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VE FEATURES OF HYDROPHYTES,

b HALOPHYTES MESD HYTES AND XEROPHYTES
Experiment g .FROM FRESH MATERIAL

ECOLOGICALADAPTATIONS IN PLANTS: Hpalcityorg G

Modification in Morphological, anatomical, physiological and reproductive characters of

plants that help them in surviving in their particular habitat successfully are termed ecological
adaptations.

Most important, factor in the habitat that forces modifications in characters of plants is
availability of water. Thus plants are classified into following ecological groups.

(@) Hydrophytes (b) Halophytes - (c) Mesophytes  (d) Xerophytes.
(a) Hydrophytes:

Hydrophytes are the plants which grow in water reservoirs, like ponds lakes streams or

T1Vers.
Materials: H\J
Beaker, Microscope, Hand lens, Forceps, Prepareg@l;dés Fresh plants or preserved plants.
Examples of Hydrophytes: - Of\}\h
Hydrilla, Vallisnera /_\55/ .~ Potamo geton
Nymphaea lotus (water lily) <,\r Nelermbium Speciosum (Kanwal)
Trapa bispinosa, Azolla J_J@;‘KUJ Isoetes, (Sanghara), Saliva Typha
Habitat and Habit: Y

Hydrophytes grow inside water, moist and swampy banks photosynthetic, green, weak stem
plants.

Hydrophytic Adaptations:

There are modifications in morphological, anatomical, physiological and reproductive
characters of plants that help them in surviving successfully in habitat having excess of water.

1. Bark cuticle or periderm is absent because plant parts are not exposed to high
temperature or hard soil.

2. Stem is modified into rhizome, stolen etc. because long, hard, erect stem is not needed
to keep leaves in the atmosphere.

3. Roots are absent or poorly developed in varying degrees. Lamina is reduced, ribbon
like, petioles absent.

4.  Mechanical tissues are absent or highly reduced.

Please visit for more data at: www.pakcity.org
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5. Solute potenti

alof cells is quite high to reduce ¢xcess absorption of water.

6.  Photosynthesis is limited by poor light, poor gascous exchange and poor nutrient
availability. |

7. Fruits and seed are usually covered with waxy, gelatinuous or mucilagenous covering
to protect them from rot in water. |

8. Fruits and seed are quite light in weight. So that they can float and be distributed by
water. |

9.

Seeds are produce in very large numbers to ensure enough survival in hydric
conditions.

(b)  Halophytes:

Halophytes are plants which grow 1n localities

Na(l, MgCl,, MgSO, and abundance of water in the soil. Halophytes cannot use this water due to
high salinity.

Materials:

(Area) with high concentration of salts like.

Halophytes plants, slides, compound microscope, beake(r{.?,-\;{lfps, dissecting box.
Examples: K2

Phizophora, portulaca chenopodium album (

buti) suaeda monoica, salsola foetida (Lana or sal;wp’/rf)
Habitat and Habit: NS

(Y

.(“‘"Q: \\—r’ . .
Plants are grow in water logged and saline area (water and salt rich). Plants are shurbs
i AN :
photosynthetic stems, leaves are reduced.- '

Ecological Adaptations: N

1 Root system is extensive, usually shallow due to water logging of soil. Root have much
lateral branching.
Pneumatophores (Breathing roots) are common.

have pores at their tips and special absorbing tissu
and water absorptions,

These roots grow upward in the air, they
e. These roots helps in gaseous exchanges

L

3. Stem are generally succulent due to water storage tissues in cortex. Very thick cuticle waxy
covering and thick walled epidermis reduces transpiration.

4. Much water storage tissue is presents in leaves between outer epidermis and mesophyll.

5

Stomata generally present on the lower surface only are sunk
6 Much aerenchymatous tissue develops in Cortex and
exchange in the condition of water excess in the habitat.

en into urn-shaped chambers.
Mesophyll to increase gaseous

Solute potential is very low in cells and plants protoplasm is highly salt-

Salt excretion through salt glands is also general salt regulating mechan

Air spaces or protective covering over fruits and seeds make them tolerant to salt water for
long periods.

tolerant in general.

Please visit for more data at: www.pakcity.org
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(¢)  Mesophyte:

These are the Tand plants which grow in habitats which

arc_neither dry nor wet and the
temperature of the

ar 1s neither too high nor too low. Mesophyte are the plants which intermediate
between xerophytes and hydrophyte.

Material:

Microscope, slides of stem, root. |

caves, plants, lens, dissecting box, beaker.
Examples:

Many of our cultivated Crops, ornament
rose, mango, jasmine, sheeshem, peepal etc.
Habitat and Habit:

al plants and evergreen forest belong to this group,

Mesophyte love to live in habitats which are in between two extremes i.e.. scarcity of water
and abundance of water. Plants are herbs shurb, woody trees.

Ecological Adaptation:

1. Mesophyte have well developed branched, tap roots in dicot and adventitious, fibrous roots

are present in Monocots. Root hairs are captiously developed for the absorption of water

from the soil.
Z. The stem is usually erect, solid and branched. | lC\” i’
3. The leaves are richly developed and are large with waxy coating over upper surface of leaf.
4 Stomata are present mainly on the lower surf: g%\@‘f’[he leaves.

QAN
P

Maize Rice

The epidermis is thin and the chlorplast are abundance in cortex tissues.
Mechanical tissues are well developed.
Vascular bundles are well developed and well organized in the root, stem, leaves.

Some trees and shurbs with deciduousleaves show marked seasonal variations,

There isno device for protecting the plants against transpiration.*

Please visit for more data at: www.pakcity.org
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(d) Xerophytes:

Xerophytes are the plants living in xeric habitat. Xeric habitat 1s an arca with inadequate

water. (Dry condition)
Material:
Plants, microscope, prepared slides, lens, beakers, dissecting box.
Examples:
Tribulus, Ak, Euphorbia, pinus, cactus, Opuntia, aloe. (Kawar gandal) Alhaji Maurorum,
Tamarix, Ruscus, Acacia.
Habitat of Habit:
Xeric habitat, physically dry habitat, intense heat, high wind velocity. Plants are mostly
small, herbaceous, may be shrubs with small shoot system.
Ecological Adaptation:

I Plants body is small and herbaceous with small shoot system as plants do not get much time

for vegetative growth in short rainy season. D)

—
(

2. Xerophytes are mainly stem, leaf, root succulen%ﬁfs? which absorb much water in rainy
2

season, check its loss, store in their water st%r(z;é’/&i’s%ms of roots, leaves or stem and use the
N

stored water. ﬁ@\ﬁv

o Root system is extensive with muc qi‘e?l.‘)al branching well developed.

4. Root hairs and root caps. IE %?téﬁs both horizontally and deep into the soil to absorb water
from surface as well as deeper layers.

5 In succulents stomata remain closed during day and open during night when humidity

increase due to fall in temperature.

6. Solute potential of cells is quite low to keep water within the cells.

i Stem and leaves are covered with numerous hairs or waxy coating to protect underlying

tissue from excessive heat and to reduce cuticular transpiration.
8. Stem is hard, wood, and stunted. It has thick bark, palisade and stomata for gaseous exchange

and to increase photosynthesis.
9. Vegetative reproduction is quite common and age of sexual reproduction is delayed due to

little energy available to plant and unfavourable habitat.
10. Covering is resistant to high temperature and desiccation even for long time.
11.  Conducting tissue xylem is highly developed to distribute small amount of water available to

plant properly amongst tissues.

Please visit for more data at: www.pakcity.org
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(1)  INTERNAL STRUCTURES OF

Study the prepared slides of the T.S. of root, stem and le
the compound microscope and observe the following histological characteristics.
ROOT(T.8.):

(1)

(1)  The cortex is parench
(aerenchyma). The a

TOTALLY SUBMERGED PLANTS:

af of totally submerged plants under

The epiblema (piliferous layer) lacks cuticle.

ymatous containing large, well-developed, intercellular ajr-

spaces

encl erenchyma gives buoyancy to the plants and helps store aﬁ' for
respiration. -

(i) Themechanical tissue is absent.

(v)  The vascular tissue is poorly developed. The xylem is centrally placed. It is reduced and may
berepresented by a few ora single vessel.

(V) The phloem is comparatively well-developed, consisting of a few sieve-tubes.

STEM (T.S.):

(1) The cuticle is absent.

(i1)

The epidermis is thin and its cells very frequently contain chloroplasts.
(111)  The cortex is large, undifferentiated and m

ostly parenchymatous. A few outer layers may
possess chlorplasts. The mechanical tissue

is absent. There are big and well-developed air

cavities (aerenchyma). NG >

(iv)  There is usually a single vascular bundle., K@éi{h is poorly developed. It is sometimes
represented by a single xylem and vessg_?_l_‘fl @%dr:‘lla. |

(v)  Phloemis comparatively well—deve}%%& t consists of few sieve-tubes.

LEAF (T.S./V.S.): WX

(i)  Thecuticleis absent. R

(i1)

The palisade parenchygngiii‘;%bsent. The spongy parenchyma is few cells deep containing a
large number of air cavities consistuting t

he aerenchyma.
(i1i)  The mechanical tissue is absent.

Now examine the morphology of the partly submerged

frophytes. Study water lily,
kanwal and sanghara plants, one by one and note their fol’ daptations:
(1) The root system is poorly developed in kanwal and sany -well-developed in water lily
for the purpose of attachment.

(i)  Thestemisdelicate and flexible. It can sway with wate:
(i)  Thepetioles of the leaves are long and delicate.

(iv)

ents to and fro.

The floating leaves are large, entire as in kanwal and sanghara or slightly lobed as in water

lily. They are thick and tough and their margins are turned upwards so as to present the upper
surface from being wetted.

Please visit for more data at: www.pakcity.org
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(i) INTERNALSTRUCTURES OF PARTLY SUBMERGED PLANTS:

Now study the prepared slides of the transverse sections (T.S.) of the root, stem and leaf of

partly submerged plants under the compound microscope and note the following anatomical
characters.

ROOT:
The internal structure of the root is just the same as in totally submerged plants.
STEM(T.S.):
(1) The éﬁticle 1s absent.
(1)  Theepidermisis thin and single-layered, having compactly arranged cells.

(1)  The cortex is large, undifferentiated and mostly parenchymatous. The mechanical tissue is
absent. A large number of air cavities (aerenchymatous cavities) are present.

(iv)  Afewvascularbundles occurarranged in aring. Vascular tissue is poorly developed.
(v)  Xylemelements (vessels and tracheids) lack characterlstlgtmckemngs (are thin-walled).
©
(vi)  Phloemisless-developed. @“\\ o
/ N |
LEAF (T.S./V.S.): ! @~
(1) The upper or exposed surface of the\leﬁvﬁs/ s covered with thick, waxy cuticle.

(1)  Upper and lower epldermal lay e are present. The stomata are present only on the upper

surface. )

Note: The presence of stomata and cuticle on the upper - lermis indicates that upper
surface is exposed to air and is not in contact with wat- e other hand, absence of
cuticle and stomata from the lower epidermis shows tha ,ace is in contact with water.

It means that the leaves float on the surface of the water.
(iii)  Thepalisade tissue is well-developed in the mesophv'"  .cleaf.
(iv)  Alarge number of air cavities (air chambers) are present which constituent aerenchyma.

(v)  Themechanical tissue is completely absent.

(vi)  Thevascularbundles are reduced and small. They may be many as in water lily or only one as

’)

in Trapa.

(vii) The xylem is represented by only a few elements as in water lily or by lacunae as in Trapa.
True vessels are absent.

(viii)) Phloem is well-developed as compared to xylem.

Please visit for more data at: www.pakcity.org
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(B) INTERNAL STRUCTURE OF HALOPHYTES

Examples:

Suaeda frticosa,Salsola, Joetida, chenopodium album.
Root:

The internal structure of the roots of halophytes have followring characters.
(i)  Primary and secondary cortex is present.

(Ii)  Highly thick walled cells are present.
(iii) Mechinical and vascalar tissue is well developed.
(iv) Well developed cork cambuim is present.

_STEM,
Stem of halophytes have Jollowing internal featuers.
(i) A thik cuticle is present. .
(1i) Epidermis is well developed. ® ff"‘
(iii) Well developed conductmg tissue is present«\ o> O

(iv) Xylem is divided into proto and metaxy;égu
v) Cells are thick walled.

LEAVES. ) NS
i\‘\_/ o
Leaves of the halophytes hav%@lowng internal featuers.

(i)  Cuticle is well develo)rzd

(i) Upper and lower epiderimis consist of thick walled cells.

(iii) Sunken stomata are present.
(iv) Stomata are present in lower epidemis.
(v) Palisade and spongy mesophyll is present.

(vi) Vascular bundle is well developed.

(C) INTERNAL STRUCTURE OF MESOPHYTES

To study the internal structure of root, stain and leaves see the Page No. 128 to 133

Please visit for more data at: www.pakcity.org
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(D) INTERNAL STRUCTURE OF XEROPHYTES

They grow in dry habitats e.g. deserts and high mountains etc. All plants of arid zone
which are not confined to the margins of streams or lakes are considered as Xerophytes.

Internal Structure Of Xerophytes:

ROOT:
The roots of xerophytes have following features.
(i) Well developed cuticle is present.
(i) .T hick walled cells are present.
(iii)  Extensively developed pithis present.l

(iv)  Extensively developed aerenchyma enclosing large air chambers.
CND)

(v) Well developed vascular and supporting tisgg\ jg;?vfééént.

@%\@} >

AN

< I/JI\\_(?/)

STEM: \,ﬂf(ﬂ(_"’“

~\ O\
The stem of xerophytes | qﬁ%llowmg internal features.
AN\ Y\/l
,/Yx

(i) Cutical is well developed.
(i)  Epidermis consist of thick walled cells.

(iii)  Vascular tissue is well developed.

(iv)  Largecentralpithis present.

LEAF:

The leaf of the xerophytes have following internal structure.

(i) The cutical is thick.
(i)  Theepidermisis thick walled.

(iii)  Below epidermis, thereis sclerenchymatous hypodermis.

(iv)  Thereiswaxy coating on theleaves.

(v)  Leaves have sunken stomata.

Please visit for more data at: www.pakcity.org
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(VIVA VOCE

Why are root hairs very scanty or absent in hydrophytes?

This is because absorption of water, dissolved salts and gases takes place over the whole

surface of the roofs.

What are hydrophytes?

Hydrophytes are the plants which grow in or near water,they may be partly or totally

submerged.

What are the types of hydrophytes.
(i) Freefloating

(it) Rooted with floating leaves
(iii) Submerged floating

(iv) Rooted emergent

Give three examples of free floating hydrophytes? \\([ ;
(i)  Wolffia . v \v

(i) Eichhornia ) Hf\ »)

(iii) Salvinia \%ﬁ‘ >

Give three examples of h ydrophxies whzch are rooted with floating leaves.

X '\\“\

(i) Nymphaea PN

3
'

A~ N\ s

(i) Nelumbo -
(iti) Marsilea
Givethree examples of submerged floating hydrophytes.

(i) Ceratophyllum (i1) Ntlljas (iii)  Utricularia

What is the function of mucilage cells and mucilage canals in hydrophytes?

They secrete mucilage to protect the plant from decay under water.

Is transpiration absent in submerged plants?

Yes. |

What are halpphytes?

They are special type of xerophytic plants which grow on dry soils such as saline Soils with

high concentration of salts like Sodium chloride, Magnesium chloride, Magnesium

chloride and Magnesium sulphate. -

Please visit for more data at: www.pakcity.org
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Give examples of halophytes.

(i) Suaeda fruticosa
(i) Salsola foetida
(Iii) Chenopodium album

What arethe types of halophytes?

(1)  Lithophilous : They grow on rock and stones.

(1) Psammophilous They grow on sand.

(iii)  Pelophilous They grow on mud.

(iv) Helophilous $ They grow on marshes.

What are xerophytes?

Xerophytes are the plants which grow in dry habitats like deserts, high mountains etc.
What arethe types of xeropytes?
(1)  Ephermerals

(ii)  Succulents

(iti) Truexeropytes c“/\

What are ephemerals? o Q\’e\?‘ \ ”

N
They are short lived annual xerophytes w}iic]z c’omplete their life cycle within a short of

water availability. e.g. Solanumxanthaq:mfyam

A \ ':/

What are succulents? P f"; ;\j O\

\ s

The xerophytes which have. s‘tthulent [fleshy stems, leaves or roots are called succulent.
e.g. Opuntia, Cacti, E upho?bm

What are true xerophytes? Give examples.

They are drought resistants, they maintain growth under critical dry conditions and
temperature.e.g. Acacia nelotica, Ziziphus jujuba, Calatropis procera etc.

What are mesophytes? . _.
Mesophytes are the plants which grow in moderately moist habitats and need wel)

areated soils.

Give examples of mesophytes.

Sunflower, Rose, Oat, Mango, Neem, efc.

Please visit for more data at: www.pakcity.org
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SUPPORT PROVIDING TISSUES OF THE PLANTS  ° '

Supportive tissue of plants are selerenchyma cells and collenchyma cells.

Features Parenchyma Collenchyma Sclerenchyma
. , ...-,“‘ 7 -
% AN oP. Y Sa/fren \ B B i
% i ’mf'l bl Thick seconda;?y Prillnary
Thin primary Irregularly thickened cell wall cell wall
cell wali primary cell wall
O . _
1. Cell Shape Isodiametric cells which | Circular, —oval or | Variable in shape.
are oval, spherical or POII}\’I}%\@C‘/ Fibres and sclereids
polygonal in shape R
Lf{:? S
2. Cell wall Thin cellulosic cell wall | ;}}ﬁeven thickening | Lignified secondary
(Q@»\‘)’ on their cell wall. cell wall present
3. Cytoplasm Abundant Q(Q N Present Absent
TN
4. Nucleus Presenp,\;ﬁ\ﬁ\iﬁfng tissue) | Present, - (Living | Absent
) \T\) * .
tissue)
5. Vacuoles Large vacuole Vacuolated Absent
6. Intercellular | Present Absent ' Absent
Spaces
7. Occurrence Basically packing tissue, | Dicot stems, petiole | Dicot hypodermis
All soft part of plant, | and beneath the bundle sheath,
Pith, cortex, medullary | epidermis. Absent in pericycle, seed, pulp
rays monocot and roots of fruits.
8. Functions Food storage, Provide tensile | Protection from stress
Photosynthesis strength, Mechanical | and strain,
support, Mechanical strength
Phostosynthesis

Please visit for more data at: www.pakcity.org
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('VIVA VOCE |

Name the support providing tissues of plants.
The tissues which provide support to the plants are:

(a) Sclerenchyma () Collenchyma

What are sclerenchyma cells?

They have thick secondary cell walls usually impregnated with lignin, an organic

substance that makes the walls tough and hard. Most of the sclerenchyma cells are non-
living.

Whatis the function of sclerenchyma cells?
Their primary function is to provide support to the plant parts.
What are different types of sclerenchymatous ceils?

There are three types of sclerenchymatous cells:

(1) fibersortracheids, (i) sclereids orstone cells and (iii) vessels or trachea.

What are fibers or tracheids?

These are long and cylindrical and they may exxstpi&?ﬂzd bundles in xylem or as bundle
CapS. A ~—

AT
Il ‘I.I N
SN

L

What are sclereids? @ N

These are shorter than fibers ar;,q{;@ﬁ?ound in seed coats and nutshells and provide

What are Vessels (T rachfa{?\ ™
Long tubular structures, join end to end to form long water conductin g pipe in Xylem.

What are collench yma cells?

Collenchyma cells have protoplasts and usually lack secondary walls. T hey have angular

thickening in their primary walls. They are usually grouped in strands or cylinders.
Collenchyma cells provide supportto young herbaceous parts of the plant.

What are simple tissues?

These are homogenous in nature and are composed of structurally and Sfunctionally
similar cells. These include parenchyma, collenchyma and sclerench yma.

What are complex tissues?

These are heterogenous in nature, ie., these gre composed of structurally and
JSunctionally different cells. These include xXylem and phloem,

What are secretory tissues?

These are structurally modified and organized to perform secretory functions. These

tissues may occur as a single cell, in isolated ;
. ) i _ 8roups, or in masses. The rnal
or internal in position. Tese include trichom o S muy be exte

es and glan; - :
secretory cells, and laticiferous tissyes, 8lands, hairs, hydathodes, oil glands,
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Q.12 Whatisatissue?

Ans.  Agroup of more or less similar cells performing same function is called a tissue.

Q.13  Whatare the two major types of tissues?

Ans. (1)  Meristematic tissues (i) Mature tissues
Q.14  Whatare the types of mature tissues?
Ans. (i)  Simple tissues (ii) Complextissues (iii) Secretory tissues
Q.15 Give examples of simple tissues.
Ans. (i)  Parenchyma (ii) Collenchyma  (iii) Sclerenchyma
Q.16 Howwouldyou differentiate between collenchyma and sclerenchyma?
Ans. Collenchyma Sclerenchyma |
(i) Livingcells (i) Non living cells
(ii) Non lignifiedwalls (i) Lignified walls
(iti) Pits absent (i)  Pits present
Q.17 Whatis the main function of collecncyma and sclerencyma cells?
Ans.  Support e f{} ~.
o2

Q.18 What arethe types of sclerencyma cells? o>

Ans. (i) Fibres (long cells) (i) Sclerelds %?{cmrt cells)

Q.19 Whatarestone cells? ) ffv

Ans.  Sclereids are called stone cells. Th almre inore orless isodiametric in form.
Q.20 Nametheplants whichyield ﬁlgrés

Ans.  Flax, Ramie, Jute, Hempzfé'oﬁon etc.

Q.21 Wheredo fibres occurin plants ?

Ans.  They are foundin both xylary and extra xylary regions.

Q.22 Wheredo sclereids occur in plants?
Ans.  They are foundin cortex, in the phloem, in the pith of stems, in flesh of fruits (pears) and in
testa of seeds (family leguminosae).

Q.23 What arepits?
Ans. These are depressions or cavities in secondary walls e.g. sclerenchyma fibres and

sclereids.

Please visit for more data at: www.pakcity.org




cMENT

-
AR J':;i
b i b bt b 4
L o P T 3

TROPISM
Response of plant to some directional stimulus is called Tropism.

OR

Change in the direction of growth of a part of plant due to some directional stimulus is called
Tropism e.g. Phototropism, Geotropism.It may be positive when growth is towards the stimulus and
negative when away from stimulus.

PHOTOTROPISM (Heliotropism):
Response of plant towards light is called Heliotropism or Phototropism.
OR

It is the movement of part of plant in response to stimulus of light and it is caused by
differential growth of that part of plant.

GEOTROPISM: N

N\ —

) W

Response of plant towards gravity is called geotropism.
/X\/ %

g

AN A\
<O)

PHOTOTRQPISM (HELIOTROPISM)

\_~" Thegrowth movement inplants in responseto light is called phototropism.

APPARATUS
A small flower pot planted with pea seeds or Radish seeds. Heliotropic or Phototropic

chamber.

PROCEDURE |
(1) Take a heliotropic chamber and place the potted growing seedlings in the chamber.

(2) Place the set up in a window with the hole of the chamber facing light or on a table and

hang lighted electric bulb in front of the hole.
(3)  Keep thisset up in this condition for 4 - 5 days and then observe it.

OBSERVATIONS

The shoots of the plants are bent towards the hole i.e. towards the source of light, so the

shoot is positively phototropic. Gently expose the roots, the main root is bent in a Direction away

from the source of light. So the rootis negatively phototropic.
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Heliotropic chamber to demensiraie phototropism

CONCLUSION

The shoots show positive phototropism while the rqots show negative phototropism

/ MTEVE’EY I

Aze growth movemen{Wlants in responseto gravity is called geotropism.
APPARATUS o
Apair of petridishes, Soaked corn grains, Blotting paper or Filter paper,
Cellophane tape Water proof ink marker, Cotton
PROCEDURE |
(1)  Takeapetridish and anink marker.
(2)  Drawtwo intersecting lines on the bottom of the petridish.
(3)  Placefoursoaked corn grains, one on each radius of the petridish, with their pointed ends
directed towards the center and the broader ends towards outside as Shown in the figure.

(49)  Cover the grains with the filter paper, keeping in mind that the paper should fit tightly in

petridish.
(5)  Placecotton onthepaper and sprinkle a little water on it and cotton.

(6)  Closethedish and seal it with the strips of cellophane tape.

(7)  Make the dish to stand on its edge with the help of clay in such a way that one grain lies
above, one lies below and two lie at the sides.

(8)  Placethissetup inthelaboratory for 3 - 4 days.
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OBSERVATIONS

Afier 3 - & days, the shoot of all the seedlings have grown upwards and the roots

downwards.

Negative |
Negative l

Axis of ambryo, Corn grain

ﬁ Root end
i N
Paper backing

to hold grain

E

=2

= .

= against glass
O

‘—&:HAE.IE Jo 2310 _’

Petri dish
Positive s Positive
To demonstrate the effect of force of gravity on germinating Negative geotropism
Seedlings
CONCLUSION

The shoot is negatively geotropic and rootis positively geotrapzc /

ACTIVITY-I] c‘\q 2

O._ ‘\i’; 2 "
It is an apparatus which rotates plants to/;m@ke the effects of light and grav1ty equal on all

/‘_“-\_,’ v

sides. It consists of a rod with a disc mounted bn)lt It shows a clockwise mechanism for rotating the

CLINOSTAT

rod and the disc. It makes only four tur %"r rotations per hour.

‘,_\I D

PROCEDURE B

(1)  Placethe clinostat in a horizontal position.

(2)  Fixapotted plant horizontally to the disc of the clinostat.

(3)  Keep the apparatus ina dark room for a few days.

(4) Spray water regularly on the soil of plant.

(5)  Therootsand stem will grow horizontally instead ofroots growing
downwards and stem upwards.

(6)  All the sides of the plant axis, i.e. rootand stemare in turn directed upwards

and downwards and are equally exposed to the effect of gravity. So the

effect of gravity on the plant axis is eliminated and stem and root do not bend.

(7)  Stopclinostatand observe the plant after 3 - 4 days.
OBSERVATIONS |

_— = =

The shoot curves upwards snd the roots downwards.

Please visit for more data at: www.pakcity.org



C On Dirlnrts Db A
F.Sc Biology Practida

Clinostat

Geotroptism in shoots

CONCLUSION
The shoot is negatively geotropic and root is positively geotropic.

( VIVA VOCE |

- 0__:_;
Q.1  Define tropism? | ?QA}Q{F
Ans. The response to external stimulus that cg{@g;ﬁ‘ieﬂy or wholly from one direction is called

tropism. | @% :

Q.2  Name various types of tropism}o‘ ‘.
Ans. (1) Geotropism (2;‘@ Phgtotfbpism (3)  Thigmotroprism
(4) Chemotropism _<((5)  _-Hydrotropism

Q.3  Define geotropisr_&lw | //
Ans. The growth move}rent infp’fants in response to gravity is called geotropism.
Q.4 Define phototropism?

Ans. The growth moy,eﬁ/lent in plants in response to light is called phototropism.
Q.5  Briefly definc thigmotropism, Chemotropism and Hydrotropism?

Ams. Thigmotrdpsim  ..........%x . PaKCIL) Response to contact
ChemOtropsim ..i.eoesvvensaves Moo Response to chemicals
Hydrotropisth =~ iieoassesminsbi s, Response to water

Q.6 ~ Why is it necessary to soak the grains before placing them in the petridish?
} s. Grains are soaked so that they can get water required for germination.

Q.7  Why are the grains placed next to a wet blotting paper?

Ans. It is necessary so that grain get moisture during germination.

Q.8  In what direction do the root and shoot grow out of each grain?

Ans. The roots of all the grains grow towards
| earth.

" Q.9  To which factor in the environment are the root ang
Ans. They are responding to force of gravity.

the earth, while shoots grow away from the

shoot respondihg.
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Ans.

Q.13

Ans.

Q.14

Ans.

Q.15

Ans.

Q.16

Ans.

www.pakcity.org

What is coleoptile?

The first leaf in some grasses (Grass family - Gramineac or Poaccace)
What is agar?

Agaris a product of scaweeds. It dissolves in hot water. When agar cools in solution, it
resembles gelatin.,

What are auxins?
These are Indole Acetic Acid (IAA) or their variants.
What are the characteristics of auxins?

Auxins mﬂ.ucngc cell elongation: inhibit growth of lateral buds; promote the initiation of
roots: and in a few plants, regulate the differentiation of flower buds.

Does the coleoptile tip clongate above the cut or below the cut?

The coleptile tip elongates below the cut.

What is the ev
the coleoptile?

idence that some stimulation from the tip is necessary for elongation of

Plant provides evidence that some stimulation from the tip is necessary for elongation of the
coleoptile.

What type of response to gravity is shown by roots anq\@e shoots?

Theroots show positive geotropism and the shoots I}Eﬁz} négative geotropism.

NN
paper?

Why were the grains placed next to a wet filt

4-] Ve

\J )

A\ -'/l {

[tisnecessary so that grains get moistu ﬁgfg?ﬁfﬁired for germination.

N ‘j"

Why do we soak the seeds befgppjﬁfting them in petridish?
N\ v

The seeds are soaked befox:q}éﬁﬁiﬁg them in petridish in order to provide moisture for the
RO\
germination of seeds. <! ;)-

For which purpose can the clinostat be used?

It can be used to eliminate the influence of gravity on root or stem.
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Experiment

L

Taxonomic Position

Phylum Chordata
Sub-phylum Vertebrata
; Sub-class Lissampbibia
Order Anura
Sub-grder Phaneroglossa
Species Rana Tigrina (Frog)
MATERIALS
/ Articulated and disarticulated skeleton of frog.
PRODUCDURE '
Study articulated and disarticulated skeleton of frog. Draw and label different parts.
SKELETON

_ Infrogskeleton consists partly of bone and partly of cartilage. The skeleton provides support
and rigidity to the body. It protects the delicate parts and helps in locomotion. Frog possesses

endoskeleton as itis lying inside the muscles. %)
The skeleton can be divided into two parts: NOX
1- an Axial skeleton consisting of skull and vert é{\t‘:\é‘ffumn
2- an appendicular skeleton consisting ofllr)il@né girdles.
SKULL A
The skull of frog consists of followjng@ﬁﬁ/s:
i)  Cranium u)%@ ‘auditory capsules  iii)  Olfactory capsules
iv) Upperand Lowerj aw\s\\\‘ V) Hyoid apparatus.
S
Pterygoid emom——Premaxilla

| Nasal

] / Prootic
[ 7
9

I/
Metacarpals Yz9 Atlas

Carpals vertebra .
Radio-ulna

Maxilla
Sphenethmoid

A Fronto-parietal
,," N —Quadrato-jugal
=P Squamosal

Quadrate

iy Columella auris

- 7

i -/@\\ ~~Transverse process

AL

- umerus ) AN

Supra scapula m\

(Eﬁgf’ Sacral vertebra
" D

¥,
=)

|

;
,f Urostyle

Ilium

4..._“ cfé:
Metatarsals €=

Calcar Ischium

Tibio-fibula

" )

- Astragalus Calcaneum
Ol nlnbdnm of Craa (laft cide anlv)
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i) Cranium

The cranium (brain case) is an oblong middle portion of the skill and encloses the brain. Ithas
an orbit on cither side. The roof of the cranium is formed by two long f:'s.n“" bones, the ﬁ"“"t‘,’(‘l
parietals which partially cover a tube like cartilage bone, the sphenethmoid. he :qcph‘?grt ]mct)}:
forms the anterior part of the cranium, but a small diamond shaped area of this bone 1s visible on the
dorsal surface in front of the fronto-parentals.

Behind the fronto- parictals are the two exoccipitals which surround a lmﬁ? hOl(:‘.., tthti
foramen magnum and form posterior part of cranium, The spinal cord passes through this occipita
condyles which articulate with the first vertebra. The floor of the cranium 1s formed by a T-shaped
bone, the parasphenoid. |

i) Auditory Capsules

Theyv enclose the auditory organs. They are cartilaginous and are fu.‘ch WIthdthtF Sld:f:S 0“1}:;
posterior ends of the cranium. The anterior wall and surface of each capsule 1s formed of an irregu
bond. the pro-otic.

Premaxilla

~Nasal

Maxilla
— Sphenethmoid

Frontoparietal
f‘
PRGN

Squatnosal
—~Quadratojugal
- i/ Quadrate
F Feramen (7] ' cartilage
foramen magnum V(e MOt
- magnqm;-‘%mccnpltal pro-otic
- \//A(ﬂ\’)
,/ ( i A
Sk““‘@?l"sal view)
N
H '.””“i‘;\\ ‘
Premaxilla —==—
./x;\.\\\)
!
AN

Vomer
Palatine

Maxilla

Fronto-Parietal Parasphenoid

Quadrato-Jugal Pterygoid

Quadrate cartilage IX, X Exoccipital Columella auris

B
Sphenethmoid  Fronto-parietal

. i A O
"

Nasal R R o
Nasal Sep[um v/ - Lt y Y ¢ EXOCCipitﬂl
Premaxilla

111, 1V Quadrato- v, yyy
jugal

C. lateral .view. IL 1L V, VI, IX, X opening
seventh, ninth and tenth cranial nerves.

Skull of frog: A. dorsal view; B. ventral view;
for the exit of second, third, fourth, fifth,
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Anterior
cornu

Dentary Body

Coronary process

Angulo- Posterior cornu
splenial Angulo- Mento-
splenial meckelian
Hyoid bones
A Coronary process B

Lower jaw of the froe. A, dorsal view; B, right ramus seen from outside

Prezygapophysis — Neural spine

Neural arch

#—Transverse process
Neural canal

-~ Centrum

Centrum

Prezyeapophysis

Transverse process

Postzygapophysis ¥ il ) Prezygapopliysis
Centrum Neural arch Transvers ‘

A &{Q\éfga pophysis

i C Centrum

J
Typical (fifth) vertebra of frog. A, dora@g@ct B, anterior aspect; C, ventral aspect.
Neural spine \<

Facets for occipital
condyle

Centrum
Postzygapophysis

Neural canal

Centrum  Postzygapophysis

First Vertebra (atlas) of frog. A, antero-lateral view; B, ventral view.

Centrum

Prezygapophysis -~ Prezygapophysis
Neutral spine

Transverse process

—Centrum Transverse process
Postzygapophysis _
Eight Vertebra Convekifies
9th Vertebra
Prezygapophysis (Dorsal view)

Centrum
Transverse process

Convexities

9th Vertebra
(ventral view) Concavity

Urostyle of frog.

Please visit for more data at: www.pakcity.org




'F.Sc Biology Practigal

ItoIX
vertebrae

Verteb ra
Urostyle

' '+ Urostyle

I column

. Itis along rod-like bone tapering from anterior to posterior end. It has two concavities at its
anterior end which articulate with convexities of the 9th vertebra. A prominent ridge or blade is
present at its dorsal surface which gradually diminishes posteriorly. Neural canal is present at the

anteriorend.

PECTORALGIRDLE CN

.. The pectoral girdle looks like an inverted arch consisting of two similar halves of bones and
cartilage, and a central part called sternum. Ea h& s formed of a dorsal scapular region and a
ventral coracoid region. 9@3
Scapular Region @

The scapular region consists of L@s@ﬁpnla below and supra-scapula above. The scapula is a
flat long plate which is broader at both efids and gives rise to a Eromment forward process called
acromian process. The supra-scapulaisa flat plate of cartilage which overlaps the first four vertebra.

~\ Omosternum .
¢ &E\ ) i Episternum o
N\ for 9th Clavicle
vertebra Acromion
Seapula process
Hium
Glenoid cavity
lliac crest
Articular Supr:.lscapula Left coracoid
surface Right
/! for coracold Metasternum
W/ Y Urostyle -
\\V 7 Xphisternum
_ =—=Acetabulum : Naidaeid : -
. Shoulder-gridle and sternum of the frog.
Ischium
Iliac crest Acetabulum  Ischium

A
i ’ ":

/I

Supra-sca
Pubis

Frog. Pelvic gridle. A — Dorsal view.
B — One half (os innominatum) in lateral view,

"\ Pre-Coracoid

Scapula

Coracoid

Omosternum

Episternum

Clavicle

pula

Glenoid cavity
Coracoid
fontanelle
Metasternum

Epicoracoid Xiphisternum

— Pectoral girdle and sternum of the frog with the right supr
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Coracoid Region

The coracoid region is composed of pre-coracoid in front and coracoid behind. The
precoracoid is a slender bar of cartilage which is covered antero-dorsally by a thin bone, the clavicle.
The coracoid is a stout long rod expended at both ends. Two strips of cartilage, the epicoracoids lie
between the ends of both the coracoids. The space between the coracoid and the clavicle is called
coracoid foremen or fontanelle. The coracoid along with scapula form the glenoid cavity in each
half, where head of the humerus (fore-limb) articulates, |
Sternum

It1s attached to the mid-ventral portion of the pectoral girdle. It is composed of two bony
rods. Tl‘m anterior rod consists of episternum and omosternum and runs forwards from clavicles.
T'h_‘c episternum 1s round cartilage present at anterior and while omosternum lies below it and
bliurculf:s atits posterior end. The posterior rod of sternum extendds backwards from the coracoids.
It consists of mesosternum  (metasternum) and xiphisternum or xiphoid cartilage. The
mesosternum lics below coracoid while xiphisternum is expanded cartilaginous part lying posterior
to mesosternum.

PELVIC GIRDLE

. The pelvic girdle consists of two curved halves which are attached posteriorly in the form of an
trregular disc of bone and cartilage but free anteriorly. Pelvic girdle gives V-shaped appearance. The
disc has a cavity on each side which is called acetabulum. The g@qf femur (hind limb) fits into the
acetabulum. The disc is composed of three bones: i) the ilium, iiﬁﬁei‘s’t{hium and iii) the pubis.
Hium <\

XN
The ilium forms the anterior and dorsal p/ar{@%

</
disc and acetabulum and extends forwards

as an elongated arm which has a prominent iliag;,é@gs?‘t on its dorsal side.
- ,f“\\@}/
Ischium ®)

/\@@s’{ erior part of the disc and also forms posterior part of
acetabulum. Ilium and Ischium arebony parts.
N

N
Pubis F

It forms the ventral part of the disc and rest of the acetabulum. It is carilaginous.

The ischium is lying on the.

Above mentioned three bones are separate in young frog but in the adult the two ilia unite
posteriorly while ischia and pubis of the two sides become completely fused together.

FORE-LIMB
The fore-limb (arm) can be divided into four parts:

i)  upperarm, ii) forearm, 1ii) wrist, iv) hand.
i) Upper arm

The upper arm has a single long bone called humerus which has a rounded upper and called
head. This head fits into the glenoid cavity of the pectoral girdle. A crest called deltoid ridge is
present on the inner surface of the humerus, extending below the hand to middle of the bone. A
rounded projection, the trochlea, with two lateral outgrowths is present at the lower end of the
humerus.
ii) For-arm

The fore-arm ahs a single bone called radio-ulna formed by the fusion of radius and ulna. The
proximal end of radio-ulna has a pit into which trochlea of the humerus articulates. The ulna forms a
short process, the olecranon process or elbow, towards the outer edge of the pit.
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Olceranon process
Cavity for

Distal epiphysis. radio-ulna

trochlea of Intermedium \\ Ulnare
Deltoid humerus Radiale \ B
FOgs radius Trapezium <&

Articular ulna Trapezoid
facet for |}
olecranon §]
process

of ulna

o Shaft Groove

Distal

Capitulum epiphysis

Articular surface

Phalanges
for carpals

Condyle
(Posterior view) (Anterior view)

o NES OF HAND
HUMERUS RADIO-ULNA BO

Bones of the for-limb of the Frog

iii) Wrist or Carpus

The wrist or carpus is formed of six small irregular bones, the Carpals, arranged in two
rows; three in each. The carpals of proximal row are named according to their location e.g., the
carpal below the ulna is called ulnare, that below the radius is called radiale where as middle one 1s
the intermedium. The carpals of the distal row are called distf%l@?{pals.

iv)  Hand O

The hand has tow parts 1) palm or metac;&?@ﬁd i) Fingers (digits) having phalanges.

The palm or metacarpus consists of fiv -od like bones called metacarpals but first one is

rudimentary. So there are rell developed fingers. The second and third fingers
havetwo  phalanges each while fi md fifth have three each.
HIND LIMB N :

* .
Teh hind-limb (leg) éﬁ{)e divided into four parts:-
i) thigh ii) shank iii) ankle iv) foot.
i) Thigh

The tigh has a single long slightly curved bone, the femur, which bears a rounded head at tits

proximal end for articulation with acetabulum. Its distal end is laterally expanded and has
articular surface.

ii) Shank

The shank possesses a single log bone, the tibio-fibula which is formed by the union of tibia

and fibula. It is expanded at both ends and articulates anteriorly with femur and posteriorly
with ankle bones.

iii) Ankle

The ankle or tarsus 1s ma_de up to two rows of bones called tarsals. There are two long tarsals
in the proximal tow which are called Astragulus and Calcaneum. The astragalus is thin,

curvedﬁ and present on the inner side while calcaneum is thick, straight and present on
the outer side. The distal row has two very small tarsals.
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iv) Foot

The foot has two parts:

1) mid-foot (sole) or metatarsus i) Digits or toes

The mid-foot consists of five long bones called metatarsals. There are five toes which are
provided with varying number of phalanges. The first and second digits have two
phalanges cach, the third and fifth digits, three phalanges each, and fourth has four

phalanges. A small claw like structure called calcar is attached to the inner side of the
tarsus. The calcar is made up of two or three small bones.
Head T Fibulare or calcaneum
roxima 23] : sy
y . v — . . Tibiale or 2+3+4
‘? articular facet . Proximal epiphysis astragalug\l. /tarsals
R Groove Tibial crest Distal Vs s
epiphysis : 2 1
. Shaft Tibia Calcar G\ A tarsal

Fibulare or—
calcaneum {

Tibiale or
astragalus

Distal epiphysis Q@;
g0y OV

SE ASTRAGA QgD BONES OF FOOT
FEMUR TIBIO-FIBULA CAL Y

Bones of the hi]ﬁ]b of the Frog
&
NS
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VIVA EXAMINATION
QUESTIONS

How many kinds of Skeleton are found in animals?
There are two kinds of skeleton viz. The exoskeleton and the endoskeleton.
The formeris outside the body where as the latter is found within the body.

Differentiate between the axial and the appendicular skeletons.
The part of the skeleton such as the skull and the vertebral column (and ribs in mammals),
which lies in the axis of the body is called as the axial skeleton whereas the one, like bones

of limbs and girdles, which is present in the appendages is known as the appendicular
skeleton.

Whatis a vertebrate animal?

Ananimalpossessing a vertebral column (backbone) is said to be a vertebrate.

Write down the names and numbers of the bones of skull of frog which constitute the
cranium (brainbox).

There are two fronto-parietals, one parasphenoid, one sphenethmoid and two ex-
occipitals. Q“J”
p S <

Is theskelten of frog cartilaginous or bony? /\1{\0

The skeleton of frog is party carttlagmaus gj&ﬁﬂy bony.
Whatis foramen magnum in the skulg f\/

The foramen magnum is a la rg hi)e at the posterior end of the cranium through which
brain extends inthe verrebr;({{ tumn as the spinal cord.

What do you mean by s skéf\et’bn 2

All the hard parts of the body of an animal, both external and internal, are collectively
known as the skeleton.

What are auditory and olfactory capsules in the skull?
These arethe spaces in the skullwhich lodge sense organs of sound and smell respectively.

Namethe bones which form olfactory capsules of frog.

These are nasals, sphenethmoid and vomers.
What bones and cartilages form each half of the upper jaw of frog?

These bones are pre-maxilla, maxilla, quadrato-jugal, palatine, ptergoid and squamosal
while the only cartilage is the quadrate.

How many ribs are found in frog?
The frog lacks ribs.
Which bones comprise each half of the lower jaw of frog?

These bones are mento-meckelian, dentary and an gulo-splenial.
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What does vertebral column of frog consist of?

Thevertebral column of frog consists of nine vertebrae and a long bony rod, the urostyle.
Whatis the body of a vertebrae known as?

The body of a vertebrae is known as the centrum.

Where does the head of femur artienlate?
Inthe actabular cavity it-articalation in pelvie girdle.

Wherethe head of Humerus articulate?

Itarticulates in the glenoid cavity of scapula.
Distinguish between procoelous and amphicoelous centra.

The centrum which is concave at the anterior end but convex at the posterior is called
prococlouswhereas the onewhich is concave at both ends is known as amphicoelous.
Where are pectoral and pelvic girdles found in the body of frog (or any other vertebrate)?
The pectoral girdle is found at the anterior end and the pelvic girdle at the posterior end of
the trunk.

Namethe bones of the pelvic girdle of frog.

These are ilium, ischium and pubis. \’9 9‘
(/- [

What are the functions of pectoral and pelvic gtrdl S\@ S

They provide support for the fore and hind ln@;s\ré)spectzvely
Q |/

,
Name the thigh bone. @ \S~
Itis called femur. AN

Inwhich parts can the fore-ligu. of frog bedistinguished?

The fore-limb of frog car’iﬁ%ﬁlisﬁn guished into the upper arm, fore-arm, wrist and hand.
Inwhich parts can the hind-limb of frog be distinguished?

Theh i}td-limb of frog can be distinguished into thigh, shank, ankle and foot.

What are the kinds of elbow, knee, shoulder and hip joints.

The elbow and knee and hinge joints allowing movements of bones only in two directions
whereas shoulder are hip are ball and socket joints allowing movement in all directions.

What is the first vertebrae of frog known as? How does it differ from the typical vertebrae?
The first vertebra of frog is know;z as the atlas. It differs from the typical vertebra in the
following respects:

(i) 1Its centrum is smaller.

(ii) Itlacks transverse processes andthe prezygapophyses.

(iii) It has two oval concavities at its anterior end into which fit occipital condyles of the
skull.
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Which vertebrae of frog are atypical?

These are the first, eighth and ninth vertebrae.

Whatis the function of the pre-and postzygapophyses of the vertebrae in frog?
The pre and postzygapophyses serve to articulate the vertebrae together.

Wiy does the first vertebrae (atlas) lack prezygapophyses?

Itis because there is no vertebra ahead of the first with whicl it may articulate.
Howdoesthe 9" (sacral) vertebrae of frog differ from the typical one?

The 9" vertebrae differs from the typical one in the following respects:

(i) Its centrum is convex at the anterior end and bears two convexities at the posterior
end.

(i1) Itstransverse processes are stout and are directed obliquely backwards.
(iii) Itlacks postzygapophyses.
Name the bones of wrist, ankle and fingers (or toes).
These bones are respectively called as the carpals, tm%@)and phalanges.
Howdo the thumb and the great toe of frog loo%&io
Frog does not have the thumb and the greej\gez 2
What does proximal and distal end o ;%\npe mean?
)

The end of the bone which is @%r to the central axis of the body is called proximal end
while the other distant on med as the distal end.

What are the other 1 s for palm and sole?

These are metacarpus and metatarsus.
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Compound micrn.s‘cope; Disse
cockroach.

ction box; Watch glass; Slide; Cover slip; Dropper; Leg of

(Fresh or preserved); Prepared and stained slides of skeletal; smooth and cardiac
muscles of a vertebrate

Camel hair brush; Filter paper; Glycerine. ‘3@ pakcity.org %"
PROCEDURE ‘

Examine the prepared and stained slide of the skeletal (striped) muscle fibers under The
low and lhigh powers of the micr oscope. |

STUDY OF MUSCLES

PART 1
STUDY OF PREPARED SLIDES OF SKELETAL, SA@OT HAND CARDIAC
MUSCLES o
¢ CA’
MATERIAL 28
Prepared slides of skeletal, smooth and @mﬁdc muscles of frog and skeletal muscle of
cockroach. | C)j
PROCEDURE D

Observe under the microsco
muscles of frog.
Also observe the prepar

epared slides of skeletal, smooth and cardiac

['slide of skeletal muscle of cockroach.

(1) Muscle Un-striped Irregular stripes Regular stripes
appearance
(2) Cell shape Spindle Branched Elongated cylindrical,
(3) Number of nuclei | One per cell One per cell Many per cell
(4) Speed of Slow Intermediate Slow to rapid
contraction
(5) Contraction Spontaneous, stretch, Spontaneous Nervous system
caused by nervous system,
hormones
(6) Function Controls movement of | Pumps blood Moves the skeleton
substances through
hollow organs
(7) Voluntary control | Usually no Usually no Yes
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POINTS OF IDENTIFICATION:

Skeletal muscle

(1) Skeletal muscle fiber is elongated, unbranched, cylindrical cell.
(2) Multi-nucleated.

Smooth muscle

(1) The fiber is sipindle-shaped cell i.e. thick in middle and gradually tapering towards
the ends.
(2) Uni-nucleated.

Cardiac muscle

(1) Musclefiberis short, branched, placed end to end with intercalated disc.

(2) Uni-nucleated.
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Muscles of legs of cockroach, compound microscope, Dissection box, slide, cover slips,
watch glasses, Dropper, 0.75% NaCl, Acetic acid, elycerine.
PROCEDURE

TEASING:

Take asmall piece of the muscles of leg of cockroach in a watch glass having saline water.
If the muscles are kept in Ranvier's alcohol (2 part of water + 1 part of methylated spirit) for
twenty four hours, the fibers can be teased or separated easily. Tease the muscles length wise with
a pair of dissecting needles so that fibers can be separated. (0.75% NaCl solution makes the
striation and sarcolemma clear). '

MOUNTING

Take a drop of glycerine on a clean glass slide. Transfer one or two muscle fibers from the
watch glass to glycerine drop, with a camel-hair brush. Cover the slide with a cover slip. Remove

extra glycerine with blotting paper or filter paper. Add a few drops Of 1% acetic acid to make
nuclei more prominent.

O, Fhoraeal Connl
Ao, it

prathamcaic - S
-y @ .
‘mes i \?b Frsartwnieral -
2y — Remaml doint
meirthoaaic : Famom!-
3 _ bl sdoins
fraghanuml  Frashanter ,
Haint Mibia

hia-ilarsal
Hoint

Z=1am W=ilem

izai—— Nucleus. (Each cell
' is quite long and is
multinucleated.)

_____

. ......_,-ll‘ﬂ'-‘ I s " . ‘ :
Skeletal Muscle: Striated. Endomysium covers each muscle fiber (cell).

Perimysium covers bundles of fibers and Epimysium is a connective sheath

AL h o ensnm e an antire muscle.
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A

OBSERVATIONS:
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-~

The leg muscles of cockroach are striated muscles.

The fibers lie parallel to one another.

They are unbranched.

Each fiberis enclosedin sarcolemma membrane.

Multi nucleated.

Transverse light and dark bands are wider in cockroach as compared To vertebrates.

(VIVA VOCE |

How do unstriped and striped muscles of vertebrates differ in shape?

The unstriped muscles are spindle-shaped while the striped muscles are cylindrical in
shape.

Whatis meant by the term “contractile”?
It means “which can contract and relax”,
Howdo the striped muscles of frog and cockroach differ?

The transverse bands of striped muscles fibres of frog are narrower while those . of

Al {:‘\" A

N )

.'/—:\ d el
(O

cockroach are wider.

Whatis the difference in the structures of str&{g&{\diz}l cardiac muscles?
PR

. . . \‘\h/ " . »
The cardiac muscles unlike the striped ﬁz;@&es, are uninucleate, without sarcolemma and

form a networtk. NS
X .
What do you mean by volunm\(@\@g involuntary muscles? Quote their examples.

f’{.\ﬂj\/. P . .
Those muscles whose %ﬂ?j}a\ctwn and relaxation is under the control of the will of the

animal are called vol{im&y e.g., striped muscles. On the other hand, the muscles whose
contraction is not under the control of the will of the animal are known as in voluntary e.g.
smooth and cardiac muscles.

Define muscle.
Muscleis atissue consisting of cells which are highly contractile.
Why are the striped muscles of the vertebrates also called skeletal muscles?

The striped muscles of the vertebrates are also called skeletal muscles because they are
attached to the skeleton and are associated with the movement of the bones.

What are the special names given to the cell membrane and cytoplasm  of the striped
muscle cells?

These are sarcolemma and sarcoplasm respectively.
Where are the smooth muscles found in the body of the vertebrates?

They are found in the walls of blood vessels, urinary bladder and digestive tract.

Which muscle cells lack sarcolemma?
Smooth and cardiac muscle cells lack sarcolemma.
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MUSLCE TWITCH

The response of the muscle witl respect to a stimulus is known as muscle twitch.
Muscle cells differ only in degree of response to a stimulus. Cells that are specialized to

perform other function may respond to the same forms of stimulation as muscle cells but in a
different way.

Anerve cell (neuron ) will transmit an impulse in response to an adequate stimulus.

If nerve is physiologically connected with an excitable muscle, the muscle will contract on
receiving that stimulus.

PROCEDURE

Muscle twitch can be studied by

(1) Applying Electrical stimuiulation.

AN\
MATERIAL ' @Q\fi)
(i) Frog (ii) Chlorofgt@\dﬁ (iii) Battery 6 volt
(1v) Two pieces of insulated wires eacl;\ 51/ L 0 cm long (v) Ringer'ssolution
(vi) Methylene blue (vii) Dt%,g;géﬁng box
METHOD ) O@

Muscle Nerve preparation /{Q@n\mﬁon of Gastroenemius (calf) muscle of frog.
(1) Place freshly pithed or %@Worm ed frogonadissecting board. _
(2) Remove the skin from the leg. This can be done easily if the skin is cut completely around

the thigh of the frog leg. The entire skin of leg can then be pulled off'in the same way that

you would strip a glove from your hand.
(3) Place the frog dorsal side up on moist filter paper.
(4) Keep the frog moist with physiological saline.
(5) Search the large calf muscle (Gastrocnemius muscle) of lower leg.
(6) Run a blunt probe or the end of a forceps, between gastrocnemius muscle and the long

bone of leg. P
(7) Notice the well marked groove running along the upper leg. This grove marks the location

of the sciatic nerve. This nerve innervates the gastrocnemius muscle.

(8)  Separatethe muscles on either side of groove using a pair of forceps.
(9)  Exposethefaintlyyellowish sciatic nerve and reddish blood vessels.
(10)  Without touching or pulling the nerve, pull the muscles aside so that the nerve is exposed

from a point nearthe knee up to the hip.
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(11)

(12)
(13)

(14)

(15)

PNy KN T el A
Py iy -
i ‘i. s \ ¥

utting across the nerve on the hip side

Using forceps, grasp the hip end of the nerve, and ¢

of the forceps, gradually free the nerve down to a point near the kneejoint.

Lay the firee nerve on top of lower leg.

Using scissors, cut th mugh the middle of the upper leg. Cut through everything, including

; i s : hit.
bone and muscle, but be sure that the nerve is laid back so that you do not cut throug

Separate the tendon at lower end of the gastrocnemius muscle where it is attached to the

foor.

Cutthelowerleg bone nearthe knee.

Position of
Foramen magnum
Dissecting needle

. B. Cut skin completely around the upper part
A. Pith the fro of the leg. Then pull the skin off over the toes.

-

Normal positio
of sciatic nerve

Sciatic nerve

Gastrocnemius
(cut and pulled down)

C. Care fully separate the gastrenemius D. Cutthenerveat (1) and pull
: td
musc}e from the adjacent muscles by leg at (2). Cut the uppgr feg 1 I?r\zll:;;eét)l.](e‘:)o;v:;
running a probe between them. Separate then cut the gastrocnemius muscle (5)-(6) This is
the muscles of the upper leg in the same your muscle-nerve preparation -(6) This
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Study of muscle twitely b v electrical stimulation
(i) “Ulalarge petridish with Ringer's solution.
| (i1) A dfl [0 1t several drops of meth vilene blue solution. Methylene blue acts as an indicator. In
oxtdized form itis blue, as it getsreduced it will decolorize.
(1)  Arttach an electrode (wire) to each end of the muscle.
(iv): Now place this muscle in the petridish.

() g ove;: the petridish with other petridish or a glass plate and air tight the setup by using
aseline.

(vi) Connect one wire to negative terminal of 6 volt battery.

(vii)  Repeatedly touch and remove other wire from the positive terminal of 6 volt battery.
(viii)  Observe the twitch of muscle.

“Touch” lead for
ey, POSItiVE terminal

-; <O
Glass plate (Cover) Muscle S ﬁ -
| Sedlf'

6 volt battery
l
A ~
S o i R L_,ww’%- TS VI F TR e '-_:.ttr-:»‘ﬂqmcm-;mmgﬁi
Ringer’s solution + methylene blue
Activity T
MATERIAL
(i) Vasline (i) 6 Volt battery (iii) Methylene blue

(iv) Gastrocenemius muscle (v) Ringer’s solution for frog (vi) Connecting wires

(vii) Petridesh

Muscle

Stylus Stand

Kymograph R o A
S 6 volt battery
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(VIVA VOCE |

Whatis muscle twitch?

. : o ; tric shock) is called muscle
The response of the muscle with respect to a stimulus (electric shock)

mviteh.

Whatis a gastrocnemius muscle.

The large two-headed muscle of the calf, associated with the tibia bone is called

gastrocenemius muscle. It is also called calf muscle.

Whatis the nature of the gastrocenemius muscle, voluntary or involuntary?
Gastrocenemius muscle is voluntary in nature.

Does the gastrocenemius muscle of frog remain alive after its removal from the body?

Afterits removal firom the body, the gastrocnemius muscle of the frog can rematn alive for

hours, if itis kept moist.

/*?:gi}\ )
Whatis a kymograph? : r/)\ &
A {“\ ‘(/ - .
i@gqﬂmscle contraction. It can also be used for

Kymograph is an apparatus used for recor

recording heart beat of an animalféé}:i‘lifse the wall of the heart is made up of cardiac
o>

muscles. RN,
A~ A\ O\

Whatis the duration o f g@tgn?‘lé muscle twitch?

Asingle muscle hvz{eh'\ta;:‘s foronly 0.1 second.

Name the three phases comprising a single twitch of the muscle?

These phases are the latent period, contraction period and the relaxation period.

What is the duration of latent period of a muscle twitch?

Itis less than 0.005 second (actually varying between 0.0025 and 0.004 second).

Write down the durations of contraction and relaxation phases of a muscle twitch.

These are 0.045 second and 0.05 second respectively.

What is the effect of repeated stimulation on the muscle contraction ?

Muscle fatigue is caused after about fifteen rapid stimuli and consequently the

Contraction decreases with further stimuli,
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Experiment

MATERIAL

Living cockroach ; Chloroform; Dissecti ng box; Hand lens, Dissecting dish; Pins.
PROCEDURE

Cockroach can be made available for dissection/investigation by:

(1) Killing by dippin ginchloroform. (2)  Killing by dipping in foam.

(1) Takeadissecting dish havin g athick layer of wax fixed at its bottom.
(2) Partially

melt alittle of the wax in the center of the dish by plying a Bunsen flame, on the
surface.

(3)  Placethe blank paper on the upper surface of tray and fix it through pin.

(4)  Placethedorsal side of insect upward on the paper.

(5) The cockroach may be fixed with small pins, one through the femur (first part)

of eacli leg, onethrough the posterior end and one thro ' the straightened head.
(6)  Pourwaterinto the dish. Remove the win gs.

O
WO

a@\ |

(7) Then carefully remove first the abdomi and then the thoracic terga, one at a

time,working forwards by lifting with g‘gbpé and cutting around the edge with small

N\

SCISSOrs. X
A\ B . . ;
(8)  Removethe fat bodies with the &@Qﬁgorceps and by blowing off'with the blow pipe.
™~

(9)  Deflect and pin the alimentary canal on one side so as to observe the underlying Nervous
system. A

(10)  Now gently and carefully scratch away the chitinous covering of the head,

between the compound eyes, with fine foceps and sharp scalpel so as to expose the part of
the nervous system lying in this region. Study with hand lens.

Observations:

(1) The nervous system of cockroach consists of following parts:
(a) Bilobedsupra oesophageal gan glifm (brain)
(b) Bilobed sub oesophageal ganglion.
(¢c) Pairof circum oesophageal connectives.
(d) Doubleventral nerve cord.

(2)  Brain is a bilobed mass present above the oesophagus in the head reion. It is also called
supra-oesophageal ganglion or cerebral ganglion. It receives nerves from the eys and
antennae.

(3) Abilobed sub-oesophageal ganlion is present below the oesopl;agtcs inthe head Region.
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A pair of short cords, the circum-oesophageal connectives arise from brain and form a

(%)
ring around the oesophagus. They unite below in a double suboesophageal ganglion.
(5)  Adoubleventral nerve cord arises from the suboesophageal ganglion. It runs
posteriorly below alimentary canal along mid-ventral line of the thorax and abdomen.
(6) The nerve cord gives off nine ganglia, three in the thoracic segments and six in the
abdominal segments. . .
(7) The thoracic ganglia are called prothoracic, mesothoracic and metathoracic ganglia
respectively.
(8) The sixth abdominal ganglion is larger.
(9) The ganglia give off nerves to the structures of their own segments.
Nervous System Peripheral Nervous System
Frontal Ganglion
% li
Refrocetebial conplex Supra-Desophageal Ganglion
(Above hypocerebral
ganglion) Sub-Oesophageal Ganglion
Prothoracic Ganglion
t ic Ganli
Ingluvial Ganglion Mes? naragie Aaaniion
- l\@t@}horacic Ganlion
‘st Abdominal Ganglion
Proventricular Ganglion
o 6th And Last Abdominal Ganlion
‘/\Q\‘
A\
0.1  Writedownthe scientific (biological) names of the two species of cockroach.
Ans. The scientific names of the species of cockroach are Periplaneta orientalis and
Periplaneta americana.
Q.2  Towhichphylum and class does cockroach belong?
Ans. Cockroach belongs to phylum Arthropoda and class Insecta.
0.3  Whatisaganglion?
Ans.  Ganglion is a collection of nerve cell bodies (neurons), usually bounded by a sheath or
capsule.
0.4  Does cockroach possess a brain? If so, what is it known as?
Ans.  The cockroach possesses a brain which is known as the supra-oesophageal ganglion or

cerebral ganglion.
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Whart is nerve ring in cockroach? Which structures contribute to its formation?

A ring of rnervous tissue surrounding the anterior end of the oesophagus in the head of
cockroach is called nerve ring. It is formed by a supra-oesophageal ganglion, two circum-
ocsophageal connectives and a sub-oesophageal ganglion.

How many ganglia arise from ventral nerve cordin cockroach?

Nrine

How many thoracic ganglia arise from ventral nerve cord in cockroach?
Three

How many abdominal ganglia arise from ventral nerve covd in cockroach?
Six

Wliat structures constitute the central nervous system of cockroach?

(a) Brain (b) Suboesophageal connectives
(c¢) Circumoesephageal connectives (@) Ventral nerve cord

Whatis the function of antennae of cockroach?

They are orgarns of touch and smell. O’\Q/.C%)

Why arethe eyes of cockroach called compougg{{)ﬁgs.?

Each eye of cockroach is really made up, ousands of simple eyes and is therefore
called compound eye. N\
a?:

ment is covered dorsally by a chitinons plate called
v plate called sternurm.

How would you recognize a male cockroach?

Differentiate between terga and ster.

Fach thoracic and abdominal
tergum and ventrally by a sin

In male cockroach, the ninth sternum has a pair of slender, unjointed anal styles. These
are absent in female cockroach.

Which ganglion in cockroach is largestone?

Sixth abdominal ganglion. =
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MATERIAL

Compound microscope: Prepared and stained slides of the I.S. of pancreas and T. hyroid of

amammal.

PROCEDURE
Examine the prepared and stained slide of the T.S.of pancreas under the low and high

magnification of the microscope and notethe following details.
There are two types of glands in human body.

4

Glalnds
Ductless gland |
They have no duct to They have duct to
secrete their secretions

secrete their secretions

Endocrine glands®

O

O
o)
e.g. Insuline, %S@ e.g. Saliva secretion,

glucagon, Pancreatic juice,

thyroxine etc. o etc.
S@Q
N

& PAR’E I |

PANCREAS ! e\

The pancreas is a diffuse gland consisting of both exocrine and endocrine parts

NATURE:

Pancreas

¥

Diffuse gland

) J

Exocrine part ~ Endocrine part
ATnj ) Tslets of Ii-ang'erhan _ y
Pﬂ c i r i ¥ oy - ‘. .|
ncreatic duct I i Rk ‘4151? o g 10
- -~ ou-cells e g R[S e ¢ R
Pancreatic juice o B fﬂs ﬂﬂdiffmﬂqtgﬁ L
~ Glucagon Insuline w
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EXTERNAL STRUCTURE

It is held in the mesentery in the U-shaped loop of the duodenum.

o o)
/v\ '?‘ N' . )
. .}' , C
g ). . f \ i .‘ ?|
o Fa 'II‘!;- b '
~{'I_'_113;3" g
Gall bladder Pancreatic islet
(of Langerhans)
Common bile duct
L ’
Duodenum - 4
Pancreatic duct Pancreas
Anatomy of pam@@y and associated ducts
QA
@\%) PANCREAS
@ )
S
" Close Vi%w ofon
Islet'of Langerhane
Duct I
Della Cell
Red Blood
Cell
Pancreatic

Islet of Beta Alpha
Langerhans  Cell Cell
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INTERNAL STRUCTURL::

The pancreasis covered with coelomic epithelium,
Acini

The bulk of the gland is differentiated into distinet clusters of cells and rounded alveoli or

acimi. Each acinus has a wide lumen surrounded hy the wall made up of columnar pyramidal
cells.

The cells of pancreatic acini secrete pancreaticjuice containing several enzymes.
Islets of Langerhans.

It the connective tissue between acini are present clusters of cells arranged in elliptical
areas. These clusters are known as the islets of Langerhans which secrete hormones. The region
of islets reveals three kinds of cells:

(@) Alphacells (a-cells) which secrete the hormone, glucagons.

(b) Beta cells (B-cells) which secrete the hormone, insulin.
(c) Undifferentiate cells.

The pancreatic duct. artery. vein and blood capillaries are also seen in the section.

P A RT = II / (,Q;\?j% )

Q
Y

THYROI%?\»

PROCEDURE 3 f’b
r/@,

Study the prepared and stained slgg{g’of the T.S. of thyroid under the low and
,\\” y
high power of the microscope. f\;;; l
NATURE GV

o
Thyroid gland is an endocrine gland found in almost all vertebrate animals and so

called because it is located in front of and on each side of the thyroid cartilage of the larynx.
EXTERNAL STRUCTURE |

The thryroid gland in human beings is a brownish-red organ having two lobes
connected by an isthmus; it normally :Ec_’lfgg about 28 g (about 1 0z) and consists of
right and left lobes, joined by an “isthmus ;’.

IN TI RNAL STRUCTURI;

Cuboidal epithelial cells arranged to form small sacs known as vesicles or follicles. The
vesicles are supported by connective tissue that forms a framework for the entire gland. In the
normal thyroid gland, the vesicles are usually filled with a colloid substance containing the
protein thyroglobulin in combination with the two thyroid hormones thyroxine, also called
tetraiodothyronine (T4), and triiodothyronine (T3). These hormones are composed of the

amino acid tyrosine, containing four and three iodine atoms, respectively.
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Larynx

Thyroid

Oesophagus

Parathyroids
F o Trachea

Follicular cells
secrete thyroid
hormone

Thyroid —
follicle

C cells secrete
calcitonin

Colloid is a
glycoprotein

Capsule of connective tissue
v

T.8. Of thyroid gland
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('VIVA VOCE |

Why endocrine glands are known as ductless glands?

Endocine glands are called ductless glands because they have no ducts conncting them to

specific body parts.
Whatis the difference between endocrine and exocrine glands?

The endocrine glands are ductless glands so their hormones are released directly into the

bloodstream. In contrast the exocrine glands, such as the sweat glands or the salivary

glands, release their secretions directly to target areas via ducts.
How many types of cells, each lobule of pancrease is composed of?
Each lobule consists mainly of two types of cells.
(i) Cellsof Islets of Langerharns.

(it) Acinicells

b 1s

W |
N )

What s the secretion of Islets of Langerhans? - \),

(O
The cells of Islets of of Langerhans secrete ingtg{;é kﬁtd glucagon.
What do the acini cells secret? o @ (j;} o

Acinicells secretepancreaticjuice., /x,/ J
Q)

Why thyroid gland is called th yrtgd”gl\and ?
It is so called because it :sd@ated in front of and on each side of the thyroid cartilage c;

\ \‘\\\.
\"“-/

the larynx.
Whatis the colour of thyroid gland of human beings?

The thyroid gland in human beingsis brownish-red in colom.
How many lobes does thyroid gland consist of?
Thyroid gland consists of two lobes connected by an isthmus

What is filled in the vesicles of thyroid glands?

In the normal thyroid gland, the vesicles are usually filled with a colloid substance
containing the protein thyroglobulin in combination with the two thyroid hormones

thyroxine, also called tetra lodothyronine (T4), and triiodothyronine (T3).
How wouldyou distinguish between alpha cells and beta cells?
(i) Thecytoplasm of alpha cells stain pink while the cytoplasm of beta cells stain blue.

(i) Thealpha cells are situated more peripherally in the islet and the beta cells deeper or
more in center of islet.
Whatis the endocrine part of the pancreas called?

Islets of Langerhans (pancreatic islets)
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Whatis the exocrine part of the pancreas called?

Seroud acini.
What are the secretory cells of dserous acini called?

They are called Zymogenic cells.

Whereis thyroid gland of man situated?

Itis situated in front of neck and on each side of thyroid cartilage of the larynx.
Name the hormones secreted by thyroid gland.

(i) Thyroxine (T,) (ii) Tri-iodothyronine (7;)

(iti) Calcitonin

What are the major components of thyroid gland?

(i)  Follicles (ii) Follicular cells
(iti) Parafollicularcells (iv)  Interfollicular connective tissue
Whatis colloid?

It is composed of thyroglobulin. It is glycoprotein which contains several iodinated
aminoacids.

- - . O \'\
Whatis site of storage of thyroid hormones? @QC{ )
O

Itis follicle. ) Qﬁ,\ '~

What is role of follicular cells? S\
I 25sg
They synthesize and secrete thyr:é% ones, T; and T,.
)

What is the role of parafollicu <> 2
They synthesize and secr calcitonin

o

Please visit for more data at: www.pakcity.org



Please visit for more data at: www.pakcity.org



Experiment

Like other vertebrates, amphibians (e. g, Frog) possess a well developed urinary

(excretory) and reproductive systems. Both urinary and reproductive systems are 6'0”86‘1"’31.1’
known as urinogenital system.

The urinary system of frog (male or female) consists of a pair of kidneys and a pair of
ureters. The basic function of this system is the elimination of cellular waste products such as

urea and regulation of ions concentration and water content of the blood. Thus, urinary system
plays a basicrole in homeostasis.

The frog is dioecious i.c., male and female individuals are separate. Male reproductive

System consists of a pair of testes and duct system. The female reproductive system consists of a
pairof ovaries and duct system. '

The male's thumb (first finger) has nuptial pad in the form of swelling on the ventral side.
This pad is absent in female. Fertilization is external. Larval stage is present. The larva of frog is
called tad pole and it changes into adult by metamorphOSO%Reproductwn is necessary for the

survival of a species. @\O
MATERIAL ,\ﬂ@ﬁ
(i)  Frog Dissection box (r(gé/> Dissecting Board @iii) C hloroform
(iv) Hand lens Q) ?’ Hammer (vi)  Nails
(vii) A tin canorlarge gl(aﬁl&“ (viii)  Coftton (ix)  Water
METHOD

(1) Place a frogin atin can or large glass jar and pour some chloroform in it.
(2) Coverthe can or glass jar tightly.
(3) After few minutes, the frog will be senseless.

(4) Remove the frog from can or glass jar and-wash with water and then place it on a
dissecting wooden board keeping ventral side facing you.

(5) Fix it by nailing its limbs. Use hammer for this purpose.
(6) Carefully lift up the skin of frog's belly with the help of forceps.

(7) Give a cut with a scissor in the middle. Through this incision (cut, pass the pointed end of
scissor lifting the skin up and cut through the chest to the chin and backwards up to the

cloacal aperture.
(8) Give few cross cuts and separate the skin from the muscles with the help of scalpel. Now
stretch the skin to the sides and nail it so that body will become clear.
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(9) Cutdown the muscle vight up to the lower jaw through shoulder bone.

(10)  Cut the muscular strips sideways and stretch the body wall on its sides and nail them.
(11)  Now coeclom (body cavity) is open, see and locate various organs (viscera) Constituting the
urinogenital system of frog.

(12)  Sketch neat and labelled diagram of dissected frog.

X
OBSERVATIONS: R
URINOGENITAL SYS T@WF FROG CONSISTS OF FOLLOWING:
(i) Urinary (Excr\%/qi@)’syste:rz (ii) Reproductive system.

(1) URINARYSYSTEM ~
It consists of following organs:

(a) Kidneys
The kidneys are the excretory organs of frog. These are two elongated, reddish brown

bodies attached to dorsal body wall by a fold of peritoneum. They are located on each side just

below the vertebral column. They are present in both male and female frogs.

(b) Ureters
These are two long ducts which arise from posterior end of each kidney and open into

.dorsal wall of the cloaca. The ureters bring the urine from kidneys into cloaca.

(c) Urinary bladder
Itis a thin bilobed sac which opens into the ventral wall of cloaca.

(d) Adrenal glands
These are two in number. Each adrenal gland is a yellow or oran ge stripe running along

ventral side of each kidney. It secretes adrenaline into the blood which increases the heart rate. It

results in rise of blood sugar level and makes the body react to stresses.
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(1) REPRODUCTIVE SY:

(A) MALEREPRODUCTIVESYSTEM

(a) Testis (Plural Testes)

The ftestes are two oval yellowish bodies which are attached to kidneys by a fold of
peritoneum. Each testis is located on the anteroventral surface of the respective kidney. Nearby
are brightyellow finger like fat bodies. Testes produce male gametes (sperms).

(b) VasaEfferentia

These are six white ducts arising from the inner margin of each testis. They connect the
testis to the kidney. They bring sperms from the testis into the kidney.

(c) Urinogenital ducts (Ureters)

Since ureters in malefrag carry both urine and spermatic fluid to the cloaca, they

are called urinogenital ducts. These are two in number. Eacly@;er arises from the kidney and

-~

(O)v
opens into the cloaca. ; \ >
(B) FEMALE REPRODUCTIVE SYS TEMLW)

It consists of following organs: qai_‘y
”‘/\ '\\ O\
(a) Ovary (plural ovarieq)(,\é_l:‘f?”’

The ovaries are a pair ﬁfjﬁghly folded sacs. They are largest during fall and winter when
they are filled with thousands of ripe eggs and smallest after ovulation in spring.

(b) Oviducts

These are two long, white coiled tubes attached to the dorsal body wall one on
each side of midline. Each oviduct is a highly coiled duct extending forward to anterior end of
body cavity. At end of each oviduct, there is a funnel shaped ostium. Ovary releases eggs in the
body cavity which then enter the oviduct through ostium.

(c) Uterus (Plural Uteri)

The posterior enlarged part of oviductis called uterus. It stores eggs for sometime. It opens

into the cloaca. Thus, eggs reach the cloaca thro ugh uterus.
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[ VIVA VOCE | pakcitvougr

Whatis the scientific name of frog.

Ranatigerina.

Whatis Anatomical position of Kidney.

They are attached to the body wall by mesenteries.

What functions are performed by the kidneys?

The kidneys perform excretory (elimination of nitrogenous wastes) as well as
osmoregulatory (removal of excess water) functions.

Whatis the function of ureter in male as well as in female frog?

In the male frog, the ureter serves to convey both the urine as well as the male genital
elements (sperms) i.e. it acts as the urin ogenital duct. In the female frog it carries on{if the
Urineitacts as the urinary duct only.

What are vasa efferentiain frog and what are these megﬂifor 2

The vasa efferentia are the six pairs of fine dluq s,c hich connect the testes with their
corresponding kidneys. These carry spermsﬁﬂf the testes into the kidneys.

What is mesentery?

/0/
<\
Mesentery is a thin transparent{f(:\eéuﬁmne that supports various organs in the abdominal
A
cavity of vertebrates. & N

Describe the path thro:ighivhzch sperms pass out of the body of the frog.
The path of the sperms of frog is from the testes to vasa efferentia, to kidneys, to ureters, to

cloaca and out through the cloacal aperture.

Whatis the path of the ouigoin g eggs of the frog?

It is from the ovaries to body cavity, to oviducts, to uterus, to cloaca, to the outside throu gh
the cloacal aperture.

What are other names for the reproductive organs?

The reproductive organs can also be called genital organs or sex organs.

What is the kind of fertilization in frog?

In frog, fertilizati;on is external e.g. it takes place in water, outside the body of the female.
Whatis the path of the urinein frog.

Kidney Ureter Cloaca Cloacal aperture
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Q.12 Whatisthe Junction of the fat bodies?
Ane.  Thefatbodies store food in the form of fat.

Q.13 Whatisthesingularofvasa efferentia?

Ane Itisvasefference.

Q.14 Wherearetestes foundin frog?

Ane.  Thetestes of frog are found on the antero-ventral surfaces of the corresponding kidneys.
Q.15 Whereareovaries of frog located?

Ans.  Theovaries of frog are located on the ventral surfaces of the corresponding kidneys.
Q.16 Whatistheshape, size and colour of each mature egg of frog?

Ans.  Eachmature egg of frog is spherical, 1.5 mm in diameter and half black and half white or
yellow.

&)
O

S
<\ (ls
@,
K
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Experiment

PLANTHORMONES

All communications in the plants arc donce by specific chemical messengers, such chemical
messengers are called growth hormone e.g. Auxins,Gibberellins,cytokinins etc.
AUNXINS

It is produced in the meristematic tissues of buds, leaves, seeds, fruits and embryos.Most
commonis indolecaceticacid (IAA).
COLEOPTILE

It is protective cellular sheath that surrounds embryonic leaves of the developing seedling.
When the shoot reaches a length of 5 to § cm, the coleoptile stops to grow. The enclosed leaves split
through the coleoptile and continue their growth upward.

The aim of the experiment is to investigate the effect of various concentrations of IAA
(natural (auxin) on the growth of oat coleoptiles. Growth is affect by white light and, therefore,
cutting and transferring of coleoptiles during the experiment s 13 carried out under red light or
in the minimum possible amount of light . Sucrose solu s’)used in the experiment as energy will
be required for growth, and sucrose is an energy sougz@e apical tip (3 mm) of each coleoptile is
removed in order to prevent natural auxins p% %ed by the coleoptile from having an effect on

growth. <\

APPARATUS Qo

(1) Germinating oat or Barley n{{@f Seedlings with at least 1.5 cm long coleoptiles
(ili)  Testtuberack QM (iv)  Testtubes (six in number)

(v) Beaker (1000 ml) (vi)  Petridishes (six pairs)

(vi1)  Graduated pipettes (viil) Measuring cylinders

(ix)  Incubator (x)  Filterpaper

(xi)  StockIAA solution (xi1)  Distilled water

(xiii) Double bladed cutter with blades held exactly 10 mm apart a series of washers
(xiv) Camel hairbrush (xv)  Anutandabolt

(xvi) Sucrose solution (2%)
PREPARATION OF GERMINATING OAT(ORBARLEY)SEEDLINGS
(1)  Placeabout 100 grains ina 1000 ml beaker containing water and retain them overnight.

(i1)) Placethese soaked seeds ondamp damp filter paperin a dish.
(iii) Cover the dish with aluminum foil.

(iv) Place thisdishin dark for 5 days or in incubator at.
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PREPARATION OF STOCK IAASOLUTION

() TakeonegramofIAAanddissolveitin 2 ml of ethyl alcohol in a test tube.
(i1)  Dilute this solution to 900 ml with distilled water.

(iii) Warm the diluted solution to 80C, and keep at this temperature for 5 minutes. Make

the solution up to 1000 mlwith distilled water.

PROCEDURE

(1) Take six test tubes and six petridishes and label them A,B,C,D,E, F anda, b, c,d, e, f
respectively.

(2)  Add18mlof2% sucrose solution to each test tube. .

(3)  Add 2 ml of 14A solution to tube A with the help of a pipette. Mix the two solutions
thoroughly.

“) Transfer 2 ml of solution from tube A to tube B and mix the contents of tube B thoroughly.
This transfer is done by a fresh pipette.

) Using fresh pipette each time, transfer 2 ml of solution from the tube B to tube C, mix
thoroughly, then transfer 2ml of solution Jfrom tu ’* to tube D, mix thoroughly, then
transfer 2ml of solution from tube D to the tube\@@m ;l;oro ughly.

(6)  Add2mlof distilled water to tube F. ({f/}\%f: )

(7) Pourthe solutions from test mbefééﬁi l‘é‘ﬁetridish es a-frespectively.

(8)  Take60outof100 germinatfg (égg\”gﬁeedlin o5.

9) Cutthe 10 mm Iengthgg@&f%ptiles, starting about 3 mm back from the tips by using the
double bladed cuﬂe\{fi@*ﬁ own in figure.

Cut Cut _ Bolt  Washers Nut
| | l
l |
I | ;
e ey e
Coleoptiles /
| | arranged side [ |
>, by side —Razor—
10 mm blades
< g
10 mm

Cutting 10 mm lengths of coleoptiles
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(10)  Transfer 10 coleoptile tips to each petridish by using fine camel hair brush and then place a lid
oncach dish.

(11)  Nowincubate these dishes at 25°C forthree daysin the dark.

(12)

Remeasure the lengthy of coleoptiles and calculate the average length for each dish.

2ml distilled water

18ml of 2% 18ml of 2% 18ml of 2% 18ml of 2% 18ml of 2% 18ml of 2% +2ml
sucrose soln sucrose soin sucrose soln sucrose soln sucrose soln sucrose soln of H,0
2ml of LA.A. k
Mix thoroughly

2ml of the content (,J/\\
'\] 2)

Colzt;;sztlle 1 @ é){b@ l l f‘

(13)  Plot a graph of mean length (vertical axis) against IAA concentration in parts per million

(horizontal axis) as shown below:
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OBSERVATIONS

(1) Amaximum increase in the average length of the coleoptiles takes place in petridish b (10
ppm) and petridishe (1ppm).

(2) A lesser increase in the average length of the coleoptiles takes place in petridish b and
preridish, still lesserine and no increase in f.

(1) The maximum rate of growth of coleoptile occurs at 1 - 10 ppm of 1AA.
(2)  Anincrease or decrease in concentration of 1AA inhibits / retards the Growth of shoot

[ VIVA VOCE |

Q.1 Whatare growth hormones?

Ans.  These are the chemical messengers produced in very low concentrations and active in
another parts of plant body.

Q.2 Giveexamples of growth hormones? /)@@;
(O
Ans.  Auxins, Gibberellins, Cytokinins. N m&fi &

Q.3 Whatis most common naturally occurfing auxin?

"

Ans. Indoleacetic acid. 3 ‘/”95"

Q.4 Whatare thesites of pr%&ﬁb% of auxins?

Ans. Auxinsare produceg@%&istematic tissues of buds, leaves, embryos, seeds and fruits.

Q.5 Whatis coleoptile?

Ans. Itisaprotective cellular sheath that surrounds embryonic leaves of the Developing seedling.
Q.6 Whyis sucrose solution used in this experiment?

Ans. Itisused as an energy source for growth.

Q.7  Whatwill be the effect of concentration of IAA above 10 ppm on coleoptile growth?

Ans. It causes an inhibitory effect on the growth of coleoptile. At concentration of IAA around
about 1000 ppm, growth is ceased.

Q.8 Whatis the optimum auxin concentration for coleoptile of oat?
Ans.  1-10ppm.

Q.9  Name other naturally occurring auxins.

Ans. These are indole acetonitrite and indole pyruvic acid.

Q.10 Where is auxin synthesized in the body of the living plant?

Ans.  Theauxin is synthesized in the meristematic regions of the stem tips.
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Give examples of synthetic auxins.

The synthetic auxins are the naphthalene acetic acid (NAA) and 2,4-dichlorophenoxy acetic
acid (2, 4-D).

The growth of which parts of the body of the plant is influenced by the auxins?
The auxins influence the growth of root, stem and buds of the plant.

How do different concentrations of auxin affect growth of shoot and root?
The concentrations of auxin which stimulate shoot growth inhibit root growth.

What is the optimum auxin concentration for the coleoptile of oat?

The optimum auxin concentration for the coleoptile of oat lies between one to ten parts per
million (p.p.m) of TAA.

Why high concentrations of auxins can be used as herbicides?

The high concentrations of auxins kill the herbs (weeds) by inhibiting and stopping their
growth.

How does auxin promote plant elongation and growthf?

The auxin promotes plant elongation by softenmggh&hgld cell walls so as to allow the water

to enter the cells and make them turgid. The is thus brought about by cell enlargement

rather then by cell division. N, f < "j 5

Enlist various functions of auxn@ﬁfé&des plant elongation?
The various functions of aumg@\%emdes plantelongation are:

(i)  Stimulation of tl:\%fﬁ&atmn of roots in cuttings.

(ii) Prevention of leafabscissionand fruit drop.

(iii) Rolein fruitdevelopment.

(iv) Control of bud growth.

(v) Roleinphototropicand geotropic responses.

What is auxin?

Auxin is a plant growth substance (growth hormone) which promotes the elongation of shoot
and root when present in low concentration.
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The chick egg (called the Yolk) is surrounded by various accessory coverings secreted by
the female reproductive tract, Fer tilization is internal and normally takes place just as ovum is
entering the oviduct. The shell is secreted as the egg passes through the shell gland (the uterus).

When an egg has been laid, the development ceases unless the temperature of egg is kept nearly up
to the body temperature of the mother.

MATERIALS

Fresh fertilized hen's cgg (unincubated), Shallow dish of water or warm chick Ringer's
solution.

PROCEDURE

(1) Crack a fresh, fertilized hen's egg without breaking the yolk.
(2) Carefully put the contents in a dish or bowl containing water or warm chick Ringer's
solution.

3) The yolk with its developing embryo will float (If you fi f mi' cmly a white spot On the surface
of theyolk, the egg has failed to develop so use an oﬂzer egg.)

(4) The embryo atthis stage is very small, but can j&een as a whitish spot, called
the blastoderm (blastodisc), on the upper surface of they yolk.

Structure of Hen'’s Egg

EXTERNAL STRUCTURES

(1)  Shapeandsize:

Generally the eggs are laid at the rate of one egg per day. A fully formed and newly laid egg
is large and elliptical with one end broader than the other. Itis about 3 cm broad and 5 cm long. By
the time itis laid, the embryo is in the blastula stage or undergoing gastrulation.
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(2) Egg Shell:

The egg is externally protected by a firm white or brown Shell, atleast 97 per cent, ofwhich
is calcium carbonate. The shell is porous and allowes diffusion of 0,and CO, throughit. The shell

is soft and flexible in a freshly-laid egg but soon becomes hard and brittle. The shelled-

egg, shut
off from its surrounding, is termed cleidoic.

INTERNAL STRUCTURI
(1) Shell membrane:

Immediately underneath the shell is a thin but tough,
mostly of keratin. It is made of two layers which are

areseparated at the broad end of the egg to enclose

white shell membrane consisting
mostly in close contact with each other but
an air space. As development proceeds, the air
Space grows larger, and just before hatching the young chicken pierces the air space with its
break and takes its first breath of air, inflating its lungs.

(2) Albumen:

. B ifé‘ )
Beneath the shell membrane lies the albumen or ;q]g@é‘zﬁ%gg, surrounding a central mass

N

-

ofyolk. The albumen consists chiefly of water (85 per cent) and protein.
O .
(&
VA%
Trachea -
; A A {
SRR Lungs Oviduct
Ovary
Q)
Oesophagus =
Crop—t> g > "4l Kidney
I i 72 Cloaca
Heart
Gall bladder” 22X lnl}testine or
Liver
Pancrea
Spleen was
Gizzard

Eggs is in gastrula stage when laid
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Other proteins are also present. The albumen is deposited in several layers. The outermost

albumen is more water-like and known as the [fluid, liquid, watery or thin albumen. The middle
layer of albumen is thick and viscous and known as the dense albumen. The innermost layer is

made of very viscous albumen called the chalaziferous layer, which surrounds the yolk. It forms
the pair of spirally twisted ropes or cords, the

calazae, one towards each end of the egg. A e

7 \.:\v_.
O

The granules of yolk, being slightly denser than Qvtopld;'im, sink to the bottom of the ovum,

towards its vegetal pole. Due to the large yolk co;:tents, the egg of fowl is an extreme example of

macrolecithal and telolecithal egg. 7 5

% p
...........

\ = Air cell
N @3 \\\\ The chalazae

The < W

eggshell A

The egg yolk

} O—— The egg white/Albumen

The chalazae

.,{ e
{ ;L Shell membranes

Internal structure of hen’s cgpe
NUCLEUS

The ovum contains a nucleus surrounded by a negligible amount of yolk free cytoplasm
Sorming the germinal disc or blastodisc. It always floats on the upper surface of yolk and
represents the animal pole ofthe ovum,
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Whatis the difference between internal and external fertilization?

External fertilization occurs in aquatic environment where male gametes can swim
towards the female gametes in water medium. In terrestrial conditions fertilization is
internal. Sperms are lodged in the female body where fertilization occurs.

What are Oviparous animals?

The animals (reptiles and birds) which lay shelled eggs to protect the developing embryo
Jrom harsh terrestrial conditions are called oviparous animals.
What are Viviparous animals?

In mammals, internal fertilization leads to internal development and development of

embryo is accomplished inside the female body, which gives birth to young one. Such
animals are called viviparous animals.

Which stage the embryo is in when hen egg is laid?

When hen's egg is laid itis in blastula stage or undergoing gastrulation.

Define cleavage. (C 5

The fertilizad egg undergoes a series of nu,tottc d;vzsmns, called cleavage.
Whatis morula? >

- ~1 S S
NN y

Cleavage results in the formaz‘mn ”bf a rounded closely packed solid mass of
blastomeres this called is morula:

Define discoidal deav{;‘-g.gf;l’f._,':-
In bird's egg the pro. GBSS of cell division is confined to the small disc of protoplasm lying on

the surface of the yolk at the animal pole. This type of cleavage is referred as discoidal
cleavage.

What is the blastocoele?
The blastula is characterized by the presence of a segmentation cavity or blastocoele.
Whatis zone of junction?

Marginal area of the blastoderm in which the cells remain undetached from the yolk and
closely adherent (supporting) to it, is called the zone of junction.

Whatis bIa._stoderm?

It is a layer of cells arising from the repeated division of a fertilizaed egg (reptiles, birds
and mammals) that develops into an embryo. Or The discoidal cap of cells above the
blastocoele s called blastoderm. ‘

Whatis fertilization?

The fusion of male and female gametes (sperm and egg) is called fertilization.
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Q.12 Isitinternal or external fertilization that occurs in hen?

Ans.  The fusion of male and female gametes (sperm and egg) is called fertilization. Does
internal or external fertilization occur in hen. Internal fertilization occursin hen.

0.13 Whatistheshapeofhen'segg?
Ans.  Hen'seggisovalinshape.
Q.14 Whatisthe function of egg shell?
Ans. (1) It protectsthe czqg,"g.;,7 and later embryo.
(i) It isresponsible for exchange of gases between embryo and atmosphere.
Q.15 Whatistheshapeofhen'segg?
Ans. Hen'seggisovalinshape.
Q.16 Whatistheegg shell chemically made of?
Ans. Theegg shellis chemically made up of calcium carbonate.
Q.17 Whatisthe blastodrm?

Ans. Itisa layer of cells arising from the repeated divisions of fertilized egg that develops into
an embryo.

0.18 Whatisvitelline membrane?

Ans. Itisthintransparent membrane which separates yolk from alb umen.
0.19 Which partofthe reproductive tract does secrete the shell aroundyolk.
Ans.  Shellgland (uterus). X N

0.20 Whatislatebra? il >

Ans.  Itis central flask shaped areain the yoll@

Q.21 Whatis nucleus of pander? S

Ans.  The latebra extends towards‘ the blastod:sc and flares out under it in a mass called
Nucleus of pander. W

0.22 Whyairspaceis formed between the two membranes of egg?

Ans.  The air space is formed because the egg contracts as it cools after being laid and because
of evaporation of water.

Q.23 Inwhich formis thestored food presentin egg of the hen?
Ans.  Itisstoredinthe form of albumen andyolk.
0.24 Whatare chalazae? Whatis their function?

Ans.  They are two spirally twisted bands within albumen. They serve to hold the yolk in the
centre of albumen and subsequently protect the embryo from vibration.

Q.25 Whatisthe chemical nature of yolk?
Ans.  Protein and fat.
0.26 Whatisthechemical nature of albumen?

Ans.  Proftein.
Q.27 Whatarethedifferent regions of albumen?

Ans.  Itis differentiated into two parts, outer less dense albumen and inner dense Albumen.
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Part I Study of 48 Hours Embryo
Part Il Study of 72 Hours Embryo

MATERIAL

Fertilized egg incubated for 48 hours; Fertilized egg incubated for 72 hours; Fine, sharp-
pointed scissors; Filter paper; Physiological saline solution, warmed to about 38°C, Petri dish;
Fine, sharp-pointed forceps; Paper towels; Medicine dropper or pipette; Small specimen jar; 70%

ethyl alcohol; Dissecting microscope; Ink marker.
PROCEDURE |

Opening the incubated egg N
-
(i) Insert point of scissors barely through shell and gen{i%@p large opening.

(ii) With the forceps carefully lift the loose piece o nddiscard it.

(iii) _ Draw off albumen with medicine droppe gzolk surfaceis uncovered.

An alternative method s to break th into adish of a warm saline solution
<o

ngpan). Locate the embryo and observe it.

(Justas you break anegg intg\

Dropper

mbryo

Shell membrane

hell

Method of opening an egg
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Rempving the entlyryo by paper ring method

Use the paper ring method to remove the embryo from the yolk.
(i) Cutand place filter-paper ring of inside diameter barely smaller than the
(ii) Grasp edge of paper ring and adhering membrane with forceps, and clip the
(iii)  Liftthe filter-paper ring with adhering membranes and embryo, and transfer to
(Iv)  Physiological saline solution.

OBSERVATIONS

Place the petri dish with floating embryo on the stage a stereoscopic dissecting microscope
and observe it under different powers. While you are observing the embryo, note carefully its stage
of development. You can see the head and neck at this stage.

/ Petridish with 10 ml
Filter-paper ring f physiological saline

(a) Cut and place ﬁlter-paper (b) Grasp edge of paper ring (c) Lift the filter-paper ring with

ring of inside diameter and adhering membrane adhering membranes and
barely smaller than the with forceps and clip the embryo, and transfer to
diameter of the marginal membrane completely physiological saline.

~ blood sinus. around the paper ring.

A procedure for removing an: embryo from the yolk

Please visit for more data at: www.pakcity.org
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PART - 1
The following structures are visible in 48 hours embryo:

(1) the head and neck are most prominent.

(it)  the two bulges on each side of the front of the brain.

(1) Nineteen paired blocks, called somites, to the rear of the head will develop into the
backbone and the muscles of the back.

(iv)  The brain and the nervous system develop from embryonic ectoderm.

(v)  Heartispresent onthe right side.

Mylencephalon

Mesencephalon

Anterior Intestinal
s " Portal

< Amniotic Fold

% Rt. Vitelline Artery

1 4

Spinal cord

b ]

Posterior Intestinal
Portal

i, W g

‘48'hoursenibryo

OIS O D ENTFICAIONS

48 hr. Embryo
() Head and neck is prominent.

(it 19 pairs of somites are present.
(iii)  Heartispresent onthe rightsside.
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PART - 11
The following structures are visible in 72 hours embryo:
(@) Three pairs of gill slits and the blood vessels (aortic arches).
(ii) The nearal tube has become a five-part brain anteriorly and spinal cord posteriorly.
(iti)  Theopticvesicles have greatly enlarged.
(iv Dorsal to the gill slits on each side is an invaginated thickening of the ectoderm forming

the auditory vesicle (ear).
(v) The heart has become twisted and transformed into a two-chambered structure consisting

of an auricle and a ventricle.
(vi) Vitelline arteries enter the yolk sac and vitelline veins enter the auricle.

(vii)  Truncus arteriosus arises from the ventricle and branches into aortic arches.

;?Z Hour Chick Embryo |

‘v

R ¥

" Auditory
vesicle

S e

POINTS OF IDENTIFICATIONS:

72-hr. Embryo

(1) Optic vesicles greatly enlarged.
(i) 36 pairs of somites are present.
iti)  The heart becomes twisted.

Please visit for more data at: www.pakcity.org
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Q.1 Why chickembryoisused indevelopment studies?

Aiis. It is used because its carly embryonic development is markedly similar to that of the

mammalian embryo.
Q.2  Why the process of cleavage in chick is called the partial or dlscmdal cleavage?
Ais.  The cleavage in chick is called partial or discoidal cleavage because the irregular cleavage

divisions, restricted to blastodisc are incomplete and large mass of yolk does not divide.
Q.3  Atwhattemperature the eggs arc incubated artificially?
Ansg,  36-38°C
Q.4  From which germinallayer the nervous system develops?
Ans. Ectoderm.
Q.5 Fromwhich part the backbone develops?
Ans.  Somites
Q.6 From which layers the somites develops? |
Ans. Mesoderm. O |
Q.7 Howmany somite pairs are seen in 48 hour embryn" _'
Ans. 19 pairs. | ’\;\) )
Q.8 Howmany somite pairs are seen in 72hour embryo?
Ans. 36pairs ‘ o>
Q.9 Whendoes the chick embryo differentlate into the head and neck parts?
Ans. At48hourembryonic stage "
Q:10 Name the germinal layers from which all body pérts of chick will develop.
Ans. (1) Ectoderm (11) Mesoderm  (i11)) Endoderm
Q.11 From which germinal layer the circulatory system develops?

AnNS: Mesoderm.

Q.12 Whatstructures are more prominent in 48 hour embryo?
Ans. (1) Headandneckparts (11) Developing brain
(iii)) Opticvesiclesand auditory vesicles (iv)  Twisted heart
(v) Somites
Q:13 Whatstructures are more prominentin 72 hour embryo?
Aiig: (1)  Threepairs of gill slits and aortic arches
(i) Neural tube developing into brain and spinal cord.
(iii) Opticcups, optic lenses and auditory vesicles.
(iv) Twochambered heart
(v) Vitelline arteries.
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Q.19
Ans.

Q.20
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Decfine neurulation.
The whole process of formation of nervous system is called neurulation.

Whatis gastrulation?

It is the process of cellular movements whereby future endoderm, mesogierm and notochord
cells of the blastula migrate to the interior, thereby generating three germinal layers.

Whatis arca pellucida?

The central part of blastoderm where cells can be separated from the yolk, giving the area a
translucent appearance is called the areapellucida.

Whatis area opaca?

The peripheral part of the blastoderm where the cells lie unseparated from the yolk is termed
as area opaca. i.e., the white area that transmits light.

Whatis primitive streak?

In the chick the mesodermal cells do not invaginate as in amphibians_, b}.lif migrate medially
and caudally from both sides and create a mid line thickening called primitive streak.

Whatis primitive node?

The anterior end of the primitive streak is occupied b}gﬁﬂfaggregaﬁon the primitive node or
notochordal cells while rest of cells are mesodggpgl cells.

Whatis Hensen's node? " j\\z ,\\
Atthe cephalic end of primitive streak; closely packed cells forma local thickening
known as Hensen's node. ‘f.f_'_‘f--‘;\_,'?!
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MITOSIS:
Definition:

Itis the type of cell division in which number of chromosomes in the daughter
cells remain same as in the parent cell.

“Mitosis” is derived from the Greek word mitosis, meaning “thread”. Mitosis
is a process of nuclear division in which duplicated chromosomes are separated
from each other, producing two nuclei, each with one copy of each chromosome.

Mitosis is usually accompanied by cytokinesis which is a process by which
cells split into two, partitioning the cytoplasm into two roughly equal packages. The
two daughter cells formed by mitosis.

tabulnm aﬁd_ \ron
es duplicate dgpﬁ i

Cell grows
and prepares
lor mitosis

Eukaryotic cell cycle

A gap (Interval) of cell growth before the onset of DNA replication
S ¢ Atime of “synthesis” (DNA replication).

PHASES OF MITOSIS

The process of mitosis is generally divided into prophase, metaphase, anaphase and
telophase.
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STUDYQEMITOSISINONION ROOTTIP

The oninon root tip is one of the most widely used materials for the study of mitosis
because it is readily available, preparation of the dividing cells is easy, and the chromosomes are
large and few in number. Root tips are regions of active cell divisions, therefore, chances are good
thatin a specimen of such tissues, one can find every stage of mitosis.

MATERIALY

(1) Compound microscope (i)  Onionroottips

(i1i) 1% Hydrochloric acid (iv) 2% aceto-orcein stain
(v) Glassslide (vi)  Coverslip

(vii) Filter paper (viii)  Blotting paper

(ix) Watch glass (x) Dropper

PREPARATION OF ONION ROOT TIPS

(1) Take an onion bulb and place it on a beaker full of water.

(2) The base of bulb must touch the water in beaker.

(3) After a few days, the roots will become prominent.

(4) When roots become 5-6 cin long, their tips (1- 2 mm) are cut.

(5) When root tips are notimmediately needed, they should be fix in carnoy's solution.
(6) After two hours, the root tips are removed from carnoy's solution and should be
preserved in 70% alcohol until the time of use, '~

> .\
Q )

I‘ -l J
~—
>

=

Onion

—r— Water

7 Beaker

Preparation of Onion Root

METHOD
(1) Fresh root tips or preserved tips are placed in 1% HCl solution for 30 minutes to hydrolyse

the cell wall.

(2)  Puttheroottip onaglass slide.
3) Remove the acid from root tip by adding water and then remove the water with a filter

paper or blotting paper.
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(4) Crush the root tip with a clean spatula or with a razor blade or a sharp scalpel.

(5) Blotdry the slide.

(6) Add a drop of acetoiorcein stain to the root tip on the slide;. Allow to stain for 5 to 10
minutes.

(7) Place a cover slip over it and gently press with thumb to spread the material.

(8)  Removethe excess stain from the slide with blotting paper.

(9) Heat the slide gently over the spirit lamp.

(10)  Observe the slide under low and high powers of the microscope and study different stages
of mitosis.

OBSERVATIONS

o
Prophase: Preprometaphase Metaphase: Anaphase: Telephase:
Chromosomes Chromosomes Attachk  Chromosomes align Chromosomes. Chromosomes relax
separate

Prophasez

() Chromosomal material condenses to form compact mitotic chromosomes.

(ii) Chromosomes are composed of two chromatids attached together at the centromere.

(iii)  Mitotic spindle is assembled.

(iv)  Cytoskeletion and nuclear envelope disappear.
Metaphase:

(i) Chromosomal microtubules attach to the kinetochores of chromosomes.

(i)  Chromosomes movetothe spindle equator.

(iiij  Chromosomes are aligned along metaphase plate, attached by chromosomal

microtubules to both poles.

Please visit for more data at: www.pakcity.org
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ANAPHASE
(@) Centromere splits and chromatids separate.
(i)  Chromosomes (chromatids) move to opposite poles.
(iti)  Spindle poles move farther apart.
TELOPHASE
(1) Chromosomes cluster at opposite spindle poles.
(i1) Chromosomes become dispersed.
(ii1)  Nuclear envelope assembles around each chromosome cluster.
(iv)  Golgi complex and ER reform.

v) After telophase the division of cytoplasm (cytokinesis) starts.
CYTOKINESIS

It is the process of division of cytoplasm and it involves cell plate formation.

(i) As mitosis ends, vesicles converge at the spindle...-_--- é?"j;:ator: They contain cementing

materials and structural materials for a neW£nmaW cell wall.

(i)  Acell plate starts forming as membmnes df vesicles fuse. Materials inside the vesicles get

sandwitched between two new meMranes that elongate along the plane of the cell plate.

(iti)  Cellulose is deposzted on. ﬂze znszde of the “sandwitch” thus forming two cell walls

Other deposits will form a mtddle lamella and cement the wall to gether.

(iv) A cell plate grows at its margins untill it fuses with the parent cell's plasma membrane.

During plant growth when cells expand and their walls are still thin, new materials get

deposited on the old primary wall.
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Define Mitosis.

It is a process of cell division in which number of chromosomes in the doughter cells
remains same asin the parent call..

Whatis meant by cytokinesis?

Cytokinesis is a process by which cell splits into two, partitioning the cytoplasm into
roughly equal packages.

Whatis the significance of mitosis?

It maintains the chromosomal number and generates new cells for growth, maintenance
and repair of an organism.

Define cell cycle.

The series of changes which involve period of growth, replication of DNA followed by cell
division are called as cell cycle.

What are the substages of mitosis. .

(i) Prophase (ii) Metaphase (iii) Anaphase (iv) Telophase
Which phase is the reverse of telophase?
Prophase. | 2

o \']\\,
[ O,

Why onion root tip is used for study of mitosis? |0

X
It is readily available, preparation of the dzwdmﬁ cells is easy, and the chromosomes are
large and few in number.

._v.

Which solution is used to preserve roottzps‘)

f-.\/
( :

Carnoy's solution.
Which acidis usedto h ydmﬁyse the cellwalls?

Hydrochloric acid (1% )

Whatis the longest phase of cell cycle?

Interphase.

Name three stages of interphase.

G, S and G,phases.

What is meant by G,? '

It means a gap (interval) of cell growth before the onSét of DNAreplication.

Whatis meant by §?

It means a time of synthesis (DNA replication).

What is meant by G,?

It means a second gap following DNA replication when the cell prepares for division.
What is meant by M?

It means nuclear division only, mitosis or meosis, usually followed by cytoplasmic
division (Cytokinesis).
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Q.16  Which stain is usually used to study mitosis in onion root tip?
Ans.  Aceto orcein stain.
O.17  Whatis metaphase plate or equatorial plate?

Ans.  During metaphase, the chromosomes become arranged in the middle of spindle. This
arrangement is called equatorial plate. '

0.18  Howmany chromosomes are foundin cells of onion root tip?
Ans. I6or 8 pairs.

Q.19 Wheredoyou observe cells dividing in the onion root?

Ans.  Inrootapical meristem present at the root tip.

0.20 What has happened to nucleoli during prophase?

Ans. Nucleolidisappear.

<>©Q®
Qﬂs

Q@

<
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MEIQSIS: c@pakcnty-orsl%o

Definition:

It is the type of cell division in which number of chromosomes become half (n) in the
dauglter cells as compared to the parent cells (2n)

TIME OF MEIOSIS

(i) In Plants: In plants during spore formation.

(ii) In Animals: During gametes formation.

Meiosis maintains the chromosome number constant for most species of plants and
animals and provides a means of genetic variability because of crossing over and the subsequent
exchange of genetic material. Meiosis is subdivided into following two step or stages.

(i)  Meiosis I or First meiotic division ﬂe&

(i) Meiosis II or Second meiotic division R CE)\’ -
METHOD 1 ;&C&j )

Preparation of squashes of Rhoeo dizg{gfgﬁiﬁaml buds to study meiosis
MATERIAL e

(i)  Stereomicroscope ({Qﬁ\@%ﬁamp (i) ~ Watch glass

(iv) aceto-orcein stat?h(?%) v) Dissecting box

(vi) Fresh or preserved floral buds of Rhoeo discolor
(vii) Coverslips  (viii) Carnoy'ssolution  (ix) Slides
(x) Refrigerator (xi) 70% ethanol (xii) Razor blade
(xiii) Forceps (xiv) Blotting paper (xv) Specimenjar
(xvi) Compound microscope ‘

PRESERVATION OF FLORAL BUDS

. The floral buds of Rhoeo discolor can be collected early enough in growing season
(March to April) when meiosis is taking place. These buds are Jixed in carnoy's solution. After 18-
24 hours, these buds are, preserved in a specimen jar containing 70% ethanol. The preserved buds
are thenplaced in refrigerator. |

METHOD

(1) Take a fresh or preserved floral bud of Rhoeo discolor in a watch

glass containing 70%
ethanol.
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(2)  Place the watch glass containing floral bud on the stage of stereo microscope and
separate the anthers from other parts.

3) Take a clean glass slide containing a drop of acheta orcein stain and place one or two
anthers on it.

(4) Cover it with cover slip and then press the cover slip gently by a pad of filter paper with
tumb.

(5) Remove the excess out flowing stain with blotting paper.

(6)  Heattheslide gently over the flame.

(7) Study the slide under low and high powers of the compound microscope.

METHOD 2

Observation of stages of meiosis from prepared slides

MATERIAL
(1)  Preparedslides of meiosis (ii) Microscope
METHOD | ; {rf %) |
(1) Study the prepared slides of meiosis one by one y}zdér low and high powers of microscope.
(2) Sketch neat and labeled diagrams. ( f:]\ X
OBSERVATIONS: | \@;;/w
()  MeiosisI @ (/\R, 5
(2)  Prophasel /-\gf?\lf?:’\’

AN

~A | N

(a) Leptotene RS, (Points of Identification)

~

N

(i) Nucleusincreases in size.
(it) Chromosomes become visible.

(iii) Each chromosome appears to be consisting of two chromatids held together by a
centromere.

(b) Zygotene (Points of Identification)

(I) . Lengthwisepairing of homoglous chromosomes occurs. This is called synapsis.
(i) Chromosoems continue to condense.

(Points of Identification)

(i) Synapsis completes.

(ii) At this stage, pairs of homologous chromosomes are called bivalents.

()h) Each bivalentis made up of four chromatids therefore it is also called tetrad.

(lv) Chromosomes continue to condense.
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Sister chromatids Sister chromatids

of its homologue of a chromosome

Chiasmata of
chromatids
1 and 3
¢
=—— Centromeres ——% -
12 34 12 34
Crossing-over Daughter chromosomes

(d). Diplotene (Points of Identification)

(1)  After further condensation, the paired chromosomes repel each other and begin to
separate.

(ii) Separation however is not completed, because homologous chromosomes remain
united by their points of interchange (Chiasmata). ")
(iii) Each bivalent has at least one such point odlgoj@;%t, the cromatids otherwise are

separated. e\
3 k1 J . . o A%
GENLIINN — (Points of Identtﬁcatw{z);;:;}
N/

(i)  Duringthis phasethe condensation \gﬂ-h romosome almost reaches to its maximum.

y Q‘\I"\__/
(ii) At the same time separq;i\q\réqf the homologous chromosomes (started during
diplotene) is complete@@?i?ﬁll they are united at one point, more oftenly at ends.

e Awd
r”

(iii) Nucleoli disappeaféi{_}-
(iv) Nucleolidisappear.

(v) Chromosomes prepare for attachment to meiotic spindle fibres.
(A (Points of Identification)

(i)  Nuclear membrane disorganizes at beginning of this phase.

(i) Spindle fibres originate and the kinetochore fibres attach to the kinetochores of

homologous chromosomes from each pole.

(iii) Bivalents are arranged at equator to form equatorial plate.

E A (Points of Identification)

(i)  Kinetochore fibres contract and spindle fibres elongate.

(i) Homologous chromosomes of each bivalent separate and move towards their
respective poles.

o ——— i ——— = gy . %

(iii) Each pole receives half of the total number of cnromosomes.
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Sistcr chromatids Sister chromatids
of its homologue of o chromosome

F

Chiasmata of

chromatids

1 and 3

Centromeres ——= -
12 34 12 34 12 34
Bivalent Crossing-over Daughter chromosomes

(d). Diplotene (Points of Identification)

(1)  After further condensation, the paired chromosomes repel each other and begin to
separate.

(ii) Separation however is not completed, because homologous chromosomes remain
united by their points of interchange (Chiasmata). g (S))

(iii) Each bivalent has at least one such point od corﬁaét the cromatids otherwise are

separated. e \ i

(@) IS (Points of Identifi catton)(?/%\

(1)  During this phase the condensatzm\o/f’ hromosome almost reaches to its maximum.

(i) At the same time sepora;:o;vvf the homologous chromosomes (started during
diplotene) is completedbiit still th ey are united at one point, more oftenly at ends.

(iii) Nucleolidisappeat. N
(iv) Nucleolidisappear.

(v) Chromosomes prepare for attachment to meiotic spindle fibres.

(iR (Points of Identification)

(i)  Nuclear membrane disorganizes at beginning of'this phase.

(ii) Spindle fibres originate and the kinetochore fibres attach to the kinetochores of
homologous chromosomes from each pole.

(iii) Bivalents are arranged at equator to form equatorial plate.

)iy s (Points of Identification)

(i)  Kinetochore fibres contract and spindle fibres elongate.

(ii) Homologous chromosomes of each bivalent separate and move towards their
respective poles.

e —— e i S e,

"Hp—-—h‘-q--——*—v———w—-“ .....

(iii) Each polereceives half of the total number of chromosomes.

Please visit for more data at: www.pakcity.org
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METHOD 3 «—

STUDY OF POLYTENE CHROMOSOME
Polytene chromosomes are special large sized chromosomes found in the cells of larval
salivary gland of Drosophila.

OTHER SITES
Large, multistranded or polytene chromosomes are not confined to the salivary gland
cells but are also present in cells of the gut epithelium, in the malpighian tubules of the larva

and in the foot pads of adult flies.

Chromosome 3 right arm <P
B 4 X-chromosome
(A c&‘kv{_ -‘ri -~
N @ o) ~&2_Normal mitotic

S *a%té’? chromosomes at
the same scale

— ‘-;E-:-l :;:ﬂ. vﬁt-‘nx\\
& & e Chromosomes 4 @
l‘h\;\ - ..
%

SESERN - Region where the two

<7 B ) \homologous chromosomes
i._f:;“*‘ @ @ # areseparated
Chromosome 34 R | L)
left arm . & R e (€ )
P = <4 __.\‘- D
P = A - 1 W
&> £ ey
= = /Chfofﬁbsome 2 Cogm
& leftarm
P 3 " Chromosome.2 S
3 N = right arm e
&) e 20pum .

A0 TR

o}

Flg Pdlytene Chromosomes of Drosophila

MATERIAL
() Compound microscope (ii) Prepared and stained slide of polytene chromosome.

METHOD
(i)Study the slide under low and high powersof microscope.

(ii)Sketch neat and labelled diagram.
OBSERVATIONS:
(1) The giant polytene chromosomes from the salivary gland of a larval fruit fly
show thousands of distinct darkly staining bands.

(2) Many of these bands are loci of particular genes.
(3) Polytene chromosome consists of a number of individual DNA strands.

(4') The bands on the chromosomes correspond to sites where the DNA
is more tightly compacted.

(5) Specific sites of chromosomes are expanded to form “Puffs”.

(6) Chromosome puffs are sites where DNA is being transcribed.

Please visit for more data at: www.pakcity.org
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( VIVA VOCE |

Whatis alternation of generations?

The alternate occurrence of sporophyte (2n) and gametophyte generation.
(n) is called alternation of generatins.

Whatissporophyte?

Itis spore producing generation.

Define sporogenesis.

The formation of spores by meiosis is called sporogenesis.

Give significance of meiosis.

It maintains the chromosome number constant for most species of plants and animals
and provides a means of genetics variability because of crossing over and subsequent
exchange of genetic material.

What is the difference between mitosis and meiosis?

1 Chromosome number remains constant. . | €hromosome number is reduced to half.
"‘“(\\ NP N . . .
2. | One cells gets divided into two. ()} 'One cell gets divided into four.
AN S

3. | There is no pairing of hoWa’us Homologous chromosomes form pairs

chromosomes. Y (synapsis).
4, Somatic cells(e.g. skin ,Cb'\}god cells, | Sex cells (gametes or spores) formed by

bone cells etc) form itosis meiosis

N

When does meiosis é@i\?\ir in animals and plants?

Meiosis occurs in animals at the time of gamete formation (gametogenesis) and in plantsa
the time of spore formation (sporogenesis).

Name of types of spores produced in angiosperms (flowering plants) and gymnosperms?
(i) Themicrospores (pollen grains)

(ii) Themegaspores

Where are the microspores and megaspores of flowering plants produced?

In angiosperms, the microspores are produced within the pollen sacs or microsporangia

of the anthers whereas the megaspores are produced within the megasporangia contained
within the ovules.

What are such angiosperms which produce two (different) types of spores?

Such plants are called heterosporous. The production of two types of spores is called
heterospory.

What is the squash preparation?

Itis a microscopic preparation in which plant material is flattened before examination.

Please visit for more data at: www.pakcity.org
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Why are living plant materials fixed prior to squash preparation for the study of cell
division? -

The fixation stops the cells divisions and preserves the chromosomes in their normal form
and position.

Howis living material fixed before squash preparation?

It is fixed by putting in proper chemicals called fixatives such as Carnoy's solution or
Harmer's fixative. |

What are homologous chromosomes (homologues)?

The chromosomes always occur in pairs in almost all the species. The two similar
chromosomes of each pair are known as the homologous chromosomes.

What is synapsis?

The pairing of homologous chromosomes during prophase Iis called synapsis.

Inwhich stage does synapsis occurs? | /\fé"lf;’;-
N
The synapsis occurs in zygotene of prophase {} {\{)\\\\(

What are chiasmata? N
. . :;of\ ST
The points of attachment of non sister cliromatids of homologous chromosomes are called

¢ | \‘\,
AN
NN

Inwhat stage of meiosigfi:ft;é& the crossing over takeplace?

chiasmata.

The crossing over takes place during pachytene of prophase L.

Whatis crossing over?
The exchange of segments between non sister chromatids of homologous chromosomes is
called crossing over.

Whatis bivalent or tetrad?

A structure consisting of two homologous chromosomes or four chromatids is called a

bivalent or tetrad respectively or each paired but not fused, complex structure is called

as bivalent or tetrad.

Please visit for more data at: www.pakcity.org
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' STUDY.OF CONTINUOUS VARIATIONS IN THE HEIGHT IN MAN AND
- DISCONTINUDUS VARIATION IN TONGUEROLLING INMAN

Continuous variations:

Quantitative variations are small and less striking. Many traits like height, weight and

skin colour in humans exhibit continuous variations over a range of many phenotypes.
Discontinuous variations:

Qualitative differences are large and more obvious. Some traits like pea seed shape show
discontinuous variations with two sharply distinct phenotypes. Some people can roll their tongue

into a distinct U shape when they extend it out of their mouth. This ability is due to a single
dominant gene. It is a discontinuous variation.

Histogram:

Frequency Histogram illustrates variations. A Sfrequency histogram is a simple graph.
The horizontal or X-axis indicates the range of different phenotypes of a trait within a
population. The vertical or Y-axis indicates the number of -0 viduals or their percentage in a
population. Study of continuous variation in the H(g I@ 1tuman.

STUDY OF CONT[g; S VARIATION
IN THE H@@;HT IN MAN
o \

APPARATUS N
Measuring tape or rod, Q@ﬁ;zgu!ﬂr plate,  Graph paper, Note book,

Asharp pencil, “udents of biology second year class,

PROCEDURE
(1) Arrange this activity in biology laboratory.
2) Ask the students to take off their shoes.

(3) Call the students one by one according to their roll numbers or names as in their

Attendance register.

(4) Stand the student along the wall with hanging measuring tape or rod.

(5) Place the rectangular plate on the head in horizontal fashion. One end of the tape
musttouch the rectangular plate and other to the floor of laboratory.

(6) Measure and record the heights of all students in centimeters.

(7) Now arrange the heights in order of magnitude and make a frequency table.

Please visit for more data at: www.pakcity.org
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S. No No. Of Individuals Height (inches)
| 01 59
v 02 60
3 03 6l
4 10 62
S 14 63
6 15 ‘ 64
7 18 65
8 12 66
9 11 67
10 09 68
11 05 69
12 06 70
13 04 71
14 01 73

1
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{5 Height (inehes)
STUDY OF TONGUE ROLLING IN MAN v
APPARATUS

Note book, Students of biology second year class
PROCEDURE

(1)  Arrange this activity in biology laboratory.

(2)  Askthestudentsto besilent during this activity.

(3) Call the students one by one ac'cording to their names or roll numbers.
(4)  Askeachstudentto try toroll his tongue.

(5)  Count the number of tongue rollers and nonrollers.

(6)  Tabulate the data in the form of table

Total no. Of students Tongue - roller (TR) Non - Tongue roller (NTR)

75 20 55

Please visit for more data at: www.pakcity.org
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60
50
40
30
20
10

RR= roller
Rr=roller
rr= non-roller

What are continuous variations?

Some traits show more than two qualitatively different phenotypes, this is called

continuous variations e.g., wheat grain colour, human height; skin colour and

intelligence. y

What are discontinuous or non-continuous variations? /

1

There are many traits which have only two sharply defined phenotypes, this is calleﬁi
discontinuous variation e.g., height, colour, shape etc., in pea plant as studied by Mendel.
What is polygenic inheritance?

A trait which is encoded by alleles of two or more different gene pairs found at different

loci, all influencing the same trait in an additive way is called polygenic. Trait or
continuously varying trait and its inheritance is called polygenic inheritance.

What are tongue rollers?

Some people can roll their tongue into a distinct U shape when they extend it out of their
mouth. They are called tongue rollers.

Please visit for more data at: www.pakcity.org
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0.7
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Q. 8.
Ans.
Q.9.

Ans.

Q.10.

Ans.

0.11.
Ans.

0.12.
Ans.

Whethertongue rolling is dominant or recessive trait?

Tongue rolling is dominant trait.

Is human height a continuously or discontinuously varying trait?
Human heightis a continuously varying trait.

Istonguerolling a continuously or discontinuously varying trait?
Tonguerolling is a discontinuously varying trait.

What kind of trait is the human height?

Human height is a continuously varying trait.

Explain continuously varying traits and quote their examples in living beings.

The characters which have several degrees of continuous variations are known as the

continuously varying traits. Their examples are kernel color in maize, height, skin colour
and intelligence ete, in man.

What do you know about the inheritance of continuously varying traits and what is their
inheritance known as?

Inheritance of each of such trait it affected by more than one genes quantitatively. Such an
inheritance is known as the quantitative or polygenic z{';(t\h_eritance.

- . . .. ® ’1{l \‘\.:,{\ .1
Explain tongue rolling as a hereditary trait in man; .

Some people can roll the edges of the tongt (Eﬁ)'rm a tube, when it is Extended out from
the mouth. This hereditary trait (ability) is called tongue rolling and the people as tongue-
rollers. This traitis thought to be dueftéfé\ﬁngle dominant gene.

v pia Fo>
Whatis a histogram? o

\ p T\‘/ . L - - ., =
The graphic representati(;'{g\f{@ﬁté’ Jrequency distribution of a hereditary trait is known as
the histogram. /Y\S N

_\,C N
\/’
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It is the series of various organism, through which food energy moves, with repeated
stages of eating and being eaten. It consists of following components.

These are photosynthetic organism, autotrophs and are capable to fix light energy and
manufacture organic food from inorganic substances i.e. C 0,+H,0.

They do not produce their own food, they depend upon other autotrophic organisms for
the food.

OR

Organisms which directly or indirectly depend upon the producer for the food.
Consumers are of followmg fypes.

Tertiary
consumers

Secondary
consumers

Primary
consumers

Zooplanktonn
ﬁ“i

Primary o Q
producers )

Plant:¢ Phytoplanktonn

Please visit for more data at: www.pakcity.org
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(Note: Tsetse flies suck the blood of zebras.)

()

Secondary consumer

They feed on primary consumers e.g. Small fish feed on Zooplankton.
Terriaryconsumer
They feed on secondary consumer e.g. large fish.
Quaternary Consumer

They feed on tertiary consumer e.g. man.

Decomposers:

When any of the above organisms die, bacteria and fungi decompose them back to

inorganic materials these are called micro consumers or micro organism .

Pond edge 0-10cm

) - 3 o ;—.'
& ..-'ﬁg“u.}'#, e e o e
TP LN

. ,
g h Ia3

)

allow water 10-30cm Oeeper water ~ over 30cm

(1)Abiotic substances(2)Producers-phytoplankton

(3)Producers-rooted vegetation(4)Primary consumers
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(5)Secondary consumers (carnivores)(6)Tertiary consumers (secondary carnivores)

Pond Ecosystem

A pond serves as a good example of a fresh water ecosystem. It exhibits a self-sufficient

regulating system. Basic biotic components of the pond ecosystem are as follows:-

Producers:

These are autotrophic green plants which fix radiant energy With the h elp of chlorophyll

water and minerals,they manufacture complex organic substances such as carboh ydrates
b

proteins, lipids etc. Producers are of the following types:

Please visit for more data at: www.pakcity.org
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(a)  Macrophytes:

These are mainly rooted larger plants, growing in shallow water. They also include partly
or completely submereged, floating or emergent hydrophytes, such as Kanwal. Typha, Hydrilla,
Vallisneria, Potamogenton efc.

(h) Phytoplankton:

It mainly consists of floating and suspended algae like Euglena,Volvox, Chlamydomonas.

Diatoms. Spirogyra and Chara etc. They are considered as more important producers than the

larger plants.

There are the basic components (biotic and abiotic) of an ecosystem. Where you want it

placethem?

They are the heterotrophs, which depend upon the producers for their food. They consists

which feed directly on living plants or plant remains such as nymphs and

i Primary Consumers

larvae of insects, water fleas, tadpoles und zooplanktons; N2auitiaNEu 117144 which may be

beetles, rotifers, crustaceans, frog and fishes. Beetles feed _,_11}255{’3'01113 Zooplanktons; and fishes
)4

live upon other small animals as well as on herbivorous fishes; [dR{TIRP NI consist of

2

carnivorous animals like predatory birds (Stoclf,ké;ri\n,dztcks etc.) and large fishes that feed on
the smaller ones. \_, ﬁ,\/;

Thede co}np osers ¢ Onsmafbactena and fungi.

Practical Work:
Material:

Paper, Pencil, Alcohol, Tag, plastic bags, Hand net.

Procedure:

Note down the time and locality of visit of a pond or a forest ecosystem. Make the collection

with hand net. Preserve the material collected in separate plastic bags. Bring them in the lab.

Study them and make a list of the organisms. Build food chain and food web of these organisms.

N Producers Consumers Decomposers

SEAD NAME No. | NAME No. | NAME No.
1

2

3

4

5

Note :the food web of pond ecosystem is shown in the diagram below.

Please visit for more data at: www.pakcity.org
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O.1 What is meant by food web?

Ang Food web is a complex pattern of several interlocking food chains in a complex
community or between several communifies.

Q.2 What are producers?

Ans. Producers in an ecosystem are represented primarily by green plants which are capable of
producing their own food.

0.3 What are herbivores (primary consumers)?
{ns. Hebrivores or primary consumers are the animals that feed directly on green plants.
0.4 What are the principal primary consumers of the terrestrial and the aquatic habitats?
Ans.. The principal primary consumers in the terrestrial habitats are insects, rodents and
ruminants while in aquatic habitats are small crustaceans, mollusks and some fishes.

Q.5 What are primary carnivores (Secondary consumers)?

Ans..  The animals which feed on herbivores or primary consumers are called primary
carnivores or secondary consumers.

0.6 What are secondary carnivores (Tertiary consumers)?

Ans. The animal which feed on primary carnivores or secondary consumers are called
secondary carnivores or tertiary consumers. :.}jf'}'-\.?jf;g\

Q.7 Whatis food cycle? A /f

Ans.. Afood cycle consists of all the food chains ztt’dgfqrflcular community.

0.8 Define food chain? < /

Ans..  The transfer of food energy from _z_f]fgc%f@b‘:irce in plants through a series of organisms with

repeated stages of eating and being eaten is known as food chain.
0.9 Give names of certain nattgrgflﬁ'éd cycles.

A S\ | R,

Ans:. (1) Nitrogencycle -\~

)% \
TSN

5. N (2) Carbon-Hydrogen-Oxygen cycle
Q.10 What are biogeochemical cycles? _

Ans..  The back and forth movements of chemical substances between organisms and
environment along characteristic circular paths are known as biogeochemical cycles.

Q.11 Whatis the difference between atmospheric and sedimentary reservoir cycle?

Ans... - Biogeochemical cycles that have dominant atmoshpheric phases are called atmospheric
- reservoir cycles, while those whose sedimentary phase is dominant are called sedimentary
reservoir cycles.

0.12° Whatarepredators?

Ans..  Predators arethe animals which capture and readily kill living animals for their food.
0.13° Whatisprey?

Ans...  Theanimal which is killed and eaten by the predator is called prey.

Q.14 Whatis parasitism?

Ans...  Anassociation between organisms of (g'/ferem species in which one individual is benefited
(host)

(parasite) and the other though harme is not killed until the parasite has completed
its reproductive cycle.

Q.15°  Define Symbiosis.

Ans..  An association between organisms ((’Jf different species which live to
_ 1 spe ether for mutual
benefit or one partner gets benefit and the other is neither benefited nor iarmet{ e

Please visit for more data at: www.pakcity.org
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DEFINITION

The relationship between the number of producers, consumers of pr:mary, secondary and
tertiary levels constitutes the pyramid of numbers.”

In an ecosystem, the producers are always maximum in number. As we move up towards
the apex of the pyramid, the number of organisms of successive levels such as primary, secondary
and tertiary consumers goes on decreasing. Thus, the pyramid becomes upright.

. - -::';
Tertiary Nzl J__;_.:'_';

Consumer | ~.°¢ ==

g

——  |Cng|
Trophic Level 4 e /1 [awks N
Trophic Leve nakes (Carnivore b R Y
Tmzhic Leve:i “Z( = ; r‘,ﬁfﬁ \
Trophic Level 1 Grass (Produs) ) \
Diagram jof Py@%\v
\ MATERIALS: %5@9
(i) Measuring tape (100 meter) (@@Rope (iii) Steel or wooden rods
(iv) Foreceps (w) Notebook (v) Pencil
(viii) Nets @ (ix) Plastic bags (x) Specimenjars
PPROCEDURE

(1) Arrange afieldtrip to nearbyterrestrial or aquatic ecosystem.
(2) Selectaplot for sampling in the undisturbed area of ecosystem.
(3) Usequadrat method.
(4) Collectthe data.

PPYRAMID OF GRASSLAND ECOSYSTEM
(1) Producers (grasses, herbs, forbs) are largestin number

(2) Primary consumers or herbivores (grasshopper, rabbits) are less in number than
producers.

(3) Secondary consumers or primary carnivores (snakes, lizards) are further less in
‘ number than primary consumers.

(4) Tertiary consumers or secondary carnivores (hawks) are smallest in number.
(5) The number of organisms decreases from base of pyramid to apex.

Please visit for more data at: www.pakcity.org
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Secondary carnivores Hawk Fourth tophic level (T),)

25

Lizard

. ¢ i .
Primary carnivores 900

Third trophic level (T,)

Herbivores | Gm?{?ﬁ?ﬁﬁ . '. Second trophic level (T,)

First trophic level (T,)

Construct apyramid of numbers of forest organisms as shown in the figure below.
<2 Ecological pyramid

%@\OQ

LY

A . ‘“
Secofidary Consumers

g
" J - '
” . 1-.~\

. \

e
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.............
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Fig. Pyramid of numbers = A forest ecosystem (individuials per it area).

PYRAMID OF POND OR LAKE ECOSYSTEV

(1)  Producers (phytoplanktons and other hydrophytes) are largestin number.

(2)  Herbivores (zooplanktons, rotifers and small fish) are less in number than producers.
(3) Carnivores (large fish) are even less in number than herbivores,

) The number of organisms decreases from base of the pyramid to apex.

OBSERVATIONS:

The tropiclevel goes on decreasing. (T, T )from producer to consumer.

Please visit for more data at: www.pakcity.org
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Q.1 Whatis an ecological pyramid?
(5. Thetrophic structure of an ecosystem expressed in a pyramid is called as the ecological pyramid.
Q.2 What are different types of ecological pyramids?

. The different types of ecological pyramids are the pyramid of numbers, pyramid of biomass, and
pyramid of energy.

Q.3 Which type of plants are dominant in the forest ecosystem?
Ans.  Thesearethetrees.
0.4 What are the components of an ecosystem?

Aits.  Abiotic (non-living) and biotic (living) are the two components of an ecosystem.
0.5 What is meant by balanced ecosystem?

Ans. A self sustainable ecosystem in which producers and consumers reach at a balance within their
physical environment is called as a balanced ecosystem.

0.6 What is trophic level?

Ans.  Thefoodlink of an organismin a food chain or food web is called rmpluc level. e.g. producers represent
the first trophic level (T,) and herbivores represent the sec,omf 1r0ph:c level (T).

0.7 Inwhich type of ecosystem, the pyramid of n umber t“&‘béststud:ed g
Ans.  Lakeecosystem. . 1. § ._

0.8 What s the position of producers in the pymm}d of number?

\

Ans.  Atbase (firsttrophic level) A\

A )

0.9  Explainpyramid of numbers. (.

Ans.  The pyramid depicting the ‘relatz ve number of different trophic levels, starting from the highest of the
producers at the base, !eadmg to the lowest of tertiary consumers at the top is called pyramid of
numbers.

0.10  Which of the biotic component is in largest number in an ecosystem?

Ans.  Theproducers arein largest number in the ecosystem.

Q.11 Howdo thesuccessive groups of consumer animals appear in size and numbers in a food chain?

Ans.  Inafood chain, the successive groups of consumer animals often appear to be larger in size but fewer
in numbers.

Please visit for more data at: www.pakcity.org



Experiment

(QUADRATSAMPLING:

- A quadrat is a squre sample area, usually 0.5 or 1.0 square metre, marked out with a
wooden frame or thick wire, that can be used in an ecological survey to study in detail the

distribution and abundance of different species i.e. random sampling within an area.

The main quadrat frame may sometimes be divided by strings or fine wires into smaller

convenient areas,
. The bitotic components of grassland community consist o the following categories of
organisms.
Wire
/I/\\\
&N
+—> o,
20 cm IZOncm A<f‘zf’j)
L\
L\ O
@ /\\3\
BN
AR
A@()‘\w
metal or RO
wooden frame \@P
N
< >
I'Fig!Aquadrat Iiframe

Location:

Grassland ecosystems are found in Gilgit, Kashmir, Waziristan, lower Chitral and North
Kallat. In world you can see large grassland in the center of Eurasian continents.

Prairies
Grasslands present in temperate climates are also called Prairies, such as Prairies of
North, America, pampas of Argentina. These grasslands do not have woody plants so they are

- known as praisries.

Savanna '
The grasslands in tropic climates have woody trees and are called Savanna.

Rain fall .
Annual rainfall is about 250 to 750 mm (10 30inches). The grasslands usually face severe
rains, which in tropical and subtropical grassland, reaches about 1500 mm.

Please visit for more data at: www.pakcity.org
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(1) PRODUCERS:

They mainly consists of grasses (md small herbs.

(i) CONSUMERS:

Herbivores: Dominant species are herbivores; invertebrates including insects are very
numerous, grasshoppers become so numerous that they can compete with other herbivores for
plant fliage.

Predators: The predators are reptiles, amphibians and mammals, such as Lizards, toads
and turtles prey on insects. Foxes and wolves among mammals are very common.

Large animals: Large animals like Zebra, wild horses and bison are important.
DECOMPOSERS:

They are microscopic organisms, responsible for attacking the dead end decaying remains
of plants and animals. During this process of decomposition, the microorganisms get energy and

liberate minerals which are once again used by the producers. The decomposers in grassland are
the fungi and the bacteria.

MATERIAL

A quadrate frame; Microscope; slides; Beakers; Petridishes; Insect net; Box for insecis;
Bottles 250 ml; Formaline; Fungicide; Insecticides; Plastic bags; Rubber bands; Forceps.

<
-\

PROCEDURE v

(1) Arrange a field trip to study grassland eco,}s’_gstem |

(2) Selectaplotin the undisturbed area of gms\sland

(3) Throw a quadrat of one square metre. at random in any part of the plot.

(4) Using hand lens, if needed, co{tect d:_[ferent visible organisms and preserve them in
labeled plastic bags and bottles containing formaline, fungicides and insecticides,

for studying them later on
(5) Also collect the loosgsml from a small area in a plastic shopper.

(6) Repeat the throwing of quadrat and collection of specimens in the same way for at least
three times at three different places in the plot.

(7) On retuming to the laboratory, note the numbers and kinds of producers, consumers and
decomposers of all the three quadrat sites.

(8) Put the specimen of loose soil in water in a backer and shake.

(9) Now place a drop of water from the beaker on the slide.

(10) Examine under the lowe and high powers of the microscope and count the number of

becteria and fungi, if any.

(11)  Calculate and make a rough estimate of the total number of bacteria (or fungi) found in

the soil of the whole quadrat.

(12) Recordthedatainthe formof the following table:
Recordthe data in the form of the following table:

QUADRAT PRODUCERS CONSUMERS DECOMPOSERS
NO. NAME No. NAME No. NAME No.
: .
2
3 etc.

Please visit for more data at: www.pakcity.org
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CALCULATIONS
(1) No.ofplants (say grasses) of one species.
(2)  No.of plants (say grasses) of second species.
And soon.

Collect the animals of the area.

Different aspect of community e.g. Density cover can be calculated. make the list of most
dense areas and least dense area of plants.

Density _ Total No. of individuals of species in all quadrate
No. of Quadrate Area

~_Total No. of individuals of species
Total No. of Individual in a Quadrate -

Relative Density = 100

Sum of cover of one species in all quadrate
Sum of cover of all species in all Quadrate

Relative Cover of One species =

r | )
Q.1  What areabiotic components of grasslan/d(@%ystems?

Aiis.  Light, Temperature, Atmosphere arg%}l’ﬁnd, Water, Soil, Topography, Inorganic and
il
Organic nutrients. \ O\Q\)

Q.2  Whatare biotic componerq?;; ﬁ\fdssland ecosystems?

Aiis. (@) producers. (all gg;/ lants) (i) Consumers (all animals)
(iii) Decomposers (bacteria and fungi)

0:3 Definequadrat.

Ajis.  Itis simply a square area of desired size, marked off from vegetation under investigation.
Its size ranges from 1dm’ to 100m’.

0.4  Whatis best size of quadrat for studying grassland community?

Aiis. 1f€ orInt'.

0:5 Define frequency?

Ajis.  Itis the number of sampling units in which the species occurred, divided by total number

of sampling units studied and multiplied by hundred.

0.6 Define density?
Ajis.  Itis the total number of individuals of the species in all the sampling units divided by total
number of sampling units studied.

Q.7 Define abundance?

Ajis. It is the total number of individuals of the species in all the sampling units divided by
number of sampling units in which species has occurred.

Please visit for more data at: www.pakcity.org
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0.9  What are grassland ecosystems or communities?

—

Ans. The grassland communities are open land communities with limited moisture conditions,
irregular rainfall, sharp secasonal and divrnal variations and very high radiation. They
have continuous cover of grasses.

Q.10 Whatisthe mean annual rainfall in a grass land?

Ans. 250 750 mm.

.11 Wherearelocated grasslands in Pakistan?

dns. Gilgit, Kashmir, Waziristan, Lower Chitral and North Kallat.
(.12 Wherearelocated grass lands in the world?

Ans. Theyarelocated in the interiors of continents.

(.13 Name carnivores of grasslands.

Ans. Coyotes, badgers, foxes, owls, rattle snake.

O.14 Name different birds found in grasslands.

Ans. Prairie chickens, meadow larks, rodent hawks.

Q.15 Namecommon insects found in steppes?

Ans. Locusts, bees, wasps, termites. =
Q.16 Which reptiles are most common in grasslands? \rr”
Ans. Snakes and lizards. (S
0.17 Namedecomposers of grasslands? AP
Ans. Bacteria, fungi. VS
0.18 Define community? ~od

Ans. It is a group of different (;nvg\ac_zyg‘i'f."sﬁ‘i‘s‘i (palnts, animals and microscopic organisms) living
together in a certain physical environment and interacting with each other and with the.

0.19 Giveexamples of somq@ﬂﬁé famous grasslands of the world.
Ans. (i)  Prairies of. North America (i)  Steppes of Eurasia
(iii) VeldtofAfrica (iv)  Pampas ofArgentina
0.20 Whatissavanna?
A4ns. Thegrasslands in tropic climates have clumps of woody trees and are called savanna.
0.21 Whatarethedominantplants of grasslands?

Ans. Grasses and small sized forbs.
Q.22 Namelargesized animals of grasslands.
4ns. Bison, wild horse, ass, zebra, antelopes.

Please visit for more data at: www.pakcity.org
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Thewater content of the soil is naturally very fluctuating, but an average estimate may be
sought by taking a sample about twenty four hours after rain has fallen. More scientific and more
instructive, however, is the construction of a graph, based on a number of estimates at different

times and seasons, to show the range of natural variation in this respect, of the soil examined.
Following four kinds of uncombined soil water have been differentiated on the basis of

theirtendency to be retained in the soil.

(1)  Gravitational water 2) Capillary water
(3) Hygroscopicwater (4) Water vapours
(1) Gravirationalwater

The extra amount of water displaces air from the pore spaces between soil particles and

percolates downwardly under gravitational influence. This water is called gravitational water.

When thiswater percolates down and reaches to the level of pa(é@?ock, itis called ground water.
(2) Capillary water » @
The water held by capillary forces in small@@y channels when the grawtatmnal and

ground water are drained, is called capillary ) . This water is found in the form of thin film

around soil particles in the capillary spaceS{\)

(3} Hygroscopic waterr
Itis held very tightly by s oil particles. plants are unable to absorb it.

(4) Watervapours
Some uncombined water occurs as moisture or water vapours in the soil atmosphere.

Field Capacity
The amount of water retained in soil by capillary attraction when it is free to percolate

underthe influence of gravity is called field capacity.

Hygroscopic coefficient
If soil is dried out, as all capillary water is Iost, even from smallest pores. The hygroscopic

-

water is left. The amount of this water is called hygroscopic coefficient.

MATERIAL

Aluminum foil dish or evaporating basin (or crucible); Balance with weight box;

Oven; Water bath; Beakers; Desiccator; Bunsen burner or spirit lamp; Tripod stand; Wire

gauze; Tongs.

Please visit for more data at: www.pakcity.org
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METHODS
(1) Take an evaporating dish or tray andweigh it (a).
(2) Place the soil sample in the tray and reweigh it (h).
(3) Now place the tray conmining-n"el soil sample in oven at 100°C for about 24 hours.
(4) Remove the sample from the oven and cool in a desicator.
(5) Reweightthe oven dried soil along with tray (c).

(6) The percentage of moisture or water in the soil sample is calculated.

Observations and Calculation

Weight of tray = agm 10gm
Weight of tray +wet soil = bgm 50gm

Weight of tray + oven dried soil = cgm 46gm
Weight ofwet soil = ba=dgm 40gm

Veight of dry soil = ca=egm 46-10=36gm
Amount of moisture = d e=f %gm 40-36=4gm
% age of moisture in the soil sample= 1 03 R‘f /40 % 100

A2
" (__;,5
2l
O
f’\;\ \‘-/f\j;
N
AN
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Q.1 Whatis soil water?

tns.  Thewater presentinthe soil is called soil water.

0.2 Whatisthe significance of soil water?

Ans. (1) Itactsasasolvent (ii) It maintains soil texture
(iti) It enables the soil to support life.

Q.3 Whatisthe source of soil water?

Ans. Itcomesinthe soil through infiltration of, precipitated water (dew, rain, hail).

Q.4 Whatis the source of soil water?

Ans.  Itcomes in the soil through infiltration of precipitated water (dew, rain, hail).

Q.5  What factors are responsible for the loss of soil water?

Ans.  These are the movement of water down to water bed stream flow, evaporation and
transpiration.

0.6  Which factorsinfluence the movement and retention o fsoil water?

Ans.  Soil water movement and retention are greatly mﬂuenc;zd by the texture and structure of
soil, quality and quantity of organic and i morgamc matermls present and the nature and
volume of pore space. o

'\,\;._‘ '-"‘ \
R
/\m

0.7  Whatarepore spaces in the soil? o N

Ans. These are the spaces existing benveen/tjiié' ’diﬁ"erently sized and irregularly shaped soil
particles as well as those left behmd byﬂre burrowing animals and decaying roots.

0.8  Whatistheimportance of the wnrer in'the soil?

Ans. The plants absorb soil wate;" far photosyntheszs and transpiration. Furthermore, the
physical, chemical and. bwlogtcal activities in the soil are largely regulated by the soil

water.

0.9  Whatiswater bed (water table)?

Ans.  The level of water below the earth to which drains the gravitational water is called water
table.

0.10 Definefield capacity.
Ans. The amount of water retained in the soil by capillary attraction when it is free to percolate

under the influence of gravity is called field capacity.

Q.11 Whatismeantbyh ygroscopic coefficient?

Ans. If'soil is dried out, as all capillary water is lost, even from smallest pores. The hygroscopic
water is left. The amount of this water is called hygroscopic coefficient.

Q.12 Whatarethe factors influencing the movement and retention of soil water?

Ans. (i) Soiltexture (ii) Soil structure
(iii) Nature of organic and inorganic material present in the soil.

(iv) Volume of porespace v) Vegetation

Please visit for more data at: www.pakcity.org
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Measuring Soil Texture in the Laboratory

Key points

Particle size analysis breaks a soil into texture classes — sand, silt or clay.

Soil texture influences nutrient retention, water storage and drainage.

Particles greater than 2 mm are removed before analysis.

The soil textural triangle is used to determine soil type based on sand, silt and clay percentages.

Mineral components of soil
Coarse fragments

Greater than 2 mm and include coarse quartz, rock fragments and cemented material. This is

commonly called the ‘gravel fraction’. ;

Sand

and 20 microns in size (Note: there are 1000 microns in 1 mm)O '

Silt

Comprise quartz and resistant primary minerals such as mj(%a. Sand particles are between 2 mm
\J_‘

\¢
Silts are typically composed of quartz and ﬁ@$mnera] particles such as feldspars and mica,

~and are between 2 and 20 microns in diameter. ﬁ\?

Clay

&f

Clays are made up of secondary ¢ mmerals and oxides/oxyhydroxides of iron and aluminium,

and are less than 2 microns in diameter.

The amount of sand, silt, and clay ultimately makes up the class of the soil. To determine the

class type of an unknown soil we will have to determine the ratio of sand, silt, and clay particles in a

specific volume of soil. Soil particles are categorized into groups according to size.

Clay = less than 0.002 mm, Silt = 0.002 to 0.06 mm,
Sand = 0.06 to 2.0 mm, Gravel = greater than 2.0 mm.

Figure. Relative size of soil separates.

We will be using comparative volumes to determine the ratio of these particles, based upon the
fart that different cizec of narticlee will fall nnt af ecalntinan at diffarant ratac

Please visit for more data at: www.pakcity.org
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Materials:

Plastic stand
3 - 50ml graduated centrifuge tubes

L

e Tube rack

e Stopper to fit the centrifuge tube
e Soil dispersing agent - Calgon

e Soil samples

Procedure:

1. Label the centrifuge tubes A, B, and C.

2. Break up the soil into individual particles and add soil to the level of the line marked 1§ Il.ll in
centrifuge tube A. Tap the bottom of the tube gently against the table to pack the soil and eliminate
any large air pockets. Add more soil, if necessary, to the 15 ml mark.

3. Add 1 ml of the soil dispersing agent (Calgon) to the soil, and add tap water to the level of 45
ml. /

4. Place the stopper firmly in the tube. Holding the stopper, Shake the tube for two to 5 minutes.
Make sure all the soil is mixed with the water.

5. Remove the stopper and place the centrifuge tube in. tiié»stand for 30 seconds. The time is
critical. If you allow more than 30 seconds to pass sh;ﬁ(e the tube again and allow the tube to
stand for another 30 seconds. <’ \x{"

6. Carefully pour all the solution from the cen ﬁf;}e tube A into centrifuge tube B (leaving the soil
particles that settled out). Gently tap t;ube A on the table to level the soil left in the tube and
return to the stand. . \r,(

7. Allow tube B to stand undlstm@@ﬁ for 30 minutes. At the end of the 30 minute standing time,
carefully pour the solution: fmm centrifuge tube B into centrifuge tube C (again leaving the
particles that settled). <\

8. Read the volume of soil particles, as accurately as possible, for tubes A and B. Record the data.

Clay layer — water clears
S silt layer - 2 hours
1 Sand layers — 1 minute
Data:

Volume of soil sample: 15.0 ml

Please visit for more data at: www.pakcity.org



Particles in tube

A: ml

Particles in tube
B: ml

Calculations:

The mineral particles in separation tube A are sand. They are the largest and heaviest particles.
Therefore, they settle out first. The particles in separation tube B are silt. Since they are lighter than

sand, they take longer to settle out.

The particles remaining in the final tube are clay. Clay particles swell when placed in water, and they
tend to remain in water. This tube is not an accurate indication of the amount of clay in the sample. The
amount of clay is more accurately determined mathematically.

2 Calculate the Percent of Sand in your soil sample:
Volume in tube A (sand) divided by 15 ml (total sample) times 100 = % Sand.
10.  Calculate the Percent of Silt in your soil sample: ,
Volume in tube B (silt) divided by 15 ml (total sample) times 100 = % Silt.

11.  Calculate the Percent of Clay in your soil sample:
e@ﬁ_w
Add the volumes of tubes A and B then subtract that an@r 0
the volume of clay. : ﬁ\c

Volume of clay divided by 15 ml times 100 = @u@ % Clay. |
12.  Now determine the soil type for your sam@\“ y comparing your answers in steps 9, 10, and 11,

m 15 ml (total sample). This is

to the following table. 00
Soil Types: @
Sands: Y

Soil that contains 85% to 90% or higher sand, with no more than 10% clay and with the rest silt,

Loamy Sands: \
Soil that contains between 70% to 85% sand and with clay being 14% or below.

Sandy Loams:
Soil with 52% or more sand and 20% or less clay.

Loam:
Soil with 7% to 27% clay, 28% to 50% silt, and less than 52% sand.

Silt Loam:
Soil that contains 50% or more silt and 12% to 27% clay, or 50% to 80% silt and less than 12% clay.

Clay Loam:
Soil that contains 27% to 40% clay and 20% to 45% sand.

Clay:
Soil that contains 27% to 40% or more clay, and less than 45% sand and less than 40% silt.

Soil tvpe for samnle =

Please visit for more data at. www.pakcity.org
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Method 11t

Materials:

100m! graduated cylinder

Rubber stopper that fits the cylinder
5% Calgon solution

Soil samples

Procedure:

1. Add approximately 50 ml of soil to the graduated cylinder, and fill with Calgon solution to the
100 ml mark. Mix well and allow to stand for 15 minutes.

2, Secure the stopper in the graduated cylinder and holding a finger over the stopper, shake by
inverting, for 5 to 10 minutes. Allow to stand undisturbed for 24 hours. _

3 You will be able to see the lines that divide the sand, silt, and clay columns. The sand will be on
the bottom, the silt in the middle, and the clay on top. Read and record as data: the top of the
sand column (also the bottom of the silt column), the top of the silt column (also the bottom of
the clay column), and the top of the clay column (also the total volume).

Data: . .
Volume at top of sand column: ml - a% pakcity.org %a
(also represents the bottom of the silt column) ,,\ ) ‘
Volume at top of silt column: m >
(also represents the bottom of the clay columnj/\“ |
Volume at top of clay column: /:ml
(also represents the total volume qfﬁ-fs‘ig;hple)

Caleculatians: ON

4. Calculate the Percent of Sand in the sample.

Volume of sand divided by the total volume times 100 = % Sand.
Percent Sand = %

5. Calculate the Percent of Silt in the sample.

Volume at top of silt column minus volume of sand = volume of silt.
Volume of silt divided by total volume times 100 = % Silt
Percent Silt = %

6. Calculate the Percent of Clay in the sample.
Volume at top of clay column minus volume at top of silt column = volume of cléy.
Volume of clay divided by total volume times 100 = % Clay.
Percent Clay = %0

7.

this method the soil particles are dispersed with a sodium meta
After dispersion, the amount of each particle grou
hydrometer (see picture).

Use the soil type table from method 1 to determine the texture of your soil sample.
Soil type for sample = |

The most common method for determining ~ soil texture is the hydrometer method. In

phosphate (calgon) and then agitated.
p (sand, silt, clay) are determined by using a

Please visit for more data at: www.pakcity.org
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Method I11;
Soil Texture by the Bonvoucos Hydrometer Method

Materinls:

1. Sicved sotl (50g dry weight equivalent if fine textured, 100g if sandy).
2. Bouvoucos hydrometer

3. Sedimentation cylinder

4. Thermometer

5. 1 500 ml beaker (or16 ounce cup)

6 Glass stirmingrod (or a pencil)

8 1 100ml graduated cylinder

8. 1 10ml Graduated cylinder

Q

1 Liter (1000 ml) Graduated cylinder
10.  Stop watch

11.  Clock
Reagents:

8 I’V Sodium hexametaphosphate
2. Tap water (use distilled water if tap water is too “hard™)
Procedures:

NOTE:  Ifthe soil is not oven dried, take a sub sample for watgrcontent determination.

Place 50 or 100 g of soil (dry weight equwalent) m ‘the 16 ounce cup.

Fill the cup with ml of water. A

Add 5 ml of I/V Sodium hexametaphosph‘ate

Mix thoroughtly: o,

a. For high clay soils-allow: te\sjakc (soak) for 15 minutes

b. For sandy soild-mix f@t@’mmutes

e. For finely textu:ed ‘soilsmix for 15 minutes

5. Transfer soil suspension to the sedimentation cylinder, use water to remove the entire

sample from the cup.

Fill the sedimentation cylinder with 1 liter of water.

Carefully remove the hydrometer.

Fill the sedimentation cylinder to the 1150 mark.

Carefully remove the hydrometer.

10. Wrap the top of the sedimentation cylinder in parafilm. Make sure the seal 1s secure.

11. Gently tilt the cylinder back and forth for through mixing, several times.

12. Carefully set the cylinder on a stable surface and remove the parafilm.

13. Return the hydrometer to the cylinder and begin the 40 second timing immediately. This 40
second reading can be repeated several times to improve accuracy.

14. After the final 40 second reading, remove the hydrometer and allow the cylinder to stand
undisturbed. Begin to record the time in which you will start the 2 hour settling period.

ol o S

o e N e
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. Record the .h?mplllll. hy lowering a thermometer into the suspension and record the

temperature (in *C).

16. Take a hydrometer reading at 2 hours.
17.  Make up a blank cylinder with water and 5 ml of I/V Sodium hexametaphosphate. Record
the blank hydrometer reading,
Calculations:
1. Temperature Correction Factor:
a. T = (observed temperature- 20°C) x 0.03
2. Corrected 40 second reading:
a. 40 sccond (corrected ‘c’) = 40 second reading- Blank reading + T
3. Corrected 2 hours reading;
a. 2 hour (corrected ‘c’) = 2 hour reading—- Blank reading + T

4. Particle Percentages
a. % sand (2 - 0.05 mm)
= [oven dry soil weight— 40 second reading (¢)]+ [oven dry soil weight] x 100
b. % clay (<0.002 mm)
= [2 hour reading (¢)] = [oven dry soil weight} x 100
-3 % silt (0.05-0.002 mm) A.
= 100 - (% sand + % clay) /?\J
5. Determine the textural class of the soil sampl b@)usmg the textural triangle.
H drometer Method Data ollectlon Sheet |

S— e e T e P 8 3

e ..___SOIL SAMPLE

Sample welght L,Q@;SI/ grams grams
40 second Hydrometer reading & NS g/L o/L
Temperature of suspension (Q}Z\&\) °Celsius °Celsius
Corrected 40 second Hydromete%'eadmg o/LL o/L.
Y% sand
% silt and clay
2 hour Hydrometer reading ' g/L g/L
(Blank Temperature liquid °Celsius °Celsius
Corrected 2 hours Hydrometer reading o/l ofL
% clay |

% sand

Yo silt

% clay
Using the soil particle peroent data, determine the textural class for the soil samples.
HORIZON SAND SILT CLAY TEXTURAL CLASS
0to 15cm
15 to 30 cm

Please visit for more data at: www.pakcity.org
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[ VIVA VOCE |

Define soil texture.

Soil texture is defined as the percentage of different soil particles present in the soil.
Name the instrument used for the determination of the amount of soil particles.
Hydrometer.

Which soilis best for plant growth?

Loamy soil.

Name five textural groups of soils.

(i) Coarsetexturedsoils (i) Moderately coarse soils

(iii) Medium textured soils (iv) Moderately fine textured soils
(v) Finetextured soils

Give significance of soils texture.

It is very important for plant growth because it direc;;f_.},g{zlffects root growth, soil aeration,

water holding capacity and soil structure. RO

N

What may be the size of the sand particles ind ferent soils?

The sand particles range in size from 0.02.to 2 mm in diameter.

Differentiate between coarse andﬁriésand particles.
The coarse sand particles ag_‘gj‘c/_zﬁgér in diameter (0.2 to 2mm) than the fine ones (0.02 to
0.2 mm). AN

AN T

What chemical is thesand ;nainly made up of?

\

The sand is mainly made up ofsilica.
Write down the size in diameter of the silt and clay particles of the soill.

The silt particles range in diameter from 0.002 to 0.02 mm whereas ihose of clay are
smaller than 0.002 mm.

Whatis the organic matter foundin the soil generally called?
The organic matter foundin the soil is generally called humus.
How can the humus be removed from the soil sample?

This can be done by treating the soil with Hydrogen peroxide (H ,0,)or Potassium
permanganate (KmnO).

The texture of the soil may be light or heavy. Explain.

The light-textured soils have coarse particles and are easy to dig or cultivate whereas

heavy vois have fine, compacted particles and are, therefore, difficult to dig or plough.
Light soils contain more than 80% sand while heavy soils contain large amounts of silt
and clay.
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