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PREFACE

The Departmer: 

Pondicherry, express-, 

biology trained in 

secondary biology/bo:

Institute of Educatio:

training the teachers 

the financial, admins; 

planned in the instir. 

of Education, UT of 7: 

details of experiment, 

workshop was held in : 

1999. Various aspects 

newly evolved format :

duration and dates

experiments to be per:

finalized with the

schools in Pondicherry

the facilities avails!

schools, and to unde: 

practicals.

A five day wc: 

February to 2nd March 

workshop. The teacher:

included in the life : 

classes. A few exper:

of Education, Union Territory of

: a desire to have all their PGT s in

the practical component of higher 

:any/zoology syllabus. The Regional 

:, Mysore took up the responsibility of

Logistics of the programme such as

;crative and academic activities were

:te in consultation with the Department 

:rdicherry. A format for writing the 

; was evolved in the institute. A 2-day 

:tndicherry on the 4th and 5th February 

of the training programme such as the 

:or writing the details of experiments, 

of workshop at Mysore, list of 

:ormed during the workshop etc. were 

participants. A survey of selected

* was also undertaken to acquaint with 

:le in biology laboratories in these

■stand the method of evaluation of

rkshop was held in Mysore from 26th 

1999. 27 PGT s in biology attended the

• performed most of the experiments 

:ciences syllabus for higher secondary 

.ments which the participants felt easy
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to perform were left out. On 1st March the participants 

visited the department of Applied Botany, University of 

Mysore, where they were introduced to the techniques of 

plant tissue culture and transmission electron microscopy.

The participants wrote the details of experiments 

which they performed during the workshop. The experiments in 

botany and zoology were extensively edited by the respective 

academic co-ordinators and the work is being presented in 

the present form.

i

V.V. ANAND 
and

S.P. KULKARNI
Academic Co-ordinators

3
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AIM: Experiment to demonstrate the process of osmosis using 

a potato osmoscope.

MATERIALS REQUIRED: A medium sized potato, scalpel, blade, 

100 ml beaker/petri-dish, water, sugar, pins.

THEORETICAL BACKGROUND

Osmosis is a physical phenomenon seen in living

cells in which molecules of water move between solutions of

different concentrations across a selectively permeable 

membrane. The direction of movement is determined by the 

water-potential gradient.

When a substance (solute) is dissolved in water 

(solvent) we get a solution. Eased on the amount of solute 

dissolved, we recognise 3 types of solutions: hypo-tonic, 

isotonic and hypertonic. These terms are more meaningful 

when they are compared with the concentration in cell sap.

PROCEDURE

1. Cut a medium sized potato tuber into 2 equal halves.

2. Peel off the outer skin with a blade/scalpel.

3. Trim the edges of the half-tuber into a suitable shape 

(square or rectangle)

4. Mark out a large central square taking care to leave 4-5

mm of tissue all around the tuber.

5. Carefully scoop out the tissues from he central region, 

without damaging the rims and base of the osmoscope.

6. Prepare a required quantity (10ml) of concentrated sugar

(sucrose) solution.
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7. Pour a small quantity of the sugar solution * into* the 

potato osmoscope upto about 1 3rds the level.

8. Fix a pin to indicate the level of the sugar solution 

inside the osmoscope.

9. Place the osmoscope carefully in a beaker/suitable 

vessel filled with water in such a way that about 2/3rds 

the osmoscope must be dipped m water.

10. Leave the set up for one and half hour and observe the 

level of water in the Osmosccpe.

OBSERVATION AND RESULTS

There is an increase in the level of the solution

inside the Osmoscope. Due to this, a greater portion of the 

pin will be dipping in the solution.

INFERENCE

An increase in the level of solution inside the

osmoscope is due to entry of water into it across layers of 

cells in the rim/s of Osmoscope. There was a very steep 

water potential gradient between the sugar solution in the 

osmoscope and water in the beaker. The direction of water 

movement is from the beaker into the osmoscope.

PRECAUTIONS

a. Select a fresh potato tuber

b. Sugar solution should be highly concentrated

c. While fixing the pin inside the Osmoscope, care must be 

taken not to pierce the rim of osmoscope.

d. Do not disturb the set up.
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APPROXIMATE DURATION: 2 to 2 1/2 hours.

LINK WITH TEXT/THEORY

Osmosis; Concept of water potential; types of 

solutions; absorption of water by plants.

SAMPLE EVALUTION QUESTION

1. Represent the path of water movement in the experiment in

a flow chart.

2. Does the sugar solution go out of the osmoscope? Give

reasons.

3. Has the quantity of solution in the osmoscope increased ?

Observe, Analyse the reasons.

4. What will happen if water is taken in the osmoscope Sc 

sugar solution in the beaker?

5. In the experiment, is the sugar solution, hypo- or 

hypertonic in comparison with water in the beaker?

6. Where is the value of water potential more negative-sugar

solution or water in the beaker? Give reasons.
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AIM: Experiment to demonstrate the process of Osmosis using 

an egg membrane.

MATERIALS REQUIRED: An egg, thisole funnel, 250 ml beakers 

sugar, water, thread, stand, pipette/broom stick, dilute 

hydrochloric acid, scalpel.

THEORETICAL BACKGROUND

Osmosis is a physical phenomenon seen in living

cells in which molecules of water move between solutions of

different concentrations across a selectively permeable 

membrane. The direction of movement is determined by the 

water-potential gradient.

When a substance (solute) is dissolved in water 

(solvent) we get a solution. Based on the amount of solute 

dissolved, we recognise 3 types of solutions: hypo-tonic, 

isotonic and hypertonic. These terms are more meaningful 

when they are compared with the concentration in cell sap.

PROCEDURE

1. Open up on egg at the pointed end by gently tapping it 

with a scalpel and making a 1-1 1/2 cm hole.

2. Empty the contents of the egg into a beaker. Wash the 

shell in water.

3. Place the empty shell in a 250 ml beaker and pour dil.

HC1. Notice the dissolution of the shell, leaving behind

the soft membrane.

4 . Wash the membrane in water and remove the fragments of

undissolved shell adhering to it.
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5. Carefully place the membrane around the broad end of the

thistle funnel and secure it to the mouth of the funnel

by tying a thread around it.

6. Fill the thistle funnel with sugar solution by holding 

the former in a slant position. The sugar solution

should rise in the stem of the thistle funnel. Mark the

level and make sure there is no leakage from the

membrane.

7. Fix the thistle funnel to a stand. I membrane-tied end 

should be dipping in water in a beaker.

8. Leave the set-up for 1 to 1 1/2 hrs and observe the level 

of sugar solution in the stem.

OBSERVATION
An increase in the level of sugar solution is 

noticed in the stem of thistle funnel.
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INFERENCE

Rise in level of sugar solution indicates the entry 

of water into thistle funnel and the only path of entry is 

across the membrane. Water moves from the beaker into 

thistle funnel because water in the beaker has greater free 

energy than that in sugar solution. The membrane has 

permitted movement of water (solvent) only but has hot 

allowed movement of sugar (solute) molecules thus exhibiting 

its selective permeability character.

The direction of water movement can also be explained 

in terms of water-potential concept. The water-potential of 

sugar solution is more negative than water-potential of

water in the beaker. Since water moved from the beaker into

the thistle funnel, across the membrane, it suggests that 

during Osmosis water moves from a region where U>ai.|3»t.is less 

negative (water in beaker) to a region where it is more 

negative (sugar solution) across a selectively permeable

membrane.

PECAUTIONS

1. Handle the membrane very gently as it is delicate and 

gets damaged easily.

2. Sugar solution must be concentrated.

3. The membrane should be tied to the thistle funnel without

either damaging the membrane or leaving any gaps.

4. While introducing sugar solution into the thistle funnel, 

air-bubbles may be a hindrance. Use of a pipette or a 

broom stick will help eliminate the air bubbles.
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APPROXIMATE DURATION: 2 hours.

LINK WITH THEORY: Osmosis; Concept of water potential; types 

of solutions; absorption of water by plants.

SAMPLE EVALUATION QUESTIONS

1. Will a highly concentrated sugar solution in the thistle 

funnel make the osmosis quicker? Analyse.

2. What determines the value of water potential in a

solution?

3. Do you think the egg membrane has exhibited selective 

permeability? Give reasons.

4. How does HCl dissolve the shell of egg?

5. Can the experiment be performed by taking salt solution 

in the thistle funnel? Give reasons.
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AIM: Tc compare the rates of transpiration under different 

environmental conditions using Ganong's potometer.

MATERIALS/EQUIPMENT REQUIRED: Ganong' s potometer, st 

watch/watch, scalpel, grease, beaker, a trough of water, a 

healthy, Leafy plant/twig.

THEORETICAL BACKGROUND

The loss of water in vapour form from the aerial 

parts of plants is called transpiration. External factors 

like temperature, light, wind etc. Control the rate of 

transpiration. There are 3 types of transpirations in 

plants. Of them, stomatal transpiration taking place through 

the leaves is the most common, universal and abundant.

PROCEDURE

1. Carefully examine the Ganong's potometer and identify its

parts.

2. Select a healthy twig with sufficient number of leaves 

and see that it accurately fits into the one-hole rubber

cork.

3. Make a slant cut at one end of the twig with a 

scalpel/blade and dip the cut end in water.

4. Smear a small quantity of grease between the twig and 

cork so as to prevent air from entering through the gap.

5. Fill the potometer with water taking care to exclude any 

air gaps/air bubbles. Close the reservoir cock and 

insert the one-hole rubber cork with twig through the 

vertical limb as shown in the diagram. If fitted 

correctly, water will not drip from the hole at the tip
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oi the horizontal limb (It's easier to till the pctometer 

by immersing it in a trough of water)

6. Introduce an air bubble at the tip of the horizontal limb 

by using a blotter/needle and then dip it in a beaker 

containing water. If the apparatus is correctly set up, 

the bubble will slowly move along the horizontal limb.

7. Calculate the time taken for the movement of bubble along

the horizontal limb by 1 cm. Take the readings under 3
rn

environmental conditions as givenjjshe tabular column.

8. The bubble can be pushed back by slowly opening the stop 

cock of the reservoir.

9. Tabulate the results in the tabular column and draw

inferences.

%

PLANT
TWIG

— WATER 
RESERVOIR

k-?-

_______Jv__ _
AIR BUBBLE

—'PORE
■STANO BEAKER

-
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TABULATION OF RESULTS

Experimental
condition

Time taken for the bubble to move by 
1 cm (in seconds)

a b c Average

1. Bright sunlight

2. Diffuse light

3 . Laboratory

CONCLUSION

The experiment has demonstrated that the rate of 

transpiration varies depending on the intensity of light. 

The rate is faster in bright sunlight. As more water is lost 

by way of transpiration, water is absorbed from the beaker, 

thus enabling quicker movement of bubble. Movement of bubble 

is slower in diffuse light and slowest in the laboratory. So 

light is an important factor that determines the rate of 

transpiration.

PRECAUTIONS

1. Select a fresh twig with sufficient number of leaves.

2. The twig should exactly fit into the one-hole rubber

cork.

3. The cut end of the twig should not be exposed to air.

4. The apparatus should be air-tight.

5. The introduced air-bubble should not go beyond the 

graduated horizontal limb. The bubble can be pushed back 

by gently opening the stopper at the base of the

reservoir.
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6. Handle the apparatus carefully, particularly while fixing 

the rubber-cork with twig and while moving the apparatus.

DURATION OF THE EXPERIMENT: 1 1/2 hours to 2 hours.

LINK WITH THEORY: Chapter transpiration- measurement of 

rate of transpiration.

SAMPLE EVALUATION QUESTIONS

1. Give reasons for the movement of bubble in the apparatus.

2. Why tip of the horizontal limb should be dipped in a

beaker of water?

3. Trace the path of water from site of absorption to the 

transpiration site.

4. Why is the rate of transpiration faster in bright 

sunlight?
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<2^5//
AIM: experiment to demonstrate the evolution of cxvgen 
during photosynthesis.

MATERIALS REQUIRED: Test tube, short-stem funnel, 250 or 

500ml beaker, fresh Hydrilla plants, Sodium-bi-carbonate, 

pyrogallol, water.

THEORETICAL BACKGROUND

Photosynthesis in an important metabolic process in 

plants which helps in the synthesis of simple sugars, by 

utilizing CO2, H2O, light energy and Chlorophyll. 

Photosynthesis involves 2 major stages - the light reaction 

and the dark reaction. In light reaction, the water 

molecule dissociates into H+, e~ and O2 is released as a by 

product. j\ U

PROCEDURE

1. Fill a beaker with pond water.

2. Place several (8-10) Hydrilla plants in the mouth of 

funnel in such a way that cut ends of plants are directed

towards the stem of funnel.

3. Invert the funnel with plants and place it inside the

beaker with water.

4. Fill a test tube completely with water and invert it over 

the stem of funnel in the beaker. When the apparatus is 

set-up there should be a continuous column of water in 

test-tube without any air-gaps.

5. Keep the set up in bright sunlight and put a pinch of

Sodium-bi-carbonate into the beaker.
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6. " Observe the evolution of bubbles of a gas from the

plants.

7. After 1 to 1 1/2 hours observe the set up.

OBSERVATION

A gas is collected at the top of the inverted test 

tube by downward displacement of water. When tested, the 

gas is found to be oxygen.

Testing for oxygen is rather difficult. The

traditional test of introducing a burning splinter will not
is

be possible as the collected 02j^inaccessible. A substance, 

pyrogallol, is most suitable to test for oxygen. Introduce 

a few mg of the powder into the test tube. This has the 

ability of absorbing oxygen and the level of water rises in

the test tube.



-15-

INFERENCE

Bubbles of gas that emerge from the plant and get 

collected at the top of inverted test-tube is oxygen. It 

is evolved during light reaction of photosynthesis by 

photolysis of water molecules.

PRECAUTIONS

1. Select fresh, healthy Hydrilla plants.

2. Apparatus can be successfully set up only if the entire 

funnel (including tip of its stem) is under water.

3. Place the apparatus in bright sunlight as it enhances the 

rate of photosynthesis.

APPROXIMATE DURATION: 1 1/2 to 2 hours.

LINK WITH THEORY: Photosynthesis - light reaction.

SAMPLE EVALUATION QUESTIONS

1. Why should we select only fresh, healthy Hydrilla plants?

2. Will the evolution of O2 be faster inside the room/lab? 

Give reasons.

3. Why aquatic plants like Hydrilla are ideally suited for 

this experiment?

4. Why the burning splinter test cannot be done?



-16-

AIM: Experiment to demonstrate the necessity of CO2 for 

photosynthesis.

MATERIALS REQUIRED : De-starched potted plant-Tecoma/Phaseolus 

vulgaris/Solanum nigrum, test tube with split cork, KOH 

solution, Iodine in KI solution, hot plate or spirit lamp, 

beakers-250 ml, water, rectified spirit, forceps, Petri- 

plate.

THEORETICAL BACKGROUND: Photosynthesis is a very vital 

process in plants which takes place in the presence of 

chlorophyll, water, sun-light and CO2. CO2 is a gaseous 

factor which is absorbed from the atmosphere through the 

stomata of leaves. This CO2 gets reduced to carbohydrates 

in the dark reaction of photosynthesis. Carbohydrates are 

stored in the form of starch in cells of plants.

PROCEDURE

1. Keep a healthy watered, potted plant in complete darkness 

continuously for 48 to 60 hrs.

2. Place the plant in bright sunlight. Immediately, identify 

a healthy, undamaged long-lanceolate leaf.

3. Place the intact leaf in between a split cork and insert 

both leaf and split cork into a test tube containing

about 2-5 ml of KOH solution.

4. Adjust the cork so that it fits tightly into the mouth of 

the test tube. A portion of leaf will be inside the test 

tube and the other portion will be outside. Please note 

that the leaf should not be detached from plant or

damaged while setting up the experiment.
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5. Leave the set up m bright sun-light for about 1 1/2

hours.

6. Pluck the experimental leaf and subject it to starch

test.

STARCH TEST

7. Boil the leaf in hot water (5-10 minutes) till it becomes

soft.

8. Boil the leaf in rectified spirit till it decolourises 

completely.

9. Wash the leaf in water.

10. Place the leaf in a Petri-dish and pour J2 in KI 
solution on it. Leave it for 10 minutes.

11. Wash the leaf in water so as to remove excess iodine

solution. Observe.

BLUE BLACK 
•""{STARCH 

FORMED)

NO STARCH

OBSERVATION

The portion of leaf that- was inside the test tube

does not turn blue whereas rest of the leaf turns blue.
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INFERENCE
The portion of leaf that was inside the test-tube 

was provided with all the essential factors for 

photosynthesis except CO2. CO2 was absorbed by KOH solution 

in the tube. Consequently that portion of leaf failed to 

synthesise starch by dark reaction hence did not turn blue 

when tested for starch. But the portion of leaf that was 

exposed,had all the conditions essential for photosynthesis, 

including CO2. This part of leaf synthesised starch and 

hence tested positive for it.

APPROXIMATE DURATION: 2 to 2 1/2 hours.

LINK WITH THEORY: Photosynthesis, Factors affecting

photosynthesis

PRECAUTIONS

1. Ensure complete de-starching of leaves.

2. Do not select plants with succulent or mucilage 

containing leaves.

3. The leaf should not come in contact with KOH solution

4. Alcohol should be boiled in a water bath.

5. The split rubber cork should be fitted firmly to prevent 

entry of air into the test tube.

SAMPLE EVALUATION QUESTIONS

1. Why should we de-starch the plant before the experiment?

2. What is the role of CO2 in Photosynthesis?

3. What is the role played by KOH in the experiment?

4. Why only that portion of leaf which is outside the test

tube turns blue after starch test?
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AIM: Experiment to demonstrate the necessity of light for 

photosynthesis (Ganong1s light screen experiment)

MATERIALS REQUIRED: A de-starched potted plant, Ganong1 s 

light screen/thick black paper, stand, hot plate, I2 in KI 

solution, beaker, Petri-plate, rectified spirit, paper 

clips.

THEORETICAL BACKGROUND

Photosynthesis requires several external factors 

such as light, CO2 and water. Absence of any one of these 

factors hampers the process. Light is very essential for the 

light reaction of photosynthesis during which the reductant, 

NADPH2 and ATP are synthesised. These along with CO2 serve 

as the ingredients for the dark reaction during which 

carbohydrates are synthesised.

PROCEDURE

1. Locate a broad, healthy leaf in the destarched potted 

plant.

2. Carefully place Gonong’s light screen on the leaf. If 

light screen is not available, cut 2 equal strips of 

black paper to about 2 cms x 6 cms. Mark X in the centre 

of the black strips and cut it out with a scissor/blade. 

Now, place a strip on either side of the leaf and clamp 

it to the leaf by means of a few paper clips. This can 

substitute for the light screen.

3. Place the potted plant in bright sunlight and fix the 

light screen to the stand.
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4. Leave the set-up in bright sunlight -for 5-0-75 minutes

5. Pluck the experimental leaf from plant and subject it to 

starch test. (See page 17)

BLUE BLACK 
/ (STARCH

FORMATION)

COLOUR LESS 
(NO STARCH)

RESULTS AND INFERENCE

When the leaf was tested for starch, only the portion 

of leaf that was exposed to sunlight tested positive for 

starch whereas the rest of the leaf remained colourless.

The results clearly indicate that light is a very 

important factor for photosynthesis to occur. Hence the 

unexposed portion of leaf failed to synthesize starch though 

all other .requirements for photosynthesis were available.

PRECAUTIONS

1. Ensure complete dectarching of leaves by keeping the 

potted plant in continuous darkness for 24-48 hours.

2. Do not select succulents and plants with coriaceous or 

mucilagenous leaves for the experiment.

3. Do not damage the leaf while fixing the light screen.
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4. Do not heat alcohol on an open flame.

APPROXIMATE DURATION: 2 to 2 1/2 hrs.

LINK WITH THEORY: Photosynthesis; Factors affecting

photosynthesis

SAMPLE EVALUATION QUESTIONS

1. Why should the plant be destarched before the experiment?

2. Is bright sunlight essential for good results? Give

reasons.

3. Can you expect a positive result using a normal plant (a 

plant that is not destarched)?Give reasons.

4. Will there be a difference in starch content between the

experimental leaf and normal leaf?

5. What is the coloured substance formed in starch test?
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AIM: Experiment to demonstrate transpiration pull.

MATERIALS REQUIRED: A glass tube (6-8" long) fitted with a 

rubber tube, a twig with many Leaves, water, scalpel/blade, 

mercury, petridish, enamel trsy, grease.

THEORETICAL BACKGROUND: Transpiration is the less of water 

in vapour form from aerial parts of plants, particularly 

leaves. The water lost is mate good by absorption from 

roots. One of the theories putforth to explain the

absorption of water is ' cohesun-tension' hypothesis or the 

'transpiration puli' theory. This suggests that due to 

transpiration a force or pull is created all along the path 

of water in plants which enables easy uptake of water by

roots.

PROCEDURE

1. Cut a healthy, leafy twig ebout 1 to 1 1/2 feet) from a

plant taking care that it fits tightly into the rubber 

tubing. Dip the cut end in water immediately.

2. Fill up both rubber tubing end glass tube completely with 

water by holding the set-up upside down.

3. Plug leaking areas with a ctat of grease.
,4

4. Set up the experiment in such a way that the lower end of 

the water-filled glass tube dips in a Petri-dish 

containing mercury.

5. There should be a continues column of water, without

any air bubbles or gaps from the upper end where plant is 

attached, to the lower end if apparatus that is dipping 

in mercury.
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and rises significantly in it.

INFERENCE: Mercury rises in the glass tube because it is 

pulled upwards by a strong force. This force is generated 

by the transpiring twig which absorbs water from its cut end 

and thus transmits the upward force to mercury in Petri- 

dish. Thus, mercury is drawn into the glass tube, despite 

its heavy density!! This is suggestive of the tenacity of 

transpiration pull.

PRECAUTIONS

1. Mercury is a poisonous substance. Take utmost care while 

handling it.

2. Avoid mercury coming in contact with gold jewellary and 

cut/injured portions ofyour body.
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3. Experiment should be set up completely water tight.

4. Avoid damage to the bark of twig while setting up the 

experiment.

5. A slant cut of the twig increases the area of contact

with water.

APPROXIMATE DURATION: 1 to 1 1/2 hours.

LINK WITH THEORY: Transpiration, absorption of water, 

theories of absorption of water.

SAMPLE EVALUATION QUESTIONS

1. Why the cut end of the twig should be immediately dipped

in water?

2. Discuss the most ideal conditions for conducting the 

experiment that provides quick results.

3. Does the mercury go on rising in the glass tube after 

10-12 hours? Analyse your answer.

4. Why should we take a lot of care while handling mercury?

5. What happens when mercury comes in contact with gold?

I
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AIM: Experiment to demonstrate the liberation of CO2 during 

aerobic respiration-Ganong'5 respircscope experiment.

MATERIALS REQUIRED: Ganong ' s respiroscope-2 nos germinating 

seeds of gram, KOH, water, 250 ml beaker, stands-2 nos.,

cotton.

THEORETICAL BACKGROUND

Most living organisms respire aerobically. During 

this process, O2 is used to break-down glucose into CO2, 

water and energy is released in the process. The CO2 escapes 

into the atmosphere.

PROCEDURE

1. Take 2 Ganong's respiroscopes and introduce into each one 

of them about 20-25 germinating seeds. Label them A and B,

2. Introduce a swab of cotton into the limb of each 

respiroscope to prevent seeds from falling down.

3. Fix the respiroscopes to 2 stands as shown in figure.

4. Dip the respiroscope .A in a beaker containing water and

the other respiroscope into a beaker containing KOH
*

solution

5. Leave the set-up by the side of a window for 1 hour.

Observe.
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OBSERVATION AND RESULTS

Respiroscope A does not show any cnange. in 

tespiroscope KOH solution has entered the lino of

respiroscope.

INFERENCE

In respiroscope A the CO2 that was released 

dissolved in water and hence no change was observed.

In respiroscope B. CO2 was absorbed by the KOH 

solution as a result of which a vacuum was created in the 

respiroscope. This drew the KOH solution into the limb. 

Since KOH solution has the ability to absorb CO2 release of 

CO2 during aerobic respiration is confirmed.

PRECAUTIONS

1. Use healthy, fresh germinating seeds.

2. The open end of respiroscopes should dip in water and KOH

solut ion.
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3. Do not disturb the setup.
APPROXIMATE DURATION: 1 1/2 hours.

LINK WITH THEORY: Respiration; aerobic respiration.

SAMPLE EVALUATION QUESTIONS

1. Why germinating seeds are ideal materials for the 

experiment?

2. Suggest a few alternate materials for the experiment.

3. What is the source of C in the CO2 that is released 

during respiration ?

4. Can you suggest methods to speed up the experiment.

5. Write the overall reaction of aerobic respiration using

glucose as substrate.



-28-

AIM: To study the stages of mitotic cell division using 

onion root-tips.

MATERIALS REQUIRED: Onions, 50 ml beakers-3 to 4 nos, spirit 

lamp, Carnoy's fixative, 70% alcohol, IN HCl, 2% aceto

carmine stain, micro-slide, cover glass, blotting paper, 

match box, microscope, needles, blade, paraffin wax, 

n-butanol, DPX mountant.

THEORETICAL BACKGROUND

Living cells of eukaryotes undergo 2 kinds of cell 

divisions, mitosis and meiosis. Mitosis generally takes 

place in the somatic cells. Actively dividing meristsms such 

as root tips and shoot-tips are suitable materials for 

studying mitosis. Mitotic cell division has different 

stages; prophase, metaphase, anaphase and telophase. At the 

end of mitosis, 2 daughter cells are formed, each having the 

same chromosome number as that of the parent cell.

PROCEDURE

1. Fill 3-4 50ml beakers with water and place an onicn bulb 

in each, in such a way that the root forming portion of 

onion bulb dips in water.

2. Root initiation occurs after a day. After 2-3 days cut 

the distal 1 cm tips of all the roots with a blade.

3. Place the root-tips in Carnoy's fixative for 24-43 hours.

*4. Wash the root-tips with water and transfer them to 70%

alcohol.
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5. Select 5-6 root tips and transfer them to IN HCl taken in 

a watch glass. Gently warm the watch glass on a flame

for 2-3 minutes.

6. Transfer 2-3 root-tips on to a micro-slide and cut their 

extreme 2-3 mm tips. Retain these tips on the slide and

discard rest of the root

7. Put 3-4 drops of acetocarmine stain and crush the root 

tips with the tip of a needle.

8. Gently warm the slide on a flame for 2-3 minutes, add a 

few more drops of stain.

9. Put a cover glass on the material. Wrap the slide in a 

blotting paper and gently tap the blotter and thereby the 

cover glass with the blunt end of a pencil.

10. Wipe the sides of cover glass and observe carefully

Examine each cell for stages of cell division.
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OBSERVATIONS

Carefully locate the cells that are undergoing 

division. Try to analyse the features of dividing ceils and 

establish the stage of division by following clues given in 

the text book.

PRECAUTIONS

1. Fix root-tips in Carnoy's fluid between 8.00 a.m. and

11.00 a.m.

2. Root-tips can be preserved in 70 % ethanol for any length

of time.

LINK WITH THEORY: Cell and cell-division.

PROCEDURE FOR MAKING PERMANENT SLIDES IN CYTOLOGY

If the micro-preparation has dividtovjcells, the slide 

can be made permanent in the following manner.

1. Seal the edges of cover alass with ^olten naraffin fix.

2. After 6-8 hours or a day process the slide in butanol-

alcohol series.

3. Scrape off the excess wax around the cover-glass, 

carefully with a blade and place the slide with 

coverglass facing downwards in a solution of absolute

alcohol and butanol in the ratio of 3:1 till the cover

glass detaches from the slide.

4. Transfer both the slide and coverglass to Abs. Ale: 

butanol (1:1) for 3-5 minutes.

5. Transfer the slide & cover glass to pure butanol 

(3-5 min) .

6. Using DPX, mount the processed coverglass on a new slide 

and mount a new coverglass on the processed slide.

7. Observe.
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AIM: To study the anatomy of dicot stem.

MATERIALS REQUIRED: Tender herbaceous stem of Trid&x/Helia- 

nthus, blade, safranin stain, 20% glycerine, Petridish, 

water, micro-slide, coverglass, microscope, brush, needle, 

forceps, raw papaya fruit.

THEORETICAL BACKGROUND: Young dicot stems in transection 

have three distinct regions; the outer epidermis, a 

parenchymatous cortex and a ring of vascular bundles. The 

vascular bundles are generally conjoint, collateral with a 

strip of cambium between the xylem and phloem. The xylem is 

endarch. A centrally situated parenchymatous pith in seen

in most stems.

PROCEDURE FOR FREE-HAND SECTIONING

1. Cut the papaya into a 1cm x 1cm block and make a vertical

incision in the centre.

2. Place a piece of the stem vertically in the central slit.

3. Hold the papaya block in the left hand between the thumb 

and index finger. Take thin sections by moving a sharp 

blade across the papaya block.

4. Place the sections in a Petri-dish containing water.

Discard sections of papaya fruit and select 1-2 good, 

thin sections of the stem.

5. Take 2-3 ml water in a cavity block and add 3-4 drops of 

2% safranin. Transfer the sections to the stain; leave

them for 5-8 minutes.
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6. Mount the sections in a few drops of 20%' glycerine taken 

on a clean slide. Carefully place a coverglaas on them 

taking care to avoid air bubbles.

7. Observe the slide in low power under a microscope. 

Identify the parts and tissues of stem by comparing it 

with the figcLTe. Observe the characteriseics of the 

different tissue types .A^'e?idermalha,r'

Cuticle

RSW CANAL

EPIDERMIS

HYPOOERMIS
(COLLENCHYMA)

GENERAL CORTEX 
( PARENCHYMA)
ENOODERMIS 
(STARCH SHEATH)

SCLERENCHYMA 
(HARO BAST)

MEDULLARY RAY 

OW OEM

CAMBIUM

METAXYLEM

PROTOXYLEM

WOOD
PARENCHYMA

P»THOBSERVATION

The outer most layer is the epidermis made of 

rectangular cells arranged in a row around die central 

tissues. The epidermis has an outer layer of waxy 

coating called cuticle. A few trichomes/hadrs can be 

seen arising from some cells of the epidermis. The

epidermal cells are living cells.

2. Below the epidermis is the cortex consisting of 6-8 rows

of parenchymatous cells. The cells are circular and of
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TABULATION OF RESULTS/OBSERVATION

Results can be systematically tabulated writing down

tests performed, observations made and the

the following format.

inferences using

No. Test Observation Conclusion

1. Food sample+reagents• Outcome of the Content of food
required and proce- experiment-Colour/stuff based on
dure to conduct the Gas/Precipitate the observations
test. etc. Presence/Absence

CONCLUSION

FOR EXAMPLE: The food sample analysed contains

1. Carbohydrate (reducing sugar/polysaccharide)

2. Proteins

3. Lipids

PRECAUTIONS

1. Dilute solutions containing food items should be prepared

before hand.

2. Heating/boiling of solutions should be done carefully.

3. Either fresh samples or samples stored in refrigerator

be used.

4. Test solutions and reagents should be used in proportions 

mentioned in the procedure.

5. Conclusions can be drawn only on the basis of results/ 

observations, after performing experiments. (In case of 

need,experiment can be repeated by taking little stronger 

solutions).

<
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This reaction is due to the presence of phenyl group 

(C5H5) in protein molecules. Tyrosine and Tryptophan 

respond positively.

2.3 ROSENHELM’S TEST

To 2 ml of test solution add 2 to 3 drops of dilute 

formalin solution, mix and add carefully 2 ml of cone, 

sulphuric acid. A pink coloured ring appears at the 

junction. Proteins containing tryptophan group show this

reaction.

3. TEST FOR LIPIDS

3.1 GREASE SPOT TEST

Place a drop of test solution on a white paper and 

allow the solution to evaporate. A transluscent spot formed 

on paper indicates presence of lipids.

3.2 HUBL’s IODINE TEST

Take 3 ml of chloroform add 1 drop of Hubl's iodine 

solution. Mix well and to this add 1 to 2 drops of oil. 

Allow it to stand for 5 to 10 minutes. Iodine colour slowly 

disappears.

PRINCIPLE: Unsaturated lipids take up one molecule of 

iodine/hydrogen/ oxygen to each double bond.

3.3 SALKOWASKY TEST FOR CHOLESTEROL
Oil + Chloroform + Cone. Sulphuric acid = purple 

colour on the upper layer of chloroform indicates presence

of cholesterol.
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Benedict's solution is modified Fehling's solution

and is more stable.

PRINCIPLE: If a suspension of copper hydroxide in alkaline 

solution is heated, then a black cupric oxide is formed.

Cu(OH)2 -----> CuO+H2O+O

Carbohydrates with a free or a potentially free 

aldehyde or ketone group have reducing properties in

alkaline solution.

1.3 TEST FOR POLYSACCHARIDES

1.3.1 TEST FOR STARCH: Add 3 drops of dilute iodine solution 

to 2 ml of test solution. Appearance of blue colour 

indicates the presence of starch.

2. TEST FOR PROTEINS

2.1 BIURET TEST

Add 1 ml of 50% sodium hydroxide solution to 1 ml of 

test solution and add 2 drops of 5% copper sulphate 

solution. A purple violet colour appears, indicating 

presence of -CONH2, -CH2NH2, C(NH)NH2-, CSNH2-groups.

2.2 XANTHOPROTEIN TEST

Add 0.5 ml concentrated nitric acid to 1 ml test

solution. A white precipitate of protein is formed which 

turns yellow on heating and finally dissolves leaving yellow 

coloured solution and turns into deep orange after the 

addition of 2 to 3 ml of 40% sodium hydroxide solution.
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PROCEDURE

Prepare dilute solutions of glucose, sucrose, starch 

in distilled water. Other food items like carrot, fruits, 

seeds can be ground to paste in water using pestle and 

mortar. These samples can be diluted and used for testing.

1. TESTS FOR CARBOHYDRATES

i) Molisch's Test: This is a general test for all

carbohydrates. To 2 ml of test solution, add 3 drops of 

Molisch’s reagent. Carefully add about 1 ml of concentrated 

sulphuric acid along the side of the test tube by inclining 

the test tube. A purple ring at the junction of both the 

solution indicates presence of carbohydrates.

PRINCIPLE

Concentrated sulphuric acid hydrolyses glycosidic 

bonds to produce monosaccharides which are dehydrated to 

furfural and its derivatives. These products combine with 

alpha-naphthol to give a purple complex.

1.2 TEST FOR REDUCING SUGARS

1.2.1 FEHLING'S TEST
Mix 1 ml of Fehling's solution ’A’ with 1 ml of 

Fehling's solution 'B'. Add 5 drops of test solution and 

boil in water bath. A reddish precipitate of cuprous oxide 

is formed.

1.2.2 BENEDICT'S TEST
To 2 ml of Benedict's solution, add 5 drops of test

solution and boil in a water bath for 2 minutes. A red 

precipitate of cuprous oxide is formed.
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AIM: Analysis of food samples and identification of their

constituents.

MATERIALS REQUIRED

Different types of food samples, Starch, Glucose, 

Sucrose, Albumin, Oil, Carrot, Banana, Grapes, Germinating 

Seeds, Egg protein and reagents listed with each experiment, 

pestle and mortar, Beakers, Test Tubes, Test Tube holder, 

Stand, Spirit lamps, Water bath.

THEORETICAL BACKGROUND

All life process of organisms are dependent on the 

food supply. The food obtained by the organism is used up 

for growth, reproduction'and various metabolic activities. 

An organism continues to lead healthy life only when there 

is an adequate supply of 'Balanced Diet'. Balanced diet is 

one which incorporates all food constituents like 

carbohydrates, proteins, lipids, minerals and vitamins in 

proper proportion. Carbohydrates and lipids provide energy, 

proteins help in building of tissues and repair of lost 

parts. Minerals and vitamins are required for healthy being. 

The deficiency of any of these leads to diseases.

The food item that we consume may be rich in one or 

the other constituent. In order to find out the 

constituents of food samples we can perform simple 

experiments.
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PRECAUTIONS

1. Do not inhale chloroform.

2. Animal should be washed thoroughly before dissection.

3. Scissors and forceps should be hancled/parallel to the 

animal and not vertically.

APPROXIMATE DURATION

1 1/2 to 2 hours.

LINK WITH THEORY

SAMPLE EVALUATION QUESTIONS

1. Identify all arteries in the anterior region.

2. Mention all arteries of posterior region and mention

their functions.
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1. Occipito-vertebral artery - supplying blood to vertebral

column.

2. Oesophageal artery - supplying blood to oesophagus.

3. Subclavian artery - supplying blood to shoulder and

forelimb.

At the junction where dorsal aorta formed, coeliaco- 

mesenteric artery arises and supplies to digestive system.

The dorsal aorta runs backwards and gives off

1. Four pairs of renal arteries to kidneys and gonads.

2. Iliac artery that divides into vesiculo-epigastric artery 
to urinary bladder.

3. Femoral artery to hind limbs.

4. Sciatic artery.

common -carotid 
-arch

right systemic 
arch

pulmocutaneous 
arch

oesophageal

ooclplto* 
vertebral

posterior 
mesenteric 

femoral

doaol aperture
sdatk
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I

AIM: To dissect and display the Arterial system of Frog.
| MATERIALS REQUIRED: Frog, Chloroform, water, dissection box,

dissection board. Tray, Bone cutter, Pins, Hammer, strip 

britle.

B THEORETI CAL BACKGROUND

Organises require circulatory system to provide food 

and oxygen to all parts of the body for carrying out the

metabolic activities.

Heart, arteries, veins and capillaries are part of 

circulatory system.

Arterial system carries blood with food and oxygen 

to various parts of the body. It consists of arteries and

arterioles.

Frog is anaesthesised using chloroform and washed 

with water. Animal is pinned on the board in such a way that 

dissection could be done on the ventral side. The skin is 

cut open and neatly pinned. Body wall is carefully cut on 

one side and pined as described previously. Locate the 

heart and pericardium is removed. Truncus Arterious from the 

right side of ventricle is seen. On tracing we could see the 

three divisions; carotid, systemic and pulmocutaneous. 

Carotid divides into internal carotid and lingual artery. 

Both supply blood to anterior region. Pulmocutaneous divides 

into pulmonary and cutaneous artery supply blood to lungs 

and skin respectively. Systemic (right and left) trunks pass 

dorsally around oesophagus and unite to form dorsal aorta. 

From each systemic branch before forming dorsal aorta are 

given off.
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CONCLUSION

1. A dissected and well displayed specimen gives first hand 

information about various organs of digestive system.

2. An awareness of size and relationship of each organ with 

other organs.

3. Skill of dissection of frog brings in confidence in 

dissecting other vertebrates.

4. Systematic display and labelling parts help in keeping 

parts in memory for long time.

5. Writing a chart of parts and functions helps in complet

ing the study of digestive system.

APPROXIMATE DURATION

About one hour for dissection and display together. 

About half an hour to study structure and functions.

LINK WITH THEORY

Details of digestive system is given in subunit 2.5 

vertebrate organization-Frog of chapter-II of class XI 

Zoology text book.

SAMPLE EVALUATION QUESTIONS

1. Why should we open frog (vertebrate) on its ventral side 
only?

2. Which layer is exposed when the skin is separated from 
body?

3. Why should we not cut open muscular layer in the mid 
ventral line?

4. How could you highlight only the digestive system without 
removing other organs?

5. What are the advantages of flag labelling parts?

6. Remove all flag labels from the dissected specimen and 
ask students to relabel/identity various parts.
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Fig. 1 Exposing viscera,
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Fif. | Exposing viscera.
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vein runs in mid ventral line which should be retained.

Separate anterior abdominal vein from muscle strip and 

expose the viscera by taking cuts upto lower jaw, into fore

limbs and abdominal muscles.

organs of different systems

The exposed viscera shows 

Expose various organs of

digestive system and display using black paper keeping 

organs of all other systems at the back. Arrange and 

identify all the parts as shown in the text book (page 62) . 

In order to label the parts, cut white paper (preferably 

drawing paper) in to small strips or flags and write the 

names of various organs. Place these labels pointing 

respective parts the digestive system. Clean the tray and 

fill with fresh water. Clean the table and keep the

dissected frog f ion
// VU&'V• > -oV*OBSERVATIONS

1 The black paper placed beneath the digestive system 

masks other organs/system highlighting only digestive

system.

Flag labelled parts of digestive system show various 

organs in sequence.

A discussion on flow of food from one end of alimentary 

canal to the other can be taken up.

Role of each organ can be emphasised and structure of

each organ in relation to its function can be discussed.
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AIM: To study of various organ systems of a frog

MATERIALS REQUIRED: Frog, chloroform, Dissection tray, pins, 

dissection box, black paper, white paper.

THEORETICAL BACKGROUND: Frog, a typical amphibian vertebrate 

is chosen for the study of different systems since frogs are 

easily available. The size is also suitable for a student 

who dissects a vertebrate for the first time. Study of all 

systems in detail can be completed using one male and one 

female frog. External morphology and mounting of squamous 

epithelium, ciliated epithelium can be done without 

dissecting the animal. A dissected specimen gives scope for 

the study of digestive, respiratory and other system, if 

done systematically.

PROCEDURE
Treat the frog with chloroform in a jar. Wash the 

frog thoroughly to remove traces chloroform. Study external 

characters by looking in to details of head, and trunk 

regions. Fix the frog on its ventral side in dissection tray 

with pins/nails. Lift the skin using a forceps and make an 

incision in midventral line and cut the skin up to lower jaw 

(Refer Fig. 1A) . Cut the skin of fore limbs and hind limbs. 

Separate skin from musculature using needle and spread out 

skin and pin to the dissection tray/board. Now the muscular 

layer of the frog is exposed. Take two cuts parallel to mid 

ventral line in musculature because the anterior abdominal
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This- is properly stirred using a glass rod for the proper 

mixing of blood with acid. It is allowed to stand for 10-15 

minutes and then placed in haemoglobinometer comparator. 

Distilled water is added drop by drop and mixed well until 

the colour matches the colour of standard tube. The reading 

is taken from the graduated tube and expressed as grams 

percent or in gms per 100 cc of blood. For better results, 

the graduated tube is left for about 10 minutes and the 

colour is again matched to confirm the previous reading.

OBSERVATION

The haemoglobin content varies from individual to 

individual. The haemoglobin content falls in a range. This 

range is different for males and females.

RESULT

The haemoglobin of the blood sample was found to be 

13.5 gm %.

PRECAUTIONS

1. Draw accurate amount of blood.

2. Avoid air bubbles when drawing the blood.

3. Mix the acid and the blood thoroughly. Transfer all the 
blood to acid by several rinses with acid.

4. Avoid keeping blood for a long time in the pipette as it 
leads to clotting.

5. After every addition of water, keep stirring to get 
accurate matching

SAMPLE EVALUATION QUESTIONS

1. What is the principle behind haemoglobin estimation?

2. What kinds of errors might occur while estimating 
haemoglobin?

3. Give reasons for lower or higher estimations.
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AIM: To estimate the Haemoglobin content of the given blood 

sample.

MATERIALS REQUIRED: Pricking needle, alcohol, distilled 

water, N/10 HC1 and stirrer. Sahli's haemoglobinometer, 

diluting tubes, Haemoglobinometer pipette with 20 cu mm

mark.

SAHLI'S HAEMOGLOBINOMETER

The apparatus consists of 2 vertical sealed tubes

which are of standard brown colour. In between these 2

tubes,there is a compartment for holding a graduated tube in 

which the sample blood is kept. On one side it is graduated 

in percentage and on the other side in gm percentage. The 

instrument is provided with a pipette for sucking blood 

which is graduated upto 20 cumm mark.

THEORETICAL BACKGROUND

It is based on the treatment of blood with diluted

acid to produce a brown coloured haematin followed by 

gradual dilution until the colour matches the colour of 

standard tubes. From the amount of dilution haemoglobin 

count is obtained in percentage or gm percentage.

PROCEDURE

The tubes and pipettes are cleaned well. 2-4 ml of 

N/10 HCl is taken in the graduated tube. The needle and 

finger is sterilised and a prick is made. The blood is drawn 

upto 20 cu mm mark in the haemoglobinometer pipette. This is 

added to the N/10 HCl already present in the graduated tube.
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PRECAUTIONS

1. Blood smear should be thin and uniform. This is possible 

only when clean slides are used for smear preparations.

2. Stain optimally to get all corpuscles for identification.

3. Do not allow the stain to dry up.

4. Clear all the particle by washing thoroughly.

APPROXIMATE DURATION

30 to 45 minutes for preparation of smear.

LINK WITH THEORY

Topic: Blood composition.

SAMPLE EVALUATION QUESTIONS

1. Differentiate between erythrocytes and leucocytes.

2. What are granulocytes?

3. Write the characteristic features of each leucocyte and

mention its functions.
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slide, hold the slide at 45° and push forward tightly to get 

thin smear of the blood. Allow the smear to dry. Put a few 

Leishman's stain on the smear and keep it for 15 minutes, 

add 2 or 3 drops of distilled water on the smear so that it 

will not dry up.

After 15 minutes take the slide and wash it in

running tap water to remove excess stain. Dry the slide. Now 

the smear is ready for observation.

OBSERVATION

In a well stained smear it is possible to observe 

all kinds of corpuscles. Neutrophils are polymorphic, 

multilobed nucleated, Basophil has kidney shaped or S shaped 

nucleus. Monocyte is large leucocyte with amoeboid shape and 

large nucleus, where as lymphocytes with clear cytoplasm 

are comparatively smaller.

Bloqj3 smear

NtlfTRO PHIL. BASOPH IL

&0$lNO P H IL Monocytc
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GRANULOCYTES

The cytoplasm is filled with granule and the nucleus 

posses two or more lobes. Under this category there are 

three types.

1. Eosinophil, 2. Basophil, 3. Neutrophil

The important function of eosinophils is to bring 

about destruction and detoxification of toxins of protein 

origin. Basophils show occasional amoeboid movements and 

when the neutrophils come across the bacteria or any other 

foreign bodies a contact is made and are engulfed.

AGRANULOCYTES

These are corpuscles which do not have any granules 

in cytoplasm. The nucleus is simple and without lobes. They 

can be grouped under two types; the lymphocytes and 

monocytes. The important function of lymphocytes is to 

produce anti-bodies. The monocytes protect the body from 

microorganisms by ingesting them.

THROMBOCYTES OR BLOOD PLATELETS

These are small, colourless and play a very important 

role in bringing about the coagulation of blood. They are 

non nucleated and formed from the disintegration of very 

large cells called megakaryocytes of the red bone marrow. A 

cubic mm blood contains 9,50,000 of thrombocytes.

PROCEDURE
Sterilize the needle properly and gently prick the 

mid fingur of left hand. Place a drop of blood at one corner 

of the well cleaned slide. Touch the blood with another 

slide and allow the blood to spread along the edge of the
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RBC: (Erythrocytes) These are circular, biconcave and disc 

shaped cells. They have nuclei when they are first formed 

but later they lose their nuclei. Their average life span 

is about 100 to 200 days.

They carry an iron containing pigment called 

haemoglobin which gives red colour to blood and involves in 

O2 and CO2 transport.

These corpuscles are manufactured in the bone marrows 

and disintegrate in the spleen and liver. A cubic mm of

blood contains 5-5.5 million cells of RBC. A decrease in

x number of RBC is called anaemia and an increase as 

polycythemia.

WBC (Leucocytes) : Leucocytes are amoeboid cells with 

prominent nucleus. Life span of WBC is two to three weeks. 

Leucocytes are colourless due to the absence of haemoglobin.

A cubic mm of blood contains 8000 to 10000 cells of WBC. WBC 

are produced in the bone marrow and in lymphnodes.

WBCs protect the body against invasions by foreign 

germs. They have the ability to destroy and digest the 

foreign germs.

The decreased number of leucocytes is called Leukopenia 

and an increase is called Leukemia.

There are two type of leucocytes. They are granulo

cytes and agranulocytes.
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AIM: To prepare a stained blood smear to study different 

types of corpuscles.

MATERIALS REQUIRED: Leishman's stain, alcohol, distilled 

water, prick needle, spirit lamp, two slides, microscope 

(compound).

THEORETICAL BACKGROUND

Blood is a liquid connective tissue that acts as 

the main transporting medium of the body. It transports 

nutrients, respiratory gases, metabolic wastes and other 

substances from one part of the body to another.

In general blood components are classified as 

a. liquid components and b. corpuscle components or 

cellular components.

Liquid components include histologically homogenous 

and slightly alkaline fluid the plasma which constitutes 55% 

of the total quantity of blood and rest 45% being corpuscle 

components.

COMPONENTS OF PLASMA: 1. Water 91 to 92%, 2. Solids are

inorganic constituents of 0.9% and organic constituents of

7.5%.

CORPUSCLE COMPONENTS: Three types of corpuscles have been 

described in this component viz.

1. Red blood corpuscles (RBC) or erythrocytes.

2. White blood corpuscles (WBC) or Leucocytes.

3. Thrombocytes.
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SAMPLE EVALUATION QUESTIONS

1. Why should the needle be sterilized ?

2. Write the reasons for using separate sticks to mix blood

and antiserums.

3. What is the reason for agglutination ?

4. Write the percentage of Rh+ve and Rh-ve individuals in 

your class.

5. What will happen when "A" group blood is transfused to a 

"B" group individual ?
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CONCLUSION/INFERENCE

As agglutination occurs in "B" and "D" drops only, 

the blood group is B+ve.

PRECAUTIONS
1. Clean the finger tip and sterilize the needle before 

pricking.

2. Antisera should be added near blood drops using separate 

fillers (droppers) without touching the blood.

3. Same stick should not be used to mix the blood and

antisera.

4. Either fresh antisera or antisera stored in refrigerator

are to be used.

5. If any doubts arise regarding agglutination, conclusion 

can be drawn only by observing the slides under 

microscope.

APPROXIMATE DURATION

If all reagents (antisera) and microscopic slides 

are ready on hand, the experiment can be completed in 10-15

minutes.

LINK WITH THEORY
Chapter II - Genetics which deals with various 

aspects of animal genetics has sub unit 2.9 multiple 

alleles (blood groups). A description of multiple alleles, 

significance of blood transfusion and blood group 

applications is given. Formation of erythroblastosis 

foetalis due to incompatibility of Rh factor is also

discussed.
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FOR "ABO" GROUP

(+) = agglutination occur

(-) = no agglutination

Antiserum Antiserum
"A" "B"

( + ) (-) -- > "A” group blood

(-) ( + ) -- > "B" group blood

( + ) (-) -- > "AB " group blood

(-) (-) -- > "0" group blood

FOR "Rh" FACTOR

Antiserum

»D”

( + ) -- > "Rh+ve" group blood

(-) -- > "Rh-ve" group blood

TABULATION OF RESULTS

( + ) agglutination occurs

(-) no agglutination

For example person having B+ve blood shows

SI.
No.

Blood drop 
"A"

Blood drop 
"B"

Blood drop 
"D"

Inference

1 (-) ( + ) ( + ) B+ve blood 
group

(For ABO group) (For Rh factor)

Glass slide I Glass slide II
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Relationship of antigen, antibody and genotypes of

ABO-blood groups is given below.

Blood groups. RBC
antigens

Serum
antibodies

Genotype

A group A b IAIA or IAI°

B group B a IBIB or IBI°

AB group A & B - iAiB

0 group — a & b iOiO

PROCEDURE

1) Clean the finger tip by cotton soaked with alcohol.

2) After the finger tip is dry, prick it with a sterilized

needle.

3) Put two drops of blood over a clean glass slide 

separately and put another drop of blood over another 

slide.

4) Name the blood drops as A, B and D with a glass marker.

5) Then add one drop of antiserum A, anti serum-B and 

antiserum D over the A, B and D blood drops respectively.

6) Mix the blood and antiserum with separate broomsticks.

7) Leave them for a while and observe the changes occuring

in each one.

PRINCIPLE

Naturally the antigen and antibody of an

individual' s blood do not belong to same type. If same

type of antigen and antibody are mixed together, they will

react with each other and result in clumping of the blood

cells which is known as agglutination.
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AIM: To find out the different types of blood groups in 

human beings.

MATERIALS REQUIRED: Alcohol, Anti serum-A, Anti serum-3, 

Antiserum-D and Microscopic slides, Cotton, pricking needle, 

spirit lamp and sticks.

THEORETICAL BACKGROUND

The ABO blood groups were first discovered by 

Landsteiner in 1900. An antibody is a specific substance 

(protein) produced in the blood serum in response to a 

substance whtoh is capable of stimulating the production of 

antibody. Antigen is present on the surface of RBC•s while 

antibody is present in the plasma. On the basis of antigen 

present, the blood of man is classified into four main types 

namely "A", ”3", "AB" and "O" groups. "0" group individuals 

are called universal donors and "AB" group individuals are 

called Universal recipients.

Most interesting and special type of Rh-antigen 

(RH-factor) was discovered by K. Landsteiner and A.S. Niener

in 1940 from rabbit immunised with the blood of Macaca

Rhesus monkey. Individuals whose blood cells react with 

Rh-antibody are called as Rh positive (Rh+ve) and those who 

do not react are known as Rh negative (Rh’ve) . When a Rh- 

negative female carries a Rh positive foetus, the antibodies 

of the mother pass through placenta and destroy the RBC's 

of the foetus. This is known as Erythroblastosis foetalis or 

Haemolytic disease.
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LINK WITH THEORY

Study of morphology of micro organisms, their 

physiological activities like reproduction, feeding, 

locomotion etc.

SAMPLE EVALUATION QUESTIONS

1. Why should the culture flask be closed?

2. What will happen if Paramoecium culture is kept in 

sunlight?

3. Why should the culture of Euglena be kept near the

window ?

4. Why do we use cow dung for culturing Daphnia?
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D. CULTURE OF PLANARIA

PROCEDURE

1. Take the pond water sample and keep it in an aquarium.

2. Planarians are collected from streams by introducing 

thread containing a piece of earthworm as bait during 

night.

3. Next morning the thread with piece of earthworm is 

pulled out.

4. Planaria adhering to bait can be transferred to aquarium 

and fed with earthworm pieces.

5. By regenerative methods also Planarians will multiply.

E. CULTURE OF EUGLENA

PROCEDURE

1. Keep the culture medium of Paramoecium near the window 

for 10-12 days.

2. Observe the water sample under the microscope.

OBSERVATION: Euglena are found moving.

PRECAUTIONS

1. Hay should be cut into smaller bits.

2. The temperature should be optimum.

3. For culturing of Euglena, the medium should he kept near 

the window where there is adequate sunlight.

4. For culturing Paramaceium, the culture should be kept 

away from direct sunlight i.e. in a corner.

5. The culture flask should be closed by using cotton plug

to avoid contamination.

APPROXIMATE DURATION: 15 days
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6. Take a drop of this medium and observe for Amoebae, under 

microscope.

OBSERVATION: Lots of Amoebae are seen putting out their 

pseudopodia.

OBSERVE

1. Shape

2. Structure

3 . Pseudopodia

4. Contractile vacuoles

C. CULTURE OF HYDRA
PROCEDURE
1. Put some lotus leaves collected from pond in an aquarium 

and keep it for 3 or 4 days. Hydra are found hanging from 

the under surface of the leaves.

2. To feed Hydra with Daphnia, culture Daphnia in a separate 

flask.

3. Collect a little water in a flask. Put cow dung and pond 

water sample into it. Keep it for few days. Daphnia will 

multiply in large numbers in this medium. Observe the 

culture under microscope and confirm the presence of 

Daphnia.

4. Pour this Daphnia culture into the aquarium in order to 

nourish developing Hydra.

5. Take a drop of this culture with Hydra on a clean side 

and observe it under microscope.

OBSERVATION AND INFERENCE:Many Hydra are seen somersaulting,

gliding and looping.
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8. Then take a drop of this medium on a clean slide and 

observe under microscope.

9. Use thin cotton fibres to arrest the movement cf the

Paramcecia.

OBSERVATION: Lots of Paramoecia are obserzed actively

moving. Some are seen undergoing binary fision.

INFERENCE: It is found that Paramoecia feeds cn carbohydrates

and bacteria.

To enrich the culture media, cooked rice is also

added.

Observe the following details in stationary Paramoecia.

1. Shape

2. Cilia

3. Contractile vacuoles

B. CULTURE OF AMOEBA

PROCEDURE

1. Collect pond water samples with mud and organic matter in

bowls.

2. Allow the water to evaporate leaving a thin film of water

over mud.

3. In petridishes take pond water and add 2 to 3 grains of

cooked rice.

4. Add a few drops of water sample with little mud from bowl 

in to pedridishes.

5. Cover the petridish and keep in a warm and dark place for

10 days.
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AIM: To prepare culture media for growing different micro

organisms .

MATERIALS REQUIRED: Cotton, samples from different ponds, 

Cooked rice, Lotus leaves, cow dung, earthworm, petri dish, 

electric heater,conical flask.

THEORETICAL BACKGROUND

Pond is a fresh water habitat which is inhabited by 

many micro-organisms. In order to observe and study their 

behavioural aspects, we need to grow them in the culture 

media in the laboratory. We can also study their individual 

behaviour like feeding, locomotion, osmoregulation, etc. by 

culturing them in specific culture media and studying in 

detail.

PROCEDURE

A. CULTURING OF PARAMOECIUM:

1. In a clean conical flask, take 2/3rd tap water.

2. Put small pieces of dry hay and boil for 15 minutes.

3. Water turns yellowish, which is rich in carbohydrates.

4. Cool the flask for a day. Plug the mouth of the flask

with'cotton.

5. After cooling, pour a few drops of pond water samples

into it.

6. Put 3 to 4 grains of cooked rice into it. Now the medium 

is ready. Leave it for 15 days in dark and warm place.

7. A white band of particles appear on the upper surface of 

the medium. This is due to the formation of large number

of Paramoecia.
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APPROXIMATE DURATION

Observation of water samples from various regions of 

container in 4-5 samples and noting down requires about 1 

hour 30 minutes.

W LINK WITH THEORY

Chapter IV - Ecology, Habitat- Limnology, Zooplankton. 

Chapter I - Taxonomy of invertebrates

SAMPLE EVALUATION QUESTIONS

1. Why pond water samples with mud and organic matter be

collected?

2. How does shape help in identification of organisms? Give 

two examples.

3. Classify organisms observed in to different phyla.
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8. After brief survey and observation, take a drop of pond 

water sample with little mud from the bottom of beaker 

and observe for organisms.

Common Pond Water Organisms.

PRECAUTIONS
1. Fresh samples must be collected for observations.

2. Take only 1 or 2 drops of sample and cover with cover 

glass to avoid spoilage of objective lenses.

3. Adjust light to get a clear picture.

4. Drain water from slide with blotting paper to reduce the 

activities of organisms.
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AIM: To analyse the pend water samples to observe various 

organisms present.

MATERIALS REQUIRED: 4 to 5 pond water samples from 

different ponds, pipette, slides, cotton, coverglass, 

beakers, microscope.

THEORETICAL BACKGROUND: Habitat is a place where an organism 

dwells. Pond is good example for a fresh water lentic 

habitat. It is inhabited by a number of micro and macro

organisms. The microorganisms may be studied for their size, 

shape, activities and can be linked with other organisms in 

a food chain. They can further be classified in to plank

tonic forms/nekton, neuston etc.

PROCEDURE

1. Collect 4 to 5 pond water samples from different ponds. 

The sample should contain mud, organic matter and water,

in beakers.

2. Using pipette take 1 to 2 drops of pond water sample on a 

clean slide and cover with a coverglass.

3. Focus the slide under compound microscope in low power.

4. Observe carefully moving and stationary organisms.
5. Focus the slide under high power only when it is 

required.

6. Carefully note the size, shape, wriggling movements or 

swimming activities of these organisms.

7. Shape, nuclei, contractile vacuoles, etc. help us in 

identification of organisms (Figure 1).
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LIST OF EXPERIMENTS IN ZOOLOGY

PAGE NO

Z.l To analyse the pond water samples to 42
observe various organisms present

Z.2 To prepare culture media far growing 45
different microorganisms

Z.3 To find out different bleed groups 50
in human beings

Z.4 To prepare a stained blood smear to 55
study different types of corpuscles

Z.5 To estimate the haemoglobin content qo
of the given blood sample

Z.6 To study of various organ system of 62
frog

Z.7 To dissect and display arterial 65
system of frog

Z.8 Analysis of food samples and
identification of their composition 68
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endodermis

T. s. rcct (A sector showing cellular details)

LINK WITH THEORY: Monocot; root

SAMPLE EVALUATION QUESTIONS

1. In a tabular column, compare the anatomical features 

dicot and monocot roots.

2. Define polyarch and exarch xylem.

3. What is meant by adventitious root?

of



AIM: To study the anatomy of mcr.ooot root.

MATERIALS REQUIRED: Fresh, young maize roots, blade, 

safranin stain, Petri-dish, water, micro-slide, cover-glass, 

painting brush, needle, forceps, raw papaya fruit, 

microscope, 20% glycerine.

THEORETICAL BACKGROUND: Roots of monocots have an
adventitious origin. Anatomically, they have an outer 

epiblema, a cortex and a stele. The vascular tissues are 

arranged radially. The xylem is polyarch and exarch.

PROCEDURE FOR MICROPREPARATION: See page 32.

OBSERVATION

1. The root in transverse section has a circular outline 

with an outermost layer, the epiblema. Root hairs are 

seen arising from a few cells of the epiblema.

2. Beneath the epiblema is a large, cortex made up of 

several layers of parenchymatous cells. The cells are 

rounded to oval, with several inter cellular spaces

between them.

3. An endodermis, separates the cortex from the stele this 

is a single layer of barrel-shaped cells, compactly 

arranged.

4. Adpressed to the endodermis, internally, is another layer 

of thin-walled cells called pericycle.

5. The vascular bundles are radial with polyarch and exarch 

xylem. Large metaxylem elements are distinctly seen.

6. Phloem is present as patches between strands of xylem.

7. Centrally, there is a large parenchymatous pith.



T. s. rcot (A sector showing cellular details)

LINK WITH THEORY: Dicot root.

SAMPLE EVALUATION QUESTIONS

1. What is meant by primary root ? Describe the

tetrarch and exarch.

2. Why is a cuticle layer absent in root epiblema ?

3. Why are root cells colourless or brown coloured ?

4. Define a radial vascular bundle.

terms
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AIM: To the study anatomy of dicot root.

MATERIALS REQUIRED: Fresh young primary roots of germinating 

bean/gram seeds, blade, safranin stain, Petri-dish, water, 

micro-slide, cover glass, brush, needle, forceps, raw papaya 

fruit, microscope, 20% glycerine.

THEORETICAL BACKGROUND

The young, primary roots of dicots have an outer 

epiblema, cortex and a stele. The stele is made up of radial 

vascular bundles. The xylem is tetrarch and exarch. There is 

a central parenchymatous pith.

PROCEDURE FOR MICROPREPARATION: See Page 32

OBSERVATION

1. The root in transverse section has a circular outline

with an outer single layered epiblema consisting of 

rectangular cells. Cuticle is absent on the outer walls 

of epiblemal cells. Unicellular root hairs are seen 

arising from a few epidermal cells.

2. Below the epiblema is a large cortex made up of rounded, 

parenchymatous cells with several inter-cellular spaces. 

The cells are strudded with starch deposits.

3. An endodermal layer consisting of barrel-shaped cells

delimits the cortex from stele. Below the endodermis is a

layer of small thin walled cells called pericycle.

4. The vascular tissues are arranged in a radial manner with 

strands of xylem alternating with phloem.

5. The xylem is tetrarch and exarch.

6. There is a centrally situated parenchymatous pith.
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collateral and lack the cambial strip of cells between 

xylem and phloem.

4. Individual vascular bundles are conjoint, collateral and 

closed. Each bundle is enclosed within a bundle sheath.

SAMPLE EVALUATION QUESTIONS

1. In a tabular column, compare the anatomical 

characteristics of dicot and monocot stems.

2. Define hypodermis. Name the tissue type that occupies 

the hypodermal region.

3. What is metaxylem?
4. Describe the features of a monocot vascular bundle.
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AIM: To study the anatomy of a monccot stem vgrass stem) 

MATERIALS REQUIRED: Tender grass stem: items listed in page 32

THEORETICAL BACKGROUND: Monocot stems, in transection, have

an outermost epidermal layer. Beneath the epidermis is

the ground tissue. The hypodermal ground tissue is

sclerenchymatous whereas the inner layers of ground tissue 

are generally parenchymatous. The vascular bundles are 

numerous and scattered all over the ground tissue. The outer 

vascular bundles are smaller as compared with vascular 

bundles at the centre. Vascular bundles are collateral, 

conjoint, without a strip of cambium in between xylem and 

phloem. Xylem is endarch and metaxylem elements are fewer 

and distinct. A bundle sheath, often sclerenchymatous,

surrounds the individual vascular bundles. The stem has no

distinct cortex, pith, endodermis and pericycle.

PROCEDURE FOR FREEHAND SECTIONING: See page 32.

OBSERVATION
1. The outermost layer is epidermis, consisting of 

rectangular cells arranged side by side. It has an outer 

waxy layer, the cuticle.

2. Beneath the epidermis is the ground tissue. This has an 

outer sclerenchymatous hypodermis and a large inner 

parenchymatous region.

3. Vascular bundles are numerous and are scattered in the 

ground tissue. The hypodermal vascular bundles are

smaller in size. The vascular bundles are conjoint,
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different sizes, arranged loosely with a few inter

cellular spaces. The cells are thin-walled uni-nucleate 

and living.

3. The innermost layer of cortex consists of a row of barrel 

shaped cells constituting the layer called endodermis.

4. Beneath the endodermis is a layer or 2 of thin-walled, 

parenchymatous cells called pericycle.

5. There is a ring of vascular bundles (8-10 or more in 

number) interior to the pericycle. The vascular bundles 

have phloem on outer surface and xylem facing the centre. 

Vascular bundles are conjoint, collateral with a strip 

of cambium in between the xylem and phloem. Xylem is

endarch.

6. There is a centrally situated parenchymatous pith.

LINK WITH THEORY: Anatomy of dicot stem.

SAMPLE EVALUATION QUESTIONS

1. Observe the different types of trichomes and sketch them.

2. How can you identify xylem cells?

3. What is meant by conjoint and collateral vascular bundle?

4. What is the function of endodermis?



PREPARATION OF REAGENTS

1. MOLISCH'S REAGENT:

5 gms alpha-naphthol in 100 ml absolute alcohol.

2. a) FEHLING'S SOLUTION 'A'

Dissolve 35 gms of Copper Sulphate. 7H2O in water and make 

up to 500 ml.

b) FEHLING'S SOLUTION 'B'

Dissolve 173 gms of sodium citrate and 100 gms of Sodium 

Potassium Tartarate (Rochelle salt) in water and make up

to 500 ml.

3. BENEDICT'S REAGENT

Dissolve 173 gms of sodium citrate and 100 gms of sodium 

carbonate in 850 ml water. Dissolve 17.3 gms copper 

sulphate in 150 ml water. Add slowly the second solution 

drop by drop with constant stirring.

(Benedict's reagent is also available in medical shops).

4. HUBL'S IODINE SOLUTION

1 gm iodine + 1 gm mercuric chloride in 100 ml absolute

alcohol.
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APPROXIMATE DURATION

If all reagents and test solutions ^samples) are 

ready, the experiments can be completed in one hour.

LINK WITH THEORY

Chapter 1-B-Functional Organization which deals with 

various aspects of Human Physiology; sub-unit 1.1 Nutrition 

and digestion.

SAMPLE EVALUATION QUESTIONS

1. How to detect carbohydrates?

2. What are reducing sugars?

3. Write down reactions that take place in Benedict's Test 

which give a characteristic colouration.

4. A test solution gives positive response to carbohydrate 

test (Molisch's test) but negative response to reducing 

sugars. What kind of constituents do you expect in test

solution? Give reasons.

5. Write Biuret's test and probable reasons for development

of colour.

6. Give reasons for disappearance 

test for lipids.


