Chest 


	-Holds shoulder, arms and chest itself

-for handling things e.g. writing, lifting etc

-holds the arms

-connects the body to the abdomen and inside has ribs and lungs which helps in breathing

	Abdomen 

Belly and waist

Sexual organs

Legs
	-consist of belly and waist, sexual organs and a pair of legs

-contains stomach, small and large intestines[digestion occurs in these organs]

-responsible for reproduction

-used for movements

	Skin 
	-is the outer layer of the body. Is vital in homeostasis of the body and protects the inner body


How can you take care of your body? 

Your body as a human being is amazing. You are always working and growing, changing food to fuel and fighting illness and germs. You take care of children’s bodies by making sure that children have everything they need to grow and maintain good health. As kids get older and become more mature, they take over some of the responsibility for taking care of their bodies, and they learn that bodies need several different kinds of care to function well. To take care of your body, the following are some steps you can take: 
Step 1 

Eat a healthy diet with food from all of the food groups: milk (dairy products), fruits and vegetables, grains and protein. Food provides vitamins and minerals your body needs, like calcium and iron. Start each day with breakfast, and choose healthy snack food between meals. Limit the amount of sugar in your diet, and drink water.

Step 2 

Clean your body by taking a bath or shower. Wash your entire body from head to toe, including your face, and wash your hair regularly. A clean body is healthier, smells fresh and makes you feel good about yourself. Let your parents know if you are ready for deodorant and skin care products.

Step 3 

Brush and floss your teeth after meals and snacks. If you take good care of your teeth, they can last your whole life. Healthy teeth have fewer cavities and less plaque build-up. Keep your breath fresh by keeping your teeth and gums clean.

Step 4 

Control germs by washing your hands often with soap, especially if you or someone near you is not feeling well. Wash your hands before meals, after using the toilet, after taking out the garbage and after blowing your nose. Wash your hands before setting the table or touching food, and cover your mouth and nose when you sneeze or cough.

Step 5 

Exercise your body every day by finding ways to stay active. Play games that involve jumping, running and playing. Take walks, go swimming or help out with household chores. Exercise and physical activity keep your heart healthy, strengthen bones, help you to stay in shape and improve your thinking processes. According to The President’s Council on Physical Fitness and Sports, physical activity is a good way to make friends and have fun with your family.

Step 6 

Get enough sleep. Your body needs sleep to get ready for the next day. Your brain needs sleep so you can concentrate, remember and solve problems. While you are asleep, your body is growing, finding new ways to fight illness and building strength.
Body systems

The skeletal system

Let us now look at the Human body and its skeleton. Can you study the figure 3 below and examine the functions that follow.
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Figure 3 Human Skeleton
Source: The Human Skeletal System. Brochez B.F.J. GCSE Biology 2006

Functions of the skeleton

The following are some of the functions of the skeleton. Study them and see whether you can identify additional ones.
1. Support: the skeleton holds the body off the ground and keeps its shape even when muscles are contracting to produce movement.

2. Protection: the brain is protected from injury by being enclosed in the skull. The rib cage protects the heart, lungs and liver.

3. Movement: many bones of the skeleton act as levers. When muscles pull on these bones, they produce movements such as the raising of the ribs during breathing, the chewing action of the jaws and raising of arms.

Bones

A bone is a hard tissue that resists bending and compression forces. It contains living cells and non-living fibres. The fibrous tissue between the cells becomes hardened by a deposit of calcium salts such as calcium phosphate. Although bone contains a high proportion of non-living material it is penetrated by blood vessels which keep the cells alive and allow growth and repair to take place when a bone is broken. Bones form the framework of the skeleton.

 Muscular system
Muscles are organs of movements in the body. They are arranged in antagonistic pairs. Each member of a pair brings about a movement which is directly opposite to that brought about by the other member, namely flexors and extensors. 

Below in figure 4 are diagrams showing biceps and triceps muscles of the arm
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Figure 4 Biceps and Triceps of the arm
Source: Brochez B.F.J. GCSE Biology 2006
The hinge joint of the elbow illustrates how antagonistic muscles operate. The two muscles that bring about the movement of this joint are the biceps and triceps. Contraction of the biceps causes the arm to be raised. Hence biceps are called flexor muscles. When the biceps contracts, the triceps relaxes and the arm is raised. When the triceps contracts, the biceps relax and the arm is straightened. Hence triceps are called extensor muscles.
The circulatory system
There are 3 main kinds of blood vessels – arteries, veins and capillaries. 
· Arteries carry blood away from the heart. They divide again and again, and eventually form very tiny vessels called capillaries. 

· The capillaries gradually join up with one another to form large vessels called veins. 

· Veins carry blood towards the heart.

Plan of the main blood vessels in the human body
The comparison of blood vessels structure and functions
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Table 2 Comparison of blood vessels. Source: Brochez B.F.J. GCSE Biology 2006
The transfer of materials between capillaries and tissue fluid
As blood enters capillaries from arterioles (small arteries), it slows down. This allows substances in the plasma, as well as oxygen from red blood cells, to diffuse through the capillary wall into the surrounding tissues (the capillary wall is thin and permeable). Liquid in the plasma also passes out. This forms tissue fluid, bathing the cells. Waste products from the cells, e.g. carbondioxide, diffuse back through the capillary walls into the plasma. Some of the tissue fluid also passes back.

Diffusion is responsible for the transfer of materials between capillaries and tissue fluid.
Blood cells - structure and functions
	Blood consists of cells floating in plasma. 
· Most of the cells are red blood cells. 

· A much smaller number are white blood cells.

· There are also fragments formed from special cells in the bone marrow, called platelets. 


	

	Red and white blood cells as seen under a light microscope.
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Figure 5 Blood Cell  structure
	


Source: Brochez B.F.J. GCSE Biology 2006
Blood as seen through a microscope:

· The largest cells are white cells. 

· The others are all red cells. 

· There are also a few platelets. 
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Figure 6 Blood from microscope view. Source: Brochez B.F.J. GCSE Biology 2006
Functions of blood cells 
· Red blood cells transport oxygen.

· White blood cells protect against disease.

· Blood platelets help the blood to clot.


1. Red blood cells (erythrocytes)

· Made in the bone marrow of some bones, including ribs, vertebrae and some limb bones. 
·  Transport oxygen from lungs to all respiring tissues. Prepare carbondioxide for transport from all respiring tissues to lungs.
· Contain haemoglobin, a red iron-containing pigment which can carry oxygen. In the lungs, haemoglobin combines with oxygen to form oxyhaemoglobin. 

· Have no nucleus --> can fit more  haemoglobin inside the cytoplasm, but can live only for about 4 months. 
· Have a special biconcave disc shape --> increases the surface area and makes the diffusion of oxygen into & out of the cell easier.

· Old red blood cells are broken down in the liver, spleen and bone marrow. Some of the iron from the  haemoglobin is stored, and used for making new Hb, some of it is turned into bile pigment and excreted.


2. White blood cells (leukocytes)
· Made in the bone marrow and in the lymph nodes.

· Have a nucleus, often large and lobed.

· Can move around and squeeze out through the walls of blood capillaries into all parts of the body.

· There are many different kinds of white blood cells. They all have the function of fighting pathogens (disease-causing bacteria and viruses) and to clear up any dead body cells in your body: 


a. Phagocytes: 
· Have lobed nuclei and granular cytoplasm.

· Can move out of capillaries to the site of an infection. 

· Remove any microorganisms that invade the body and might cause infection, engulf (ingest) and kill them by digesting them. 

 b. Lymphocytes: produce antibodies to fight bacteria and foreign materials.   

· Have large nuclei
· Responsible for immunity
· There are two different types of lymphocytes:

· 
B-lymphocytes: secrete special proteins called antibodies in response to contact with their particular antigen, which may be an invading pathogen or a foreign tissue that has been transplanted. 

T-lymphocytes attack foreign or infected cells and kill them.


3. Platelets (thrombocytes) 
Functions of the blood
· Transportation of R.B.C’s, W.B.C’s, oxygen, food nutrients, hormones, and waste products.

· Defence against disease, by white blood cells phagocytosis and production of antibodies.

· Supplying cells with glucose to respire and keep a constant temperature.﻿﻿

The mammalian heart
The heart consists of a range of tissues. The most important one is cardiac muscle. The cells have the ability to contract and relax through the complete life of the person, without ever becoming fatigued. Each cardiac muscle cell is myogenic. This means it has its own inherent rhythm.
Structure
The heart consists of four chambers, right and left atria above right and left ventricles. The functions of each part are as follows.

• The right atrium links to the right ventricle by the tricuspid valve. This valve prevents backflow of the blood into the atrium above, when the ventricle contracts.
• The left atrium links to the left ventricle by the bicuspid valve (mitral valve). This also prevents backflow of the blood into the atrium above. 

• Ventricles have thicker muscular walls than atria. When each atrium contracts it only needs to propel the blood a short distance into each ventricle.
• The left ventricle has even thicker muscular walls than the right ventricle. The left ventricle needs a more powerful contraction to propel blood to the systemic circulation (all of the body apart from the lungs). The right ventricle propels blood to the nearby lungs. The contraction does not need to be so powerful. 

Lymphatic system
What does the lymphatic system do?

The lymphatic system is part of the immune system. It also maintains fluid balance and plays a role in absorbing fats and fat-soluble nutrients. The lymphatic or lymph system involves an extensive network of vessels that passes through almost all our tissues to allow for the movement of fluid called lymph. Lymph circulates through the body in a similar way to blood.

There are about 600 lymph nodes in the body. These nodes swell in response to infection, due to a build-up of lymph fluid, bacteria, or other organisms and immune system cells. A person with a throat infection, for example, may feel that their "glands" are swollen. Swollen glands can be felt especially under the jaw, in the armpits, or in the groin area. These are, in fact, not glands but lymph nodes. They should see a doctor if swelling does not go away, if nodes are hard or rubbery and difficult to move, if there is a fever unexplained weight-loss, or difficulty breathing or swallowing.

Importance of the lymphatic system

· The lymphatic system plays a key role in the immune system, fluid balance, and absorption of fats and fat-soluble nutrients.

· As lymph vessels drain fluid from body tissues, this enables foreign material to be delivered to the lymph nodes for assessment by immune system cells.

· The lymph nodes swell in response to infection, due to a build-up of lymph fluid, bacteria, or other organisms and immune system cells.

· Lymph nodes can also become infected, in a condition known as lymphadenitis.

· If lymph nodes remain swollen, if they are hard and rubbery, and if there are other symptoms, you should see a doctor.

The lymphatic system has three main functions:

· It maintains the balance of fluid between the blood and tissues, known as fluid homeostasis.

· It forms part of the body's immune system and helps defend against bacteria and other intruders.

· It facilitates absorption of fats and fat-soluble nutrients in the digestive system.

What is the spleen?

The spleen is not connected to the lymphatic system in the same way as lymph nodes, but it is lymphoid tissue. This means it plays a role in the production of white blood cells that form part of the immune system. 

The thymus gland

It secretes hormones and is crucial in the production, maturation, and differentiation of immune T cells. It is active in developing the immune system from before birth and through childhood.

The bone marrow

Bone marrow is not lymphatic tissue, but it can be considered part of the lymphatic system because it is here that the B cell lymphocytes of the immune system mature.

The immune system

The lymphatic system produces white blood cells, or lymphocytes that are crucial in fending off infections. The third function is to defend the body against unwanted organisms. Without it, we would die very soon from an infection. Our bodies are constantly exposed to potentially hazardous micro-organisms, such as infections.

The body's first line of defense involves:

· physical barriers, such as the skin

· toxic barriers, such as the acidic contents of the stomach

· "friendly" bacteria in the body

The respiratory system
Your respiratory system’s primary function is to breathe in air, absorb oxygen into the bloodstream, and breathe out carbon dioxide.

Air comes into the body through the nose or mouth, and enters the airways. Airways are the tubes that carry air into our lungs. As they branch out, they become smaller and smaller, and eventually connect to small air sacs where fresh oxygen from the air is exchanged for carbon dioxide in the blood. This oxygen is then taken through the blood to the rest of your body, where it is used to produce energy.

Here are the main components of your respiratory system:
Trachea:

This is your main windpipe, which starts at the back of your throat. 

Bronchi:

You have two of these, a left and right one that split off from the trachea to feed each lung. 

Bronchioles:

These tiny tubes branch off from the bronchi, extending throughout all of your lungs.



Source: Brochez B.F.J. GCSE Biology 2006
Alveoli:

These are the tiny air sacs that connect to each bronchiole. Blood passes through here, exchanging fresh oxygen from the air for carbon dioxide to be carried back out and exhaled.
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Diaphragm: Source: Brochez B.F.J. GCSE Biology 2006
This is your primary breathing muscle, located at the base of your chest. 

People who suffer from chronic lung disorders have something wrong with one or more parts of this system. This prevents their lungs from working properly, and as a result, prevents their body from getting the oxygen it needs to function properly.
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Source: Brochez B.F.J. GCSE Biology 2006
Ventilation is the mechanics of breathing in and out. When you inhale, muscles in the chest wall contract, lifting the ribs and pulling them, outward. The diaphragm at this time moves downward enlarging the chest cavity. Reduced air pressure in the lungs causes air to enter the lungs. Exhaling reverses these steps.

Diseases of the Respiratory System 

The condition of the airways and the pressure difference between the lungs and atmosphere are important factors in the flow of air in and out of lungs. Many diseases affect the condition of the airways.

· Asthma narrows the airways by causing allergy-induced spasms of surrounding muscles or by clogging the airways with mucus.

· Bronchitis is an inflammatory response that reduces airflow and is caused by long-term exposure to irritants such as cigarette smoke, air pollutants, or allergens.

· Cystic fibrosis is a genetic defect that causes excessive mucus production that clogs the airways. 
The Digestive system
The alimentary canal is a long tube which runs from the mouth to the anus. The wall of the tube contains muscles, which contract and relax to make food move along. This movement is called peristalsis. To help the food slide easily through it, the alimentary canal is lubricated with mucus. Mucus is made in the goblet cells which occur all along the alimentary canal. Each part of the alimentary canal has its own part to play in the digestion, absorption, assimilation, egestion and ingestion.

Below is a diagram of the human digestive system.
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Source: Brochez B.F.J. GCSE Biology 2006
Digestion in the Mouth

Food is ingested using the teeth, lips and tongue. The teeth then grind the food into smaller pieces. The tongue mixes the food with saliva, and forms it into a bolus. The bolus is then swallowed. Saliva, made in the salivary glands is a mixture of water, mucus and the enzymes amylase. Amylase begins to digest starch in the food to maltose.

Behind the trachea is the oesophagus, which takes bolus down to the stomach. When you swallow, a piece of cartilage covers the entrance to the trachea. It is called the epiglottis, and it stops bolus of food from going down into the lungs.

Digestion in the Stomach

The stomach has strong, muscular walls. The muscles contract and relax to churn the food and mix it with the enzymes and mucus. The mixture is called chyme. The stomach wall contains cells which produce an enzyme called pepsin, and others which make hydrochloric acid. Pepsin begins to digest proteins by breaking them down into polypeptides. Pepsin works best in acidic conditions. The acid also helps to kill any bacteria in the food. The stomach can store food for quite a long time. After one or two hours, the sphincter muscles at the bottom of the stomach opens and lets the chyme into the duodenum.

	Part of canal
	Juice secreted
	Where made
	Enzymes in juice
	Substrate 
	Product 
	Other substance in juice
	Function of other substances in juice

	Mouth 
	Saliva 
	Salivary glands
	Amylase 
	Starch 
	maltose
	
	

	Stomach 
	Gastric juice
	In pits in wall of stomach
	Protease

[pepsin]
	proteins
	Polypeptides
	Hydrochloric acid
	Acid environment for pepsin; kill bacteria

	
	Bile 
	Liver, stored in 

gall

bladder
	None
	
	
	Bile salts

Bile pigments
	Emulsify fats

Excretory

Products

	Ileum 
	No juice secreted; enzymes remain in or on the cells covering the villi
	By cells

Covering the villi
	Maltase

Sucrase

Lactase 

Peptidase

Lipase
	Maltose

Sucrose

Lactose 

Polypeptides

Emulsified fats
	Glucose

Glucose

and 

fructose

Glucose 

and 

galactose

Amino

Acids

Fatty acids and glycerol
	
	


Summary of chemical digestion in the human alimentary canal

The Nervous system
The human nervous system is made up of two parts: 

· Central nervous system (CNS) - brain and spinal cord: role of  coordination

· Peripheral nervous system - nerves: connect all parts of the body to the CNS. 

Together, they coordinate and regulate body functions.

Sense organs are linked to the peripheral nervous system. They are groups of receptor cells responding to specific stimuli: light, sound, touch, temperature and chemicals. When exposed to a stimulus they generate an electrical impulse which passes along peripheral nerves to the CNS, triggering a response. 

Peripheral nerves contain sensory and motor neurones (nerve cells). 

Motor and sensory neurones are covered with a myelin sheath, which insulates the neurones to make transmission of the impulse more efficient. 
The cytoplasm (mainly axon and dendron) is elongated to transmit the impulse for long distances.

Fun fact: The human nervous system runs on electrical impulses that travel close to the speed of light.

· There are three basic types of neurones that are grouped according to their function:

· Motor neurones (efferent neurones) take nerve impulses from the CNS to skeletal muscle causing it to contract

· Sensory neurones (afferent neurones) take nerve impulses from sensory receptors into the CNS

· Relay (or sometimes Inter) neurones are found within the CNS and basically link sensory to motor neurones.

The Endocrine system and its functions 
The Endocrine system (along with the nervous system) controls and regulates the complex activities of the body. The Endocrine system regulates the activities of the body by secreting complex chemical substances (hormones) into the blood stream. These secretions come from a variety of glands which control various organs of the body. The key functions are:

· To regulate the metabolic functions of the body.

· To regulate the rate of chemical reactions in various cells.

· To influence the ability of substances to transport themselves through cell membranes.

Hormones

· are secreted from the glands of the endocrine system.

· they are specific in that each hormone causes a response in a specific target organ or group of cells, rather than on the body as a whole.

· Exocrine hormones are secreted via a duct into the blood and usually effect a distant organ or tissue.

·  Endocrine hormones are secreted within the tissue (rather than via a duct) and enter the blood stream via capillaries. 

Glands

· Discharge hormones directly into the bloodstream. They have built in feedback mechanisms that maintain a proper balance of hormones, and prevent excess hormone secretion. 
· Low concentrations of a hormone will often trigger the gland to secrete. Once the concentrations of the hormone in the blood rise this may cause the gland to stop secreting, until once again hormone concentrations fall. This feedback mechanism (which is characteristic of most glands) causes a cycle of hormone secretions. 

· Once hormones have served their function on their target organs/tissues they are destroyed. They are either destroyed by the liver or the actual tissues of the target organs. They are then removed by the kidneys. 

The Pituitary Gland

· This is known as the "master gland" because it exerts control over all of the other glands of the endocrine system. Despite its importance the pituitary gland is no larger than a small pea. 
· The Pituitary gland is made up of two separate glands: the Anterior lobe which is an outgrowth of the pharynx. The Anterior lobe secretes six major hormones that affect most of the body, including the other Endocrine glands. These are:
(i) ACTH (Adrenocorticotrophic hormone) stimulates the adrenal glands to secrete its hormones.

(ii) hGH (Human growth hormone) also known as somatotrophic hormone is responsible for the growth of long bones, muscles and viscera.

(iii) TSH (Thyroid stimulating hormone) influences the structure of the thyroid and causes it to secrete thyroid hormone.

(iv) FSH (Follicle stimulating hormone) stimulates female egg production or male sperm production.

(v) PRL (Prolactin) in females causes the corpus luteum the area around the mature follicle to produce two important hormones: Oestrogen and Progesterone. During pregnancy PRL is also responsible for the development of the glandular tissues of the breast which produce milk.

(vi) LH (Luteinzing hormone) works in conjunction with FSH in females to cause ovulation and prepares the uterus for pregnancy, in males the testes to secrete testosterone.

The Posterior Lobe of the Pituitary Gland stores and releases hormones secreted by the hypothalamus section of the brain including:

(i) ADH (Antidiuretic hormone) stimulates the smooth muscles, blood vessels and the intestine. ADH increases the kidney's permeability to water allowing the body to re-absorb water that would otherwise escape in urine.
(ii) OT (Oxytocin) stimulates the smooth muscles of the uterus during pregnancy, causing it to contract during labour. It also stimulates the lacteals (milk ducts) in the breast.

The Thyroid gland

The thyroid is a butterfly shaped gland which is located at the base of the throat. It has two lobes separated in the middle by a strip of tissue (the isthmus). The Thyroid itself secretes three main hormones:

(i) Thyroxine contains iodine which is essential for the body's normal growth, and metabolism. Thyroxine helps control body size, regulating not only the growth of tissues but also the differentiation or specialisation of tissues.

(ii) Triiodothyronine has similar functions to thyroxine.

(iii) Calcitonin causes a decrease in the concentration of calcium in the blood. Calcitonin works with secretions from the parathyroid glands to maintain the balance of calcium necessary for the body to function.
The Pancreas

The pancreas is a long, narrow, lobed gland located behind the stomach. The Pancreas has two types of cells: exocrine and endocrine cells. The exocrine cells secrete Pancreatic juices which are used in the duodenum as an important part in the digestive system. The endocrine cells are arranged in clusters throughout the Pancreas, these known as Islets of Langerhans . There are three types of endocrine cells; alpha cells which secrete glucagon, beta cells which secrete insulin, and delta cells which inhibit the secretion on glucagon and insulin:

· Glucagon increases the blood glucose level by stimulating the liver causing convert Glycogen into Glucose (sugar).

· Insulin increases the cells permeability to glucose, which the cells use for energy. By promoting the utilisation of glucose by the tissue cells, insulin causes a decrease in the concentration of glucose in the blood. Insulin also promotes the storage of glycogen in the liver.

The Adrenal Glands

The adrenal glands resemble small caps perched on top of each kidney. The Adrenal is actually a combination of two glands the adrenal cortex and the adrenal medulla.

The adrenal cortex is essential for life, as opposed to the adrenal medulla which is important but not indispensable. The anterior pituitary controls the adrenal cortex by secreting the hormone ACTH. All of the secretions of the adrenal cortex are known as steroids, many of which can now be manufactured synthetically. The adrenal cortex is made up of three layers associated with three classes of hormones:

The Adrenal Medulla is the inner part of the adrenal gland. The hormones secreted effect the structures in the body that are under the control of the sympathetic nervous system, aiding the body to deal with stressful situations such as fright, attack or pursuit. They are both associated with an increased heart beat, higher blood pressure, and higher blood glucose levels, thus preparing the body for quick action.

· Adrenalin (or epinephrine) affects both alpha and beta receptors in the nervous system.

· Noradrenalin (Norepinephrine) affects only the alpha receptors of the nervous system.
The Gonads

The gonads consist of ovaries in the female and testes in the male. These glands produce hormones important in the development and functioning of the reproductive organs. They are under the control of the pituitary gland, and produce the secondary sexual traits.

Male testes are egg shaped glands located in the sac like scrotum, and serve two main functions: (i) The production of sperm cells, and (ii) The secretion of testosterone. Testosterone is the masculine hormone inducing male secondary sexual characteristics after puberty.

Female ovaries are two almond shaped glands on each side of the uterus. They have three main functions; (i) Containing immature ova (eggs), (ii) The secretion of oestrogen, and (ii) the secretion of progesterone. Oestrogen acts on the structure of the reproductive organs, especially during the menstrual cycle and maintains female secondary sexual characteristics. Progesterone works on the uterus to prepare it for the implantation of a fertilised ovum (egg). It causes the development of the breasts, and is essential for the complete development of the maternal proportion of the placenta.

Diabetes Mellitus is a condition with under-secretion of insulin, causing the cells to loose their permeability to glucose preventing them from getting sugar needed for energy. Sugar remains in the blood and often the body will try and remove this leading to high sugar content in the urine, causing polyuria (passing of large volumes of urine) and polydipsia (excessive thirst).
The reproductive system
Reproduction in humans is when the male gamete (sperm) fuses together with the female gamete (ovum/egg).
At first, it is just one single cell, which duplicates over and over until after 9 months.

Male reproductive system
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· Testes: produce sperm and testosterone

· Scrotum: a sac that keeps testes cool (outside body)

· Sperm ducts: link testis to urethra: allow passage of semen containing sperm

· Prostate gland: produce alkaline fluid ---> semen

· Urethra: urinate; pass semen (+sperm) through penis

· Penis: become firm, inserted into vagina during sexual intercourse ---> transfer sperm.
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Source: Brochez B.F.J. GCSE Biology 2006
Female reproductive system
· Ovaries: contains follicles, produce and stores eggs, produce oestrogen
· Oviducts: carries ovum to uterus; Fallopian tubes = site of fertilisation

· Uterus – where fetus develops

· Cervix- a ring of muscles that separate the vagina from the uterus

· Vagina: receives sperm from erect penis during intercourse 
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Source: Brochez B.F.J. GCSE Biology
Fertilisation or fusion of male and female gametes
1. Sexual intercourse involves inserting the erect penis into the vagina. 

· When stimulated, spongy tissue in the penis filled with blood and  becomes erect. 

· At the climax, semen is ejaculated from the penis into the neck of the vagina. 

· Muscles in the wall of the sperm duct help to propel the semen forward

· The sperms with their tails swim from the vagina, through the cervix and uterus, into an oviduct.


2. Fertilisation happens in the oviduct 
· ovum/egg pass down in oviduct

· a single sperm penetrates the membrane of ovum by secreting a protease enzyme; only the head of the 
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Credit: Web MD

· the sperm nucleus and the egg nucleus fuse to form a diploid zygote = ﻿fertilization﻿
· sperm can remain active in the oviduct for at least 2 days and the ovum may take a day to pass from the ovary to the uterus, so there is a fertile period of 3 to 4 days around ovulation when fertilization can happen.


3. The zygote implants in the uterus wall
· the zygote moves slowly down the oviduct. As it goes, it divides by mitosis.

· it takes several hours for the embryo to reach the uterus, and by this time it is a ball of 16 or 32 cells (a blastocyst). 

· the uterus has a thin, spongy lining, and the embryo sinks into it = implantation.

The development of the fetus
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Source: Brochez B.F.J. GCSE Biology 2006
The blastula develops into an embryo and some of the cells form a placenta, linking the embryo with the uterus lining. Organs such as the heart develop and, after 8 weeks, the embryo is called a fetus.

Growth of the fetus requires a good supply of nutrients and oxygen. This is achieved through the link between the placenta and the mother’s blood supply in the uterus lining. The placenta is soft and dark res, and has finger-like projections called villi. The villi fit closely into the uterus wall. 

1. Umbilical cord
· joins fetus to placenta; contains:

· 2 arteries: blood from fetus ---> placenta

· 1 vein: returns blood ---> fetus

2. Placenta
Brings blood supply of fetus close to mother’s
· Blood from the fetus passes through the umbilical cord in the umbilical artery to the placenta. 

· Here it comes close to the mother's blood. 

· transport oxygen + nutrients (amino acids, glucose…) from mother ---> fetus

· transport carbon dioxide + wastes (urea… ) from fetus --->mother (through umbilical vein).

Prevents mixing 
This is really important because the fetus and mother may have different blood groups - any mixing could result in blood clotting, which could be fatal to both mother and fetus. 

3. An amnion protects the fetus

The fetus is surrounded by a strong membrane, called amnion. Inside the amnion is a liquid called amniotic fluid.

Amniotic sac: membrane from embryo cells: encloses fetus, prevents entry of bacteria

Amniotic fluid:  supports, protects fetus from mechanical damage; absorbs urine released by fetus.

Stages of birth, labour
Birth begins when the strong muscles in the wall of the uterus start to contract. This first stage of birth (called labour) is triggered by the hormone oxytocin.

Stages of birth 
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Source: Brochez B.F.J. GCSE Biology 2006
 Stage 1
· The muscular walls of the uterus starts to contract ---> slowly stretch the opening of the cervix. 

· The pressure breaks the amniotic sac, releasing the amniotic fluid.

· Contraction gradually becomes more frequent, pushing the baby down towards the cervix, which become dilated to allow baby to pass through.

Stage 2

The vagina stretches to allow the baby to be born.

Stage 3

The baby is still attached to the placenta by the umbilical cord, so this is cut and tied. The placenta breaks away form the wall of the uterus and passed out (afterbirth). 


Activity
Describe, in sequence the main events which occur during birth. [3 marks]

Cell division

Cell division is the process that takes place in your body. Cell division ensures that the number of cells increase in your body. That is why when you were born, you were smaller but you have grown bigger because cell divides. When you injure yourself the wound heals because cells divide fast at the site of injury. Cell division ensures that animals produce gametes which are involved in sexual production. Banana suckers which are planted in school orchards are result of cell division.

 A parent cell divides into two or more daughter cells. Cell division usually occurs as part of a larger cell cycle.
Cell Division Glossary

Chromosome - A molecule of DNA wrapped around histones that becomes visible during prophase of cell division.

Chromatid - A replicated chromosome: each strand of the 'X' is a chromatid.

Diploid - Cells that have two copies of each chromosome in their nuclei.

Haploid - Cells that have one copy of each chromosome in their nuclei.

Homologous Chromosomes - Chromosomes that have the same genes in the same places. For each homologous pair, one comes from the mother, the other from the father.

Cell cycle
Source: Genetics Home Reference-NIH

Actively dividing cells pass through a series of stages known collectively as the cell cycle: two gap phases (G1 and G2); an S (for synthesis) phase, in which the genetic material is duplicated; and an M phase, in which mitosis partitions the genetic material and the cell divides

· G1 phase. Metabolic changes prepare the cell for division. At a certain point - the restriction point - the cell is committed to division and moves into the S phase.

· S phase. DNA synthesis replicates the genetic material. Each chromosome now consists of two sister chromatids.

· G2 phase. Metabolic changes assemble the cytoplasmic materials necessary for mitosis and cytokinesis.

· M phase. A nuclear division (mitosis) followed by a cell division (cytokinesis).

· The period between mitotic divisions - that is, G1, S and G2 - is known as interphase

MITOSIS

The primary mechanism by which organisms generate new cells is through cell division. During this process, a single "parent" cell will divide and produce identical "daughter" cells. In this way, the parent cell passes on its genetic material to each of its daughter cells. First, however, the cells must duplicate their DNA. Mitosis is the process by which a cell segregates its duplicated DNA, ultimately dividing its nucleus into two.

Mitosis summary

	Stage
	Main Event
	Keyword

	Interphase
	DNA is replicated, Cell builds up energy reseves and grows.
	Increase

	Prophase
	DNA Packaged - the chromosomes shorten and thicken
	Packaging

	Metaphase
	Chromosomes line up in the middle of the cell
	Middle

	Anaphase
	Chromatids break apart at the centromere and move to opposite poles
	Apart

	Telophase
	Two nuclei formed after nuclear envelopes reform around each group of chromosomes
	Two (nuclei)


Meiosis Summary

	Stage
	Key Event

	Prophase I
	Chromosomes condense, Crossing over occurs

	Metaphase I
	Homologous chromosomes pair up and align in middle of cell

	Anaphase I
	Homologous chromosomes pulled apart

	Telophase I
	Nuclear Envelope reforms

	Cytokinesis I
	Cell splits into two

	Prophase II
	Centrioles divide and move to opposite poles

	Metaphase II
	Chromosomes attach to spindle fibres and line up along equator

	Anaphase II
	Sister chromatids break apart at centromere and migrate to opposite poles

	Telophase II
	Nuclei reform, Chromosomes uncoil


Meiosis

Meiosis is the form of cell division that produces haploid sex cells or gametes (which contain a single copy of each chromosome) from diploid cells (which contain two copies of each chromosome). The process takes the form of one DNA replication followed by two successive nuclear and cellular divisions (Meiosis I and Meiosis II). As in mitosis, meiosis is preceded by a process of DNA replication that converts each chromosome into two sister chromatids.

The events which take place in mitosis and meiosis I are same. The diagram below explain briefly what take place in stages of mitosis and meiosis:
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Source: Genetics Home Reference-NIH
Here are some similarities and differences between mitosis and meiosis: 

Similarities

· Both begin with one diploid parent cell

· Both stages end with cytokinesis

· Both consist of multiple stages including: interphase, prophase, metaphase, anaphase, telophase and cytokinesis

· Both stages duplicate the DNA

· Both stages condense the DNA into chromosomes

· Both require the chromosomes to be pulled apart by a centrosome (1 or 2 centrioles)

· Both are pulled apart by spindle fibres formed from the centrosome

· Both require the nuclear membrane to go away

Differences

· Mitosis is used in asexual reproduction, meiosis is used in sexual reproduction

· Meiosis only takes place in plants, humans, animals and fungi while mitosis takes place in all living organisms

· Crossing over occurs in meiosis and not in mitosis

· The cells produced in mitosis are genetically identical, but the cells in meiosis are genetically different

· Mitosis is used for growth and repairing the body, meiosis is used for genetic diversity through sexual reproduction

· Cells divide once in mitosis, twice in meiosis

· 2 diploid cells are produced in mitosis, 4 haploid cells are produced in meiosis

· The number of chromosomes stay the same in mitosis, but in meiosis the number is halved

· Centromeres split during anaphase in mitosis and in meiosis they split during anaphase II

· Mitosis is used to create any cell but sex cells, meiosis is only used to create sex cells

Genetics

Genetics is the study of heredity. Heredity is a biological process where a parent passes certain genes onto their children or offspring. Every child inherits genes from both of their biological parents and these genes in turn express specific traits. Some of these traits may be physical for example hair and eye color and skin color etc. On the other hand some genes may also carry the risk of certain diseases and disorders that may pass on from parents to their offspring.

Variation

Variation may be defined as the differences among the individual of the same species. The small differences that exist between individuals can be described as being either discontinuous or continuous.

Discontinuous Variation

This is where individuals fall into a number of distinct classes or categories, and is based on features that cannot be measured across a complete range.   Few characteristics of individuals in a population may exhibit a limited form of variation. These individuals possess precise variations within them without the presence of any intermediates for the particular characteristic. Blood groups in the human population are an example. In human blood group system, only four blood groups are possible (A, B, AB, and O). Since no intermediate values are present for the human ABO blood group system, it is considered as a discontinuous variation. Discontinuous variations are decided by a single gene or a small number of genes. The phenotypic appearances of them are generally not affected due to environmental factors.
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Continuous Variation

In continuous variation there is a complete range of measurements from one extreme to the other. Height is an example of continuous variation - individuals can have a complete range of heights, for example, 1.6, 1.61, 1.62, 1.625 etc meters high. Other examples of continuous variation include:  Weight; Hand span; Shoe size; Milk yield in cows .Continuous variation is the combined effect of many genes and is often significantly affected by environmental influences. Milk yield in cows, for example, is determined not only by their genetic make-up but is also significantly affected by environmental factors such as pasture quality and diet, weather, and the comfort of their surroundings. 
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The differences between continuous and discontinuous variation

	Continuous vs Discontinuous Variation

	Continuous variation is a variation that has no limit on the value that can occur within a population.
	Discontinuous variation is a variation that has distinct groups for organisms to belong to.

	Examples

	Examples of continuous variation include height, weight, heart rate, finger length, leaf length, etc.
	Examples of discontinuous variation include tongue rolling, finger prints, eye colour, and blood groups.

	  Occurrence

	Continuous variations are common in a population.
	Discontinuous variations develop periodically.

	Influence on Genetic System

	Continuous variations do not influence the genetic system of the organism.
	The genetic system is disturbed by discontinuous variations.

	 Results

	Continuous variation leads to increment in the adaptability of a population but it is unable to form new species.
	Discontinuous variation is the prime factor in developing continuous variations and in the process of evolution.

	Graphical Representation  

	When a continuous variation is represented graphically, it provides a normal distribution curve with a perfect smooth bell shape.
	 No curve is produced in a graphical representation of discontinuous variation.


Inheritance

Inheritance is the process by which genetic information is passed on from parent to child. This is why members of the same family tend to have similar characteristics. The inherited traits are determined by genes that are passed from parents to children. A child inherits two sets of genes—one from each parent.  A trait may not be observable, but its gene can be passed to the next generation. 

Importance of Inheritance 

Inheritance helps to explain: 

· What makes individuals unique, or one of a kind 

· Why family members look alike 

· Why some diseases like diabetes or cancer run in families 

· How learning the family health history can help you stay healthy 

Excretory System 

The excretory system consists of the organs that remove metabolic wastes from the body. In humans, this includes the removal of liquid nitrogenous waste in the form of urine, and solid wastes especially from the breakdown of haemoglobin. The removal of urine is accomplished by the urinary tract, while solid wastes are expelled through egestion from the large intestine.

Functions of the Excretory System

It regulates the fluid balance of the body, maintaining adequate salt and water levels. When there is excess water, it is removed through the production of hypotonic urine. When we consume salty food, or lose water through perspiration, the concentration of urine is increased, to preserve the osmolarity of body fluids.

The excretory system, especially the urinary tract, is necessary for preventing the toxic build up of nitrogenous wastes, such as ammonia or urea.

The kidneys secrete a hormone called erythropoietin that induces the bone marrow to produce more red blood cells.

Excretory System Organs

The primary excretory organs in the human body are the kidneys, ureters and urinary bladder, involved with the creation and expulsion of urine. Through these organs, much of the nitrogenous waste of the body, especially urea, is expelled. Other organs such as the liver, large intestine and skin are also necessary for the excretion of specific metabolic wastes.
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Source: Brochez B.F.J. GCSE Biology 2006
Liver

The liver is the main detoxifying organ of the body, especially for nitrogenous wastes. The cells of the liver play host to biochemical processes that create ammonia from amino acids. Since ammonia is extremely toxic, it is quickly converted to urea before being transported in the blood towards the kidney.

Most animals make the choice between ammonia, urea and uric acid as the preferred mode for nitrogenous waste excretion, based on the availability of water. While ammonia is toxic, it can be quickly diluted and removed from the body, and therefore remains the chemical used by aquatic animals. Terrestrial animals with regular access to water tend to use urea, which has lower toxicity. Birds and other animals that have minimal water intake expend energy to convert urea into uric acid.

Large Intestine

The liver is also necessary for the removal of the decomposed haemoglobin, some drugs, excess vitamins, sterols and other lipophilic substances. These are secreted along with bile and finally removed from the body through faeces. The large intestine therefore plays a role in excretion, especially for hydrophobic particles.

Skin

The skin is a secondary excretory organ, since sweat glands in the dermis can remove salts and some excess water. The skin also has sebaceous glands that can secrete waxy lipids.

Diseases of the Excretory System

The excretory system, especially the kidneys, can be injured, damaged or have suboptimal functioning, either due to acute stress or through chronic conditions. Renal Failure

Renal failure or renal insufficiency is the inability of the kidney to filter wastes from the blood and maintain fluid homeostasis. The causes for renal failure could be diseases such as diabetes mellitus and hypertension that can cause damage to glomerular capillaries. Diabetes insipidus arising from hormonal insufficiency, reduced blood flow from injury to the vasculature of the kidney, infections in the body and blood stream, medications or kidney stones can also affect kidney efficiency.

Initial symptoms can be as mild as swelling in the legs, indicative of the inability of the kidney to maintain fluid homeostasis. The presence of toxins in the blood can cause a feeling of nausea and vomiting. Changes to the RBC metabolism and reduced erythropoietin secretion from the kidney can lead to anaemia, weakness, sleepiness, and confusion. Excessive potassium ions can lead to cardiac arrhythmias and changes to muscle tone and contractility.

Depending on the cause for renal insufficiency or failure, the injury could be reversed. In most cases, long term changes to diet and lifestyle are necessary to maintain health. When the kidney is functioning at extremely low efficiency, waste removal has to be done through an external apparatus, called the dialysis machine. Kidney transplant is also occasionally recommended.

Immunity

Immunity can be described as either active or passive, depending on how it is acquired:

· Active immunity involves the production of antibodies by the body itself and the subsequent development of memory cells

· Passive immunity results from the acquisition of antibodies from another source and hence memory cells are not developed

Active immunity will result in long-term immunity but passive immunity will not (due to the presence or absence of memory cells) 

· Both active and passive immunity can be induced by either natural or artificial mechanisms

Examples of Active Immunity
· Natural – Producing antibodies in response to exposure to a pathogenic infection (i.e. challenge and response)

· Artificial – Producing antibodies in response to the controlled exposure to an attenuated pathogen (i.e. vaccination) 

Examples of Passive Immunity
· Natural – Receiving antibodies from another organism (e.g. to the foetus via the colostrum or a newborn via breast milk)

· Artificial – Receiving manufactured antibodies via external delivery (e.g blood transfusions of monoclonal antibodies)

Types of Immunity
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Babies are born with protection against some diseases because antibodies (proteins made by the body to fight disease) were passed to them by their mothers through the placenta. After birth, breastfed babies get the continued benefits of more antibodies in breast milk. But in both cases, the protection is temporary.

Immunization (vaccination) is a way to create immunity to some diseases. This is done by using small amounts of a killed or weakened microorganism that causes the disease.

Microorganisms can be viruses (such as the measles virus) or they can be bacteria (such as pneumococcus). Vaccines stimulate the immune system to react as if there were a real infection — it fends off the "infection" and remembers the organism so that it can fight it quickly should it enter the body later.

What Are the Types of Vaccines?

There are a few different types of vaccines. They include:

· Attenuated (weakened) live viruses are used in some vaccines such as in the measles, mumps, and rubella (MMR) vaccine.

· Killed (inactivated) viruses or bacteria are used in some vaccines, such as in IPV.

· Toxoid vaccines contain an inactivated toxin produced by the bacterium. For example, the diphtheria and tetanus vaccines are toxoid vaccines.

· Conjugate vaccines (such as Hib) contain parts of bacteria combined with proteins.

Vaccine Concerns

Some parents may hesitate to have their kids vaccinated because they're worried that the children will have serious reactions or may get the illness the vaccine is supposed to prevent. But because the components of vaccines are weakened or killed — and in some cases, only parts of the microorganism are used — they're unlikely to cause any serious illness.

Some vaccines may cause mild reactions, such as soreness where the shot was given or fever, but serious reactions are rare. The risks of vaccinations are small compared with the health risks of the diseases they're intended to prevent.

Immunizations are one of the best means of protection against contagious diseases.

Teaching skills

· Use a variety of resources like charts, pictures and videos of the human body systems. 
· Use models like the human skeleton. Improvise balloons to teach on the lungs.
· Use real objects like combs, teeth brush, soap, face cloth, water etc to teach on care for the human body.

· Make and use simple puzzles of human skeleton for the learners to construct.

· Form a hospital learning corner for learner to demonstrate and contextualise what happens at hopitals and their roles linked to looking after themselves.

Unit summary
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Summary

	In this unit you learned about the 

· External parts of the body and their functions

· Human body  systems



	Organ system
	Function
	Organs, tissues, and structures involved

	Cardiovascular
	Transports oxygen, nutrients, and other substances to the cells and transports wastes, carbon dioxide, and other substances away from the cells; it can also help stabilize body temperature and pH
	Heart, blood, and blood vessels

	Lymphatic
	Defends against infection and disease and transfers lymph between tissues and the blood stream
	Lymph, lymph nodes, and lymph vessels

	Digestive
	Processes foods and absorbs nutrients, minerals, vitamins, and water
	Mouth, salivary glands, esophagus, stomach, liver, gallbladder, exocrine pancreas, small intestine, and large intestine

	Endocrine
	Provides communication within the body via hormones and directs long-term change in other organ systems to maintain homeostasis
	Pituitary, pineal, thyroid, Parathyroids, endocrine pancreas, adrenals, testes, and ovaries.

	Integumentary
	Provides protection from injury and fluid loss and provides physical defense against infection by microorganisms; involved in temperature control
	Skin, hair, and nails

	Muscular
	Provides movement, support, and heat production
	Skeletal, cardiac, and smooth muscles

	Nervous
	Collects, transfers, and processes information and directs short-term change in other organ systems
	Brain, spinal cord, nerves, and sensory organs—eyes, ears, tongue, skin, and nose

	Reproductive
	Produces gametes—sex cells—and sex hormones; ultimately produces offspring
	Fallopian tubes, uterus, vagina, ovaries, mammary glands (female), testes, vas deferens, seminal vesicles, prostate, and penis (male)

	Respiratory
	Delivers air to sites where gas exchange can occur
	Mouth, nose, pharynx, larynx, trachea, bronchi, lungs, and diaphragm

	Skeletal
	Supports and protects soft tissues of the body; provides movement at joints; produces blood cells; and stores minerals
	Bones, cartilage, joints, tendons, and ligaments

	Urinary
	Removes excess water, salts, and waste products from the blood and body and controls pH
	Kidneys, ureters, urinary bladder, and urethra

	Immune
	Defends against microbial pathogens—disease-causing agents—and other diseases
	Leukocytes, tonsils, adenoids, thymus, and spleen


Assignment
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Assessment
	1. Describe the general structure, function, and location of the heart.

2. Describe a cardiac cycle.

3. Describe the structure and function of a capillary.

4. Explain control of blood flow through a capillary.

5. The diagrams below show types of neurones. Name the types and state a reason for your choice.   
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6.  Copy and complete the paragraph using some of the words in the list below.

Excretion    glucose   glycogen   insulin   liver    oestrogen pancreas   secretion   starch   stomach   sucrose

The bloodstream transports a sugar called __________ . The blood sugar level has to be kept constant in the body. If this level falls below normal, a hormone called glucagon is released into the blood by an endocrine organ called the ______ . The release of a substance from a gland is called ____. Glucagon promotes the breakdown of ​_______ to increase the blood sugar level. If the blood sugar level gets too high, the endocrine organ secretes another hormone called __________ into the blood. This hormone promotes the removal of sugar from the blood and its conversion to glycogen in the ________            [6 marks]. 



7. Describe ovulation

8. Name the process involved in the formation of sperms and where does this process occur?

9. State the difference in the function of the urethra in females and males 

10. Why do female cows never menstruate?

Unit 4

Plants
Introduction

In this unit you will learn the classification of plants into flowering and non-flowering.  You will also study reproduction in flowering and non-flowering plants and examine the process of photosynthesis as the use of energy from the sun in the presence of chlorophyll, water and carbondioxide to produce food for growth reproduction.  You will also develop an understanding that plants need nutrients from the soil. Those nutrients get into the soil when decomposers break down waste and dead materials. 
Upon completion of this unit you should  be able to:
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Outcomes
	· identify external and internal parts of a plant and state their functions

· classify plants into flowering and non flowering

· distinguish food and non-food plants
· differentiate between monocotyledonous and dicotyledonous plants

· develop teaching skills on plants in general.
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Terminology
	Leaf:
	The plant organ which provides food for the plant via photosynthesis

	
	Reproduction:
	The process of producing new individual organisms. 

	
	Stem:
	The plant organ which supports the leaves and flowers whilst also transporting water and nutrients from the roots to other parts of the plant.



	
	Transpiration:
	The process which occurs in a plant in order to cool it.

	
	Starch:
	 An insoluble substance made out of glucose.


	
	Chlorophyll:
	The green pigment in leaves which absorbs light for photosynthesis.



	
	Anther:
	 Part of the flower where pollen is produced. 



	
	Asexual Reproduction:
	Reproduction without producing gametes. An example of this is cloning.

	
	
	


Plants in the local environment
We have different plants within our environments. Some of these plants are useful to people. Plants which grow on their own naturally are called wild plants. Those which are planted by people are called cultivated plants.

Deciduous plants are those plants which drop their leaves as winter approaches. Evergreen plants drop their leaves but not at the same time.

Food crops
Lets us look at food crops. Food crops can be divided into the following groups:

· cereal crops such as rice, maize, sorghum, millet, and barley.

· grain crops such as beans, groundnut and peas.

· vegetable crops such as kale, cabbage, carrot, spinach, green pepper and tomatoes.

· fruit crops such as bananas, oranges, pineapples, mangoes, avocado, guavas, and others

· tuber crops such as cassava, potatoes, yams, and sweet potatoes.

Weeds

Weeds are unwanted plants which grow among our cultivated crops. They are harmful to crops and farmers because:

1. they compete for nutrients, water and space with crops.

2. some of them can harbour diseases and pests.

3. the farmer spends a lot of time controlling them. This time could have been spent in doing something else.

4. sometimes the farmer has to buy expensive chemicals (herbicides) to control weeds.

5. some weeds are poisonous and could poison the farmer’s livestock or even the farmer.

6. the seeds of some weeds contaminate (mix with) crops and lower crop quality.

7. some weeds such as striga are parasitic to crops.
8. they lower the yield of crops.
How can a farmer control weeds? This can be done by:

1. Planting crop seeds free of weed seed.
2. Cutting or slashing weeds.

3. Mulching to suppress weeds.

4. Pulling weeds out by hand.

5. Using herbicides to spray weeds.
How do we Classify Plants?

In Science we classify living things in an orderly system. In this way we are able to identify them. For example, all plants can be put in order from the more primitive to the more advanced. 

Botanists use a more complex system. A botanist divides the plant kingdom into Divisions. There are twelve divisions. Three of these divisions are Bryophytes, four are seedless plants, four are Gymnosperms, and one is Angiosperms. Each Division is further divided into Classes, which are divided into Orders, which are divided into Families, which are divided into Genera (singular, Genus), which are divided into species, which is the "basic unit" of classification. Individuals in a species are able to breed with each other, while in broader categories individuals do not interbreed. 
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Flowering and non flowering plant: Source: Created by Brochez B.F.J GCSE Biology 2006

What are Flowering and Non-flowering Plants?

A flowering plant is a plant that, at some point during its life cycle, produces a flower. A flowering plant is called an angiosperm. You need to remember that a flower is a reproductive part of a plant. All flowering plants produce seeds.

Non-flowering plants are those that never produce flowers. Some non-flowering plants still produce seeds; this type of plant is called a gymnosperm. Pines are an example of gymnosperms. 
Angiosperms versus Gymnosperms

Angiosperms grow seeds inside a protective shell called the ovary. As the plant matures, what was the ovary becomes the fruit of the plant. Gymnosperms have what are called naked seeds, because they are not covered by anything. Gymnosperms do not produce fruit.

Seeds

Seeds are produced when pollen (male sex germ) encounters the ovules (female sex germ). Some plants have both the pollen and ovules on them and can produce seeds independently. Other flowering plants must rely on pollination.
Spores

The main difference between flowering and non-flowering plants is their method of reproduction. While flowering plants rely on pollination for reproduction, non-flowering plants rely on dispersion to continue their life cycle. What do you think are the differences between the two types of plants?

Plant Structure and Function

 Before we look at plant anatomy in detail, it is important for you to know that we will be looking almost exclusively at Angiosperms. By now you know that Angiosperms are flowering plants.  They are by far the most diverse group of plants known.

A typical structure of Angiosperms is shown in Figure below
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Typical Structure of Angiosperms Source: Brochez B.F.J. GCSE Biology 2006
The "Typical" Plant Body
The Root System
· Underground (usually) 

· Anchor the plant in the soil 

· Absorb water and nutrients 

· Conduct water and nutrients 

· Food Storage 
The Shoot System
· Above ground (usually) 

· Elevates the plant above the soil 

· Many functions including: 

· photosynthesis 

· reproduction & dispersal 

· food and water conduction 

· Note: the shoot system includes the leaves and the reproductive organs, although these will be covered in more detail separately 

Within the Angiosperms, there are two plant groups, the Monocots and the Dicots.  Although the distinction between these two groups is not always clear, we give some general trends in the table below:

	 
	Monocots
	Dicots

	Floral Arrangement
	3's
	4's and 5's

	Leaf Venation
	Parallel
	Net

	Vascular bundles
	Scattered
	Ring

	Habit
	Herbaceous
	Herbaceous + Woody

	Roots
	Fibrous
	Taproot

	Growth
	Primary only
	Primary and Secondary

	Examples:
	Grass, Palm, Orchid
	Oaks, Roses, Sunflowers


You may also need to know the cross section of a stem. This is given in Figure below.
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The Cross Section of a Stem. Source: enchantedlearning.com
3.13. External and internal arts of a plant and their functions
External Structure of the Leaf and its functions 
a. Increase surface area for Photosynthesis.
b. Gas exchange (Carbondioxide and Oxygen).
c. Site of transpiration, evaporation of water that helps pull water up from roots.
[image: image58.png]1008V

entire  serrate crenate lobed parted

©nchantedLearning som




Leaf Blade: Wide flattened area of leaf for concentrating sunlight on photosynthetic cells. 

Petiole: Short stem that attaches leaf to main stem or branch.

Veins: Vascular bundles within leaf for transport.

Node: Growth region of stem where leaves or new branches arise.

Axillary bud: Baby leaf or stem 
Internal Structure of the Leaf
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Internal Leaf Structure 

a) Cuticle: Waxy layer water proofing upper leaves. 

b) Upper epidermis: Upper layer of cells. No chloroplasts. Protection 

c) Palisade Mesophyll: Tightly packed upper layer of chloroplast containing cells. 

d) Spongy Mesophyll: Lower layer of chloroplast containing cells.  Consist of air spaces around them. 

e) Lower Epidermis: Lower external layer of cells in leaf. 

f) Vascular Bundle: Bundle of many vessels (xylem and phloem) for transport. 

g) Xylem: Living vascular system carrying water & minerals throughout plant. 

h) Phloem: Living vascular system carrying dissolved sugars and organic compounds throughout plant. 

Guard Cells: 2 cells surrounding stomata that control rate of gas & water exchange. 

j) Stomata: Opening between guard cells for gas & water exchange.

Uses of plants
In Zambia, after the advent of copper, our economy now is being directed to crops such as maize, groundnuts, rice, cassava, soya beans, cotton etc. so we can rightly say that the Zambian economy must be plant dependent which has a future in it. This means that everything we do is influenced directly or indirectly by plants. And as such we use plants to make clothes, strings, ropes, furniture, medicines explosives and musical equipment among others. Besides these, there are many other uses of plants.  Consider these below:

· Green plants and algae generate the oxygen and sugars that sustain life on earth.

· Plants supply many of our drinks. E.g.  Tea and coffee, the world’s two most popular beverages are made from plants.

· Extracts from plants and plant like organisms are used to make paints, waxes, dyes, spices and drugs such as cocaine, aspirin quinine and antibiotics.

· Flowers are used for decorations, perfumes and as a means of expressing our feelings.

· Plants clog our rivers, damage our crops, cause allergies, and poison us-though on the negative side. (You will recall incidences of people who died after a meal prepared with poisonous mushrooms, or improperly processed cassava in our country Zambia); many children are poisoned each year from eating poisonous plants particularly when hunger has hit a given area.

Nutrition in plants
· The kind of nutrition in which an organism manufactures its own food materials from simple inorganic substances, is called autotrophic nutrition. While most autotrophs use energy from sunlight e.g. in photosynthesis, others use energy from chemical reactions. This is called chemosynthesis.

Photosynthesis
· Photosynthesis is the process by which green plants and certain other organisms transform light energy into chemical energy. During photosynthesis in green plants, light energy is captured and used to convert water, carbon dioxide, and minerals into oxygen and energy-rich organic compounds.

· The full word equation for photosynthesis is written as

                                         Sunlight

Carbon dioxide + Water                          Glucose + Oxygen

                                         Chlorophyll

The balanced chemical equation is written as

                          Sunlight

6CO2 + 6H2O                               C6H12O6 + 6O2
                           Chlorophyll

Adaptations of a Leaf for Photosynthesis
· Large Surface Area – to maximise light harvesting

· Thin – to reduce distance for carbon dioxide to diffuse through the leaf and to ensure light penetrates into the middle of the leaf

· Air Spaces – to reduce distance for carbon dioxide to diffuse and to increase the surface area of the gas exchange surface inside the leaf

· Stomata – pores to allow carbon dioxide to diffuse into the leaf and water to evaporate out (transpiration)

· Presence of veins – veins contain xylem tissue (carries water and minerals to the leaf from the roots) and phloem (transports sugars and amino acids away from the leaf)

· Chloroplasts – mesophyll cells and guard cells contain many chloroplasts.  These organelles contain the light harvesting pigment chlorophyll and are where all the reactions of photosynthesis occur

Experiment to Prove that Light is Essential for Photosynthesis 

Objective

To show experimentally that light is essential for photosynthesis.

Apparatus and materials required

A healthy potted plant, a petri dish, a beaker containing water, forceps, a water bath, a piece of wire gauze, a tripod, a burner, a box of matches, alcohol a strip of black paper, iodine solution and clips.

Theory

Photosynthesis is a biochemical process by which green plants s5mthesize simple sugar in the presence of sunlight using carbon dioxide from the atmosphere and water from the soil. This simple sugar (glucose) is later converted to starch.

                          Sunlight

6CO2 + 6H2O                               C6H12O6 + 6O2

                           Chlorophyll

The most important factor for photosynthesis is light. The rate of photosynthesis depends on the quantity and quality of light. The chlorophyll molecule in green leaves absorb light, get excited and emit electrons. The emitted electrons are used in the production of adenosine triphosphate (ATP). Finally the solar energy is converted into chemical energy and stored in the glucose produced.

The rate of photosynthesis is the maximum in the presence of red and blue lights, while in green light the rate is minimum because green light is reflected by the chlorophyll molecules.
Procedure

1. Take the potted plant and keep it in a dark place for 2-3 days so that the leaves get destarched.

2. Cover a part of one of its leaves with the strip of black paper. Make sure that you cover both the sides of the leaf.

3. Now place this plant in sunlight for 3—4 hours.

4. Pluck the selected covered leaf and remove the black paper covering it.

5. Place this leaf in the beaker containing water and boil it for about 10 minutes.

6. Take out the leaf and now boil it in alcohol, using the water bath, for 10 minutes. This removes the chlorophyll.

7. Take out the leaf and wash it under running water.

8. Place this leaf in the Petri dish and put a few drops of iodine solution on it. Now observe the change in colour.
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Created by Brochez B.F.J GCSE Biology 2006

Observations 

The leaf turns blue-black except in the covered region. As this covered region did not receive light, photosynthesis did not occur. Hence no starch was formed there. The uncovered region received light and starch was formed there due to photosynthesis.

Result 

Light is essential for photosynthesis.

Precautions

1. Before starting the experiment, the leaf must be distracted.

2. The leaf must be covered with black paper properly to prevent the entry of light.

3. Boiling the leaf in alcohol should be done in the water bath.

Experiment to show that carbon dioxide is necessary for photosynthesis
Suggested materials

Potted Geranium plant, Vaseline, conical flasks, distilled water, potassium hydroxide, rubber bungs.

Method

Destarch the leaves by putting the plant in darkness for at least 24hours

Arrange the apparatus as shown below
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Created by Brochez B.F.J GCSE Biology 2006

Leave the plant in light for 4 to 6 hours

Test each leaf in the flask for starch

Activity
1 What is the purpose of using potassium hydroxide in this activity?

2 What is the role of the flask with distilled water in this activity?

Experiment to show that oxygen is produced during the process of photosynthesis
Suggested materials

Water plant, test tube, beaker, funnel, water.

Method

Using a water weed e.g. Elodea, arrange the apparatus as shown below
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Created by Brochez B.F.J GCSE Biology 2006

Leave the apparatus in sunlight until enough gas has been collected

Without allowing the gas to escape, carefully remove the test-tube.

Put a glowing splint into the gas. If it bursts into a frame, then the gas is oxygen.

Transport in plants

· Plants have two different types of 'transport' tissue.
· Xylem transports water and solutes from the roots to the leaves,
· Phloem transports food from the leaves to the rest of the plant. 
· Transpiration is the process by which water evaporates from the leaves, which results in more water being drawn up from the roots.

Structure and functions of vascular tissues

· No heart, no blood and no circulation, but plants do need a transport system to move food, water and minerals around. They use two different systems – xylem moves water and solutes from the roots to the leaves – phloem moves food substances from leaves to the rest of the plant. Both of these systems are rows of cells that make continuous tubes running the full length of the plant.

Xylem

· Xylem cells have extra reinforcement in their cell walls, and this helps to support the weight of the plant. For this reason, the transport systems are arranged differently in root and stem – in the root it has to resist forces that could pull the plant out of the ground. In the stem it has to resist compression and bending forces caused by the weight of the plant and the wind.

Plant stem
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Stem – the xylem and phloem are arranged in bundles near the edge of the stem to resist compression and bending forces. 

Comparison of xylem and phloem

	Tissue
	Process
	What is moved
	Structure

	Xylem
	Transpiration
	Moves water and minerals from roots to leaves
	Columns of hollow, dead reinforced cells

	Phloem
	Translocation
	Moves food substances from leaves to rest of plant
	Columns of living cells


Transport of materials in a flowering plant
Plants must:


1.
Take in water, mineral salts, and carbon dioxide. 

2.
Eliminate waste water and oxygen. 

3.
Distribute food within the plant after it is made in the leaves.

Water Uptake by Roots

· Carried out by root hairs located at the zone of   differentiation.

· Many root hairs increase the surface area available for water absorption.

· The process of water intake at the roots is called osmosis. Osmosis is the movement of a substance through a membrane. Water moves because the overall water potential (amount of water) in the soil is higher than the water potential in the roots and plant parts. Water continues to diffuse from the inside of the root hairs into the xylem of the root. The water can then travel up through the xylem of the root and stem, into the petiole, and into the leaves of the plant.

Upward movement of water within the plant
There are 2 processes that enable the water to move up a plant. They are root pressure and transpiration.

1. Root Pressure: Water moves into the roots by root pressure. Since root pressure is not strong enough to move water up very high another process is needed to enable the water to continue up the plant. This is transpiration.

2. Transpiration-Transpiration is the loss of water through the leaves and other parts of the plant. Most transpiration occurs through openings, called stomata, on the underside of the leaves. Water moves, because of root pressure, up into the stem. Why is this? Because water molecule cling to each other by cohesion. As water molecules cling to each other as they move up the stem and into the leaves they pull the molecules up as they transpire out of the stomata. 

Control of Transpiration in the Leaves

· Plants must have the ability to prevent too much water from transpiring out of the stomata (stoma, singular) of the leaves. If they didn’t do so they would lose too much water and the plant would shrivel up and die.

· They accomplish this in the following ways:

1. Plants have a waxy coating called a cuticle on the upper surface. This stops transpiration through the upper surface. The rate of evaporation would be high on the upper surface because that is the surface that faces the sun. The stomata are located on the lower surface.

2. The stomata of plants have 2 guard cells that surround the opening (stomata). These 2 cells are capable of swelling or shriveling. When they swell the stomata are open and exchange of water and gases can occur. When they shrivel the stomata are closed. Materials cannot pass through the stomata.
Sexual and Asexual reproduction in flowering plants

Modes of reproduction in flowering plants
· There are several ways by which plants produce their offspring. These are categorised into two types: (i) asexual, and (ii) sexual
· In asexual reproduction plants can give rise to new plants without seeds, whereas in sexual reproduction, new plants are obtained from seeds.

Asexual reproduction in plants

· occurs through:

1. Vegetative Propagation,

2. Budding,

3. Fragmentation and

4. Spore formation.

Vegetative propagation

· Most plants have roots, stems and leaves. These are called the vegetative parts of a plant.

· Vegetative Propagation is a type of asexual reproduction in which new plants are produced from roots, stems, leaves and buds. Since reproduction is through the vegetative parts of the plant, it is known as vegetative propagation.
Sexual reproduction in plants –unisexual and bisexual

· The flowers are the reproductive parts of a plant. The stamens are the male reproductive part and the pistil is the female reproductive part.
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· The flowers which contain either only the pistil or only the stamens are called unisexual flowers. The flowers which contain both stamens and pistil are called bisexual flowers.

· Corn, papaya and cucumber produce unisexual flowers, whereas mustard, rose and petunia have bisexual flowers.

· Both the male and the female unisexual flowers may be present in the same plant or in different plants.

· Anther contains pollen grains which produce male gametes. A pistil consists of stigma, style and ovary. The ovary contains one or more ovules. The female gamete or the egg is formed in an ovule. In sexual reproduction a male and a female gamete fuse to form a zygote.

Pollination
· Generally pollen grains have a tough protective coat which prevents them from drying up. Since pollen grains are light, they can be carried by wind or water. Insects visit flowers and carry away pollen on their bodies.

· Some of the pollen lands on the stigma of a flower of the same kind. The transfer of pollen from the anther to the stigma of a flower is called pollination.

· If the pollen lands on the stigma of the same flower it is called self-pollination. When the pollen of a flower lands on the stigma of another flower of the same plant, or that of a different plant of the same kind, it is called cross-pollination.
Self-pollination
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Cross-pollination
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Source: enchantedlearning.com

	Self-pollination
	Self-pollination

	1.  Pollen grains are transferred to the stigma of the same flower.
	1.   Pollen grains are carried to stigma of another flower.

	2.  Occurs in bisexual plants having anther and stigma maturing at same time.
	2.   Occurs in bisexual flowers having anther and stigma maturing at different times.

	3.  It takes place in plants like wheat, peas etc.
	3.   It takes place in plants like lady- finger, tomato, etc.


Self pollination vs Cross pollination .Source: enchantedlearning.com

Fertilisation

The cell which results after fusion of the gametes is called a zygote. The process of fusion of male and female gametes (to form a zygote) is called fertilization. The zygote develops into an embryo.
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Source: enchantedlearning.com
Fruit and Seed formation

· After fertilization, the ovary grows into a fruit and other parts of the flower fall off. The fruit is the ripened ovary.

· The seeds develop from the ovules. The seed contains an embryo enclosed in a protective seed coat. Some fruits are fleshy and juicy such as mango, apple and orange. Some fruits are hard like almonds and walnuts. ailment
Seed dispersal

· Some seeds are dispersed by animals, especially spiny seeds with hooks which get attached to the bodies of animals and are carried to distant places. Examples are Xanthium and Urena.

· Some seeds are dispersed when the fruits burst with sudden jerks. The seeds are scattered far from the parent plant. This happens in the case of Castor and Balsam.

Asexual reproduction vs Sexual reproduction
	Asexual reproduction
	Sexual reproduction

	a) Only one parent plant is involved
	a)  Both male and female parents are involved.

	b)   Occurs in unisexual plants.
	b)   Occurs in bisexual plants.

	c)   Occurs in lower plants.
	c)   Occurs in higher plants.

	d) Reproductive organs are not     

     present.
	d)  Fully developed reproductive 
    parts are present

	e)    In most of the methods the 
    original parent disappears
	e)  Original parents remain alive 
     after process of reproduction

	f) Process like gamete formation 
    for fertilization are not seen
	f)  Fertilization of gametes give 
   rises to zygote.

	g)  Characteristics of only one  

     parent is inherited.
	g) Characteristics of both parents 
    are inherited.

	h)   No need of seeds.
	h)   Seeds are used to get new plants from a flower.


Teaching skills

· Come up with a garden or greenhouse to grow plants from seeds, stems/cuttings etc. assign learners to undertake the project. Observe their germination and growth and discuss their findings.
· Use videos, charts and real plants from the environment to study the external parts of plants.

· Draw for the learners and ask them to identify and shed flowering and non-flowering plants.
Unit summary

	[image: image68.jpg]



Summary
	In this unit you learned about

· Classification of plants in the local environment.

· Characteristics of  plants in the local environment

· External parts of a plant and their functions.

· Uses of plants (crops /wild plants) in the local environment.

· Nutrition in plants

· Transport in plants

· Sexual and Asexual   (vegetative)    reproduction in  flowering plants




Assignment
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Assignment
	1. Identify flowering and non-flowering plants found in your local environment. Identify differences between them.

2. What is the difference between dicotyledonous and monocotyledonous plants? Identify these two types of plants found in your area.


3. Match the Following

	Column I
	Column II

	1.   Bud

2.   Eyes

3.   Fragmentation

4.   Wings

5.   Spores
	a)    Maple

b)   Spirogyra

c)   Yeast

d)   Bread mould

e)    Potato

f)     Rose


Assessment
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Assessment
	1. Distinguish between insect and wind-pollinated flowers

2. What is the importance of fruit and seed dispersal?

3. State one advantage of spore formation

4. State the economic importance of fungi

5. Describe vegetative propagation

6. State the differences between budding and cutting

7. State 3 advantages of vegetative propagation




Unit 5

SOIL
Introduction

In this unit you will be introduced to soil formation and its composition.  You will also learn about soil structure, texture and fertility.

Upon completion of this unit you should be able to:
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Outcomes
	· Describe how soil is formed

· Explain  the composition of soil
· Describe soil structure, texture and fertility

· Discuss factors that affect soil fertility

· differentiate between  organic and inorganic fertilisers

· develop appropriate teaching skills on soil
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Terminology
	· Igneous rocks:
	Are formed from cooled magma (a hot mixture of elements). Magma cooling at the earth’s surface forms extrusive igneous rocks, whereas magma cooling below the surface forms intrusive igneous rocks. Note that the faster the rate of cooling the smaller the sizes of the mineral crystals. Cooling at earth surface is usually very fast giving rise to extremely small crystals.

	
	Sedimentary Rocks: 


	Are sediments or precipitates laid down by water or by wind, usually in the lakes, oceans or lowland regions example include limestone, skeletons clay which consolidate into rocks over time, and under the pressure of overlaying materials. 

	
	Metamorphic Rocks:

	Are igneous or sedimentary rocks that have been subjected to heat and pressure and subsequently converted to new rocks such as marble- forms carbonate, calcite which is re-crystallized.




Basic Soil Components
· A soil is simply a porous medium consisting of minerals, water, gases, organic matter, and microorganisms. The traditional definition is: Soil is a dynamic natural body having properties derived from the combined effects of climate and biotic activities, as modified by topography, acting on parent materials over time.

· On the other hand, it is vital to know that each soil has specific properties, qualities and characteristics. It is usually recognized in the field and indicated on a soil map.  Such a soil map contains several soils with different names and classes according to the system of taxonomy and classification adopted by the particular country.  Soils are usually examined by describing soil pits or soil profiles using uniform definitions, terminology and nomenclature. During the early development of soil science, the concept of soil differs among investigators with different disciplines or background.

a. Chemist considered soils as the storehouse of chemical compounds. 

b. Geologists on their own part hold a restricted rock weathering concept.  They consider soils as a disintegrated and more or less decomposed rock material mixed perhaps with organic matter from plant decay. 

c. Engineers define soils as any unconsolidated material regardless of depth or mode of formation.  To a highway engineer, the soil is regarded as a material on which a road bed is to be placed.

However, the most used concept of soil is the agronomic view which defines it as the natural medium for the growth of land plants whether or not it has identifiable soil horizons. This old meaning is still the common meaning. Thus this unit will adopt this consensual concept as our framework. Although there are many uses of soil, the people of the world are more concerned with food because it supports plants that supply food, fibres, drugs and other wants of man.

Soil covers land as a continuum, except on large rock, in areas of perpetual frost, or on the bare ice of glaciers. In this sense, soil has a thickness that is determined by depth of plant roots.

What is Soil Science?

Soil science deals with the systematic study of soils as a natural resource on the surface of the earth including soil formation, classification and mapping.  Additionally it includes the physical, chemical, biological and fertility properties of soils as well as the properties in relation to their management for crop production. Knowledge of soils in the tropics and sub-tropics is increasing but far behind the soils of temperate regions. Tropical soil science emphasizes the demand for special knowledge and experience with tropical soils which are quite different in properties, qualities, characteristics and management from soils of temperate regions.

Composition of Soils

Soils comprise a mixture of inorganic and organic components: Minerals, air, water, and plant and animal material. Mineral and organic particles generally compose roughly 50 percent of a soil’s volume. The other 50 percent consists of pores – open areas of various shapes and sizes. Networks of pores hold water within the soil and also provide a means of water transport. Oxygen and other gases move through pore spaces in soil. Pores also serve as passage ways for small animals and provide room for the growth of plant roots.

i. Inorganic Material

The mineral component of soil is made up of an arrangement of particles that are less than 2.0mm in diameter. Soil scientists divide soil particles also known as soil separates, into three main size used by plants. Some types of bacteria are able to fix, or extract, nitrogen directly from the air and make it available in the soil.

Ultimately, the decay of plant and animal material results in the formation of a dark-colored organic matter known as humus. Humus, unlike plant residues, is generally resistant to further decomposition.

ii. Water

Soil scientists also characterize soils according to how effectively they retain transport water. Once water enters the soil from rain or irrigation, gravity comes into play causing water to trickle downward. Water is also taken up in great quantities by the roots of plants: Plants use anywhere from 200 to 1,000kg of water in the formation of 1kg of dry matter. Soils differ in their capacity to retain moisture against the pull exerted by gravity and by plant roots. Coarse soils, such as those consisting mostly of sand, tend to hold less water than do soils with finer textures, such as those with a greater proportion of clays.

Water also moves through soil pores independently of gravity. This movement can occur via capillary action, in which water molecules move because they are more attracted to the pore walls than to one another. Such movement tends to occur from wetter to drier areas of the soil. The movement from soil to plant roots can also depend on how tightly water molecules are bound to soil particles. The attraction of water molecules to other is an example of cohesion. The attraction of water molecules to other materials, such as soil or plant roots, is a type of adhesion. These effects, which determine the so-called metric potential of the soil, depend largely on the size and arrangement of the soil particles. Another factor that can affect water movement is referred to as the osmotic potential. The osmotic potential hinges on the amount of dissolved salts in the soil. Soils high in soluble salt tend to reduce uptake of water by plant roots and seeds. The sum of the metric and osmotic potentials is called the total water potential.

iii. Air

In soil, water carries out the essential function of bringing mineral nutrients to plants. But the balance between water and air in the soil can be delicate. An overabundance of water will saturate the soil and fill pore spaces needed for the transport of oxygen. The resulting oxygen deficiency can kill plants. Fertile soils permit an exchange between plants and the atmosphere, as oxygen diffuses into the soil and is used by roots for respiration. In turn, the resulting carbon dioxide diffuses through pore spaces and returns to the atmosphere. This exchange is most efficient in soils with a high degree of porosity. For farmers, groups: sand, silt, and clay. The size designations are: sand, 0.05 to 2.00mm; silt 0.002 to 0.05mm and clay, less than 0.002mm. Depending upon the rock materials from which they were derived, these assorted mineral particles ultimately release the chemicals on which plants depend for survival, such as potassium, calcium, magnesium, phosphorus, sulfur, iron, and manganese.

iv. Organic Material

Organic materials constitute another essential component of soils. Some of this material comes from the residue of plants – for example, the remains of plant roots deep within the soil, or materials that fall on the ground, such as leaves on a forest floor. These materials become part of a cycle of decomposition and decay, a cycle that provides important nutrients to the soil. In general, soil fertility depends on a high content of organic materials.

v. Micro and macro organisms

Even a small area of soil holds a universe of living things, ranging in size from the fairly large to the microscopic: earthworms, mites, millipedes, centipedes, grubs, termites, lice, springtails, and more. And even a gram of soil might contain as many as a billion microbes – bacteria and fungi too small to be seen with the naked eye. All these living things form a complex chain: Larger creatures eat organic debris and excrete waste into the soil, predators consume living prey, and microbes feed on the bodies of dead animals. Bacteria and fungi, in particular, digest com organic compounds that up living matter and reduce them to simpler compounds that plants can use for food. A typical example of bacterial action is the formation of ammonia from nitrogen compounds called nitrites, and still other bacteria act on the nitrites to form nitrates.

Uses of Soils

You will realise as well that most clothing materials, medicines, drugs and animals needed for man’s survival come from plants and soil organisms. Besides its importance as habitat for growing crops, the soil is useful to society in many ways seen as below:

1)
Growth medium for plant by supplying water, air and mechanical support for plant roots as well as heat to enhance chemical reactions.

2)
Major supplier of plant nutrients that are essential for plant growth. These nutrients are slowly released from unavailable forms in the solid framework of minerals and organic matter to exchangeable sites associated with soil colloids and finally to readily available ions in the soil solution.  

3)
The nature of vegetation and types of animals on a land is dictated by the properties of the soil.

4)
Habitat for several living organisms including micro-organisms, reptiles and even mammals, which in turn help in improving soil structure and fertility.

5)
Solid, good foundation material for building roads, highways and also exerting strong influence on the life span of these structures. Note that the knowledge   engineers uses on soil is borne from credible knowledge they possess about soil properties which vary from one place to another

6)
The foundations of houses, factories both require soil to ascertain their durability. Soil is an important building material in form of earth fill and baked bricks.

7)
Absorbing medium to domestic wastes through septic sewages system and other wastes from industrial, municipal and animal sources.

8)
For making pots, plates and other household usable structures.

Conclusion

Though the definition of soil depends on the users such as farmers, engineers, foresters, geologists or the environmentalists, soil universally could be defined as the unconsolidated, thin and variable layer of the earth’s surface that supports land plants, serves as foundation for buildings and as sites for waste disposal.

The systematic study of the soil enables us to know the chemical, physical and biological properties of the soil and the uses for which the soil could be put.

Activity

Write five min points you have learnt from this unit. Check and compare whether your findings are as follows   :

i.
The variability of the soil confers different capabilities for different uses; 

ii.
There is the need to study the different aspects of soil by foresters, farmers, engineers, pedologists, chemists and a host of others. 

iii.
Both field and laboratory studies of soil to complement each other in the acquisition of thorough knowledge of soil characteristics.

iv.
The smallest unit of the soil is the pedon while polypedon or soil individual is made up of two or more pedons of similar properties. 

v.
Soils comprise a mixture of inorganic materials (mineral component), organic materials, air and water in varying proportions depending on soil type.

vi.
Man’s existence on earth depends on the soil which supports the growth of plants needed for food, fibre, medicine, clothing and drugs.
Aggregation 

Individual soil particles tend to be bound together into larger units referred to as aggregates or soil peds. Aggregation occurs as a result of complex chemical forces acting on small soil components or when organisms and organic matter in soil act as glue binding particles together.

Soil aggregates form soil structure, defined by the shape, size, and strength of the aggregates. There are three main soil shapes: 

· Platelike-( aggregates are flat and mostly horizontal); 

· Prismlike –( meaning greater in vertical than in horizontal dimension); 

· Blocklike – (roughly equal in horizontal and vertical dimensions and either angular or rounded). 

Soil peds range in size from very fine-less than 1mm to very coarse-greater than 10 mm. The measure of strength or grade refers to the stability of the structural unit and is ranked as weak, moderate, or strong. Very young or sandy soils may have no discernible structure.

Soil Compaction

This is the natural packing of soil particles by natural force into a more dense or closer pack. The forces acting to compact soil are:

· Overburden weight of material above the soil.

· Implement traffic from mechanized agriculture

· Foot traffic

· Tillage pressure due to implement moved through the soil

· Micro-organism as in the ant-hills.

The implements used on the land cause pressure on the lower layer of tillage soil over the years. The resultant reaction to this is a low infiltration rate on this layer of soil. This in itself influences the porosity to become low and bulk density increases. Besides these named above, you will meet other effects of compaction as given below:

· Reduced permeability, aeration and water infiltration

· Difficulty in root penetration

· Severe compaction inhibits production

Porosity and Pore Spaces
 

Pores are spaces or voids between solid soil materials. The occurrence or abundance of pores in soils are of pedological significance because a soil with many coarse pores will be much more aerated and better drained than one with few very fine pores.

As you describe pores in detail, you follow a definite sequence of terms. The usual sequence is number (Few, common, many), size (very fine, fine, medium, coarse), continuity (discontinuous, constricted, continuous), orientation (vertical, horizontal, random, oblique), shape (vesicular, irregular, tabular) and location (impede).

The pores allow the soil to act as medium for air and water transport and it is within the pores that physical, chemical and biological processes occur in the soil. On the other hand, pore space can be the portion of given volume of soil which is not filled with solid matter.

Porosity (pore space) refers to total pore space per volume of soil.

Macropores are the big pores which are mainly meant for aeration whereas micropores (small pores) are meant to transmit water after wetting. Pores are connected with one another in the soil and are usually described by their retention of water and air. An ideal soil for agricultural purposes has fairly equal proportion of macropores and micropores. This is usually put at 25% for each of the two pore sizes. Porosity also depends on both the texture and structure of the soil and on the shape of the particles.

Soil Water relationship 

There is a relationship between the water potential of a given soil and the amount of water held at the field. For instance, as fineness of texture increases, there is a general increase in available moisture storage growing on sandy soils are more prone to drought than are those growing on a silt loan in the same area. Likewise, the influence of organic matter decreases attention because, the available water holding capacity of a well – drained mineral soil containing 5% organic matter is generally higher than that of a comparable soil with 3% organic matter. Such organic matter indirectly affects the amount of water available to plants through its influence on soil structures and total pore space. Also, organic matter helps stabilise soil structure and it increases the total volume as well as the size of the pores. This results in an increase in water infiltration and water – holding capacity of the soil. Therefore, recognising the beneficial effect of organic matter on plant available water is essential for wise soil management. 

Soil Fertility

 This refers to the ability of the soil to supply essential plant nutrients and soil water in adequate amounts and proportions for plant growth and reproduction in the absence of toxic substances which may inhibit plant growth.

Soils are composed of five main components:

· mineral particles derived from rocks by weathering;

· organic materials - humus from dead and decaying plant material;

· soil water - in which nutrient elements are dissolved;

· soil air - both carbon dioxide and oxygen;

· living organisms including bacteria that help plant decomposition.

Soils differ because they have different proportions of these components and because the mineral particles have been affected to different degrees by weathering. Age of soil minerals, prevailing temperatures, rainfall, leaching and soil chemistry are the main factors which determine how much a particular soil will weather. The major and micro or trace elements are made available to plants by breakdown of the mineral and organic matter in the soil. Availability of these nutrients depends on how much is present, the form in which it is present in the soil, the rate at which it is released from organic matter or mineral particles and the soil pH i.e. its acidity or alkalinity.

The proportion of nutrients held on the clay and humus particles influence deficiencies e.g. potassium(K), calcium(Ca) and magnesium(Mg) are held on the surface of clay particles and are directly taken up by plant roots or from the soil solution. An excess of K can create a deficiency of Ca or the reverse can occur. Acid soils high in Manganese(Mn) often cannot supply enough Cobalt(Co) for rhizobium bacteria with a consequent effect on nitrogen(N) fixation by legumes. Also on very acid soils Manganese and Iron(Fe) make phosphorus(P) unavailable to plants by 'fixing' it in insoluble complexes. The chemical relationships influencing soil fertility are complex and affected by the parent material from which soil develops, the type of clay present, the proportions of different sized particles, e.g. sand, silt, clay, which also have important effects on soil structure. 

· Grazed pastures can have a substantial influence in improving soil fertility by increasing the organic matter content and nutrients available to plants through nutrient cycling. The evidence for the beneficial aspects of grazed pastures under coconuts is discussed later. For any farming system to be sustainable it should maintain soil organic matter levels at least 3%.

Generally permanent improved grass/legume pastures on soils without fertility limitations have been associated with increased soil organic matter levels and increased soil micro and macro fauna activity (compared with other agricultural activities) and this usually improves soil structure which leads to improved soil moisture and aeration relationships.

Origin and development of soil (soil genesis)
Contents
Introduction
Any form of soil has its origin from all kinds of rocks, deposits in lakes, rivers, wind-blown silt or sand which are all termed parent material. When soil forming factors, namely, parent material, climate, topography, organisms interact and the time control the physical and chemical processes then they change the parent materials into soil. In this unit you will learn about how soil is formed from different types of rocks by certain pedogenetic processes through some factors of soil formation. Soil formation from parent material is a slow process yet an on-going one. From the actions of soil forming processes differences in the characteristics of soils emerge like texture, colour, structure, porosity, chemical and microbiological properties. 

Importance of the Knowledge of Soil Origin and Development

Soil genesis is the study of the history of the soil going by our everyday language (i.e. what has been going on in the soil that gave it the properties which it possesses today).

Indeed as we understand the history of our soils and about their properties, we tend to be wise and make better decisions regarding their use and management. Besides, this in itself, prompts our minds develop the reasons behind the search for soil genesis to be as follows:

· To help us point out some of the properties of our soils

· To help us point out some of the things we do not understand about the soils.

· To be in a position to formulate law governing soils behaviour

· To help us point out some of the properties of our soils.

· To help us provide adequate method for management of our soils and make better interpretative usage.

Types of Rocks

The starting material of soils is nothing but the parent rock. Therefore a rock may be defined as a consolidated mass composed of one or more minerals. A set of processes and factors act on a rock to produce soil.

Rock soil – forming soil Factors and processes

Rocks are residual or in-place parent material that weathers into soil without first being moved by wind or water. The three main groups of such types of rocks are iqneous, sedimentary and metamorphic’. Besides the aforementioned division, rocks are further subdivided by mineralogy, particle size, nature of crystals and specific mode of formation. See Table 1 below gives the summary of rock types.

Table… Major Rock Types, their Origin and Properties

	Rock Type
	Origin
	example
	property

	Igneous
	Igneous Cooling of magma
	Granite

Basalt


	Light colour coarse grained. Dark colour fine grained

	Sedimentary
	Deposition and compaction
	Sandstone

limestone
	Any colour, fine grained

coarse grained Light coloured, shells or CaCO3 present

	Metaphormic
	Change in igneous or sedimentary
	Slate Marble
	Any colour hardened shale. Any colour, changed limestone


 Source: Singer and Munns (1999)
a. Igneous rocks 
·  are formed from cooled magma (a hot mixture of elements). Magma cooling at the earth’s surface forms extrusive igneous rocks, whereas magma cooling below the surface forms intrusive igneous rocks. Note that the faster the rate of cooling the smaller the sizes of the mineral crystals. Cooling at earth surface is usually very fast giving rise to extremely small crystals.

In general, we are saying basic rocks give rise to basic soils and acid parent rocks give rise to acid soils. The amount of silica determines the acidity of a rock – the more basic the rock the less the amount of silica. 

b. Sedimentary Rocks 

·  are sediments or precipitates laid down by water or by wind, usually in the lakes, oceans or lowland regions example include limestone, skeletons clay which consolidate into rocks over time, and under the pressure of overlaying materials. 
c.  Metamorphic Rocks

· are igneous or sedimentary rocks that have been subjected to heat and pressure and subsequently converted to new rocks such as marble- forms carbonate, calcite which is re-crystallized.

Factors of Soil Formation

Some soils are similar but many are different to various degrees. It is important to understand the relationship between soils and the basic factors that cause them to differ from one area to another. The processes of additions, removals, transformations and translocation in producing soils are controlled by five groups of independent variables. These are stated in many scientific texts as soil formation factors.

In the original formulation, hydrology was separated from relief while nowadays, man because he can substantially alter physical environment, is considered as a separate factor in soil formation. However, for convenience of our study the factors of soil formation will be taken as five (as originally formulated by Jenny).

These five factors are:

1) Climate 

2) Organisms (vegetation and Fauna) 

3) Relief (shares of the land surface) 

4) Parent material

5) Time 

These factors set the conditions that bring about the processes which in turn bring about the properties of the soil.

Climate and Vegetation

Affect the parent material and their action are conditioned by relief over a period of time. The ability to predict soil characteristics and to understand those that are observed is determined by knowledge of these five soil formation factors.

a. Climate 


It exerts its influence through this action.

· Rainfall (precipitation)

· Temperature

· Sunshine

The most important components of climate that affect the process of soil formation are rainfall and temperature. Both influence the intensity and nature of rock weathering. Even after the rock has been completely weathered, rainfall and temperature influence the trend of soil development from weathered materials. Climate affects soil formation in at least 4 ways:

· weathering of parent material 

· transportation of parent material 

· pedogenesis 

· erosion.

Rainfall affects the intensity of weathering and leaching within the soil. It is necessary for the important processes of hydrolysis, hydration, carbonation and other associated weathering processes to take place. It determines whether leaching occurs in the soil. It affects plant growth, vegetation and hence the content of soils. Rainfall distribution in space and time results in climate periodicity in certain localities that tremendously influence the processes of pedogenesis; for example; the alternation of wet season with dry season is important in Zambia. Wind and sunshine affect the effectiveness of rainfall and so is the intensity of temperature. Climate is the most important soil forming factor affecting organic matter content and associated properties (noteably nitrogen), reaction and base saturation. It has a substantial influence in profile depth and texture and is one of several factors influencing the type of clay mineral synthesized.

b. Living Organisms

The factor termed organism covers vegetation and soil Fauna. The major role of living organisms in profile differentiation cannot be over emphasized. Profile mixing by earth-worm, nutrient cycling and structural stability are all made possible by the presence of organisms in the soil. Also nitrogen is added to the soil system by micro-organisms alone or in association with plants. Vegetation covers the ground of soil surface, protects it from erosions and other physical actions. It provides the very essential component of soil, the organic matter. It does the nutrient recycling that is so important for soil maintenance. The micro –climate provided by the vegetation is extremely important. We can differentiate between grass-land, forest and desert. The micro-climate under these different vegetation communities influences the nature of the soils developed under them. For instance the organic matter content of Savannah soils is generally much lower owing to the scant vegetation. Also, structural stability tends to be encouraged by the forest vegetation here in Zambia. Climate determines the types of vegetation and the type of soil. The soil determines the types of vegetation which also influences the trends of pedogenesis. There is a two-way interaction between vegetation and soil. Man influences the trend of soil development in several ways. Man changes the type of vegetation, reclaims lands from swamps and the sea, does a lot of land leveling and soil transfer, cultivates the soil and plants various types of crops which have influence on the soil.

c. Relief

The spatial distribution of soil types is related to relief at all levels of scale. Relief influences soil development because of its influences in:

· water relation 
· erosion 
· temperature 
· vegetation
Topography, or relief is commonly considered to be a factor that modifies the effects of other factors of soil formation such as established before soil formation begins.

Soils formed on upper slopes are characteristically different from those of middle slopes which also differ from those of lower slopes.

d. Parent Materials

Soil parent materials represent the initial state of the soil system. There are essentially two types of original parent material.

i. Residual Parent Materials

This is weathered material which is derived from the underlying rock below the soil profile. Soil which develops from this type of parent materials is known as “Sedentary’, a term indicating that the soil has been formed in place, in situ.

ii. Transported Parent Materials

These are classified on the basis of the manner in which they came into existence e.g. colluvial marine, Lacustrine, Cilacical, alluvial. The characteristics of the parent materials influence the characteristics of the soil which is formed from it. Parent material affects the type of nutrient, particularly when the soil is still young and has not been severely leached. Soil parent material also affects the texture, soil reaction and other properties of the soil. The importance of parent material tends to decline with age or degree of soil development.

e. Time

In this connection time strictly cannot be considered as a soil forming factor as other factors mainly because it does not exert any effect on the soil as such. However, time or age as being one of the factors of soil formation is important because the length of time during which other factors persist. The amount of time a soil requires to develop varies widely according to the action of the other soil-forming factors. Young soils may develop in a few days from the alluvium (sediments left by flood) or from the ash from volcanic eruptions. Other soils may take hundreds of thousand or a million years to form.

Processes of Soil Formation

There are two main processes that lead to the formation of soil (loosed and unconsolidated) from rocks (hard and consolidated). The first is the physical aspect which does not involve chemical change. This happens if we start with homogenous parent material, the result will be homogenous soil. The second is the chemical aspect which involves chemical changes. These two processes occur simultaneously. Physical Weathering
Physical weathering ensures that rocks are broken down into smaller particle sizes. The processes in physical weathering include freezing, uneven heating, abrasion, shrinking and swelling which break large particles into smaller ones.

In cold climates water collected in crevices expands during freezing; this makes the rock to crack. Roots of plants generate some pressure and cause rocks to break into pieces. Water and wind moving some materials cause them to scour. Chemical Weathering
Chemical weathering is the main process converting parent material into soil while the bulk of chemical weathering is brought about by water. Organic and inorganic acids contained in water enhances mineral weathering. Chemical weathering may take the forms stated below:

i. Hydrolysis

This is chemical alteration of a mineral and the formation of its oxide through the action of water. 

ii. Solution

The solvent action of water has the ability to dissolve soluble materials or rocks due to the nature of acidic property it has.

iii. Hydration

In this case, water molecules are being added to a mineral’s structure but the water molecule does not dissociate. Significantly, the rock swells when water molecules get inside it making it very susceptible to the activity of other weathering processes

iv. Oxidation Reduction

Depending on the environment, various compounds can be formed in oxidative and reduction processes resulting in further weathering of the minerals and rock to form soil. 
v. Carbonation

Carbondioxide may combine with water to dissolve marble, or it may combine with other compounds to form carbonate precipitates. 

Essential Characteristics of Soils

Scientists can learn a lot about a soil’s composition and origin by examining various features of the soil. Colour, texture, aggregation, porosity, ion content, and pH are all important soil characteristics. 

1. Colour Soils come in a wide range of colours – shades of brown, red, orange, yellow, gray, and even blue or green. Colour alone does not affect a soil, but it is often a reliable indicator of other soil properties. In the surface soil horizons, a dark colour usually indicates the presence of organic matter. Soils with significant organic material content appear dark brown or black. The most common soil hues are in the red-to-yellow range, getting their colour from iron oxide minerals coating soil particles. Red ion oxides dominate highly weathered soils. Soils frequently saturated by water appear gray, blue, or green because the minerals that give them the red and yellow colours have been leached away.

Texture

A soil’s texture depends on its content of the three main mineral components of the soil: sand, silt, and clay. Texture is the relative percentage of each particle size in a soil. Texture differences can affect many other physical and chemical properties and are therefore important in measures such as soil productivity. Soils with predominantly large particles tend to drain quickly and have lower fertility. Very fine – textured soils may be poorly drained, tend to become waterlogged, and are therefore not well-suited for agriculture. Soils with a medium texture and a relatively even proportion of all particle sizes are most versatile. A combination of 10 to 20 percent clay, along with sand and silt in roughly equal amounts, and a good quantity of organic materials, is considered an ideal mixture for productive soil.

Aggregation 

Individual soil particles tend to be bound together into larger units referred to as aggregates or soil peds as a result of complex chemical forces. 

Soil aggregates form soil structure, defined by the shape, size, and strength of the aggregates. There are three main soil shapes: plate like, in which the aggregates are flat and mostly horizontal; prism like, meaning greater in vertical than in horizontal dimension; and block like, roughly equal in horizontal and vertical dimensions and either angular or rounded. 

Ion Content

Soils ions carry a negative charge. Like magnets, these negative ions (called anions) attract positive ions (called cations). Cations, including those from calcium, magnesium, and potassium, then become attached to the soil particles, in a process known as cation exchange. The chemical reactions in cation exchange make it possible for calcium and the other elements to be changed into water-soluble forms that plants can use for food. Therefore, a soil’s cation exchange capacity is an important measure of its fertility.

pH

Another important chemical measure is soil pH, which refers to the soil’s acidity or alkalinity. This property hinges on the concentration of hydrogen ions in solution. A greater concentration of hydrogen results in a lower pH, meaning greater acidity. 

Conclusion
Several factors of soil formation act either singly or in combinations to convert geological parent material to soil through mainly physical and chemical weathering. Soils with different characteristics results from the different combinations of factors and processes. 

Soil fertility

Introduction 

The soil you have been introduced to basing from its formation, type, composition, various basic concepts it constitutes of, uses, nature and how it is depleted by now is being appreciated by you. Now in this unit, you are going to additionally learn about soil fertility as applied in our time.

The term Soil fertility describes the ability of the soil to supply essential plant nutrients through soil water in adequate amounts and proportions for plant growth and reproduction in the absence of toxic substances which may inhibit plant growth. The following are factors that influence soil fertility:
1) nutrients necessary for plant nutrition, including nitrogen, phosphorus and potassium (N-P-K).
2) micro nutrients 

3) good levels of organic matter
4) balanced soil pH 

5) good soil structure. 

6) macro-organisms and micro-organisms. 

Practices which facilitates the soil to be reduced to nothing

Think of practices that will result into maintaining or failing to maintain soil fertility. Among these practices are: 

· Failure to take soil analysis promotes most of our soils with low nutrient content to deteriorate more. 

· Poor farming practices like continuous cropping, slash-and-burn agriculture residues,   using inputs like synthetic fertilizers and herbicides, too much tilling of the soil damages soil structure, over using inputs such as synthetic fertilizers and herbicides can leave residues and build-ups that will hinder the work of microorganisms, build-up of salt in the soil, ploughing along the slope)

· Failure to use conservation concept appropriately thereby encouraging deforestation and soil erosion.
Fertilizers

Chemical Fertilizers

Can you think of artificial/inorganic/manufactured material added to the soil to sustain plant growth? Some examples of chemical fertilizers are ammonium sulphate, ammonium phosphate, ammonium nitrate, urea and ammonium chloride.
Organic Fertilizers

You may have used or applied natural materials to the soil e.g. cotton seed meal, blood meal, animal manure, and sewage sludge. These are organic fertilizers
Advantages and Disadvantages of Organic Fertilizer

Advantages 

What do you are the advantages of these organic fertilizers?
· improved soil health as applied in (increased organic matter, reduced soil erosion, healthy ecosystem), 
· steady release of nutrients
· more economical
· better for the environment 
Disadvantages 
What do you are the disadvantages of these organic fertilizers?
· limited nutrient availability
· labour-intensive
· potentially pathogenic
· expensive: 
Teaching skills

· Expose your learners to the different kinds of soil in their environment or collect different kinds of soils with them to analyse. Use hand lenses to see which kind of soil has most rocks, has most bits of dead plants and animals, which soil is darkest, and which keeps its shape when you stick your thumb in it.
· Improvise funnels, e.g. cut mineral water bottles and plug cotton wool or filter paper in them. Put different types of soils in each and pour in water. After some time let learners observe and ask them questions on which soil holds the most water and which soil stays damp the longest. Undertake simple experiments such as one shown below:
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Figure 7 demonstrating soil erosion 
Source: https://www.pinterest.com/pin/833658581001886083/

Unit summary
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Summary
	In this unit you learned that judicious use and management of our soils depend on our thorough knowledge of their origin and development. 

The three major rock types (igneous sedimentary and metamorphic) have their peculiar origin, composition and properties.

Five major factors and several processes interplay to break down parent materials into soils which may be similar or different in characteristics from the starting materials.

Soil physical and chemical characteristics enable us to effectively use and manage soils. 




Assignment
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Assignment
	1) Give examples of situations in which each of climate, parent material and topography is the dominant soil forming factor. 

2) What are the differences between physical and chemical weathering products?




Assessment
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Assessment
	1.Explain why clay soil has good water capillarity but poor water drainage

2.Explain the importance of humus to the soil

3. How do poor farming methods contribute to loss of soil fertility?

4.Describe how you would improve the fertility of sand soil

5. Give examples of situations in which each of climate, parent material and topography is the dominant soil forming factor


    6. What are the differences between physical and chemical    weathering products?

    7. How do you go about making compost manure?

     8. What are the advantages and disadvantages of organic   fertilizers?

    9. Explain the steps involved in the preparation of the compost manure.

    10. Name at least one chemical fertilizer in maize growing in Zambia, which is commonly used for:

(i) Basal dressing

(ii) Top dressing.

Unit 6
Ecology
Introduction

In this unit you will learn about living things (biotic) and non-living things (Abiotic) and their interaction showing feeding relationship and energy flow.
Upon completion of this unit you should be able to:
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Outcomes
	·  describe biotic and abiotic interactions

· Explain feeding relationships and energy flow

· describe cycles in nature

· explain the effect of pollution on the ecosystems
· describe biodiversity

· develop teaching skills on the biotic and Abiotic interactions



  Ecology:
Study of the interactions of organisms with their surrounding
   Habitat:
A place where an organism lives
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Terminology
	Population:

Community:

Biotic:
	A group of organisms of the same species living in a 
 particular habitat
All the populations of organisms living and interacting with one another in a particular habitat 

Living environment


	
	Abiotic:
	Non-living environment



Ecosystems:
a biological community of interacting organisms and their physical environment.

Ecology:
 is the study of how organisms interact with one another and with their physical environment.

· The distribution and abundance of organisms on Earth is shaped by biotic, living-organism-related, and abiotic, nonliving or physical, factors.

· Ecology is studied at many levels, including organism, population, community, ecosystem, and biosphere.

Ecology at many scales

Within the discipline of ecology, researchers work at five broad levels, sometimes discretely and sometimes with overlap: organism, population, community, ecosystem, and biosphere. 

· Organism: Organismal ecologists study adaptations, beneficial features arising by natural selection, which allow organisms to live in specific habitats. These adaptations can be morphological, physiological, or behavioral.

· Population: A population is a group of organisms of the same species that live in the same area at the same time. Population ecologists study the size, density, and structure of populations and how they change over time.

· Community: A biological community consists of all the populations of different species that live in a given area. Community ecologists focus on interactions between populations and how these interactions shape the community.

· Ecosystem: An ecosystem consists of all the organisms in an area, the community, and the abiotic factors that influence that community. Ecosystem ecologists often focus on flow of energy and recycling of nutrients.

· Biosphere: The biosphere is planet Earth, viewed as an ecological system. Ecologists working at the biosphere level may study global patterns for example, climate or species distribution and interactions among ecosystems, and phenomena that affect the entire globe, such as climate change.
Energy flow, energy loss

What do you think is the main source of energy on earth? The Sun is the principal source of energy input to biological systems. The Earth receives 2 main types of energy from the Sun: light (solar) and heat. Photosynthetic plants and some bacteria can trap light energy and convert it into chemical energy.
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Source: https://biology-igcse.weebly.com/energy-flow.html

Non-cyclical nature of energy flow

Heterotrophic organisms obtain their energy by eating plants or animals that have eaten plants. So all organisms, directly or indirectly, get their energy from the Sun. The energy is passed from one organism to another in a food chain but, unlike water and elements such as carbon and nitrogen, energy does not return in a cycle. Energy give out by organisms is lost to the environment.
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Energy is lost at each level in the food chain, as in the examples below.

· Energy lost through the process of respiration (as heat)

· Energy used up for movement (to search for food, find a mate, escape  

   from predators).

· Warm-blood animals (birds and mammals) maintain a standard blood  
    temperature – they lose heat to the environment.

· Warm-blood animals lose heat energy in faeces and urine.

· Some of the material in the organism being eaten is not used by the consumer, for example a locust does not eat the roots of maize, and some of the parts eaten are not digestible. 


Even plants do not make use of all the light energy available to them. This is because some light:

· is reflected off shiny leaves

· is the wrong wavelength for chlorophyll to trap

· passes through the leaves without passing through any chloroplasts

· does not fall on the leaves.


On average, about 90% of the energy is lost at each level in a food chain. This means that in long food chains, very little of the energy entering the chain through the producer is available to the top carnivore. So there tend to be small numbers of top carnivores. The food chain below shows how energy reduces through the chain. It is based on maize obtaining 100 units of energy. 

            maize      --->     locust    --->    lizard     --->     snake

            100 units            10 units             1 unit               0.1 unit 


On shorter food chains, less energy is lost. 

Food chain is a chart showing the flow of energy (food) from one organism to the next beginning with a producer.
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Examples: 

· mukwa tree  --->  caterpillar  --->  song  bird ---> hawk
· maize          - --->    locust     ---->  lizard       ----> snake
· algae ---> zooplankton --->  small fish ---> squid --->shark  (shown)
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· A food chain usually starts with a photosynthetic plant, which gains its energy from the Sun.

· The arrows used to link each organism to the next represent the direction of energy flow. They always point towards the ‘eater’, and away from the plant. 

· The feeding level is known as the trophic level.

· Plants are producers (they make/produce food for other organisms).

· Animals that eat plants are primary consumers (a consumer is an ‘eater’). They are also called herbivores.
· Population size 
Food web

Food web is a network of interconnected food chains showing the energy flow through part of an ecosystem.
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Source: http://www.palmiersdusinai.com/wp-content
These are a more accurate way of showing feeding relationships than food chains, because most animals have more than one food source. For example, in the food webs in figure above, the Fox feeds on Rabbit and Frog.

The leopard can be placed at 2 different trophic levels:

· secondary consumer (feeding on impala) 

· quaternary or fourth level consumer (feeding on baboons).

Food webs are easily unbalanced, especially if one population of organisms in the web dies or disappears. This may happen for a number of reasons, including: 

· over–predation or hunting

· disease

· pollution

· use of pesticides

· lack of food (or other resources)

· emigration.

For example, in the food web here, if all the baboons were killed by hunters the leopard would have only impala to eat. So the impala population would decrease. The scorpion population may increase because of less predation by baboons, but if there are more scorpions they will eat more locusts, reducing the locust population, and so on.
· Population size 
Food pyramids of numbers, biomass and energy
A food pyramid shows the relative sizes of different components at the various trophic levels of a food chain. There are three types of ecological pyramid we use: numbers, biomass and energy.
In a food pyramid, each trophic level in a food chain is represented by a horizontal bar, with the width of the bar representing the number of organisms, the amount of biomass or the amount of energy available at that level. The base of the pyramid represents the producer; the second level is the primary consumer; and so on.
1. Pyramids of numbers
A pyramid of numbers shows the relative number of organisms at each stage of a food chain. 
Example 1: clover → snail → thrush → hawk


Clover is a plant and it is the producer in this food chain. Its bar goes at the bottom of the pyramid:


Energy is lost to the surroundings as we go from one level to the next, so there are fewer organisms at each level in this food chain. A lot of clover is needed to support the snail population. A thrush eats lots of snails, and a hawk eats lots of thrushes, so the population of hawks is very small.
Other pyramid shapes
Sometimes the pyramid of numbers doesn't look like a pyramid at all. This could happen if the producer is a large plant such as a tree, or if one of the animals is very small. Remember, though, that whatever the situation, the producer still goes at the bottom of the pyramid.
Here are two examples like this:
Example 2: Oak tree → Insects  →  Woodpecker 
An oak tree is very large so many insects can feed on it. 

Example 3: Grass → Rabbit → Flea 

Fleas are very small and lots of them can feed on a rabbit. 

2. Pyramids of biomass
Sometimes a pyramid of numbers is not the best way to represent a food chain. 
In this case a pyramid of biomass (the dry mass of an organism) is a better diagram to use. It shows the total mass of organisms at each stage of a food chain. 
In general, all producers have a higher biomass than the primary consumer, so a pyramid will always be produced.
The total energy (and biomass) present at a lower tier of the pyramid, must be greater than the higher tiers in order to support the energy requirements of the subsequent organisms.
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Source: http//en.wikipedia.org/wiki/Ecological-pyramid
3. Pyramids of energy
Pyramid of energy shows amount of energy trapped per unit time and area at each stage of a food chain. 
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Source: http//en.wikipedia.org/wiki/Ecological-pyramid

A normal-shaped pyramid is always produced because there is a reduced amount of energy at each successive level. 
Population size, factors affecting the rate of growth

A population is a group of organisms of one species, living in the same area at the same time. Factors affecting the rate of population growth include food supply, predation and disease. 
1. The rate of growth of a population depends on:  

· Food supply – abundant food will enable organisms to breed more successfully to produce more offspring; shortage of food can result in death or force emigration, reducing the population.
· Predation- if there is heavy predation of a population, the breeding rate may not be sufficient to produce enough organisms to replace those eaten, so the population will drop in numbers. There tends to be a time lag in population size change for predators and their pray: as predator numbers increase, prey number drops; and as predator numbers drop, prey numbers rise again (unless there are other limiting factors).

· Disease – this is a particular problem in large populations, because disease can spread easily from one individual to another. Epidemics can reduce population sizes very rapidly.
· Use of contraceptives (for humans). 
2. Population growth in an environment with limited resources

When a limiting factor influences population growth, a sigmoid (S-shaped) curve is created. You need to be able to place the terms lag, log, stationary and death phase on a graph of population growth. 

Lag phase – the new population takes time to settle and mature before breeding begins. When this happens, a doubling of small numbers does not have a big impact on the total populations size, so the line of the graph rises only slowly with time.
Log (exponential) phase – there are no limiting factors. Rapid breeding in an increasing population causes a significant in numbers. A steady doubling in numbers per unit of time produces a straight line.
Stationary phase – limiting factors, such as shortage of food, cause the rate of reproduction to slow down and there are more deaths in the population. When the birth rate and death rate are equal, the line of the graph becomes horizontal. 
Death phase - as food runs out, more organisms die than are born, so the number in the population drops.  
3. Population growth in the absence of limiting factors 
If there are no limiting factors, there will be no stationary or death phase – the log phase will continue upwards, instead of the line leveling off. This has happened with human population growth. Human population size has increased exponentially because of improvements on food supply and the development of medicine to control diseases. Infant mortality has decreased, while life expectancy has increased. 

Such a rapid increase in population size has social implications: 

· increase demand for basic resources (food, water, space, medical care, fossil fuels). 

· increase pressures on the environment (more land needed for housing, growing crops, road buildings, more wood for fuel and housing) and more pollution. 

· larger population of young people --> greater demands on education.

· more old people --> greater demands on healthcare.

Abundant food supplies can lead to more people becoming obese --> greater demands on healthcare (heart disease, diabetes, blindness etc). In the long term ---> reduce average life expectant, as poor health becomes a limiting factor. 

Nutrient cycles - Carbon and water cycles
Most of the chemicals that make up living tissue contain carbon. When organisms die the carbon is recycled so that it can be used by future generations. Four main processes are involved: photosynthesis, respiration, decomposition and combustion. 

A. Carbon cycle
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Source: tthps://eo.ucar.edu/kids/green/cycles
1. Carbon enters the atmosphere as Carbondioxide from respiration and combustion.

2. Carbondioxide is absorbed by producers to make carbohydrates in photosynthesis.
3. Animals feed on the plant passing the carbon compounds along the food chain. Most of the carbon they consume is exhaled as Carbondioxide formed during respiration. The animals and plants eventually die.

4. The dead organisms are eaten by decomposers and the carbon in their bodies is returned to the atmosphere as Carbondioxide. In some conditions decomposition is blocked. The plant and animal material may then be available as fossil fuel in the future for combustion.

B. Water cycle
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                 Source: tthps://eo.ucar.edu/kids/green/cycles

· Energy from the Sun heats the surface of the Earth.

· Plants release water vapour into the air through transpiration.

· Water evaporates from oceans, rivers, lakes and soil.  

· The warm, moist air rises because it is less dense. 

· Water vapour condenses into water droplets as it cools down, forming clouds. 

· Water droplets get bigger and heavier they begin to fall as rain, snow and sleet (precipitation), draining into streams, rivers, lakes and sea. 

· Plant root take up water by osmosis. 

In addition, animals lose water to the environment through exhaling and sweating, and in urine and faeces. 

C. Nitrogen cycle
Nitrogen is essential for the formation of amino acids to make proteins. The nitrogen cycle describes the ways in which nitrogen is recycled.
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Source: tthps://eo.ucar.edu/kids/green/cycles

The element nitrogen is a very unreactive gas. Plants are not able to change it into nitrogen compounds, but it is needed to form proteins. Nitrogen compounds become available for plants in the soil in a number of ways, including:

· nitrogen-fixing bacteria (some plants – legumes such as peas, beans and clover – have roots with nodules that contain these bacteria, so the plant receives a direct source of nitrates)

· breakdown of dead plants and animals by decomposers (bacteria, fungi and invertebrates)

· the addition of artificial fertilizers, compost (decaying plant material) and manure (decaying animal waste – urine and faeces)

· lightning – its energy causes nitrogen to react with oxygen.

Plants absorb nitrates into their roots by active uptake. The nitrates are combined with glucose (from photosynthesis) to form protein. Proteins are passed through the food chain as animals eat the plants. When animals digest proteins the amino acids released can be reorganized to form different proteins.
Some soil bacteria - denitrifying bacteria- break down nitrogen compounds and release nitrogen back into the atmosphere. This is a destructive process, commonly occurring in waterlogged soil. Farmers try to keep soil well drained to prevent this happening – a shortage of nitrates in the soil stunts the growth of crop plants.
Nitrates and other ammonium compounds are very soluble, so they are easy leaches out of the soil and can cause pollution.
Farmer can increase the fertility (nitrogen compound concentration) of their soil by: 

· adding artificial fertilisers 

· adding manure or compost

· growing leguminous plants, then digging the roots (with their nodules) into the soil. 

Pollution

· Pollution, we hear it every other day at school, college and read about it in newspapers. So what is it? Pollution occurs when pollutants contaminate the natural surroundings; which brings about changes that affect our normal lifestyles adversely. Pollutants are the key elements or components of pollution which are generally waste materials of different forms. Pollution disturbs our ecosystem and the balance in the environment. With modernization and development in our lives pollution has reached its peak; giving rise to global warming and human illness.

· Pollution occurs in different forms; air, water, soil, radioactive, noise, heat/ thermal and light. Every form of pollution has two sources of occurrence; the point and the non-point sources. The point sources are easy to identify, monitor and control, whereas the non-point sources are hard to control.  Let us discuss the different types of pollutions, their causes and effects on mankind and the environment as a whole.

Types and Causes of Pollution

· Air Pollution is the most prominent and dangerous form of pollution. It occurs due to many reasons. Excessive burning of fuel which is a necessity of our daily lives for cooking, driving and other industrial activities; releases a huge amount of chemical substances in the air everyday; these pollute the air.

· Smoke from chimneys, factories, vehicles or burning of wood basically occurs due to coal burning; this releases sulphur dioxide into the air making it toxic. The effects of air pollution are evident too. Release of sulphur dioxide and hazardous gases into the air causes global warming and acid rain; which in turn have increased temperatures, erratic rains and droughts worldwide; making it tough for the animals to survive. We breathe in every polluted particle from the air; result is increase in asthma and cancer in the lungs.

· Water Pollution has taken toll of all the surviving species of the earth. Almost 60% of the species live in water bodies. It occurs due to several factors; the industrial wastes dumped into the rivers and other water bodies cause an imbalance in the water leading to its severe contamination and death of aquatic species. If you suspect that nearby water sources have been contaminated by a corporation then it might be a good idea to hire an expert to see your options.
· Also spraying insecticides, pesticides like DDT on plants pollutes the ground water system and oil spills in the oceans have caused irreparable damage to the water bodies. Eutrophication is another big source; it occurs due to daily activities like washing clothes, utensils near lakes, ponds or rivers; this forces detergents to go into water which blocks sunlight from penetrating, thus reducing oxygen and making it inhabitable.
· Water pollution not only harms the aquatic beings but it also contaminates the entire food chain by severely affecting humans dependent on these. Water-borne diseases like cholera, diarrhoea have also increased in all places.
· Soil pollution occurs due to incorporation of unwanted chemicals in the soil due to human activities. Use of insecticides and pesticides absorbs the nitrogen compounds from the soil making it unfit for plants to derive nutrition from. Release of industrial waste, mining and deforestation also exploits the soil. Since plants can’t grow properly, they can’t hold the soil and this leads to soil erosion.

· Noise pollution is caused when noise which is an unpleasant sound affects our ears and leads to psychological problems like stress, hypertension, hearing impairment, etc. It is caused by machines in industries, loud music, etc.
· Radioactive pollution is highly dangerous when it occurs. It can occur due to nuclear plant malfunctions, improper nuclear waste disposal, accidents, etc. It causes cancer, infertility, blindness, defects at the time of birth; can sterilise soil and affect air and water.
· Thermal/heat pollution is due to the excess heat in the environment creating unwanted changes over long time periods; due to huge number of industrial plants, deforestation and air pollution. It increases the earth’s temperature, causing drastic climatic changes and extinction of wildlife.
· Light pollution occurs due to prominent excess illumination of an area. It is largely visible in big cities, on advertising boards and billboards, in sports or entertainment events at the night. In residential areas the lives of the inhabitants is greatly affected by this. It also affects the astronomical observations and activities by making the stars almost invisible.

Effects of Pollution

1. Environment Degradation: Environment is the first casualty for increase in pollution weather in air or water. The increase in the amount of carbondioxide in the atmosphere leads to smog which can restrict sunlight from reaching the earth. Thus, preventing plants in the process of photosynthesis. Gases like Sulfur dioxide and nitrogen oxide can cause acid rain. Water pollution in terms of Oil spill may lead to death of several wildlife species.

2. Human Health: The decrease in quality of air leads to several respiratory problems including asthma or lung cancer. Chest pain, congestion, throat inflammation, cardiovascular disease, respiratory disease are some of diseases that can be causes by air pollution. Water pollution occurs due to contamination of water and may pose skin related problems including skin irritations and rashes. Similarly, Noise pollution leads to hearing loss, stress and sleep disturbance.

3. Global Warming:  The emission of greenhouse gases particularly carbondioxide is leading to global warming. Every other day new industries are being set up, new vehicles come on roads and trees are cut to make way for new homes. The increase in carbondioxide leads to melting of polar ice caps which increases the sea level and pose danger for the people living near coastal areas.

4. Ozone Layer Depletion: Ozone layer is the thin shield high up in the sky that stops ultra violet rays from reaching the earth. As a result of human activities, chemicals, such as chlorofluorocarbons (CFCs), were released into the atmosphere which contributed to the depletion of ozone layer.

5. Infertile Land: Due to constant use of insecticides and pesticides, the soil may become infertile. Plants may not be able to grow properly. Various forms of chemicals produced from industrial waste are released into the flowing water which also affects the quality of soil.

Pollution not only affect humans by destroying their respiratory, cardiovascular and neurological systems; it also affects the nature, plants, fruits, vegetables, rivers, ponds, forests, animals, etc, on which they are highly dependent for survival. It is crucial to control pollution as the nature, wildlife and human life are precious gifts to the mankind.

 What is biodiversity?

· Biodiversity is the variability among living organisms from all sources, including terrestrial, marine, and other aquatic ecosystems and the ecological complexes of which they are part; this includes diversity within species, between species, and of ecosystems. 

· Biodiversity forms the foundation of the vast array of ecosystem services that critically contribute to human well-being. 

· Biodiversity is important in human-managed as well as natural ecosystems. 

· Decisions humans make that influence biodiversity affect the well-being of themselves and others. 

Teaching skills

· Take a tour with your learners to places with fish ponds, or any water body with living organisms in it like frogs etc. Let learners observe and ask questions.

· Provide videos and charts showing plants (producers) and other animals (consumers) showing how food chains and food webs operate.

Unit summary
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Summary
	In this unit you learned about  Biotic and Abiotic interactions

· Feeding relationship and energy flow

· populations

· cycles in nature

· Ecosystems

· pollution

· Conservation and Biodiversity  


Assignment

	[image: image90.png]



Assignment
	1. Select appropriate organisms from the food web of your choice and draw a diagram of it.     [4 marks]

2.   Ladybirds eat aphids. A very large number of ladybirds arrive in the habitat where these organisms live. Predict some of the possible effects this could have on the organisms in the above food web. [6 marks]





	
	


Assessment

	[image: image91.png]



Assessment
	1. Name the types of pollution you know

What is biodiversity?

Draw a diagram to show the flow of energy through a complete food chain.
2. a) Which form of the Sun’s energy is trapped by the  

         producer?  [1 mark]

     b) Into which energy form is the Sun’s energy converted when it 

         is trapped by the producer? [1 mark]

3. a)The first consumer has received 6000 units of energy. How 

       many units of energy (X on the figure) have been passed to the  

       second consumer?                                             [1 mark]   

   b) How many units of energy (Y on the figure) are lost from the 

       third consumer to the decomposers.   [1 marks] 

3. a) Suggest why the proportion of the energy intake which a 

        producer loses to the environment (20%) is smaller than that 

        lost to the environment by a first  consumer (30%)

                                                                                         [2marks]     b) Many countries have difficulty in producing enough food for             

        their population.  How might it help to overcome this problem  

        if humans were always fed as first consumers, rather than 

        second or third consumers? [3 marks]

4. Draw  a diagram to show the nitrogen cycle.

   i) Name the main nitrogen-containing compound found both in 
        plants and in animals.  [1 mark]
   ii) Name one nitrogen-containing compound that is present in 
        urine.                            [1 mark]
5. Draw a diagram of the carbon cycle.

     a) On your diagram, label with the letter indicated an arrow that 
         represents the process of: 
  

     i) combustion                                                             [1 mark]
    ii) decomposition                                                        [1 mark]
    iii) photosynthesis                                                       [1 mark]
    iv) respiration                                                              [1 mark] 




Unit 7

Animals and their variety
Introduction

In this unit you will learn about different kinds of animals and their importance. You will also learn how to classify animals as vertebrates (those with back bones) and invertebrates (those without back bines). 
Upon completion of this unit you will be able to:
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Outcomes
	· list the different kinds of animals and their habitats

· classify animals as vertebrates and invertebrates
· identify amphibians, reptiles, birds, mammals, fishes, insects and arachnids (spides).

· develop appropriate teaching skills on the different kinds of animals and their importance.
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Terminology
	Classification:
	Grouping animals according to characteristics.

	
	
	

	
	
	

	
	Classification:
	Sorting or grouping things based on their characteristics

	
	Vertebrates:
	Animals that posses back bones

	
	Invertebrates:
	Animals that do not possess back bones

	
	
	


Invertebrates and vertebrates
Members of the animal kingdom can be divided into two large groups based on whether they have a backbone as part of a bony skeleton. Animals with a backbone are called vertebrates and those without a backbone are called invertebrates.

Invertebrate animals

There are four invertebrate groups namely annelids, nematodes, molluscs and arthropods.

Nematodes
Hookworms are nematodes with bodies that are specialized for feeding and reproducing; often they are parasites inside the gut of another animal.

Characteristics
· Mouth with sucking mouthparts for drinking blood
· Has long muscles for wriggling movements
· Long, thin body so not washed out of host’s intestine
· Body covered with mucus to resist attack by host’s digestive juices
· Bilaterally symmetrical and usually pointed at both ends
· Fertilization is internal
· Parasitic and free- living
· Nematodes don’t have a circulatory system
· Nematodes don’t have any segmentation
· Roundworms get their name from their round cross section
· Long thread-like bodies
· Usually very small to microscopic, some parasitic members however may be a metre long

· Simple tube-like gut with a mouth and anus
· No circulatory system, gas exchange and excretion are by diffusion across the body wall

· There is very little superficial difference between nematode species, they all look pretty much like larger or smaller, somewhat fatter or skinnier versions of each other

· Sexual reproduction, sexes separate, no asexual reproduction. Males are usually smaller than the females, the females of some species can deposit over 100,000 eggs per day.

Annelids

Annelids such as the earthworm have a long segmented body and chaetae

Characteristics
· Mouth can bite off pieces of fallen leaves
· Chaetae (bristles) are found on each segment-used during movement
· Long cylindrical body covered with a mucus layer helps to stop drying out
· Vermiform (worm-like!)

· Externally segmented which is reflected on the inside, internal segments separated by septa (walls) with identical copies of muscles, nerves and excretory structures.
This division of the body into similar repeating segments is known as "metamerism" or "metameric segmentation"

·  Each segment has 2 pairs of setae or hairs made of chitin, these are used for locomotion and may be developed into paddle-like appendages in aquatic forms

· Hydrostatic (liquid) skeleton comprises of body fluid that is contained within a segment

· Segments have longitudinal and circular muscles that work antagonistically (against each other) in locomotion

· Have blood, a simple circulatory system, blood vessels with valves and a heart.

· Reproduction is sexual, many species are hermaphrodite (both male and female at the same time)

· Members of the group may be land dwelling, in soil or sediments or aquatic
· Some members show a high degree of encephalization (development of a head)

· Size from 1mm to up to 3m - typically in the region of 1-20cm
 The group includes:
· Earthworms, many different species found almost everywhere there is soil.

· Polychaetes, mostly marine species, often with extended setae that form paddles of some kind for swimming. Often very brightly coloured, can be red, pink or green or some combination. May be free-living, burrow dwelling or make a hard calcified tube on rocks, ships hulls, wooden structures or flotsam or on the shells of other animals.

· Hirudinea, the leeches, best known for their parasitic bloodsucking habits but most feed on small invertebrates including earthworms which they swallow whole.
Molluscs
Molluscs have a hard shell protecting a soft body with no limbs

Characteristics
· Shell –protects the soft body of the snail from predators and from drying out

· Has eye on the tentacles

· Mouthparts to scrape at vegetation

· Foot –muscle with a slimy covering so that snail can move by creeping over the surface

· There is a muscular "foot" which may be very modified.

· The visceral mass is covered by a fold of the body called the mantle which may secrete a calcium carbonate shell, which may be external or internal.

· There may be a radula present, this is a unique tongue-like organ for scraping and is covered in hundreds, sometimes thousands of microscopic teeth.

· Body divided into head, foot and visceral mass.
· No segmentation - not a characteristic in itself, but helps distinguish the molluscs from other animal groups.

Sexual reproduction
Typically they have shells but not hard appendages such as legs, antennae or other body parts.
Annelid, nematode or Mollusca
	
	Annelid
	Nematode
	Mollusca

	Body covering
	Hard, slightly water proof
	Soft, not waterproof
	Soft-shell helps to save water

	Segments visible
	Yes
	No
	No

	Movement
	Uses chaetae (bristles) to move from place to place
	Wriggles but lives in one place
	Creeps on foot from place to place

	Feeding method
	Herbivores
	Mainly parasites
	Mainly herbivores-some carnivores


Arthropods

· The arthropods are the most numerous of all animals, both in terms of the number of different species and the number of individuals in any one species. The insects are arthropods that show an interesting adaptation in their life cycle called metamorphosis that allows them to use the resources of their habitat to the maximum. Apart from the insects, the arthropod phylum includes three other classes: Crustacea, myriapods and arachnids.

Insects
E.g. House fly, mosquito 
Characteristics
· The body is segmented with the segments grouped into head, thorax and abdomen

· Compound eyes detect food and avoid predators

· Two pairs of wings for flying

· Antennae sense chemicals in the environment

· Mouthparts –very specialized for feeding e.g. piercing by mosquitoes

· Three pairs of legs

· Body is divided into three parts, head, thorax and abdomen - the distinguishing feature of insects: 

· Head has one pair of antennae

· Thorax (middle bit) has three pairs of legs

· Abdomen has no appendages

· May have wings on the thorax, two pairs, one of which may be modified into a shell case or reduced or lost altogether 

· Mouth parts consist of a pair of mandibles (jaws), a pair of maxillae (to manipulate the food) and a labium (lip), these may be greatly modified for biting, chewing, piercing and sucking in different species 

· Gas exchange is by a tracheal system, with numerous openings to the outside along the thorax and abdomen called spiracles 

· Uric acid is produced as the nitrogenous waste product, this allows for the loss of a minimal amount of water 

· A tubular heart and simple circulatory system 

· Sexual reproduction with separate males and females, some can reproduce asexually as well
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Metamorphosis means change of body form allows different stages which:

· Do not compete for the same food sources

· Can be highly specialized for different functions. The larva is adapted for feeding and growth and the adult for locomotion and reproduction.
Crustacean
Crabs are slightly unusual because many of their segments are tucked under their body

Characteristics
· Hardened, serrated edge to claw-can hold onto slippery food, and break open shells of molluscs

· Jointed limbs-flexible to help with feeding

· Eyes-important sensors in aquatic environment

· Gills under shell-allow uptake of oxygen from water

· Carapace-a thick, hardened shell for protection against predators

· Two pairs of antennae - the distinguishing feature of Crustaceans
· A well defined head in most members of the group

· The trunk region usually has an abdomen and thorax present

· The trunk section is often covered by a dorsal (on the back) carapace (shell)
· There are often a number of appendages (legs and leg-like things) present that have specialized functions such as feeding, walking and swimming

· The exoskeleton may be strengthened by the addition of calcium carbonate
Myriapods

Characteristics

· Antennae- these are important sense organs in the millipedes dark, damp environment

· Many body segments- body is flexible for movement and wriggling around and under leaves and stones

· Mouthparts- have hard edges for biting vegetation (millipedes) or other animals (centipedes)

· Hard exoskeleton- protection against predators

· Walking legs- allow movement over rough surfaces

· Body covering- waterproof, helping animal to live on land
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centipede 
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Millipede
Arachnids
Characteristics

· Head and thorax are combined into one body part

· Simple eyes  (but more than one pair) help to detect prey

· Four pairs of legs allow chasing prey or holding onto web

· Spinneret which produces long, thin strands of silk. (the word arachnid comes from the Greek goddess Arachne who was skilled at spinning)

· Powerful, piercing jaws- all spiders are predators
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Vertebrate animals: five classes
There are five classes of vertebrates, which, like the members of the plant kingdom, show gradual adaptations to life on land. The classes are fish, amphibians, reptiles, birds and mammals.

Fish
Characteristics

· Scales covered in mucus help streaming for swimming

· Operculum covering gills-gills have a large surface area for gas exchange

· Lateral line contains sense organs to detect vibration

· Fins for movement and stability
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Amphibians
Characteristics

· Nostrils leading to lungs which are used for gas exchange

· Wide mouth as adult amphibians are all carnivorous

· Moist skin also used for gas exchange

· Four limbs, with hind limbs webbed- walking and swimming
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Reptiles

Characteristics

· Dry, scaly skin- limits water loss

· Tail can be used for swimming, as in crocodiles

· Limbs efficient for crawling and climbing

· Mouth has teeth or bony ridges to aid feeding

 SHAPE  \* MERGEFORMAT 
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BIRDS
Characteristics

· Forelimbs are modified as limbs
· Nostrils, leading to lungs which are the organs of gas exchange

· Beak –very light since there is no bone or teeth

· Scales on legs-feet ideal for perching

· Feathers, vital for flight and for endotherm (they give excellent insulation against heat loss)
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Mammals

Mammals are endothermic vertebrates. Humans show the typical mammalian characteristics of hair, mammary glands and a diaphragm.

· What makes an animal a mammal? 
Mammals are a particular class of animal. What makes an animal a mammal are several things. First, they must have glands that give milk. This is to feed their babies. Second, they are warm-blooded. Third, all mammals have fur or hair. Humans are mammals and so are dogs, whales, elephants, and horses. Most mammals have teeth with the exception of the ant eater which doesn't have any teeth. 

Where do they live? 
Mammals live in all sorts of environments including the ocean, underground, and on land. Some mammals, bats for example, can even fly. 

Three Types of Mammals 

Mammals are sometimes divided into three types based on how they give birth and take care of their young. 

· Live young - Most mammals give birth to live young (instead of laying eggs like birds or reptiles). These mammals are called placental mammals.

· Marsupials - Marsupials are special types of mammals that carry their young in a pouch. Some marsupials include the kangaroo, the koala, and the opossum. 

· Egg laying - A few mammals lay eggs, they are called monotremes.  Monotremes include the platypus and the long-nosed spiny anteater.

Largest and Smallest Mammals 
The largest mammal is the Blue Whale which lives in the ocean and can grow to over 80 feet long. The largest land mammal is the elephant followed by the rhino and the hippo (which does spend a lot of time in the water). The smallest mammal is the Kitty's hog-nosed bat. It is also called the bumblebee bat.
Mammals Are Smart
Mammals have unique brains and are often very intelligent. Humans are the most intelligent. Other intelligent mammals include the dolphin, the elephant, the chimpanzee, and the pig. That's right, pigs are thought to be one of the smartest animals! 
Characteristics
· Are vertebrates (which means they have a back bone or spine)

· Are endothermic. Also known as warm blooded endothermic animals regulate their own body temperature which allows them to live in almost every climate on earth.

· Have hair on their bodies

· Produce milk to feed their babies. This allows them to spend more time with their young and teach them important skills they need to survive on their own.

Domestic animals
According to Zambia wildlife act of 2015, domestic animal” entails any kind or species, whether quadruped or not, that is tame or which has been or is being sufficiently

tamed to serve some purpose for the use of a human being and on the other hand,“ wild animal ” means an animal ferae naturae, and includes a game or protected animal, but does not include a domestic animal. In line with the difference above, let’s look at the table below to distinguish them further.

	
	Domestic animal
	Wild animal

	1
	Live direct influence from the human
	live without direct influence from the human

	2
	animals are trained to obey the human commands
	Aggression is higher among wild animals

	3
	Less domesticated number
	number of wild species is much higher

	
	Friends of agriculture
	pests of agriculture

	
	are useful for various anthropogenic activities
	Anthropogenic activities may be mostly problematic


Activity 

Imagine you are asked to write down the names of domestic Animals and wild animals found in Zambia. What type of list would you generate?
Uses of domestic animals and wild animals in Zambia
Zambia is a fortunate country as seen by a number of various domestic and wild animals found in the country. Have you ever thought about their uses? Look at the table below and add five more names of each of the two groups of animals.

	TYPE OF ANIMALS
	NAME
	USES

	Wild animals
	Elephant
	mount, tourism, mine detection, patrol, work

	
	Zebra
	Meat, tourism

	
	Lion
	tourism

	
	Giraffe
	tourism, pets

	
	White and Black Rhino
	Meat, tourism, horns

	
	Buffalo
	working, ploughing, draft, mount, fighting, meat, show, racing, milk, pets, horns, patrol, dung

	
	Hyena
	 tourism, 

	
	Hippo
	Meat, tourism

	
	Bush pig
	Meat, tourism

	
	Leopard
	pest control, pets, show

	
	Wild dog
	tourism

	Domestic animals
	Cattle
	fibre, meat, milk, leather, pelt, pets, show, racing, research, guarding, fighting, ornamental, horns, lawn mowing

	
	Chicken
	Eggs, meat, feather, show, ornamental, fighting, racing, pets, pest control, guarding, manure

	
	Donkey
	transportation, working, ploughing, draft, mount, meat, milk, pets, racing, guarding, lawn mowing, patrol, manure

	
	Duck
	Eggs, meat, feather, show, ornamental, fighting, racing, pets, pest control, guarding, manure

	
	Sheep
	

	
	Dog
	Pets, hunting, herding, guarding, pest control, transportation, draft, working, show, racing, sport, meat, rescuing, guiding, fighting, service, research, patrol

	
	pig
	meat, leather, research, show, racing, fighting, pets, tusks, guarding, manure

	
	cat
	pets, pest control, show, pelt, research

	
	horse
	transportation, milk, meat, working, guiding, servicing, herding, hunting, execution, ploughing, draft, mount, patrol fighting, show, racing, pets, hair, manure

	
	camel
	transportation, working, hunting, ploughing, draft, mount, show, racing, fighting, milk, meat, pets, patrol

	
	Goat 
	milk, meat, fibre, skin, show, racing, fighting, clearing land, pets, horns, guarding

	
	Pigeon


	show, ornamental, messenger, meat, racing, pets

	
	Guinea fowl 
	meat, eggs, pest control, show, alarming, pets, guarding, manure


General characteristics of domestic and wild Birds

Introduction
This section brings you to birds (Aves), which are very familiar vertebrates that we come across nearly every day. Interestingly birds possess a major characteristic feature of feathers. Indeed, any animal you see with feathers is unmistakenly a bird. They include the doves and pigeons on your roof and on trees around your homes, to the chickens and turkeys you eat as delicacies etc.

Activity

In your own view what would the general characteristics found in domestic as well as wild birds?

Study these characteristics below and state whether they fit the characteristics under question.

Characteristics of the domestic and wild birds

· body covered with feathers composed mainly of keratin (they are the only animals that have feathers) 

· strong bony endoskeleton 

· bones with large air spaces forelimbs modified as  wings  for  flight  (some  have  lost  ability  to fly)

· bipedal - two legs for locomotion (lower part of legs has scales)

· toothless horny beak; use gizzard to grind food

· warm - blooded animals (body temperature is internally regulated; endothermic/ homeothermic)

· efficient lungs with pouches for gas exchange

· heart of four chambers

· internal fertilisation 

· hard calcareous shelled eggs with large yolk
It is interesting to note that birds are the only vertebrates with feathers. So any animal you see with feathers is unmistakenly a bird. Birds are said to have come from a common ancestor (monophyletic lineage) and are thus related through that common origin.

You take it you are an extension officer with a colleague from Wildlife. What would you tell the community about the importance of domestic birds and wild birds at household level and national level?

Teaching skills

· Take your learners to an aquarium or zoo and have them classify each animal they see as vertebrates or invertebrates for a real life examples. Or simply give each child an animal picture and have her/him place it on a bulletin board with other vertebrates or invertebrates.

· Use art activities such as pictures of vertebrates or invertebrates from magazines. Have each learner cut out pictures and use crayons to colour them.
Unit summary
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Summary
	In this unit you learned about Vertebrates and Invertebrates.

· Amphibians, reptiles, mammals, birds, fishes and insects.

· General characteristics of animals.
· There’s indeed differences between domestic animals and wild animals

· Some of the wild animals are elephant, zebra, lion, giraffe, etc

· the uses of domestic animals and wild animals vary as learnt in the module in Zambia

· the characteristics of domestic birds and wild birds range from body being covered with feathers composed mainly of keratin (they are the only animals that have feathers) to possessing a hard calcareous shelled eggs with large yolk

· it is true the importance of domestic and wild birds to man at the household and national level change individual’s status as in most cases income improves and at national level foreign exchange rate is improved together with high protein food products.




Assignment
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Assignment
	a) Distinguish domestic animals from wild animals

b) List five the names of both domestic animals and wild animals found in Zambia

c) What are   the uses of domestic animals and wild animals in Zambia?

d) Describe the characteristics of domestic birds and wild birds

e) Explain the importance of domestic and wild birds to man at the household and national level




Assessment
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Assessment
	1 The arthropods include four classes- insects, arachnids, crustaceans and myriapods

(a) List three features that all of these classes possess.

(b) List three features that only insects possess

(c) Compare insects and spiders under the headings number of body sections, number of wings and types of eyes

2 Insects are the most abundant of all animals on land. Many of them show an adaptation called complete metamorphosis. What does this term mean, and how does it help to explain why there are so many insect species?




Unit 8

WATER

Introduction
As you may be aware, water, air and food are three very important things which are necessary for life to exist here on earth. in this unit you will study the properties and importance of water.

Upon completion of this unit you will be able to:
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Outcomes
	· describe the water cycle

· explain how the rate of evaporation is affected by weather changes

· describe how rainfall can be recorded
· describe the effects of rain on the environment. 

· discuss the importance of water to human beings

· discuss ways of conserving water

· explain different types of water treatment to make it safe to drink

· discuss ways of controlling water - borne diseases
· develop teaching skills on the properties and uses of water for your learners.




The Water Cycle

The sun provides the heat needed to change the liquid state of water on any water surface to gas or vapour. This water vapour rises up into the atmosphere where it cools and forms drops of moisture which become visible to our naked eyes as clouds. With further cooling in the atmosphere, these drops become so heavy that they can no longer be held up in the atmosphere. As a result, they fall to the surface of the earth as precipitation. This precipitation may be in form of rain, sleet, hail or snow. When it rains, most of the water quickly flows to the lower levels of the surface of the earth into surface natural water sources such as streams or rivers. Usually, all this water eventually ends up in the oceans.
Some of this water sinks into the earth to become ground water which also reappears in boreholes, wells and springs. Some of the water is absorbed by plant roots and used by the plants. Some of the unused underground water also ends up into the oceans.

The heat from the sun turns most of the surface water in the oceans into vapour and the cycle starts again. 
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Figure ....: The Rain Cycle. Adapted from ’Who cares’ by Thomas. M.S.J. PP-9

Evaporation and its use in our everyday life

Let us now look at evaporation. Evaporation is a process in which liquids turn into a gas or vapour. This process occurs whenever some molecules on a liquid surface have sufficient kinetic energy to break away from the attractive forces. As these surface molecules escape the liquid becomes cooler. Evaporation produces a cooling effect.

Activity
Pour a little water on a table or any flat surface. Pour a little methylated spirit into a beaker. Place the beaker on the table or flat surface where you pour water. Discuss your observations with your colleagues. How do you explain your observations?

Use of evaporation in our everyday life

Evaporation has many functions which include:

1. cooling of our bodies as the sweat is evaporating.
2. drying of our washed linen on the line.

3. drying of ink on our writing pad, especially if you are using a fountain pen.

Rainfall

We measure rainfall including other forms of precipitation (snow, sleet and hail) using a metal instrument called a rain- gauge. It usually consists of a copper cylinder with a metal funnel either 13cm or 20cm in diameter, which leads into a smaller copper container or a glass bottle. The hole in the funnel that leads down to the container is very small so that evaporation of the collected rain is minimized. The gauge should be at least a third of a meter above the ground and firmly fastened, to avoid splashing. The instrument should be sited well away from tall buildings, tall trees and other objects which would shelter it.
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The measurement of rainfall is done by removing the funnel, empting the rain in a container into a graduated cylinder with a 3.8 cm diameter. The reading should be done at eye- level and to accuracy of 0.25 mm. For greater accuracy, a special kind of taper measure, which tapers at the bottom is used. It gives accuracy up to 0.125mm. The daily records of rainfall will be added at the end of the month to find the total rainfall for the month .The total of each month is again added at the end of the year to find the annual rainfall. The mean annual rainfall is obtained from the averages of annual rainfall taken over a long period of 35 years.
Activity: How to Make a Simple Rain Gauge

You will need the following:

· 2 litre plastic bottle (with consistent diameter) 

· sharp scissors 

· paper clips 

· bucket full of sand or gravel 

· measuring cylinder

Now you are required to:

1. cut the top off of your plastic bottle. Cut about a quarter of the way down, to where the bottle begins to have a consistent diameter. Ensure that you cut the edge as smoothly as possible in order to preserve both pieces of the bottle.

2. remove the bottle cap and turn the top part of the bottle upside down, placing it into the bottom part. Connect the two halves with paper clips.

3. place the plastic bottle rain gauge in a location where it will easily collect rain without impediment from surrounding trees, plants or buildings.

4. letyour rain gauge stand upright by placing it in a sand or gravel filled bucket. Make a hole in the sand or gravel large enough for half the bottle gauge to sit into the pit. Use the gravel or sand to support the edges of the bottle gauge.

5. measure the amount of rain caught by your gauge by emptying the contents of the bottle rain gauge into a measuring cylinder.
Water Supply

Let us now look at some of sources, characteristics, states and importance of water.
Sources of water

Naturally, our main source of water is the rain, whose water runs in our rivers which supply water to the majority of Zambians. Some of these rivers are dammed at some points. Areas around these dams are heavily populated. One dam has become so big that it is now referred to as a man-made lake. This is what is called Lake Kariba. We have some natural lakes as well like Lake Mweru and Lake Bangweulu in Luapula Province and Lake Tanganyika in Northern Province.
Swamps are also sources of water in some areas such Kafue Flats, Lukanga Swamps, Mweru-wantipa. In some areas, underground water comes out to the surface as springs. Springs are dotted around the country and as such serve as sources of water to surrounding communities. Tap, borehole and well water is very common in most areas of our country.

Uses of water by human beings

We use water to grow food to sustain life. Also, we use it for domestic purposes for drinking, cooking, laundry and bathing. Water is also used for bleaching and dyeing in textile industries. Since many substances dissolve in it water is widely is a universal solvent. Additionally, water plays a major role in hydro and thermal electricity generation. Its abundant availability in the world has made human beings to use it as a means of transport.

Methods of water treatment

Methods of purifying water include boiling, filtering decanting, distilling and chemical treatment. Let us now discuss these methods in detail.

Boiling

Boiling water for about 20 to 30 minutes kills almost all the germs in drinking water.

Filtration

This process removes all solid particles and material such as litter, animal and other plant remains. The easiest and cheapest method of filtration is by use of sand and gravel. In large scale filtration, water passes through reservoirs of filter beds placed slightly at lower levels. These filter beds are made largely of sand, a layer of gravel and finally a layer of stones. In the process of filtration, the solid particles are unable to pass through the sand and gravel. The sand is gradually covered with a layer of slime which has organisms and microscopic plants that destroy bacteria in water. 

Decantation

Water is collected in large quantities and stored in reservoirs for about 2 weeks where it is exposed to sunshine. The solid particles in the water sink to the bottom of the reservoir. Harmful bacteria are destroyed by the heat of the sun. On its own it does not completely make water fit to drink unless subjected to further treatment by other methods.

Distillation

Distillation involves vaporizing the water and cooling and condensing the vapour back to clean and pure water. This is the cleanest form of water as it carries no impurities what so ever. Such water is used for various purposes like in hospitals, laboratories for experiments and also for use in batteries.

Chemical treatment

To make the water safe to drink you add chemicals such as calcium chloride, Potassium permanganate or Iodine. In some instances, Chlorine is added to wells and boreholes to make the water safe. In towns and cities, the water passes through different cleaning processes, such as sedimentation, filtration and chemical treatment. Large amounts of water are cleaned in this way before it is distributed through pipes and taps to consumers. 

Disadvantages of chemical treatment of water

· Only qualified people can treat the water and hence are expensive to maintain on a salary.
· Chemicals used in treating the water are expensive.
· Water that has been wrongly chemically treated usually has a bad smell and has unpleasant taste and endangers people’s health.
· Chemicals do not make water clean. They are a form of contamination in themselves.
Water- borne diseases

Water – borne diseases are those which are transmitted through water. Some of them affect the victim through the skin which is in contact with the water, e.g. bilharzia.
Bilharzia
Bilharzia is called Schistosomiasis. It is caused by a blood fluke called schistosoma. This disease is widely spread throughout Africa. It is contracted through the skin when washing in or wading through infested water. The fluke actively bores through the skin of its host and the worms live in the veins near the bladder. They lay very small sharp pointed eggs which go through the bladder wall and make it bleed. That is why people with bilharzia experience pains in their bladder and pass blood and eggs in urine. 

How it is spread: If a person with bilharzia passes urine in the stream, the blood and eggs get into the stream where they hatch into small worms which live inside water snails. If your stream has bilharzia, it is better never to bathe, stand or wade in it. This will prevent the worms from entering your bladder through the skin.

Signs of infection are passing blood in the urine (occasionally in faeces) and pain on passing urine. It is prevented by ensuring people do not urinate in streams. It is important to use latrines so that the bilharzia eggs cannot get into a stream.

Cholera
The bacterium which causes cholera is called Vibrio cholera. The main source of infection is contaminated water or food. The bacteria produce toxins causing inflammation of the gut and results in severe diarrhoea and vomiting. Fluid loss is so intense that the diarrhoea is termed rice – water. Resulting dehydration and loss of mineral salts cause death.

To prevent cholera you need to ensure that you boil drinking water and practice good personal and public hygiene.

Typhoid
Typhoid is a very dangerous disease. It is caused by the a bacterium called salmonella typhi. People get infected when they take contaminated food or drink contaminated water. The incubation (the period of the time between the original infection and the appearance of signs and symptoms) period is about one and three weeks. The victim develops a severe inflammation of the small intestine, causing diarrhoea, together with a high fever with headaches and accompanied by a slow pulse rate. The spleen becomes enlarged.

Treatment: Typhoid is treated by powerful antibiotics, such as ampicillin or chloramphenicol or any modern drugs prescribed by medical personnel.
Protective measures are a clean water supply, safe disposal of sewage and hygienic preparation of food.

Teaching skills

· You can use songs about the rain cycle with your learners. In addition, you can use video shows, charts, poems, games-where different sections of a class act out one stage of the water cycle.
· You may also conduct a class quiz for “TRUE or FALSE” statements.

· Make models or diorama displaying the water cycle for kids

Unit summary

	[image: image109.jpg]




	In this unit you learnt about the sources and uses of water, how to treat it for safe use and the diseases arising from water contamination. 


Assignment
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	a) Name common water sources in your area

b) Classify them in two groups as either ‘Natural or Manmade source’

c) How suitable is the water from each of the sources you have identified for:

· laundry

· bathing

· drinking
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