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EXERCISE NO. 1 Date:

STUDY OF PLANT CELL

Experiment 1: To study plant cell

Principle: All the vital activities of a plant are due to that remarkable living substance
known since the time of Von Mohl (1846) by the name of protoplasm, which makes up
the body of the living planls. The protoplasm is not uniformly distributed in the body of the
plant but is organised nto small units called protoplasts. Each such unit is bounded on the

outside by a more oi .ess firm wall called the cell wall, which together with the enclosed

protoplast constitute a cell.

Materials Required:
Onion bulb, glycerine, safranin, weak iodine solution, dropper, fnrceps, msnued

water, needle, brush, glass slides, cover slips, compound microscope, blotting paper, watch

glasses.

Procedure: .
a) Strip off:epidermis in the form of peelings from an inner scale of an onion bulb with
the help of forcep. Pour some distilled water into a watch glass.

b) Mount the epidermis in the watch glass cuma:mng dJshlled water.

c) Add few drops of safranin solution into another watch glass by using a dmpper or

brush and transfer the epidermal peels in it. Allow it to remain in the Safranin solution

for 30 seconds, so that the pecels are stained.
d) Take some peels from the Safranin scluhun using the hrush and place in lh: walch

glass containing distilled water. :
e) Put 2-3 drops of glycerine at the center of a dry glass shde and place one plr.a:e. of peel

on the slide containing glycerine.
f) Take a cover slip and place it gently on the peel with the aid of a neadlc Remove the

extra glycerine using a piece of blotting paper.
g) Place this glass side on the stage of the compound microscope and examine under high
ok
power.

h) Study the form and arrangement of the cells. Make out the cell wall and the semi-

transparent protoplasm and vacuoles.

i) Add a drop of weak iodine solution to the mount and make out the nucleus. I_{air.*; from

gourd or Lujffa sp. may be similarly examined.



Observations

There are a large number of regularly shaped cells lying side by side and each cell

has a distinct cell wall.
A distinct nucleus is present on the periphery of each cell,

» Lightly stained cytoplasm is observed in each cell.
A large vacuole is present at the centre of each cell, and is surrounded by the

cytoplasm.

Conclusion | ‘
N
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Experiment 2: 1o study the plastids Date :

a) Chloroplast: Strip off epidermis of 4 young leaf of Tradescantia or Hydrilla or moss
plant and observe the chloroplasts filling the cells. Note their form and size.

b) Chromoplast: Cut thin sections of carrol Toot near the outer skin or peel the pericarp
of capsicum (rea chillies) lruil. Ex.-uninc these under the microscope and study the
shape and size of the chromoplast.

Draw a diagram of a plant cell and with the help of a diagram describe the structure

of a plant cell.

Representative Plant Cell:

Ribosome

N"d%lau.rn :II,: l,; St G:Ior;.rplast
‘Nucleolus Y 5% Smooth
Rough endoplasmic !-[ l{‘ endoplasmic
reticulum™— | | % reticulum
Cytoplasm ———— ¢ .
Plasma membrane_+ / Golgi
Cell wall —| < apparatus
Mitochondrion L+
‘- F Vacuole
Free ribosomes SLry
Vesicle—:__—'-'u:e-—
Microtubules

Above: Diagram ol the structure of a plant cell

Note; The diagram above is a gencral plant cell.. The structures are not necessarily drawn
to scale but in enough detail to aid recognition and to help students re-draw this diagram by

hand to include in study notes or homework.

The structure of plant cclls has similarities and differences compared with the
structure of animal cells. The following table lists the parts of plant cells shown in the
diagram above with brief notes about cach ol the structures types of organelles in plant

cells.
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Organelles in Plant Cells and other parts of plant cells incl. e, g. the cell wall, plasma
membrane, and cytoplasm can be divided into those in the outer-layer of the cell and
those Inside the cell. :

Outer-layer of the cell: 1. Cell Wall, 2. Plasma membrane (also called the plasma
lemma and/or cell surface membrane), 3. Plasmodesmata

Inside the cell: 4. Cytoplasm, 5. Vacuole, 6. Cell Nucleus, 7. Nucleolus (inside the
nucleus), 8. Nuclear Membrane (enclosing the nucleus), 9. Rough Endoplasmie
Reticulum (RER), 10. Smooth Endoplasmic Reticulum (SER), 11. Mitochondrion (pl)
the singular form is “mitochondria”, 12. Chloroplasts, 13. Golgy body (also called the
Golgi Complex) and/or the Golgl Apparatus), 14, Microtubules, 15. Ribosomes.

Each of the 15 items listed above are described with brief details:

Part of Plant Cell: . Notes:
Outer-layer of cell: :
1. Cell )

=
=

Plant cells have cell walls- as compared with animal
cells which donothave cell walls, and prokaryotic
cells (bacteria) which do have cell walls but they are of a
different construction than those of plant cells.

Function(s) of plant cell walls:
The main functions of plant cell walls are mechanical. Plant
cell walls form part of a transport system called the apoplast
system via which water and some solutes can pass through
plant tissue viaapoplastic pathways (along / through cell
walls) and symplastic pathways (i.¢. through the cytoplasm of
a series of adjacent cells).
Structure of plant cell walls:
The most important chemical composition of a plant cell wall
is cellulose. Long cellulose molecules grouped into bundles
called microfibrils are twisted into rope-like macrofibrils.
X Sometimes there is also another layer component of cell wall
cE '
lignin - which gives strength, e.g. strenglhem wood (xylem
cells) in trees.,
suberin - which helps prevent water from penetrating, e.g.
suhcrin in mangroves minimize salt intake from their habitat.
2. Plasmamembrane - jons of the plas brane:

(also called As a-differentially-permeable surface, the pluma mﬂnhina
the plasmalemma anﬂ.i’ of  controls movement of solutes in and out of the cell.

the cell surface Synthesis and assembly of cell wall components
;" Wembracy) Structure of the plasma membrane:

The plasma membrane is flexible enough to move closer to of
away from the cell wall - according to changes in the water
content of the cytoplasm within the cell.

3. Plasmodesmata Plasmodesmata are tiny strands of cytoplasm that pass through
pores in plant cell walls, forming "connections™ or "pathways”
between adjacent cells.

Specifically, plasmodesmata form the symplast pathway for
the movement of water and solutes through plant structures (see
[ S . diagram, above-left). These cell<cell connections are especially

—— Apoplastic pathwiry {via cell wall)
— Symplastic pathwaey (vis cyloplasm)

‘. .. . e
RS ;
. . 3
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Inside the Cell
Cytoplasm
.-1:'. '-_...
e
Rt
5. Yacuole
6. CellNuclews. "= 7

. contents of the cell within the cell membrane buot outside of the

. Enzymes necded for recycling components of cells,
e.g. chloroplasts. "
Anthocyanins are sometimes present in cell vacuoles. These aro

* ‘chemical pigments responsible for some of the (non-green)
culuurs of glowers, e.g. reds, blues, purples.

*"" Functions of the vacuole:
Helps maintain turgor pressure (turgidity) inside the cell, This
pressure pushes the plasma membrane against the cell wall.
Plants need turgidity to maintain rigidity.

_The nucleus is the "control center” of a eukaryotic cell (i.e.

" not have a membrane-bound cell nucleus), -
" The cell nucleus controls the activity of the cell by regulating

3 pmr,:.m 'synthesis within the cell.

"nuclear envelope". The contents of the nucleus - 5o, inside the

funn Df genes and a nucleolus.

important for the survival of plant cells during conditions of
drought.

The cytoplasm is the part of a plant cell that includes all the

pucleus of the cell. It therefore includes the cytosol (i.e. the
semi-fluid part of a cell's cytoplasm - as shown shaded pale
green in the diagram above) as well as the plant cell organelles
incl, mitochondria, chloroplasts, eic.. Also located within the
cytoplasm is the cytoskeleton, which is a network of fibres
whose function is to provide mechanical support to the cell,
eluding  helping 1o maintain  the cell's shape.
In short. cytoplasm consisls mainly of water and contains
enzymes, salts, organelles, and various grganic molecules, It
has a clear appearance (i.c. in colour) and a gel-like texture.
The cytoplasm helps to move materials around 1111: cell and also

dissolves cellular waste.

A cell's vacuole can occupy a large propartion of the total
volume of the ccll - c.g. 90% of the volume of some mature
plant cells. Each vacuole is enclosed by a vacuolar membrane
called the tonoplast.

Contents of the vacunle:

C'2ll sap, which is a solution of salts, sugars and organic acids.

plm:: cells and animal cells - butmw which do

Fumhﬂns of the cell nucleus:

E@ ture of the cell nucleus:

Each cell nucleus is surrounded (one could equally say
"enclosed") by n nuclear membrane that is also known as the

Q_uclmr membranc - includes DNA (genelic materal) in lhu
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7:  Nucleolus
(inside the nucleus)

8. Nuclear Membrone
(enclosing the nucleus)

9. Roupgh Endoplasmie
Reticulum (RER)

10. Smooth Endoplasmic "

Reticulum (SER) =

11. Mitochondrion (pl.)
the singular form is
"mitochondria”

12.  Chloroplasts

The nucleolus is located within the nucleus and is the site of
synthesis of:

transfer RNA
ribosomal RNA
ribosomal subunils

The - nuclear membrane s also known as the nuclear
envelope and encloses the contents of the nucleus of the cell -
separating the contents of the. nucleus from the rest of the
cell. Nuclear pores in the nuclear membrane enable various
substances, such as nutrients and waste products, to pass into
and out of the nucleus.

Rough endoplasmic reticulum is the site of protein
synthesis (which takes place within the ribosomes attached to
the surface of the RER) as well as storage of prnu:ms and
prtpmuﬂn for secretion of those pmt:ms

'Smwth em:luplﬂmlr. reticulum is the site of lipid symhﬁu and

s:cr:uun w:lhm c:l]s

Mitochondria are structures found in both plant and animal
cells. They are bounded by double membranes, the inner of
which is folded inwards, forming projections (called cristae),
hence the representation of mitochondria in diagrams e.g. as
above.

Their function of mitochondria isenergy production.
Mitochondria contain enzyme systems mneeded 1o
synthesize adenosine __triphosphate (ATP) by  oxidative
phosphorylation.

The quantity of mitochondria within cells varies with the type
of cell. In the case of plant cells, mitochondria may be
particularly abundant in sieve tube cells (also called sieve rube
mzmbcrs}. root epidermal cells and dividing meristematic cells.

Read more abuut mitochondria.
~ Plastids

Chlﬂmglam

the sites of
photosynthesis
within plant cells.

inclode up to S0
chloroplasts. The
number of

ch:!ompl"‘_“ m!::: Amyloplast Elaloplast Proleinoplast
mu-dm‘ ,This dhagram ls undersiood lo be in e pubiic doman as
tvne of cell 2:1':“ slalod al hitp /it i/l igpUa (Aprd 2012).

ol
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13. Golgi Body (also called The Golgi apparatus of a cellis sometimes called the “post
the Golgi Complexand/or office” of the cell or is more generally described as a “packaging

14,

the Golgi Apparatus)

Microtubules

+ sunlight ‘- ‘as

. from proplastids).

 to/from chloroplasts.

function. 'Ih:}y are
plentiful in leaf
cells that receive

opposed to root

cells that do not
receive light.

Chloroplasts are a
type  of plastid.
There are also
other types of
plastids (not all of
which are present
in all plant cells
but all of which
are denived

Sec thedlagram
of plastids on the

right.

organelle” becausc it plays a role in transporting proteins. It's
structure and appearance takes the form of a stack of tny
pancake-like shapes, each of which is enclosed by a single
membrane and contains Muid and biochemicals such as proteins,
sugars and enzymes.

Functions of the Golgi Apparatus:

Modifies some newly-synthesized biomolecules before storing
them in granules, sometimes called vesicles - ready for transport
later.

Forms ]ysosomes - which are tiny sacs filled with enzymes that
enable the cell o utilize its nutrients, so are sometimes described
as “cell digestion machines". Lysosomes also destroy the cell
after it has died.

Transports the proteins produced in the ER: After a protein
has been synthesized in the ER, a transition vesicle (or "sac”) is
formed then floats through the cytoplasm to the Golgi apparatus,
into which it is absorbed. After processing the molecules inside
the sac, a secretory vesicle is formed and released into the
cytoplasm, moves to the cell membrane, then rclcases the
molecules from the cell.

Functions of microtubules:

facilitate addition of cellulose 1o cell wall form the spindles and
cell plates of dividing cells play a role incytoplasmic
streaming (i.c. moving the fluid cytoplasm within the cell) e.g.




15. Ribosomes

Structure of microtubules:

Microtubules are hollow rope-like siructures composed of the
protein tubulin. They can be as long* as 25,un (25 micrometres
=25 x 10%m) and have a diameler of approx 25 nm (25

nanometres = 25 x )0 m). Sce scientific_numbers for more
about thesc unils. * somc sonices state up lo severu] mm
(millimetres) long,

Ribosomes take part in the synthesis ome proteins by
catalyzing the fornmation of xe  proteins  from
individual amino acids (using mess rRINA as o lermplate).

Examples of  proteins -:iNU.I hy  rihasomes
include glycoproteins, lysos EM proteins, membrane
i

proteins and some crganelle % . 4

In general, ribosomes can ither "[ree” (in the cytoplasm of
the cell, but not withi nucleus or membrane-bound
organelles) or "membrane-bound”, which in the cases of plant

ttached 1o the rough endoplasmic

reticulum (RER black dots shown in the diagram
above, distinguis iR from the smooth endaplasmic
reticulum (SER). dividual nbosome could be "membrane-

bound”- while_i making one protein, then "free" while

t protein, Some diagrams of plant cells

making
include "free” ribosomes while others only show ribosomes
nllm:r‘tul é;,‘ lasmic reticulum, forming RER.

,\Qfo
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EXERCISENO.2 N e Y D
STUDYOFIMBIB]’I‘ION '

SURERE ' ' '
DEh'IUNSTRATION UF IMBIBITIUN OF WﬂTER BY DIFFERENT T!:TES D'F

.. SEEDS : )
lmbibluun' The admrpuon of water by hydrophilic colloids.is known as- imbibition. It isa
physical process in which certain substances like hydrophjllc_ colloids absorb water and.
_increase in size e.g. wooden doors do not open and close casily during rainy season,
germination of seed and pulses put in water for sprouting. | _ X g - ‘
The substance which absorbs water.is calld imbibant and water as imbibing liquid.
When imbibition takes place volume of imbibant is increased wi]ile volume of imbibing

liquid is decreased. But th::: mml volume is mun': as cnmparud to final volume bacaus: R

some liquid is held in inter mulacular space and the kinetic energy of Lhe molecule is gwen
out as heat. Imbibition of waler increases the volume of the :ml:uham due to which pr:ssurr. '

—

is cmated which is-known as imbibitional pressure. lefcrent types of organic substanccs

e ——

have different lmbll:ung capacities. Proleins have a very high imbibing capacity, starch less o

and cellulose least . That is why promnamus gram secds swell more on unhlbmun than" |
starchy wheat seeds. - |
Requirements: Pea or gram, wheat or rice and grounduut md distilled water, glass hunle
with stopper, blotting paper, weight box, balance, oven etc,
Procedure: Take handful of pea or gram, wheat or rice and groundnut seed and dry them - .
in oven at 103° F (40°C) for 4 hours. Take 10 grams of each pea or gram, iyhgat or rice and
groundnut sced accurately. Each type of seed s then taken in a separate glass bottle and
equal volume of waler is poured in each so T.haI the seeds are cumpleu:ly immersed. Put. )
the stopper on the bottles to prevent the evaporation. |
Keep the bottles at 38°C for about 4 hours. Remove the samples from the water and
dry them thoroughly with blotting paper and record the increase in weight. The percentage -
increase in weight by each type nf seed is determined and plotted graphically. ’
Draw the figure of the experiment, record the observations and write conclusions.
Prll:tiul utility: Imbibition is ut:hsc:d for prcpanng pulscs for the sprouting pm-poses or
Bermination of any type of seed.
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EXERCISE NO., 3. - Date:
STUDY OF OSMOSIS

QOsmosis:

The diffusion of solvent molecules into i gh_a semi_permeable

membrane is callea us osmosis (sometimes called as Osmotic diffusion). In case there are
two solutions of different concentration separated by the semi permeable membrane, the

diffusion of solvent will take place from the less concentrated solution into the more

concentrated solution till both the solutions attain equal concentration.

During osm 15, the movement of solvent molecules takes place from the solunon
whose osmotic pressure is lower (i.e less concentrated as hypotonic) into the solution -
whose osmotic pressure is higher (i.e, more concentrated as hypertonic). Qsmotic diffusion
of solvent molecules will not take place if the two solutions separated by the
semipermeable membrane are of equal concentration having equal Osmotic pressures (i.e., _
they are isotonic). In plant cells, plasma membrane and tonoplant act as s_e]ectively
permeable or differéntially permeable membrane. |
The Importance of Osmosis in Plants: |

i)  In the absorption of water by plants
ii)  Cell to cell movement of water occurs throughout the plant bodj{

~iii)  The rigidity of plant organs is maintained

Experiment No. 1) Study of process of osmosis in a simple osmometer
Materials: 10% sugar solution, a long stemmed thistle funnel, animal bladder or

parchment paper, thread, scissors, stand, beaker, colored water, glass marking pencil and

rubber solution

Principle:
A semi-permeable membrane having of very small sized pores allows only water to pass

through the pores but prevent the movement of solute across them. The animal bladder or

parchment paper acts as a semi-permeable membrane. .

Procedure
i) Cover the thistle funnel mouth with an animal bladder or parchment paper (scml- :

permeable membrane) with the help of a thread.
i)  With the help of scissors, remove free edges of the bladder as close to the thread as

possible.
iii) Seal the free marrin of the bladder with the help of rubber solution.

Scanned by CamScanner
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Observation: S ) Ca
[ Sr. | Name of crop | . Initial: | Final Dlﬂ'mnm Amount of Percenlage
No. : | welght | weight | “inwt | ‘water increase in’
"ofseed | ofseed | (gm) | ymbibed | = Weightby
sample | sample per g seed | each type of
o (gm) (gm) . | ' ' seed
1 | Peaor gram 10 | |
2 | Wheat or rice - 10 _ _
3 | groundnut 10 S o
Dlscussion [ X : |

When dry seeds are put in watcr then water is absorbed By the seeds mamly bY 3

1mb1bxuon owing to the colloidal nature of the pmtoplasm of seeds. v

_ ~ As a'result seeds: become turgxd and usmotnca]ly active and absorpuon of ‘water is |
1hen regulated by osmotic process The: rate and arnount of absorpnon by d1ffercnt types. of

seeds vary becausc of theu' dlffe;ent pmtoplasnnc constltucnts uwhch ccmtmr t.henr -

imbibing capacity. AR SRR ey p R S :

Results of the present expenment show mat thc percentage of absqrphon of water is |
maximum in case of proteinacous seeds and mirimum in case of fatty nuh. hntems and
polypeptxdes am hydmphﬂlc collmds whxch lnve stmng afﬁmty fo.r m Cellulose and-_ )

starch also absorb water slmngly to the surfaces of tbese hyd;rophﬂlc collmds

N, . B '_'- 3 F e g
. . s E -,.,— 1.; i ' ‘F- .
a) Imblbmon of intact seeds leads to oonsndﬂable error due to fonnauon of water layer m"
the air space between the: endospcrm and the seed coat. In order © determme the |
imbibitions of water by intact seeds amnunt of lmblblllﬂﬂs vnthout swd coat is to be

added to'the amount of 1mb1b1tlons by seed coat ﬂnly E R ;.
b) Effect of seed coat on imbibitions can be studled by semng expmmtm neds coat
and without seed coat. - . g o, '
©) Qioof absorption of water can be studied by allowing the seeds o tmlnh watey al room

temperature, 10°C below and above it.

Conclusion:

AR

Scanned by CamScanner



1{4 |
iv) Fill the thistle funne] with 10% sugar solunon to about QB"' neck height and mark the
_ level as ‘A’ by means of glass marking pencil. - -
.v) Dip the covered end of the, thistle funnel in: a beaker contmmng colored water g,
Support itin ns position by means of a stand. o
fﬁ‘; - After few hours. the sugar solution slowly will become colored and its levcl in the
vertical neck of the funnel will rise up steadlly to point ‘B’.
vii) Taste the water of solution in funnel. It will no longer be swect

Fln 117 Trisllefunnolupeﬁnm
-0 demondirale pamosls: '

Demonstration of osmosis

Precaul:lons
i) The membrane. should attach with the thistle funnel properly The edgcs must -be

properly sealed. The thread should be tied ca:efully S0 as not to rupture the membrane.
il) The sugar solution must be of sufficiently inghcr concemrauans
iii) The initial level of sugar solution should be marked only after dxppmg the mouth of
~ thistle funnel inside water of the beaker. _
iv) Pour sugar solution in the thistle funnel i in sucha way as not to leave any air bubble
v) Support and fix the thistle funnel firmly in its vertical position by means of a stand.

Results: The rise of :s;ugar solution in thistle funnel can only be due to the entry.of water
into it through the animal bladder. But no sugar has gone out into the water of the beaker as
it does not taste sweet. ' |

The experiment, therefore, proves that:
i) Animal bladder, egg membrane, parchment paper is a semi permeable membrane
because it allows only water to pass through it.

Scanned by CamScanner
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fi) Sugar sulutitm is usmuhcally active solution and canahmrh water when it is :epmwd
from it by a semi permeable membrane, -

ili) Water diffuses into a solution when the two are separated: ‘by a’semi permeable
m:mbnme The phmamnmn is called osmosis.

Experiment No. 2) Study of process of asmosis by potato osmoscope
Materials: A large potato tuber, 20% sugar solution, knife or scalpel, p-r.tn duhcs or
beakers, water, r:.apllla.ry tube, two pins and mn.rkmg pcnml '

Principle: e T .

A semi-permeable membrane having very small sized pores allows only water to pass
, ﬂ:mugh the pores but prevent the movement of solute across them. The tuber wall acts asa
p-ermcahl: membrane, .

Procedure: ' | . - o~ Y

- 1) Take a large size potato tuber. Give a flat cut to one end of the potato tuber.

ii) On annl;hcr end of tuber, make a hollow cavity slightly more than half of its diameter.

lil) Remove the skin of the tuber hc:ause skin of the tuberis impermeable to water,

iv) Place the tuber on its flat cif end in a petri-dish half full of water or in a beaker.

v) Fill half of the cavity of the potato tuber with 20% sugar solution.

i) By inserting a pin in the wall of the tuber mark the initial level of the solution.

vii) Afier few hours, the level of sugar solution is found to increase as water enters inthe
cavity. It is due to inward diffusion of water (endosmosis). Mark this rea.dmg also ﬁm --"-:

ATk e T

Tk

another pin. o ok
viii) Repeat the experiment after killing a potato tuber in bon.hng water. The pmtnplasm :
is denatured nnd the cytoplasm does not fum:uun as mcmbrane Thus there is no change '

in th: level of sugar solution in the cavity. et

" _-PotatoOsmoscops
(A) Bafore Osmosis (B) Aftar Qsmosis

3 “'II . L
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Precautions:

i) The cavity of potato must be larger to pour sufficient amount of sugar solution. The
cavity should be deep so as to leave only a thin layer of tissue at the base.

lf) Peel off the skin of the tuber from the base and the sides; make the base flat 5o as to
keep the tuber flat in the dish or beaker.

iii) The initial level of sugar solution should be marked carefully.

Iv) The water level in the Petri dish or beaker should be enough to dip a major portion of
potato tuber.

v) Sugar solution should have a higher osmotic concentration as compared to cell sap of
the tuber cells. ' '

Results: The rise in the level of sugar solution in the cavity of the potato tuber indicates

that the solution has absorbed water from the petri dish or beaker. The two are separated

from each other by a large number of cells of the tuber. '

The entry of water into the sugar solution, therefore, proves that:

I} Sugar solution is osmotically active solution.

l) The cytoplasm of the cells of the tuber that lie between the sugar solution and the water
of the petri dish or beaker act as a single semi permeable membranc.

lil) Water enters the sugar solution when it is separated from it by semi permeable
membrane, This process is called osmosis.

Experiment No. 3) Demonstration of Endosmosis and Exosmosis:

Materials: A few grapes and raisins with intact stalks, water, petri dishes a.nd 10% salt
solution etc.

Procedure: Place a few raisins in waler for about 5 - 6 hours. Raisins will swell up. The
swelling can be due to the absorption of water from the petri dish. In another petri dish
place a few fresh grapes (or swollen raisins) and pour 10% salt solution into the dish, After
a few hours the grapes will shrivel which can be possible only when they have lost water 10

the salt solution (Fig. 11.9)

11.5. Experimant to demonslrale sndosmosis
o in raising and exosmosls in grapes.
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Draw the figure of the experiment, record the observations and draw the conclusions.

Practical utility: The process of plasmolysis is used for salting and drying of the fish,
preparing the pickles etc.

Question: Why the cytoplasm shrinking occurs in higher concentration of sugar solution?

EXTERNAL
HYPERTONIC SOLUTION

CELLWALL 7/ \
NORMAL INCIPIENT PLASMOLYSED CELLS
CELL PLASMOLYSIS

Flg. 2.9. Plasmolysis, Slages in plasmolysis of a plant cell.

Observations and conclusion:

Questions: Draw the figure of the experiment, record observations and write conclusion.
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EXERCISE NC. 4,

Date;

STUDY OF PLASMOLYSIS

Principle:

Plasmolysis is the shrinkage of the protoplast of a cell from its cell wall under the
influence of a hyperionic solution whereas the swelling up of a plasmolysed protoplast
under the influence of a hypotonic solution or water is called deplasmolysis. The
phenomenon of plasmolysis has been exhibited by cells when they are kept in hypertonic

solutions. The pher nenon of deplasmoylsis has been exhibited by plasmolysed cells
when they are kept in a water or hypotonic solution.

When a plant cell or tissue is placed in a hypertonic solution water comes oul from
the cell sap into the outer solution by exosmosis and the protoplasm begins to shrink or
contract. The protoplasm separate from the cell wall and assumes a spherical form this
phenomenon is called plasmolysis. Incipient plasmolysis is stage where protoplasm begins
to contract from the cell wall or A slage al which there is just separation of cytoplasm at
certain points that stage is called as incipient plasmolysis. If a plasmolysed cell is placed
in waler, the process of endosmosis take place. Waler enters into the cell sap, the cell
becomes turgid and the protoplasm again assumes its normal shape and position. This
phenomenon is called deplasmolysis.

Materials: Sugar, petri dishes, water, microscope, slides, cover slips, Tradescantia leaf elc,

Proc “dure:
I) Prepare the series of sugar solution starting from 0.1, 0.2, 0.3 and 0.4 M

ii) Take the red coloured epidermal peel of the lower surface of Trodescantia leaf.

lif) Divide the leaf peelings into small strips.

iv) Place one strip each in different concentrations of sugar solution (0.1, 0.2, 0.3, 0.4 M)
as well as in fresh water (control) for half an hour.

v) Remove the strips and with the help of microscope observe the changes in the cells i.c.

: é:'lag;:s of plasmolysis.

vi) The protoplast of the peclings kept in lower concentration (0.1 M) or in water remains
homogenously distributed. Whereas, the protoplast in the peelings kept in higher
concentrations will shrink.

vii) Count the number of cells under the microscope.

Precautions:

[) Sugar solution concentration must be correctly prepared.

ii) Peclings should be done from lower cpidermis of leaf very carefully.

lii) Mount the peeling in glycerin carefully and avoid air bl_.:bblr..: and folding of peelings.



Results: In the first case the raisins have sbsorbed water from the outside, due o the
presence of higher concentration of solute in them. This is an example of endosmosis. In
the second case, the grapes have lost water 1q the salt solution because salt solution is more
concentratrd than the sap present in plpu'lherefum. it is an example of exosmosis.

Q

- Precautions:

.
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(i) Grapes and raisins ibuuld be with intact staiks.

(ii) The solution for exosmosis must be stronger than sap mna:ﬁlg;ﬁdf grapes

Quesﬁﬁnanwthcﬁmnfalllh:npcnm:nn @ﬂnbﬂmrmmmdwnu |

conclusion. -
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EXERCISE NO. 6 Date:

DEMONSTRATION AND MEASUREMENT OF RATE DF
TRANSPIRATION

C’I‘rm;nimlinn is defined as the loss of water from the living tissues of acrial parts of
the plant in the form of water vapour. It is often said as a ‘necessary evil' because it is a

vital and unavoidable phenomenon of plnnls)l‘ ranspiration is regarded as a boon to the

plants for many of the following reasons.
1) It affects the diffusion pressure deficit thereby indirectly helps in the diffusion of
walter through the cell
v?,}/ll affects the absorption of water and minerals by rools
+ 3 Role in movement of water i.e. ascent of sap

4) It plays an important role in the translocation of food from one part to the other part .

of the plant.. .
‘})/ It maintains leaf lcmpcranm'.
6) It brings about the opening and closing of stuma.'l‘.& which mdtery influence the

process of photosynthesis and respiration
6.1 Demonstration of transpiration by Bell Jar Method:

The water drops come out in the form of water vapors by the acrial pa.ru of thc ;

plant during transpiration and consequently condense on the inner surface of the bell jar.

A decrease in the weight of the pot is also due to the loss of water from the aerial portions
of plants during transpiration.

6.1.1 Materials: A well-watered potted plant, glass sheet, bell jar, oil cloth or rubber
sheeting, vaseline or grease and water elc.

Principle:
Bell Jar Method of transpiration is based on lh: principle that the wa::r vapors can

be seen in the form of water droplets if a transpiring plant is observed thoroughly.
1.1. 2 Procedure:
1) Select a small well-watered potted plant.
2) Cover the external soil surface of the pot and its soil thoroughly with cil cloth or
rubber sheeting to check evaporation , ;
3) Weigh the whole pot and place it on a glass sheet.
4) Invert a dry bell jar over the pot.
5) Apply vaseline at the rim of the bell jar to make the apparatus airtight
6) Keep the whole set for 1 to 2 hours in sunlight.

o Wil e
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v) Measure the initial level of water in the glass tubes.
vi) Obscrve rise in the mercury level in the manomemeter due to the pressure created by

water uudnd from the cut end of the stem on account of root pressure generated due to, 4

osmotic entry of water in the roots. The pressure is read on the praduated scale.

Results: A
The rise in the level of mercury in the glass tubing is due 1o pumping of 'lnp by root.

The phenomenon is called root pressure. The same is read directly by manometer. A,
pressure of up to 5atm. has beeq recorded by this method.

Precautions:

i} The plant selected should be succulent,

i) Stem should be cut under water to avoid the entrance of air bubbles in xylem vessels.
iii) Rubber tubing should be JSixed carefully,

iv) All connection should be made air tight with wax.

Fig. 1125, Demonsiration of oot pressure.
Measurement of root pressure

Questions: Draw the figure of the experiment, record observations and write conclusion.

Conclusions:



EXERCISE KD. 5, | " Date:
DEMONSTRATION AND MEASUREMENT OF ROOT PRESSURE

Root pressvre is osmotic pressure within the cells of a root system that causes sap
o rise through a plant stem to the leaves. Root pressure occurs in the xylem of some
vascular plants under the following conditions:
i. When the soil moisture level is high at night.
ii. When transpirat’ s low during the day.

When trans) cation is high, xylem sap is usually under tension, rather than under
pressure, due to transpiration pull. At night in some plants, root pressure causes guttation
ar exudation of drops of xylem sap from the tips or edges of leaves. Root pressure is
studied by removing the shoot of a plant near the soil level. Xylem sap will exude from the
cut stem for hours or days due 1o root pressure. If a pressure gauge is attached to the cut
stem, the root pressure can be measurcd. Root pressure is caused by active transport of
mineral nutrient ions into the root xylem. Without transpiration to carry the ions up the
stem, they accumulate in the root xylem and lower the water potential. Water then diffuses
from the soil into the root xylem due to osmosis. Root pressure is caused by this
accumulation of water in the xylem pushing on the rigid cells. Root pressure provides a
force, which pushes watcr up the stem, but it is not enough to account for the movement of
water to leaves at the top of the tallest trees. The maximum root pressure measured in some
plar:s can raise water only to about 7 melers, and the tallest trees are over 100 meters tall;

Measurement of the root pressure in plants by manometer:
Materials; A potted plant of Balsam, Petunia or Bryophyllum or any other herbaceous
plant, manometer with tube, stand, rubber tube, knife, thread and wax etc.

Principle: _

There is rise in mercury level in the manometer due to the pressure created by water
exudates from the cut end of the stem on account of root pressure generated due to entry of
waler by osmosis in root system.

Procedure:

i) Take a potted plant of Balsom or Bryophyllum that has been well watered the previous
day and keep it overnight.

li) Next morning, cut its stem a few inches above the base with a sharp knife.

lii) Attach the cut end of the stem (stump) to a manometer fixed to a stand through a rubber
tube and threads. '

iv) Keep it at a moist and shady place for few hours,

00—
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62.1.4 Procedure:

1)

Take a Farmers / Ganong's potometer.

2) Cut a leafy branch of transpiring plant under water and fit it to the potometer with the

3)
4)

3)

6)
7

8)

9)

help of rubber :::nrk in such a way that the lower end of the branch should be under
waler. . '

Fill the whole apparatus completely with water using the reservoir,

Make all the joints of the apparatus air tight with the help of wax or grease or plaster of
paris.

Introduce an air bubble in the graduated arm (capillary tube) with a pipette and mark
the initial positions of air bubble i.e. adjust is to zero mark with the help of stop cock.
Dip the iower cad of the capillary tube in water contained in a beaker.

Keep the whole apparatus in sunlight. Transpiration will occur in the plant kept in
sunlight and the air bubble will move towards twig.

Record the distance (£) travelled by the air bubble in a definile interval of time., Repeat
the observations and calculate the average distance travelled by the air bubble. The
experiment may be repeated by driving the air bubble back to zero mark by turning the
stopper of the water reservoir, As transpiration proceeds, the air bubble will move
along the capillary tube and gives a measure of the rate of transpiration.

Measure the total area of leaves of a twig,

10) Calculate the rate of transpiration in terms of ml of water transpired/hour/unit leaf area

by using following formula; V=rr't

Where,

V = Amount of water transpiredinml : -
n=22/Tor3.l4 '

r = radius of the graduated tube (bent tube)
€ = length of the tube or distance travelled by the air bubble

The rate of transpiration is determined in terms of ml/hour/unit area.

6.2.1.5 Observations:

Sr. No. of | Distance traveled by the alr bubble (£) | Amount of water transpired (V)

1

2
3
4
5
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1.1. 3 Observations:

1.1.4 Conclusions:

6.2 Measurement of rate of transpiration by pntnmélrir: method:

This experiment is based on the principle that the amount of water absorbed is
almost equal to that of water transpired in a giv:h period and the difference between the
two is negligible. Transpiration rate can be m;:asur:d by different methods viz., Potometric
method, Gravimetric method and Cobalt chloride paper method. The details of these
methods are described below.

62.1 Potometric method : .

This method is indirect and consists in measuring the amount of water absorbed hjr
the plant to compensate for that lost by transpiration. There are two types of pmumete.rs
6.2.1.1 Ganong’s potometer :

It consists of a horizontal graduated capillary bent tube or with an atlached scale,
This tube is connected to two vertical tubes, of which one vertical tube is covered with one
holed cork stopper and another vertical tube is provided with a reservoir having stop cock.
The other end of the horizontal arm is bent downwards and is dipped in a beaker
containing water.
6.2.1.2 Farmer’s potomelter:

| It consists of a wide mouthed bottle fitted with a rubber cork pierced with three
holes, the middle one being just large enough to admit of the passage of a leafy branch.
Into one of the other holes is fitted a thistle funnel provided with a stop cock to serve as a
waler reservoir and into the third, a bent tube of narrow bore is passed, so that its one end
is flush with the inner surface of the cork. The other end of the tube is dipped in a beaker
containing full of water. The rate of movement of the air bubble can be measured by fixing
a scale to the bent (capillary) tube.

6.2.1.3 Materials: Ganong’s potometer or Farmer’s potometer, transpiring plant twig
‘leafy branch), beaker, pipette, water, wax, grease or plaster of paris and siop ‘watch.
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of the bell jar for appearance of water drops. The bell jar

7) Observe the inner surface
that may

becomes misty after sometime and its inner walls contain drops of water

flow down the sides of the bell jar,
8) Weigh of the pot again to know the loss in weight due to transpiration.

Demonstration of transpiration

Precautions:

i) ‘The bell jar should be air tight.

i) The pot should be well watered.

iif) Bell jar should be made up of glass lo penetrate light.

Iv) The pot surface and soil must be covered carefully to avoid evaporation losses.
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8) After the experiment, remove all the leaves from ‘each pot and calculate the total leaf

area of the plant.
9) Compute the amount of water loss per unit leaf area per unit time,
6.2.2.3 Observations : '
[ Sr, | Name of Initial Final Difference | Totalleaf | Amount of
No. | the Plant welght welght inthe - aren of waler lnm'.l;.s'1
(W) (W) weight | plant (cm?) | @ em™? br)
(W,-W2)
1 Bean

2 | Sunflower

3 | Tomato

4 | Maize

62.2.4 Conclusions:

Questions: Draw the figure of the experiment, record observations and write conclusion.

623 Measurement of rate of transpiration by Cobalt Chloride paper method:

The cobalt chloride method can be used for measuring only the relative rates of
transpiration of different plants. This method although rarely used today in studies on
relatiive transpiration rates, does have historical significance and contributed to our

knowledge of transpiration process.

Principle: The cobalt chloride method makes use of difference in colour of Cobalt chloride
in dry and moist conditions, Anhydrous cobalt chloride is blue in colour but turns pink
when moist. The principle behind using cobalt chloride paper for measuring the
transpiration is the time required to change the colour of cobalt chloride paper.
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Precautions: ‘
i) The shoot must be cut under waler to avoid blocking of vessel by air.

ify Apparatus should be nir-tight.
jii) The twigs must have sufficient leaves.

6.2.1,6 Conclusions:

Questions: 1. Draw the figure of the experiment, record observations and write
conclusions.
2. Why the air bubble in capillary tubc moves upward?

6.2.2 Gravimetric method :
This method is restricted to the use of small potted plants and it is suitable for

studying the influence of various environmental factors on the relative rates of
transpiration in small plants. It consists in ;v:ighing the plant together with the pot at
intervals and finding out the loss in weight due to transpiration. However, this method
cannot be used for the study of transpiration rates of trees and of plants growing under

natural field conditions,
6.2.2.1 Materials:
Four potted plants (bean, sunflower, tomato and maize), oil cloth or aluminium foil,
rubber band, and wax.
6.22.2 Procedure:
1) Take four different potied plants and water them -
2) Allow the pots to stand until all the excess of water is drained off
3) Cover each pot completely with a large piece of oil cloth or aluminum foil to eliminate

the evaporation from the soil surface.

4) Immediately record the initial weight of all the pots. Let it be ‘W'

5) Keep the pots for one hour in sunlight |

6) Afier one hour, weigh each pot, which gives the final weight. Let it be ‘W'

7) Find out the difference in the weights of the pots by subtracting each weight obtained
from initial weight of respective pot.

¥



Twig

ni Tube

29

Ganong’s potometer

KL
il
1

Water
reservoir

Scale

M
Al "I |
AN

Cork Alr Bubble

<= = Watgr Beaker

—

Fig. 30. Farmer's potomeler,




yisdo
e dorsa
ds less's

34

Scanned by CamScanner



6.2.3.3 Observaliuns ;

33

[Nameof | Timerequiredto | Time ' Rateof
required to Transplration
the | changebluecolur | changebluecolour | Index(TT) | Transpiration |
Plant Into plnk on leaf into pink for (g/disc/hr.) |-
surface (Seconds) standardization -
(seconds)

COBALT CHLORIDE
PAPER

Flg. 2.23. Transpiralion. Demonstration of phenomanon.

[Cahart-:hlnrlda method).

Note: Above diagram is just indicative, students will have to draw a diagram comprising
potted plant along with Cobalt Chloride filter discs on both the surfaces of transpiring leaf
fitted with the help of glass slides and clips or U pins or rubber bands.

Questions: 1.Draw the figure of the experimcnt. record observations and write

conclusion.

2. Why the Cobalt Chloride paper turn pink in cu]uur?
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2ok s - Potted plant, cobalt chloride (CoC1y), HCI, fitter paper, beaker, water,
glass slides, clips, stop watch, forceps, oven, desiccators and anhydrous calcium chloride.

6.2.3.2 Procedure;

1) Prepare 3% cobalt chloride solution and slightly acidify with few drops of HCI

2) Soak the circular discs of filter paper (about 1 cm diameter) in cobalt chloride solution

3) Treal about 150 such circular dises of fijer paper in the same manner .'

4) Remove the discs of fitter Paper from the solution and dry them thoroughly in hot air
oven at 40-50 ° C

5) When the discs turn into blue colour, remove them and preserve in the desiccator
containing anhydrous calcium chloride

6) Remave the discs from the desiccator using forceps

7) Place the discs on bath the surfaces of wranspiring leaf of potted plant with the help of
glass slides and clips

8) Note down the time required to change the blue colour of cobalt chloride fitter paper
discs into pink

9) In a similar manner, remove some other discs from Lhe desicator and expose them to
free water evaporating surface and note down the time required to change blue colour
into pink (This indicates the cobalt chloride paper standardization)

10) Determine the relative rate of transpiration for the plant i.c. calculate the &nmpiml.iun

index (TI) by the following formula

Time taken for cobalt chloride paper standardization (S)

Transpiration Index (TI) =
Time taken for cobalt chloride paper colour change on leaf (S)
11) Calculate the rate of transpiration with the help of following formula:
Grams of water transpired/disc/hr = 3600 x_X
T
Where, T = Time required in seconds to change blue colour into pink.
X = Factor for Cobalt Chloride disc (in grams)

Calculation of X factor: Select 100 Cobalt Chloride discs and record the oven dry weight
in grams, keep the discs in 80 to 90 % humidity for 3 to 4 hours and record the weight

(grams). Calculate the difference in weight for one disc i.e, X (factor)
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Table 7.1: The number of stomata in plants:

Plants . Number/ eplderm (mm®)
The upper surface The lower surface
Wheat 33 i )
Maize 52 68
Oat 25 23
Sun flower 58 156 -
Tomato ' 12 130.
Bean 40 281
Apple 00 : 400
Lotus 46 00

Objective: To study the stomatal distribution on the upper end lower leaf surfaces and 1o
calculate the stomatal index.

Stomata are minute pores found on the epidermis of leaves and young shoots of
plants that are used to control exchange of gases. The pore is surrounded by a pair of
specialized cells called the guard cells that are responsible in regulating the size of the
opening.

Water is released through the stomata into the atmosphere in the form of ‘water
vapour through the process called transpiration. Besides this, the exchange of oxygen and

carbon dioxide in the leaf also occurs through the stomata.

Distribution of Stomata;

Distribution of stomata varies between monocots and dicots, between plant species,
and between the underside and top side of the leaves on a plant.

Stomata are found more on plant surfaces thriving under higher light, lower

atmospheric carbon dioxide concentrations and in moist environmenls.

Usually the lower surface of a dicot leaf has a greater number of stomata while in a

monocot leaf they are more or less equal on both surfaces. In most of the floating plants,

stomata are found only on the upper epidermis.

Scanned by CamScanner



Fig. 7.1: Stomata with guard cells

After a few seconds when the fluid becomes firm and replica is ready tﬁ be
removed, a small piece of double adhesive celluloid tape is to be secured to a glass slide.
The exposed slicky‘surfacc is then placed over the replica and with slight pressure remove
the film from the leaf surface. Mount the replica for viewing as an imprint on reverse side
of the image of leaf surface.

Using the calibrated grid, the number of stomata and epidermal cells can be
counted,

Take a circular piece of paper of the size of eyepiece with a rectangular cut in the
cenire. Insert paper in an eye picce. The microscopic field now appears rectangular. Scan

/ mall area of leaf using low power objective.
Count number of epidermal cells (E) and stomata (S) in a specified field.
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EXERCISE NO. 7 Dite:

Experiment 1: - STUDY OF STRUCTURE AND DISTRIBUTION OF
STOMATA

Stomata are specinlized organs with an opening bordered by two epidermal cells called

guard cells. Stomata sometimes occur only on the bottom of the leaf but often found on

both top and bottom.

Only through these ;  ¢s or the stomatal openings, the following processes take place.

i) Gaseous exchange mechanisms, viz., CO, intake for photosynthesis and O; intake for
respiration

ii) Transpiration for regulation of water

iii) Inhibition of pollutants intake into the leaf

Stomatal movement: .

‘The mechanism by which the opening and closing of the stomatal pore is by direct
response to increase or decrease in the osmotic potential of the guard cells. The changes in
the water potentials that result from the osmosis causes water to move in or out of the
guard cells. If the 'water moves into the guard cells, the cells become turgid and cells
expand the stoma is open, when the guard cells are flaccid; stoma is closed.

Anatomy of stoma:

Stoma consists of two guard cells. The cellulose micro-fibrils making up the wall of
the giard cell are arranged radially rather longitudinally. This orientation of cellulose
micro fibril is termed radial micellation. In addition, the guard cell wall adjacent to the
stomatal pore is thicker than the outer wall, this helps in the formation of pore.

Estimation of stomatal index and stomatal frequency:

Rtpliﬁ: method
Replica method was developed by Wolf (1979). Simple method, gives useful

information not only on stomatal index but also its frequency per unit leaf area. This
method can be cmpllg,re,d in most of the crops and can have useful data on leaf anatomy. If
leaf lamina is much waxy and hairy it is difficult to measure stomata and epidermal cells.
Materials required: Leaf sample, blue / red correction fluid, double adhesive celluloid
tape, slides, ocular micrometer, stage micrometer, microscope, thermocol, xylene.

Procedure
Collect the leaf samples 1o be used. The applicator brush attached to comrection

Muid js dipped into the uid. The brush is stroked across the area to be replicated with a
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Experiment 2: Determination of the pore size and pore area of stomata

Theory: Stomata are the passage for the exchange of water vapour and gases like CO;z, 02
between the intercellular spaces of leaf and atmosphere, The rate of transpiration and

gaseous exchange mainly depend on the pore area of leaf, The pore size and pore area of
stomata can be measured by ocular micrometer,

Materials required: .
L. Stage micrometer, 2. Ocular micrometer, 3. Compound microscope
4. Slide and cover slips, 5. Fresh leaf, 6. Safranin elc.

Prn-ce&um:

1. Pecl off a strip of cpidermis of a leaf that has been fully exposed to light for several
hours. Stain and mount on a slide and put a cover slip on it. Y, |

2. Determine the area of high power field of the microscope with the help of a stage
micrometer.

3. Observe the slide under high power magnification and measure the width and the
length of stomatal pores of the film with the help of a ocular micrometer,
4. Record the observed data in table.

Calculation:
LXB
- XK

1) .'I'hc pore area (PA)=

Where,
L= Length of stomatal pore, B= Width or breadth of stomatal pore
K= Constant (0.9 for dicotyledons and 0.66 for monocotyledons)

Total pore area of stomata present in high power field
ii) % pore area= X 100
Area of high power field -

Result;
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STOMATAL FREQUENCY:
‘Mount the stage micrometer on the stage of microscope, stage micrometer is

divided into 100 equal divisions. Each division is of 10 p. Coincide the stage division wilh R

rectangle /square that is ih the eye piece. Calculate the area of the rectangle fsqum inp?
using low power nbjccu\rcs
Count the numh-cr of stomata with in the area of rectangle. Half cut stomata may
also be counted.
Compute the stomatal frequency in mm? per unit leaf arca.

Note: The material used for replica can be silicon rubber, negative and several dissolved .
compounds. A transparent finger nail polish (collodion ) can be used to get impressions.
Dissolved compounds such as thermocole can also be used.

Results:
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Monocot plants: Stumaa , e
present Dicot plants: Stomata present

3 : o A .4 ' :.. 4
Apple type: Sto nt only j'.'Wit'il"r"ﬁlﬁn'té:" Stomata present

C—

on lower surface of leaf only on upper surface of leaf

Calculation of Stomatal Index:

The distribution of stomata on the upper and lower surfaces of the leaf can be
studied by removing the peels of the leal from the upper and lower surfaces and observing

the same under a microscope.

The count of the the number of stomata and epidermal cells in the microscopic field

is taken and the stomatal index of cach surface of the leaf can be calculated using the

following formmula:

No: of Stomata 100
Mo: of Stormata + No: of epldermal cells A

Stornatal Index =

This is the proportion of stomata to the cpidermal cells. This has relevance in

studies on plant water r~lations.
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technique consists in comparing the initial

Relative leaf water content (RLWC) gives
the_plant is under water stress or not. It also
cTop. The RLWC was primarily estimated
MOst workers were unable to obtain high values. The
Weatherly (1962) is explained below: .

and turgid waler content on 3 percentage basis.
an idea about water =1+ ‘us of plap, i.e. whether
gives information abc ut droughy tolerance of
with whole leaf method by
procedure given by Barrs and

Procedure:

The selection of leaf tissue apg time of sampling are equally important in
expressing reliable results, Normally, a leaf that is physiologically functional (third leaf
from top) is selected for RLWC estimation. It's fresh weight is immediately recorded after
it is excised. The leaf samples can be brought to the laboratory after careful sealing in
double walled thermocol chamber or plastic bag in order to prevent water loss and fresh
weight is recorded. LI’hvz petiole may be delached keeping onl ¥ leaf lamina.

Secondly, keep these leaf samples floating on water under diffused light to get
turgid weight for 4 to 6 hours depending upon the degree of imbibition. Afier thorough
blotting record the turgid weight. Finally, the same leaf is kept in an oven at 75° C for
assessing dry weight. The dry weight is recorded afier obtaining a constant oven dry
weight. Further the values are plugged in the following formula :

Fresh weight — Dry weight

RWC (%) = : ) x 100
Turgid weight — Dry weight

The RWC value so calculated doesn't attain the limit of 98% and therefore, they

further reported disc method to have better and accurate estimate of RWC,

Collect leaf'as stated above by removing 3" leaf from top (physiologically most
active) of maize / sorghum / sunflower plant. Twenty leaf discs of 1 cm. diammf -~ taken
with a closed punch specially designed for this kind of work. This facilitates rapid ejection

of the leaf discs. While cutting leaf discs, they should be cut midway between base and lip

[ leaf blade by excluding the midrib. Record fresh weight of all twenty discs immediately

aller cutting and keep them floating in a closed petri dish containing distilled water for 4 (o

6 honrs at constant temperature under diffused light. The extra water from leaf discs may




Table 7.2: Length, width and Pore areq of leaham;lue.

~-81. No,

Pore area

Average

Draw diagram of all the experiments and record observations,

Conclusion: (Also describe the i

mportance of the studyi ' i ifferent
il op kel po] e studying the stomatal size at differen

Scanned by CamScanner
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Materials:
Spinach leaves, Chromatngraphy chamber, mortar and pestle, ether, acetonc,

scissor, pencil, cngiilu:y tube, or fine miﬂtﬂpipc[[gl Spatula, scale, Whatman No.l filter .

paper, watch glasses, thread, stapler erc,

Procedure

I. Takea few freshly plucked healtny green spinach leaves,

2. Using scissors cut the spinach leayes into small pieces and let them fall into the mortar.

3. Grind the spinach leaves in a mogya, using pestle with 80% acetone.

4. Place the extract into a watch glass using a spatula,

5. Take a long strip of Whatman No, 1 filter paper having a narrow notch at one end of the
strip.

from the tip of the notch,

7. Put a drop of the pigment extract iy the middle of the line about 3 ¢cm away from the
base of the strip with the help of a capillary tube or a fine micropipette. Allow the drop
to dry and repeat till four or five drops are placed on the Paper. Care should be taken to
avoid over spreading of the extract.

8. Prepare solvent mixture of petroleum ether and acetone in the ratio of 100:12. Take the
chromatographic chamber and pour ether acetone solvent in i,

9. Fold one end of the filter paper strip and staple it. Using a thread, hang the filter paper

strip in the chromatographic chamber.
10.The loading spot should remain about 1 em above the solvent level. Leave the

chromatographic chamber undisturbed for some time. I .
I1.We can observe, as the solvent moves through the paper, it spreads the different

Pigmeants of the mixture to various distances. _
12. When the solvent rises about 3/dth up the strip, remove the strip carefully and Jet jt dry.

Observation; .
The drieq chromatographic paper strip shows four distinct paper bands, Different pigments

€2 be identifieqd by their colors. Carotene moves faster comparing to other pigments viz.
rhlumphyu a’, Chlorophyll ‘b’, and xanthophyll. Identify the pigments by their colours

and by Calculating their Rf values. To find out the value of Rf for each pigment, measure
"he distance travelled by it from the base to the point of origin (loaded spot) and also the

disianca Uavelled by the solvent. Record the colour of pigment band and its Rf value jn a

hhuhf form a5 shown below.

P
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EXERCISE NO. 9

; Date : .
A) EXTRACTION _
PIGMENTS -PAANPEDRSEPA RATION OF PHOTOSYNTHETIC

HROMATOGRAPHIC METHOD:

Object : To extract and Separate the photosynthetic pigments from the plant tissue bly
paper chromatography, - :

Introduction: Photosynthetic p;ams: convert light energy from thé sun io mca] food
energy. During Phﬂlﬂsynthesis, molecules referred to as pigments mrulmd to capture light
cnergy. Pigments are chemical compounds which reflect only certain wavelengths of
\risih!B light. ‘Plant leaves contain four primary pigments: chlorophyll ‘a’ (dark green),
chlorophyll *b’ (yellowish-green), xanthophylls (yellow) and carotenoids (orange).

To separate-and visualize the four primary pigments of green plants, we can use a
simple technique called chromatography, | '

What is Chromatography? _
Chromatography is a technique used Ian the basis of
differences in size, shape, mass, charge, snluﬁi]ity and adsorption properties. The term
chromatography is derived from Greek words Chroma-colour and anhc;uﬁt:. There are
many types of chromatography: paper chromatography, column chromatography, thin layer
chromatography and partition chromatography. These techniques involve the interaction
between three components: the mixture to be separated, a solid phase and a solvent.

Pﬂndple; The technique of chromatography is used for separating and. identifying
substances present in a mixture. The substances get separated because of their different
finities for a mﬁnnﬁ? phase,and their differential solubility in moving phase. In paper

chromatography the hydrated cellulose molecules of the paper constitute the stationary
phase and the mobile phase is a liquid. The separation of compounds in a mixture is
dependent upon the partition, between the ‘mobile and stationary p];?a_su_ The rate of

movement of the different. substan _
i al a slower rate
coefficient. Hence some ;nmpoundi will move faster while others move

«tentified by their distance travelled by the
unds are identificd
and get separated. Hence compo ravelled by the solvent (D), from the point of

Organic compounds (d) and the dlstfmﬂﬂ . ared with standard values.
Origin Rf = d/D. The values thus obtain




:.w::ght aﬁ:: drying the leaf discs in hot air oven at 70°C till constant weight is observed.
Calculate the percent RLWC by using above formula and write the conclusions.

Observations: Hypothetical cxample is given below; replace the values h:v recording
actual observations and calculate RwC,

PlantPart | Freshwh. @ | Turgid i (8) | Dry welight (g) | Relative Water Content
(%)
Leaf 0.512 0.520 i 0.062 08.2
Leaf discs
Calculation:
0.512 - 0.062
RW.C.=
0520 - 0.062
=98.2 % .

Resull : The R.-W.C. of the given leaf sample is 98.2 %

Conclusions:




| ' 51
6:nt froll — o

New position —
of compound

2.4 cm
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Origin
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Diagrammatic example that demonsirates Rf value:

B) Extraction and separation of photosynthetic pigments by solvent

extraction method:

Exiraction theory:
extraclion is @ process of purification i
main use is to employ extraction as a

t (natural products). It is extensively
eaction mixtures after a laboratory
f compounds in water and an

Solvent nvolving the use of two solvents or

immiscible with one another. The

g chemicals that are prescnt in plan

solutions that are

means of isolatin
mistry as a way of purilying r

used in organic che
d on the differential solubility ©

experiment., It is base
immiscible organic solvent.

Extraction and separa[iun of p!nnt pigmcn'ls:
It is based on their solubility and par
solvents, This could be done by using different organic solvents 1

of pigments by separating funnel.

fferent immiscible organic

n sequence for separation

titioning in di
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RESULT: ;
Rf value of Chlorophy)) > .
Rf value of Chlorophy]] 5 -
Rf value of .':‘{Enlhuph:.lvl.] '
Rf value of Cirotens

How does paper Ellrﬁmalugraphy work?

In paper chromatos 4
pap malography, the mixjure i spotted onto the paper, dried and the

by capillary attraction, As the solvent slowly

The principle behind the paper chromalo
further on the fi

graphy is that the most soluble substances move

.llEr Paper than the least soluble substances. Different plant pigments can be
separated by using 111& technique of paper chromatography.

mg—;.;mmn — LTS

What is Retention Factor or Rf value? e n
Retention factor or Rf value is applied in chromatography to make the technique

more scientific than a mere analysis. The retention factor or Rf is defined as the distance
- avelled . by .the compoun d divided by the distance travelled - by .the . solvent.

Rf = (Distange trayelled by the compoundy/ (Distance travelled by the solvegl) -4 -y

.
-~ " ‘o

o

— e
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Sr. No. N;Illégfn I:JE Colour of the RS vaine
. pigment ~ Rf=dD
1. Chlorophyll ‘b’ Light green
2. Chlorophyll ‘a’ Dark green
3. Xanthophyll Light yellow
4, Carotene Orange yellow
Calculations: .

Rf value of the each pigment spot can be calculated by the .gquaﬁnn;

R value = Distance travelled by the pigment (d)  Distance travelled by the solvent (D)
Measure the distance of each pigment band from the loading spot and also the distance
wavelled by the solvent. Calculate the Rf value using the equation and record the values in

the table.
Result: ' , -,

The topmost orange yellow band of pigments in the separation corresponds to
carotenc. The yellowish band appearing below it indicates the xantlgnphylls'. The third from

above dark green band represents chlorophyll ‘a’. The lowermost yellowish green band is

that of chlorophyll ‘b’
’ Rf value
Sr. No. Rf value of the D/d _. ..
_ pigment . : ; “Rf=dD -
1. Chlorophyll B’
2. Chlorophyll ‘@’
3. Xanthophyll
4. Carolcne
Conclusion: _ .
namely chlorophyll ‘b’, at the bottom light green

There are 4 bands separated on the paper:
I ‘a’ in dark green colour,

¢ 10p.

in colour, chlorophy xanthophyll in light gclluw colour and
carotene as dark yellow colour band at th
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ExERC[SE NO. 10 Date:

METHODS OF MEASURING RATE OF PHOTOSYNTHESIS

some of the methods are deduced from

o the classic summary equation of
phutﬂS}‘“u‘“is taking into account Lhe

: initial and fina) components and the cnergetic
changﬂi in the system 1.e., CDZ + 2“20 + 4728 KI {112.3 K Cal ) = CH,0 + 0, + H,0.
There arc nine possible ways of measuring photosynthesis, which are described below.

10.1 CHANGE IN ENERGY:

The most exact cnterion of photosynthetic rate is the dircct determination of

energetic changes in the intact closed photosynthesising system. This is Lhe only procedure
for the absolute evaluation of photosynthetic efficiency and the yield of cnergy
wansformation. It requires (i) an exact knowledge of the amount of radiant cnergy
absorbed by the photosynthesizing system (ii) the portion of energy converted to sensible
heat (appearing as a change in the temperature of the system), and (iii) the amount
reradiated or dissipated as latent heat of vapuﬁzﬂticn of water.

Measurements of this type are very difficult since it requires exact laboratory
experiments such as a special and very sensitive calorimeter. For example, the calorimeter
used by Amold (1949) was made up of a tiny silver cup containing a leaf disc or algal
suspension. The crop was supporied by number of fine wire thennocouples, the other ends
of which were connccted o a copper ring in thermal contact with an aluminium block so
that the systern was totally closed. PAR was allowed into the assimilating tissue or
suspension through a quarter window. Temperature differences between the cup and the
block were annealed by passing a measured current through the thermocouples and thus
heating or cooling the cup. The temperature changes thus measurcd indicale the exact

energetic changes in the whole system and in the irradiated plant material.

10.2 CONSUMPTION OF WATER: _
It is very difficult to determine the consumption of water in the photosynthetic

processes. To do this, would require the use of deuterated or tritiated water and the
Physiological behaviour of which is different from that of normal water, This is the main

feason why water uplake has not been used to measure the rate of photosynthesis.

103 0XYGEN EFFLUX:

The amount of O; produced reflects the rale at which water is split in

Photosynthesis and hence the activity of photosystem I and of the whole process. The

|-
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13, Collect the luwer methanolic- KOH fraction
{green layer) in
and collect a test tube that contains
chl.b collect upper cther [raction (yellow layer) in another test tube th ains
xanthophylls. tube that con

pbservation to be recorded:

te all j i
| Separate al -lh'i'- major plant pigments from different plant spc:ies and observe the
relative content of pigments in all the species.

Separating [unnel:

Draw diagram of all the experiments and record observations.

Conclusions:

e ——
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: Acetone (B0%
M‘tﬂiﬂls S— (D .}1 Petroleum ether, Methanglic — KOH (30%), Ethyl ether
Methyl alc0C » Distilled water, fregh eaye Scparating funnel, B a.k' M:.r ing
' ' . . n
cylinder, Balance, Razor blade. Filter paper (Whatman No, 1) Mor td mu :m :
. 0 ar and pes e elc.
n.gg.-_durc:

1. weigh 3 g of fresh leaf tissue and macerate | . )
g0% acetone, 1e In mortar with pestle by using 50 ml of

9. Filter the extract through Whatman No. 1 filter paper. The fi

.t ltrate contains an extract of
Chlorophyll *a’, Chlorophyll ‘b’ carotene and xanthophylls

3. Take 4? ml of filtrale in separating funnel and add 60 ml of petroleum ether. The
funnel is then gently rotated and 60m1 of distilled water is added to form two distinct
layers after rotating the funnel. Distilled water is poured gently down the side of the

funnel to avoid the formation of emulsion. Discard the lower acetone water layer

retaining the upper petroleum ether fraction.
4. _:""""Sh twice with water discarding the lower water fraction each time.

5. Add 50 ml of 92% methyl alcohol to petroleum ether fraction and rotate the funnel

gently to allow to form 1wo secparate layers viz., the upper petroleum cther layer
(contains chl *a' and carolene) and lower alcohol fraction.

6. Collect the lower methyl alcohol fraction in a beaker that contains chl. ‘b’ and
xanthophylls. Methyl alcohol is poisonous and therefore, its fumes should be avoided.

7. Add 15 ml of 30 % methanolic — KOH solution to petroleum ether fraction (Which is
retained in separaling funnel) and shake gently. Further, add 30 ml of distilled water
and allow it to form two layers.

8. Collect the lower petroleum cther fraction (Orange layer) in a test tube that contains
carotenes and collect the upper methanolic- KOH from scparating funnel (blue green
layer) in another test tube that contains chl. ‘a’

9. Wash the separating funnel clearly with water and take methyl alcohol fraction (which
was collected in beaker) in the separaling funnel.

10. Add 50 ml of ethyl ether and shake gently and add 10 ml of distilled water to form two
separate layers.

1. Discard the lower methyl-alcohol fractio

conlains chlorophyll ‘b’ and xanthophylls. .
12. Add 15 ml of 30% methanolic- KOH solution 10 the ether fruction and shake the
d 30 mlof distilled water t0 form two layers.

n and retain the uppér ether fraction that

contents for 10 minutes. Ad




58

a) Problem to be studied and he plant material used,
b) Required sensitivity, accuracy and response lime to the measurement of either
instantaneous or integrated photosynthesis,

€) Measurement of photosynthetic rate under natural or controlled environmental
conditions,

10.10.2 Avallabllity of the equipment;

Only a few methods of studying photosynthesis such as, growth analysis
procedures require no complex equipments. The equipments for measuring biological
process usually have two functions.
a)Measurement of physical or chemical changes that characterise the processes and serve
as basis for assessing its kinetic parameters,

b) Enclosure of the experimental malenial during the measurement ii an environment that
keeps the external conditions constang or their changes definable.

10.10.3 Laboriousness of the method ;

Some methods produce a small number of exact data (gas exchange systems with
IRGA), while with other methods a large number of less exact measurements can be made
in the same period, Labouriousness of the method is not necessarily a sign of ils exactness

or perfection.

MEASUREMENT OF RATE OF PHOTOSYNTHESIS BY DRY WEIGHT

METHOD

Principle:
The rate of photosynthesis can be measured by direct and indirect methods. In

direct method Oxygen evolved or CO; consumed is measured. While in indirect method
increase in plant growth is measured for a given period which takes place as a n:sul.l of
Phomsymhmple in the beginning and at the end of gi'in:n period,
difference in dry weight can be obtained and rate of photosynthesis per unit tunc can be
calculated. In indirect method the rate can be determined by I) Sach’s method ii) Field

method,
L. Sach’s dry weight method :

Requiremeni;
Young growing plant of sunflower,

Ganong's leaf punch, balance, oven €ic.

—————
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formed (or energy fixed) is not uniquely related ta the amount of €0z bound, but varies
according to the chemical composition and energy content of the products. For example, 1
& COxmay be transformed imo 0.4 g fat with energy content of 37.7:]{.1 g' (42K calgh).
Alternatively, 1 g CO, may be transformed into 0.62 g starch with an energy cu;ucnt 176
Kig' (42K cal g*). Proteins are intermediaie i.c, + 1 2 €O prodyges 0.5 g protein. Thus,
' diverse amounts of photosynthates result from the assimilation of the same' amount of COy.
Unfortunately, this method has not yet been a common pmcednreé. The increase in lotal
photosynthates in a leaf or sample of isolated tissues may be directly, W,asured with * CO,

10,7 ACCUMULATION OF ENERGY :

The accumulation of energy in the tissue may be determined as an increase in the
heat of combustion resulting from the production of organic matter in photosynthesis,
Comparability of results obtained by this procedure and their conversion to gas exchange
data is limited because of the different encrgy contents of leaves of various plant species.

10.8 FORMATION OF ENERGY RICH INTERMEDIATES :
The determination of simultaneous changes in the ATF and NADPH contents of
assimilating tissues is not practical because of the small concentrations of these substances
. present and also their participation in metabolic processes other than photosynthesis. It is
only possible to measure such changes with isolated chloroplasts than with whale planll

tissues or leaves.

10,9 PROPERTIES OF THE PHOTOCHEMICAL APPARATUS:

1t includes mainly the absorption, transfer and fluprescence of oxidised and
reduced forms of photosynthetic pigments and other paﬂj:ipaﬁng compoiinds in the
photosynthetic electron transport chain (P-700, cytochromes, PC, PQ, ferredoxin, ete). Itis
also possible to measure the rate of electron transport through PS 11, PS -1, whole cha.in
electron transport with the use of suitable acceptors an.d donors, Like the measurements in
method 9.8, these things are possible only with the isolated chloroplasts or membranes and

are related with the rate of. phm_osym.hesis.

10.10 CHOICE OF METHODS: _
The choice of methads is largely governed by the following:

10.10.1 Aim of the study: :
In choosing a method, the following intef
coupt,

— relaled aspects may be 1aken into

Scanned by CamScanner
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stoichiometry of photosynthesis is that the net amount of O; evolved is equivalent to the net
amount of CO; fixed. The photosynthesis quotient i.e. + 0, /-CO,, is generally equal to 1.
0. Hence, preference for the determination of O, or CO, is largely govemned by the
technical considerations and by the type of plant to be studied. '

O, determination is most common with submerged plants. The solubility of Oz in
water is very low, and O; determination is not complicated by different equilibrium states
accompanying dissolution as in the case with CO, dissolved in water or solution. In land
plants, O, production is determined less often, largely because of high concentration of 0;
in air (20.99% by volume). As a consequence, very sensitive methods are required to
determine the small changes in O, concentration, relative to that in air, which results from
photosynthesis. More recently, zirconium oxide oxygen analysers with adequate resolution

are useful with intact leaves and plants have become available.

10.4 INFLUX OF CARBONDIOXIDE:

CO; influx is a measure of photosynthetic rate on a molecular basis equal to or
similar to the efflux of O;. This method is most frequently used with higher plants. The
most frequently used instrument for the determination of CO, exchange by intact plants is
the Infra Red Gas Analyser (IRGA) and measurements with this are adequately exact.

'.-ll

10.5 DRY MATER ACCUMULATION:
Dry matter accumulation and increase in the assimilatory surface area of a plant

community are the basis of method used to determine the production of the entire stand in
the natural environment. Using the procedures of growth analysis, these methods yield the
estimates of net assimilation rate (NAR) from the relations between the accumulation of
photosynthate and growth of the plant. NAR provides an integrated response of a large
number of processes which differ in their indlividua] response to the varying environment.
Simultaneous measurements on a large amount of tissue or number of treatments are
possible. These methods do not need expensive' apparatus but are laborious and time
consuming. They are very useful for measurements in large plant stands, where it is
possible to sample and destroy some of the plants and repeat the samplings throughout the

growing season. This uses simplest procedures and gives integrated estimates of net

photosynthesis of the whole plant over periods of days or weeks.

10.6 ACCUMULATION OF PRODUCTS:
The amount of photosynthates produced is a measure of the photosynthesis similar

in some respects to the amounts of COz absorbed. However, the quantity of products

Scanned by CamScanner
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Observations:
[sr.No. | Observation Sunflower leaf discs | Sorghum Plants
1 Initial dry weight 0'5'”"{]" Dfﬁl"“‘l/
1 ¢
2 | Final dry weight 0 9l Mma o 92 Ma( f

3 Interval of sampling

1o Pf

4 Number of plants / leaf discs harvested

Draw diagram of Ganongs leafl punch.

Ef"_'hl ot P hate s

&y CMTJ D?

Question: What are the errors observed in calculating the rate of photosynthesis by dry

weight difference method?
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Procedure: .

‘Select young leaf of sunflower plant. Remove the definite number of leaf discs (5-
10) from half part of the leaf with the Ganong's leaf punch. Dry them at 40° C in the oven
for about 24 hours. Then record their weight accurately in milligrams. The plant with the
other leaf halves intact is then exposed to light. After a period of 10 days illumination
remove same number of leaf discs from the attached i.e. intact half of the leaf and dry them
in same way and record the dry weight. From these ubscn'aqini]s' calculate the rate of
photosynthesis using following formula.

. - Final dry weight' — initial dry weight
Rate of photosynthesis (mg/day) = — dry weig : dry weigh

Interval of sampling

Limitatlons:

This method takes in 1o account increase in thickness of leaf due to photosynthesis
and not increase in size of leaf, Secondly it does not give rate of photosynthesis for entire
plant.

2. Flield method:
Requirement: Sorghum crop, oven, sample (brown paper) bags, balance etc.

Procedure:
Raise a sorghum crop. When it is about 30 days old harvest 5 plants at random.

Separate them into leaves and stem and put in sample (brown paper) bags. Dry them in .

oven, -initiall}r' at 90° C for 4 hours and th:r: at 65° C till constant weight is obtained. Then

weigh the sample and record its weight. Repeat the same procedure after 10 days interval
and calculate the rate of photosynthesis by above formula and divide it by number of plants

harvested so that rate of photosynthesis (g/day/plant) will be obtained.

Final dry weight -- initial dry weight

' day) = -
Rate of photosynthesis (mg/day) Interval of sampling x No. of plants harvested

Practical utility: The crop having more rate of photosynthesis indicates that it's growth

will be more,
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11.2 Measurement of CO; produced during root respiration;

11.2.1 Materials: Plani seedlings, conical flasks, burette, | N Ba (OH);, 0.1 N HQY and
Phenolphthalein indicator. |

11.2.2 Procedure:

l. Take known amount of Ba (OH); solutiop in the conical flask
2. Place the roots of growing seedling in Ba (OH)) solution for one hour

_ 3. Remove the seedlings from Ba (OH); solution and record the root weight
4. Titrate the Ba (OH), Solution a

indicator and note down the readin

3. Titrate Ba (OH); solution (blank) against 0.1 N HC1 by using phenulphthcl:nle

gainst 0.1 N HC) by using phenolphthelene
& (designate it as ‘X" cc)

indicator (designate it as'Y" ¢c)
6. Calculate the amount of

CO; produced per g. of root weight per hour by the
following formula, - '

Zx0.1x224
mg CO, produced / g / hour = —-
WXaA
Where,
Z=Y-X .
W = Weight of the root

A = lime taken (min)

11.2.3 Observations:




"Note: Above diagram is just indicative, students will have to draw a diagram cumprisiné

conical flask with side spout connected by a rubber tube instead of glass bottle and glass
bent tube.

11.1.3 Observations: After some time the air bubbles come out and the lime water

becomes milky.

1L.1.4 Results: Lime water tumns milky due to the carbon dioxide evolved during the
process of germination of seeds. When water is poured by opening the stopcock of water
reservoir, it drives out the air through the rubber tube connected to spout and as the air
Passes through the lime water, the latter turns milky due to the fact that the air contains
carbon dioxide.

IL15 Conclusions:

e e

e —— e

T
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EXERCISE NO. 11 Date:

MEASUREMENT OF RESPIRATION

Respiration is an oxidation and reduction process in which respirable substrates
such as carbohydrates, proleins, fats, etc; are oxidised to CO; and O; absorbed is reduced

10 water with the release of energy.

Cs Hiz O + 60; — 6CO, + 6H,0 + 674K.Cal (Energy)

111 Demonstration of CO,; release during respiration:
11.1.1 Materials : Conical flask With side spout, Rubber cork, Rubber tube,
funnel, stop cock , Pinch cock, Water, Flower buds or germinaling seeds, Beaker,

Lime water and Plaster of Parig,

dropping

11.1.Z2  Procedure:
1) Take a conical flask with a side spout

and another end of the tube js dipped in a beaker
pinch cock to the rubber tube,
2) Place some flower buds or gemiinnﬁng seeds

mouth of flask with rubber cork _
3) Introduce the dropping funnel (water reservoir fitted with a stop cock) into the

and connect a rubber tube 1o the spout
containing water and attach

in conical flask and close the

flask through the opening of rubber cork.
4) Make the apparatus airtight with plaster of paris

5) Fill up the dropping funnel completely with water
6) After 24 hours, water containing beaker is replaced by lime water beaker then

release the stop cock and allow the water to run down from dropping funnel
into the flask (respiratory chamber). Simultaneously, release the pinch cock

attached to the rubber tube.
7) Record the observations.
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Graduated
Tube
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1133 Observations:

11.3.4 Conclusions:

a aboul nature of seeds.

Q. values gives ide
record observations.

Practical utility: The R
riments and

Draw diagram of all the expe

Question: What is the role of NaOH and pyrogallol solutions?
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UREMENT O
3 MEAS : F RATE OF RESPIRATION AND DETERMIN
. HE HELP OF GANONG'S RESPIROMETER IN FFERENT
: : 0 WwITH DIFFERENT
 principles
The respiral ient | i
e respiratory quotient is the ratio of volume of CO; released 1o the volume of O |
eolln

.bwbed simultaneously in the respirator
- y process i : )
L gven period of ti P by a given weight of the lissue in a

me al stan
dard temp. and pressure. The value of the R.Q. depends upon

ihe nature Of respiratory substance utilised in respiration. The R.Q. value of carbohydrates
. The R.Q. y

may be one or unity, that of fats and ;
- protein may be less than ; ;
gcid it is more than one .  Jess than one, while that of Orgamic

11.3.1 Requirement: Ganong's respirometer, germinating jowar seeds, stands, beaker,
mercury, NaOH, Pyrogallol solution, measuring cylinder, $CiS5O01S.

11.3.2 Procedure:
Germinate few jowar sceds for about 2 to 3 days. Then measure 20 cc of seeds by ]1
water displacement method. Take a dry and clean respirometer. Fix it 1o retort stand. Put |l -

20 cc of germinaling seeds carefully init. Connect the free end of granduated tube to glass

tube by means of rubber tube.Pour the mercury in glass be. Raise or lower glass tube so l

that mercury level in graduated {ube reaches o 100 cc mark. Adjust the mercury level ‘

accurately at 100 c¢ mark. Stopper the side bulb. \
After 24 hours, prepare solutions of NaOH and pyrogailol. First place the beaker of l

NaOH solution below cxpcrimental setup and dip the mid portion of rubber tube in it. Cut

the rubber tube carefully in the NaOH solution with the help of scissor. Note the mercury

comes down and its space is occupied by NaOH solution in the g;rnduamd tube. This level

gives the volume of CO2 absorbed by the NaOH (V1) L

d of rubber tube of respiromeler with the fingers and remove it X

Close the cul en
in pyrngalln‘u solution. Note that pymgallu\ solution

from NaOH solution and dip it quickly
rise in the graduated tube and NaOH solution comes down. When steady level reaches,
allol solution above the final level of NaoH solution. This gives

record the volume of pyrog
the amount of oxygen apsorbed by pyrngaliol solution. From \hat calculate the volume of

Dx)r—gen absorbed by secds during respiration.

— L

Then calculate the respiratory ratio:

—

CcO; Vi \'
I
O Vi




yellowing of leaves or chlorosis (Interveinal chlorosis)

Smnl‘d gmeh

Mottling of leaf (irregular spotted surface)
Abnormal curling of leaves

EJ pre-mature drying and withering of plant parts

Fﬂ"ﬂmml 1: Rapid tissue test for nutrients

The crop growth and productivity is conditioned by many factors of which, the
gutrient status (Content) of plant parts such as leaf, stem, etc play a critical role. Moreover
the leaf and stem are considered as the indicator parts of plants for assessing the nutrients
content of plant. Each crop plant requires the essential clement at a specific concentration
3t different growth stages and it is known as ‘critical level’. When the nutrients content of
plant depletes below the critical level the plants may exhibit some symptoms. The
requirement or otherwise the availability of nutrients can be assessed by i) plant diagnosis
ii) soil analysis and iii) plant analysis by two methods a) by qualitative test and b) by
quantitative estimation. Based on the plant or soil tests, the required nutrients can be
applied for crops (o sustain the growth and rectify the deficiency diﬁnrd:rsi The rapid tissue
test would pave way for rectifying the nutritional problems for quick recovery; however
the quantitative cstimation of both plant and soil for nutricnts concentration will be more

useful and economic for applying fertilizers either as basal or foliar and would be the long
term strategy to cope up with nutritional problems.

On dry weight basis, the normal healthy cultivated crop plant will have the foliar
concentration of essential elements. Nevertheless it will vary depends up on the variety,

type of soil, growth stage and other environmental and cultural operations.

Nitrogen : 101030 % . Tron : 20to 100 ppm
Phosphorus : 005110% Zinc : 15050 ppm
Potassium . 081012 % Manganese : 20to10 ppm
Calcium : 031006 % Copper + 101020 ppm
Magnesium + 021004 % Boron : 515  ppm
Sulphur . 021003 %  Molybdenum : 0.5to 50 ppm

For rapid tissue test 1o assess the nutrient stalus, different parts of plant should be taken as

indicator tissue and some of the represenlalive crops are furnished below:

|

e — I ———_
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;ﬁkasﬁ: NO.12 & 13

_ Date:
NUTRIO-PHYSIOLOGY

The mineral elements are very much essential for 1he

& ﬂ}lﬂPm“f“ of a majority of the plants. Al the essential clements
~ and oxygen are taken by the green plants from the soil and wa
taken from the soil and atmosphere. Out of 105 elements exi

successful growth and
except carbon, hydrogen
ter. Whereas, C, H, O are

If « are essential . sted in earth crust only 16
r elemen 5‘ required by the plants for growth and development without which
| plant can not complete its life cycle.

I: ' '

Arnon’s criteria for essentiality of nutrients:

1. Plant will be unable to grow normally

and complete its life cycle in the absence of
clements '

2. The clements are specific and cannot be replaced by other elements
3. The elements play direct role in pant metabolism

Classification of mineral elements:

1. Major elements :C,H,0

2. Macro elements  : N, P, K, Ca, Mg, S and Fe
3. Micro/trace elements: Mn, Cu, Zn, B, Mo, Cl.

General roles/functions of essential elements:

1. Elements provide basic structure to the planis and they are constituents of organic
material (C, H, O, §) '

2. Trigger and control mechanisms: by controlling osmotic potential, membrane
permeability, electro-potential and conduciance (K. Mg, Ca, Cl, Na)

3. Structural influences : by binding to organic molecules particularly enzymes and thus
altering their conformation (K, Ca, Mg, Mn) involved in accepting the electrons and
thus many catalyse or polarize reaclive groups (Mg, Ca, Mn, Fe, Cu, Zn).

4. Redox reactions : These ions are essential ﬁumpnnﬂnl.s of prosthetic groups, which
bring about electron transfer (Cu, Fe, Co, Mn). '

Identification of defliciency symptoms:

Deficiency symptoms are identified on the basis of;
i) Region of occurrence (older leaves or younger leaves)

i) Presence of necrotic or dead spols

|
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stannous chloride is addeg Colo
. ur

development is observed,

E::;:l:;m :' Sufficient Phosphorus
- f:;ghﬂy deficient Phosphorus
: Highly deficient Phosphorus
3. Potassium

Reagent: (1) Sodi i
Tﬂk:s g;u::hc;bﬂ_l mitrate reagent, (2) Ethyl alcohol (95%).
St T oS ot t mu.'al,c and mix with 30 gm of sodium nitrate in 80ml of distilled
. of glacial acetic acid is added. The volume is made up to 100 ml

distilled water. Di
r. Dilute reagent prepared (5 ml) with 15 mg sodium nitrate to 100 ml using

distilled water,

e itﬂﬂu}' cut leaf bits a.rn taken in a test tube and 10 m! diluted reagent is added and
igorously for few minutes and kept for 5 minutes, Then add 5 ml of ethyl alcohol
reagent, allowed 1o stand for 3 minutes. The solution is observed for the formation of
turbidity.
| No turbidity : Deficiency of Potassium
Slightly turbidity : Moderate deficiency
High turbidity  : Sufficient Potassium

4. Calcium
Morgan’s Reagent: 30 ml

dissolved in a little of distilled water
Procedure: 0.5 g of finely cut plant material is taken into a glass vial (both of healthy

cient plant in different vials) and 5 ml of Morgan's reagent is added. After
tes, 2 ml of glycerin and 5 ml of 10% ammonium oxalate is
2 minutes. The turbidity resembling after 15 minutes

of glacial acetic acid and 100 grams of sodium acctale are

plant and defi
allowing it to stand for 15 minu

added and the solution is shaken for
indicate the amounts of calcium in normal plant tissue.

5. Magnesium

Reagenls:
(1) 5% pure sucrose solution _
(2) 2% Hydmxyinnﬁnn hydmch'lnndg

(3) Titan yellow
(4) Sodium hydroxide
150 mg of Titan yellow is dissolved in 75 ml of 95% cthyl Jlcohol and 25 ml

solution is stored in darkness.

distilled water- This
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SemMidib Leafblage Leff el Laf  Leaf
blade lamina lamina blade

! wﬂjj

" Petiole Leaf blade
| blade lamina lamina blade
oil seeds Petiole Leaf blade tﬂc :‘mf {_eaf Leaf
| . amina amina blade
Petiole Petiole Petiole  Petiole Petiole Petiole

Cotton
Leaf Leaf Leaf Leaf Leaf

panana Leaf lamina lami .
amina lamina  lamina lamina lamina
Petiole  Petiole Petiole Petiole
Petiole Petiol Peliole, Petiole, Petiole, Petiole
! ¥ [ D.E H '
blade blade blade blade

papaya  Petiole ~ Petiole

Fruit trees i
Either leaf blade/mid rib/leaf lamina can be taken.

Ornamentals, Tea, cofTee, etc.,
The leaf blade should be taken.

Micronutrients:

The lcaf lamina/ leafl blade/ mid rib portion of |eaf can be taken.

Procedure for tissue test
1. Nitrogen

Reagent: 1-% di
Small bits of leaf or petiole are

is added. The development of blue colour 1
louration indicates the amount of nitro

phenylamine in :nnc.-sulphuric acid. )
taken in a petridish and a drop of 1% diphenylamine

ndicated the presence of nilrate — nitrogen. The

gen present in that leaf.

degree of co
Darkblue  : Sufficieat Nitrogen

- Slightly deficient Nitrogen

Light blue
Nocolour Highly deficient Nitrogen
2. Phosphorous
Reagents: (1) Ammonium molybdate solution, (2) Stannous chloride powder.
ed in 100 ml of distilled water. To this,

Eight gm ammoniom molybdate is dissolv
add 126 ml of conc. Hydrochleric acid (HC1) and volu

distilled water. This stock solution 15 kept in an amber col

use it is taken and diluted in the ratio of 1:4 using distilled water.

me is made up 10 300 ml with
oured bottle and at the time of
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¢ eated and
Observation: After 1-2 months of treatment imposture the visual symploms of ir

ed,

control plants were compar
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Table-12.2: Nutrient composition for test solutions:

-N Use KCl and CaCl i
NHsH,PO, in place of KNO; and CaNO3, and NaH,POu in place of

-P Use CaNOj in place of NH4H,PO,

K Use Na;NOj; in place of KNO;

-Ca Use Na;NOj in place of CaNO;

-Mg | Use Na;SOq. 7H,0 in place of MgS0Os. TH20

-5 'll:ilse MgCO;, Cu CO;3, Zn COs and Fe CO; in place of MgSOa. 7H,0, CuS04.5
50, Zn S04.7 H30 and FeSOy4 .TH,0 respectively

-B Do not use H3;BO;

Procedure:
1. Coarse sand were first collected, wash repeatedly with

and rain or distilled water to remove all organic matter an

sand.
2. The sands were then sundrie

A,Band C.
3. Seeds of indicat
4. Two seeds were SOWR in each pot after su

sets of nutrient solutions were preparc
and another with defi

d and filled up in 3 equal size pots which we

or/ typical plant were collected and soak in water for few hours.

rface sterilization.

5. Two
solution for control plant

solution for treated plants.
moisten  with control solution (diluted 10

6. The sand of pot A W& continuously kept
istilled water) and considered as control pot.

times with d
and C were also continuously kept moist

se the sand of pot B
as (reated pots.

{ of the plants

7. Likewi
test solution and marked

8. The growth and developmen

was taken for them
e seeds one seedling was removed keeping the healthy one

9. After few days of sowing th

in each pol.

tap water, dilute mineral acid
d nutrient if any present in the

re marked as

d. one with all nutrients as complete

cient of one particular element as test

en with diluted

were critically observed and utmost care

s

A



Procedure

To a tea spoonf; -
ul of fi .
One ml of § % sucrose mluﬂ':ﬂ}' cut material, following reagents are added in sequence.
Titan Yellow. Finally solut; n. 1 ml of 2 % Hydroxylamin hydrochloride and 1 ml of
ion was made alkaline with 2 m! of 10% NacH. Red colour !

indicates the presence of
magnesi
Magnesium. gnesium and yellow colour indicates absence oOF wraces of

6. Iron AW

Fi .
iy ot i 05 e e i i 1
added. 10 ml of this soluti “5.- “-}ml of distilled water and 2-3 drops of con HNO, are
of 20% ammonium thioc > wf pipetted out into a specimen tube after 2 minutes and 5ml
shaked well and alluw:dynam is added and stirred. Fusther, 2, mi of amy! alcohol is added,
o stand for few minutes. The intensity of red colour in amyl
alcohol layer indicates the quantity of iron.

Experiment 2: Studies on of deficiency and toxicity symptoms of macro elements In : ll\
the plant ‘ |

Theory: Quantitative estimation of any mineral clement in the soil and plant parts helps (0
diagnose nutrient deficiency or toxicity. Likewise visual observations of specific symptoms
also give indication about deficiency ot {oxicity of a particular nutrient. Leaves are the best

indicators and therefore, foliar diagnosis has been extensively used in this purpose. 5

Indicator plants which produce typical symptom quickly under deficient or excess

condition greatly help in nutrient management sysieim.

Table-12.1: Nutrient composition for complete solution.

om0

(Amon and Hogland, 1940 nuirient solution):
Salt Conceniration |
KNO; 102 gL H
CaNO: 0492 g/L
NH.H;PO: 023gL k
MgS0s. 7H20 0.49 g/L :
V 2.86 mg/L | J
1
MnCl,. 4 H.0 1.81 mg/L l.- '
i
CuS0; .5 H20 0.08 mg/L }
i
1‘.
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Table 13.2: Preparation of Hoagland solution from stock solution (mlAitre) for the development of deficiency symptoms

Compound

Complete
sol.

N

P

K

Ca

Mg

Fe

KNO,

6 ml

6 ml

Ca(NO,);. 4H,0

4

NHH,PO,

2

L] - -

S
6
4
2

MgSOg. 7H10

1

]

- ] o

~lnl ol =

NaNO,

| — ] &

MgC]z

1

NaySO,

CaCl;

KCl

NaH,PO,

NH,CI1

Micronutrient

KClI

H;BO;

MnS0,. TH,O

ZnS0q. TH;0

CuS0,. 5H;0

H:Mo0,

el Bl el e I ™
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Table 13.1. Preparation of stock solutjon:

——
fi“_""““’ Formua | Amoun e solatan
A. Ammonium acid - (Molar)
B. Ammonium nitrate sty 2 %
C. Calcium nitrate i Y o
L _ Ca (NO); 189 .15
E. Cnlc:unT chloride CaCl % 026
E. Magnesium chloride MgCl,.6H;0 m 0.20
F. Magnesium nitrate Mg(NO;);.6H;0 51 0.20
G. Magnesium sulphate MgS0,.7H;0 99 0.40
H. Potassium acid phosphate KH,PO, 27 0.20
L. Potassium nitrate KNO; 121 1.20
]. Potassium sulphate K,S04 87 0.50
K. Ferric chloride FeCl;.6H,0 10 0.04
L. Micronutrient stock solution elements mixed in one litre of distilled water Molarity (X107
Boric acid HiBO,y 0.72 1.2
Copper chloride CuClz.H;0 0.02 0.012
Manganese chloride MnCl;.4H;0 0.45 0.230
Zinc chloride ZnCly 0.06 0.044
Molybdic acid H;Mo04.H;0 0.01 0.006

M. Fe EDTA (Iron compl

EDTA in 500 ml of distilled water and heat.

stir vigorously.

ex of ethylene diamine tetra acetic acid) : Dissolve 1340 mg.
While still hot add 990 mg FeS0,7H;0 and




76

Experiment 3: Studjes gn y BN '
crop plants . On of deficiency symploms of macro and micro elements in the '_

plants :: Zr;::; ‘:T:zs:r:: :::‘rclmw symptoms of mineral clements in crop l:"’-“"-"- 'f":
olicisnts sic added Lo icial nutrient media to which a solution of all the essential
Pt for the element being lested. At optimum levels, the auulahlc
elements tend to enhance the biochemical reactions for which they are essential nml mhibu
reactions that require the deficient element leading to particular symptoms in plants.

Materlals:  Seeds of bean or tomato or sunflower, aqueous stock solution (Hoagland
solution) in glass bottles (Table 13.1), volumetric flasks, Pipettcs, measuring )
jars, earthen pots, sand, HCI, distilled water. '

. Procedure: ;

1. Prepare the required amount of stock solution (given in Table 13.1) in one liter of

, volumetric flask. Use only one chemical per container. : i

2. Select the pots, which are for knowing the deficiency symptoms of elements and one ‘
for adding whole stock solution. . - .-

3. Fill up the pots up to % of its height with pure sterilize sand and fix a glass tube in it at - il
one side to facilitate addition of water and nutrient solution.

4. Select six well developed seeds and sow them ¥ inch decp into the pot containing sand. B

5. Moisten the sand with distilled water and cover the surface with filter paper. Keep the - . |
filter paper moist to create humidity inside the pot for rapid germination,

6. Remove the filter paper after the seeds have sprouted well. Continue adding small

amount of distilled water till the seedlings get well established (about 7 to 10 days old).
7. Thin out the seedlings so that, only three seedlings should be retained in the pot.
8. Pipette exact quantity of nutrient solution from each stock solution (as given in Table
13.2) and add to the pot through glass tube. Then add required amount of distilled

water, One pot is kept for adding whole stock solution.
9. Drain off the solution at least once in a week from the pot through drain by adding

distilled water to the pot.
10. Plug the drainage hole and add nutrient soluticn as before.

11. Make weekly observations and take note on the appearance of the plants and record the

observations after three and five weeks of growth.




A
g

"2

' obserY

— Tresments |
mpm) | \

80

gtion t0 be recorded:

No. of days taken for ripening

Ethrel (10 ppm)

Control \

practical utility: By applying ethylene we can enhance th
apple, Oranges, banana and limes, while by inhibiting the pr

delay ripening when required.

qeston: Why ebylee tesed s e st AN

e ra{é' 0ﬁ,ﬁiﬁ'ening in fruits like

oducnun of ethylene we can
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'éEiERCISE NO. 14 Date:
| sTUDIESON EFFECT OF ETHYLENE ON FRUIT RIPENING

E principle: Ethylene the hormone promotes the ripening of some fruits:
In everyday usage, the term fruit ripening refers to the changes in fruit that make it
i.:' ready to eat. Such changes typically include softening due to the enzymatic breakdown of
e cell walls, starch hydrolysis, sugar accumulation, and the disappearance of organic
acids and phenolic compounds, including tannins. I
Because of their importance in agriculture, the vast majority of studies on ﬁuit
ripening have focused on edible fruits. Ethylene has long been recognized as the hormone
that accelerates the ripening of edible fruits. Exposure of such fruits to ethylene hastens the .
processes associated with ﬁpening, and a dramatic increase in ethylene production
accompanies the initiation of ripening. However, Surveys of ;':1 wide range of fruits have
shown that not all of them respond to ethylene.
All fruits that ripen in response to cthylene exhibit a characteristic respiratory rise
called a climacteric before the ripening phase. Such fruits also show a rise of ethylene
| production immediately before the respiratory Tise. Apples, bananas, avocados, and

tomatoes are examples of climacteric fruits. In contrast, fruits such as citrus_ fruits and

grapes do not exhibit the respiration and ethylene production rise and are called
nonclimacteric fruits. In climacteric fruits, treatment with ethylene induces the fruit to
produce additional ethylene, a response that can be described as autocatalytic. Low

temperature and low 0, inhibit ethylene production and fruit ripening.

Requirements: Ethrel (5 ppm and 10 ppm), bunches of unripened matured banana fruits,

polyethylene sheets or bags, atomizer etc.

Procedure:
1. Take three uniform bunches of unripened matured banana fruits

. Spray one bunch with 5 ppm Ethrel and second bunch with 100 ppm Ethrel

2

3. Keep a third bunch without spray of Ethrel (control)
4. Cover all the bunches with polythene sheets o bags
5

. Keep them for 6 to 7 days and observe the period required for ripening as well as

development of uniform yellow colour etc.

o e
Scanned by CamScanner
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(B) DEMONSTRATION OF EFFECT OF OSMOTIC PRESSURE (POTENTIAL)
ON SEED GERMINATION
Princlple: The embryo lies dormant in the seed but when the later is supplied with water
the embryo becomes active , tends to grow and later on develops into a seedling. The
process by which the dormant er'nhryn awakes up ,grow out of seed coat and establishes
itself as a seedling is known as germination. A very negative water potential (¥w) exists in

_ - the dry seed. Therefore when such seeds are placed in pure waier @, stff ‘¥w gradient is

“established and water is imbibed resulting germination of seeds:

For puce water the ¥w is the highest and is assumed as Zcfo. since in biological
system pure water is not found so the ¥'w of all bialogical system is always —Ve. The ¥w
of a solution depends o its salt concentration. If a solution is highly concentrated due to
the i:re.sence of salt, its Yw is decreased which inhibits imbibition and thereby germination.
The lack of water absorption by a plant growing in salinc walter is an example of

phﬁiologial dryness.

Requirements: Sodium hloride, gram seed, distilled water, petri ishes, blotting paper,
. weight box, balance, oven etc. R . .

L
2.

3.

' Procedure: .

Prepare100cc each of 0.5M, 1M, 2M, and 4M solutions of NaC1 using distilled walet
(approximately O.P. of the solutions is 19, 38, 72 and 140 atm. respectively).
Gram sceds were surface sterilized by dipping the seeds in 0.1% HgCl; solution for

one, minute followed by repeated washing with tap waler & finally with distilled water. °

"Fifty (50) number of healthy, uniform sized sceds were placed in five glass Petr dishes

lined with blotting papers of. which four were moistened uniformly with the above .

mentioned sall solutions and one in the distilled water- for the cntire period of
investigation.

| 4. The Petri di;hc.::. were covered and kept in roam temperature. Wet the petri dishes with

respective solution when required.

5. Record the germination at 48 hours interval and express in percentage

-

Observation: _
Sr. | Concentration | O.P.of | No. of | No.olseeds| Shoot Root
No. of NaCl solution | seeds | germinated | length length

solution sown : - (cm) (cm)

+ 1 Distilled water -0 50
2 05M 19 . 50
3 1.0M 38 50
4 20M - 72 50

| S 40M 140 50




4. Putonly distilled water in one petri dish as a control.
5. Place the petri dishes under laboratory conditions. Wet the petri dishes with respective
solution when required.

6. Record the germination at 48 hours interval and express in percentage

7. After 7 days after the treatment measure the length of radical and plumule.

Observations to be recorded:

Plant species: Any one C; and C, crop each as per availability of seeds

Plumule

Water
potential

Germination
(%)

% over
control

Radical
length
(cm)

& over
control

length

(cm)

% over
control

(bars)
0
(Control)
-3

-6
-9
-12

-15

Calculations:
Calculate the germination percentage, index and seedling vigour as under:

No. of seeds germinated
X 100

(i) Germination % =

No. of seeds sown

Mean germination %

(i) Germination Index = -
No. of days taken

(iii) Seedling Vigour = Mean germination x Seedling Length (Root length + Shoot length)

Question: Why the germination decreases in PEG and mannitol solutions?

Conclusion:




[
&

' ‘rr.cts germination percentage. I ;
affects ) ge. If the amount of moisture in the sojl
- glisare somewhat constant ihe sonl
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~  CISENO. 15

.; { ”-DEMONSTRAT]()N OF

_ ; FFECT OF .
- ggEp GERMINATION, GERMiN 7, ¥ CISTURE STRESS ON

: is less and dissolved
Ihel-l lt d - A ) 15 b :

ial of soil solution is | tCreases water potential (‘¥w). Therefore, if the water *
puw-"l : - 15 lower mar} that of seed, it cannot absorb water an d.’ e

geinale

Materals: Seed of both C; and Cy plants, mannitol, PEG-6000, petri dishes, filter paper,

© peakers, distilled 'wal:.r. balance etc,

Procedure: .

|. Prepare the fnlluwing concentration (bars) of mannitol or PEG-6000 as per the details |
given in table. ' ! '
e el
O(control) - | Lo . -
3 | 2.148 - 178
. R 429 | 1555
T P ; T el - 23.33
| e 1_ 3592 - nill
B Y ' 070 . | 38.88 -
with HgCls.

each crop and treat the seeds

mannito] and PEG-6000. Put 50 or 100 scedson  °
.l]'u: filter paper with the respective

'L Take healthy seeds in two sels in
3. Take 6 petri dishes in wo sets each for.
s and moist

the filler paper on petri dishe
' PEG-6000.

concentrations of either mannitol of
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gxperiment 2. Measurement of vegelative growth by Pfeffers automatic auxanometer
M.l:rilli: Young potted plant, Pleffers automatic auxanometer, thread, weight etc.

procedure:

2.

A thread attached to the stem Lip of a young potied plant is passed over the small wheel
of a compound pulley which is fixed on the large wheel and accurately centered aboul
the same axis.

A thin needle is attached to another thread which is passed over the large wheel and is - -
made to draw upon the smoked sucface of a paper fastened around a cylindrical drum.
The string is kept siretched by a counter balancing weight.

The drum is rotated slowly upon its axis by a clock-work, sa that the indicator (needle)
traces a line along its surface.

If there is no growth this line is horizontal. When growth occurs the indicator moves
downwards and traces a spiral on the smoked paper.

The rate at which the drum revolves being known the rate of elongation can be easily
calculated. The actual elongation is magnified in the record in the ratio between the
radii of the large and small wheels. The perpendicular distance belween two adjoining
marks indicates the hourly growth.

Draw a diagram of both the experiments and record observations.

1\

5?:»
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Length of pointer x 2
Magnification (X) =

Diameter of pulley

6. Calculate the growth of young growing potted plant by following formula:

Distance travelled by the indicator
Growth =

X

Precautions:

i. Attach thread to the growing point of the plant very carefully.
ii. The potted plant should be healthy

\
\
_\\_—— Arc scale
|
Weighl
Stand

Arc Auxanometer

|
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EXERCISE NO. 16 Date:

MEASUREMENT OF PLANT GROWTH

Principle: Growih may be defined as a vital process which brings about a permanent and

irreversible change in uny plant or its part in respec

[ o its size, form, weight m‘- volume.

(or any dimension of an organism). Gn}wlh can be measured by a variety nf gm:ters as

follows:

i
I'"'.*-.
. 9
. X,
i " a
"l

A. Fresh Weight  B.Dry Weight . C.Length D Arééi":._

Commonly employed methods for measuring the growth in plnnb,&

l. Direct method: Increase in length with scale.

2. Horizonlal microscope 5.
ll Auxanomelers ! | N r*
i) Arc auxanometer or auxograph or arc indie’ﬂgrf"*af:::'-\.
i) Pfeffers automatic auxanomeler {: q— ef:
4. Bose's Crescograph \ ™
5. Space-marker disc ' Y/ '#""“.k._;:!:"'f
Experiment 1. Measurement of vegem’ﬂ_yt kruwtll by Arc auxanomeler . .

Materials: Young potied planl, Arc nuxaiumu:r. thread, wclghl etc.

-

Procedure: ‘”‘--x X :
1) In the arc auxanomeler, a lhr:mf mm (tied) to the stem tip of a pntlud plant is pa.sud N

2)

3)
4)

3)

over a pulley to which is nl[ac?qd a long needle (pointer) which moves freely over a
graduated arc. N

The thread is kepl ught hfi‘ﬁl:ﬂ.ns of a weight tied to its free end. Note the initial
reading an the g{‘adumrql mlc on the arc where pointer or indicator or needle rests.

The whole ex pcnmcm is kept for one or two days and cbserved.

As the stem elqngﬂuﬂ due 1o growth, the weight moves the thread down. This moves
the pulley nndqa]mfg with it the needle. The movement of the needle is read on the scale

on the n.rc{
The gm\gth*h indicated in a magnified way, The mugnification depends upon the

d:an;:tr:t of the pulley and the length of the pointer (needle), For example if the

dmlnctér of lhn: pulley is 4 inches and the length of the pointer is 20 inches, the
mngmﬁcnunn indicated on the arc will be (en times, Hence, for measuring the growth

by arc auxanometer first measure the length of the pointer and diameter of Lhe pulley

and then calculate magnification (x) by following formula.
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1 Lecture Topic ' Weightage
! (%)
l 9 Dark reaction- Cs, Cq and CAM plants factors aflecting 5
photosynthesis, Photores piration
I 10 | Respiration- Definition, types, glycolsis TCA cycle and 10
electron transport chain’_
: —1__| Fat metabolism- faity ucid synthesis and break down 5
10

—12 | Plant Growth Regulators, Definition, types , physiclogical
role and Agricultural uses of PGRS.
5

13 Growth : Definition, types of growth, measurement of
growth, growth analysis ' g
Ta-15 | Physiological aspects of growth and development of 15
important cercals, pulses and oil seed crops :
5

16 Photoperiodism- Definition, types, SDP, LDP and Day
peutral plants- Induction a flowering and florigene

concept
- : Total 100
b) Practical
Experiment : Topic
- I Study of plant cell
2 Study of imbibitions
) 3 Study of osmosis
4 Study of plasmolysis
5 Study of root pressure
r 6 Measurement of rate of transpiration
7 Study of structure and distribution of stomata
8 Estimation of relative water content of tissue
. 9- Study of separation of photosynthetic pigment thz_uugh paper
' chromatography
10 Measurement of rate of photosynthesis by different methods
11 Study of respiration and respiralory quotient
12 Rapid u‘ssucl lests for macro-elements
) I3 Rapid tissu¢ tests for micro-¢lements
14 Study of use of PGR in fruit ripening
g 15 Elfect o osmotic pressure on seed germination.
16 Measurement of Plant growth.
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Course title: Fundamentals of Cro

Syllabus . . Apriculture; Plant cell: g ;'

. H unﬂ.ﬂl.‘-ﬂ in . gn . \
T, oducton to Crop Physiology a1d 12 Yy npiaon and Stomatal Pysiology,
MEW; D‘ﬂ‘ﬁmmn ;nl;in?;ml?;lﬁ'tinns and deficiency sympmrdns ‘::I SAM pla:ms; Respiration; °
Mineral nutfmcn of th is: Light and Dark reactions, C3, C4 an . Fatty acid synthesis and |
mechanisms; Phumsyln I:Sd ;:lccltﬂﬂ tcansport chain; Fat Mnmbo}ls'mllmraj T -
GI}'I‘:OI}'E]S,.TC!\ 4 +t:.-.r:.thn regulators: Physiological roles and agricu Role ui" Physiolosic i | 1Y
Esr:;kiu:i'_n .griﬂ ird devcﬁapmcnl of major Crops: Growth analysis, . B
growth parameters in crop produgtivity.

P'“ﬁc;:udy of plant cells, structure and distribution of stomata, imbibitions, osmosis, .

irati ion of pho i
plasmolysis, measurement of root pressure, rate of transpiration, Sclgﬂiﬂﬂﬂﬂﬁfesi' m
pigments through paper chromatography, Rate of umm?plmllnm photosyn ¢ , ni. i
tissuc test for mineral nutrients, estimation of relative water content, Measurement o

E — m 2(1+)) Semester-l[‘-l E
Course : | BOT 121 p Physlology | !
5

' ,- photosynthetic CO; assimilation by Infra Red Gas Analyser (IRGA). . 2
::‘ Teaching Schedule g ' & s
? ‘l”. a) Theory
Lecture Topic Weightage ]
(%) |
1 Introduction to Crop Physiology and its importance in 5 1
Agriculture . - 3
2 . | Plant cell- structure, cell organelles and their role 5
3-4 | Absorption of water and path of water. Ascent of sap and 10
theories of ascent of sap _ _
5 Transpiration- Definition, types , structure of stomata, 5 ] ' T : F
physiology of stomata, factors affecting transpiration, . :
Water use efficiency & factors affecting W.U.E. - | - :
6 Mineral nutrition of plants. Classification of mineral 0 | =

element, criteria of essentiality. General and specific role
of mineral element and deficiency symptoms, mechanism
of mineral ¢lement uptake.

7-8 | Photosynthesis : Definition pigment involved, structure N
# - r
chloroplast, light reaction- Photolysis of water, Emminz N

:{T:t_t, Cyclic and non cyclic electron transfer F
Significance of light reaction, '




