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Dear Participants,

e In this test, you have been given the following two tasks: 7% &/ f‘EﬁN?ﬁEﬁBﬁ
Task 1: Study of factors affecting the activity of stomata (33 points)
57 WY PR R E I (33 57)
Task 2: Study of plant anatomy and its correlation with the habitat
(14 points) 57~ ‘Fﬁ,[ﬁ;’?: %ﬁ]‘ﬁﬁﬁﬂfrﬁﬁakﬂ ISR POZRU
e You have to write down your results and answers in the ANSWER SHEET.

Answers written in the Question Paper will not be evaluated.
PR FRAE L AR A TR
e Please make sure that you have received all the materials and equipment listed
for each task. In case any of these items is missing, please raise the yellow card.
LY B L FORPRI 2 e SR A
e At the end of the test, put the Answer Sheet and Question Paper in the envelope.
The supervisor will collect this envelope.

eI ?ﬁ\’ﬁf fﬁ/ ok E ol T %ﬁf[[’%ﬁé EUH e

galll

Good Luck!
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Task 1 (33 points)

Study of factors affecting the activity of stomata

gy fw j%aﬁ]‘%%,%wﬁf“ﬁﬁuwd (337)

You should try and complete this task in 30 minutes.

ﬁ%& 30 55" J%’E‘)iﬁﬂﬁ

Materials and equipment F1R] & &£

1.

Specimens labeled 1 to 8 (in red capped vials)

iR -8 puAs A (AT AV )

2.

3.

4.

8.

9.

Compound binocular microscope & S A
Glass microslides &=
Box of coverslips & 3HH,

Watchglass %Fﬁ

LE -4

vz

Forceps
Brush = jU
Wash bottle containing distilled water £ J?;%ﬁé§7j<ﬁ’<J3§fa#E

Permanent marker pen NalES=1)

10.Tissue paper roll  [E~J< 7 3%

11. Container for washing and discard %{’ﬁﬂﬁuﬁ'%ajﬁﬁﬁﬁ

Quantity ByE!

8
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Introduction

Stomata are specialized microscopic structures found in all vascular plants.

These microscopic pores allow exchange of gases between the environment and the
plant cells. Stomata are also the sites from where water evaporates from the plant.
Various environmental factors such as temperature, humidity and light intensity can
affect the opening or closing of the stomata.

ST RLTTE RS R - (RSB R B
RGPl oT o SRERUAPS TN ~ R R ST YRRV

-

Q. 1.1. (3 points) Some statements about stomata are given below. Indicate

whether the statements are true or false by putting a tick mark (\/) in the

appropriate boxes in Q. 1.1. in the Answer Sheet.

I S B A B 20 R AROB A T E(V)
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Statement True | False
s H E5

a. | Guard cells are the only epidermal cells that contain chloroplasts.

U GEAT | RLE - S0 | RO 3 Al e

b. | The Stomatal Index of any plant species is the ratio of number of
stomata in a given area of the leaf to the total number of stomata
and other epidermal cells in that same area.

(= {fr— %Ejﬁjf}*ugﬁs,%i‘#ﬁgﬁStomatal Index)ﬂ?ﬂ?ﬁ EFR A V5T

Bk AR 56 B A LA

c. | Stomata are characteristic of angiosperms alone.

5? 3‘“&1@;9'@4@? T | gffﬁj e

d. | Larger the stomatal pore, greater is the rate of transpiration per
unit area of the pore.

RIS R AT e

e. | The Stomatal Index is always constant for a given species.

9 [P R AL

f. | A plant with stomata only on the upper surface of its leaves is most

likely to be a submerged hydrophyte.
S P LT b AL ORP U R P 2 A
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Stomata can be observed by taking an epidermal peel of a leaf. Alternatively, An

imprint of the stomata can be obtained, without damaging the leaf tissue, as follows:
o4 TR FRE AR PR PR PO LR 5 B IO el ) AR

Ay o TEEYI

A thin coat of transparent colourless nail polish is applied on the leaf surface. The

coat is allowed to dry and peeled off using a pair of forceps. This imprint is placed on

a microslide with a drop of water, a coverslip is placed on it and it is observed under

the microscope.

ERA R P AP RN Bz SV TRV S SISO R

VBN, o 2 BEI O T  RAE S

Open and closed stomata can be easily distinguished from these imprints.

Representative microscopic images of the imprints are given below.

AL I TR I Rl 5 - HE gty .
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OPEN stomata: (10X)
R

CLOSED stomata: (10X)
il
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In this task, you will study the effect of various factors on the opening and closing of
the stomata. These experiments are conducted by immersing leaves in solutions of

different chemicals under specified conditions.
fife% 57 o PR YA R BRI D P < SRR SRR S R
(Eﬁﬁ” | RSPy i?ﬁfﬁﬂi o

Q. 1.2. (0.5 point) The best choice for such an experiment would be:

B (RO B > R R S A 2

oY)

. amesophyte [[i%

b. ahydrophyte - i

o

a xerophyte ! & A

Q

a halophyte [§ 1117

Put a tick mark (\/) in the appropriate box in Q. 1.2. in the Answer Sheet.

ERECANE TSI
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Q. 1.3. (2 points) In one such experiment, a solution of pH 4.0 containing 100 mM

K" and 0.1 mM Ca™" is required. Choose the correct way to prepare this solution
from the following options and calculate the amount of KCI and volume of 10mM
CaCl; solution you have to add.
it~ HrREEf > pH |;aj40puﬁ~ff< f15%1 100 mM K 0.1 mM Ca™ » fg |2 2IRIF
LAV R ER R 2 DAY KCL R 10mM CaCly i?ﬁffz?
Atomic mass of K is 39.1 and of Cl is 35.5.
Y3 EHRL39.1 5 Clpusi+ £ kL 356.5
a. Dissolve X g of KCl in 40 ml citrate buffer of pH 4.0, add Y ml of 10 mM CaCly,
and make up the volume to 50 ml.
JK X g v KCI i?\fﬁ? pH fifi 4.0 putsPL2 ERk 1> 1" Y ml gy 10 mM CaCl, » F|
RS 1% 50 ml
b. Dissolve X g of KCI in 40 ml distilled water. Add Y ml of 10 mM CaCl, to 5 ml

distilled water. Mix both the solutions and adjust the pH to 4.0 with HCI. Make up
the volume to 50 ml.
SR X g fiv KCl i?fif? 40 ml ZEBJ11 2K Y ml i 10 mM CaClz T 5 ml 2@ <l 1
[xﬁfyﬁ\f&iﬁi E@Pff&f@pH = 4.0 > F| AL 50 ml
c. Dissolve X g of KCl in 40 ml distilled water. To this, add Y ml of 10 mM CaCl,.

Make up the volume to 50ml. Adjust the pH to 4.0 with HCI.

}{fj’ X g pv KCl i?\ﬁf?‘ 40 ml Z&E-F<fl1 > 9p Y ml v 10 mM CaCly - [ EE 50

mi > £ 11 BT pH 1 4.0
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Put a tick mark (\/) in the appropriate box and give the correct answer for X and Y in

Q. 1.3. in the Answer Sheet. 7+ ﬁigﬁfﬁﬁiﬁlﬁ'ﬂ”’fﬁf[ 75> iR }fﬁg‘ﬁfj X, Y [

a. b. C.

X = g KClI

Y= ml 10mM CaCl,

10
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Experiment

In order to study the effect of various factors on stomata, leaves of a plant were

treated in eight different ways. The imprints obtained after each of these treatments

(1 to 8 given below) are provided in red-capped vials labeled 1 to 8, respectively.
G PR R B T IS o A 1) R SO © RS A
(R ) fOBH, Tessy PRI T IR . 1-8 st 2yl -

Please note that these treatments have also been described in the following

table for your convenience.

B B R SRRl B A E S B

Treatment 1: Leaves were immersed in a solution containing 100 mM KCI, 0.1 mM
CaCly, pH 7.0 and kept in light for 2 h.

e I ﬁkﬁﬁﬁ"ﬁﬁ 100 mM KClI, 0.1 mM CaCl,, pH fifi 7.0 WFL& o Bk 21 Eﬂj
Treatment 2: Leaves were immersed in a solution containing 10 mM KCI, 0.1 mM

CaCly, pH 7.0 and kept in dark for 2 h.

BizEl 2 : ﬁ%ﬁ#’*} 10 mM KClI, 0.1 mM CaCly, pH fifi 7.0 WFL&HI . #'Eﬁﬂl 2]

il
i
Treatment 3: Leaves were immersed in a solution containing 0.5 M mannitol, 100

mM KCI, 0.1 mM CaCl,, pH 7.0 and kept in light for 2 h.

Bpl 3 B ?*ﬁ"f[ | 0.5 M [ #fi#,100 mM KCI, 0.1 mM CaCl, pH i 7.0 ;[/i?f‘lrfz

[ Bt 2 1 e
Treatment 4: Leaves were immersed in a solution containing 10 mM KCI, 0.1 mM

CaCly, pH 4.0 and kept in dark for 2 h.

11
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Bkl 4 iﬂ'}zkﬁi@ﬁ?ﬁéj 10 mM KClI, 0.1 mM CaCls, pH f{fi 4.0 ;'/??ﬁfﬁfll ) Elﬁﬁfll 2]
i

Treatment 5: Leaves were immersed in solution containing 10 mM KCI, 0.1 mM
CaCly, pH 7.0 containing an Unknown Chemical and kept in dark for 2 h.

Bicpl 5 W ?Fﬁ"ﬁj 10 mM KCI, 0.1 mM CaCls, pH {fi 7.0 » % épp(“*%}'*d@?j/iﬁiﬁz
[l B 2 T B

Treatment 6: Leaves were immersed in a solution containing 100 mM KCI, 0.1 mM
CaCly, pH 4.0 and kept in light for 2 h.

WE 6 ¢ I £ 100 MM KCI 0.1 mM CaCly, pH i 4.0 ki 1 IR 2 1
Treatment 7: Leaves were immersed in a solution containing 100 mM KCI, 0.1 mM
CaCly, 10 uyM abscisic acid, pH 7.0 and kept in light for 2 h.

RaEl 7 ¢ B EJE?FA»[?J 100 mM KCl, 0.1 mM CaCl,, 10 uM EZ¢ik, pH fi 7.0 ;[/i?\ﬂrfz
[l Bk 2

Treatment 8: Leaves were immersed in a solution containing 100 mM KCI, 0.1 mM
CaCly, 10 uyM abscisic acid, pH 4.0 and kept in light for 2 h.

SEEI 8 ¢ B £ 100 mM KCI, 0.1 mM CaClz, 10 uM B/, pH ffr 4.0 ik

I B 2]

12
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Treatment | KCI CaCl; pH Light | Abscisic | Mannitol | Unknown
Acid Chemical
gzl B | L@ | A
Por
1 100mM | 0.1mM |7.0 2h - - -
Light
2 10mM | 0.1mM | 7.0 2h - - -
Dark
3 100mM | 0.1mM |[7.0 2h - 0.5M -
Light
4 10mM | 0.1mM |[4.0 2h - - -
Dark
5 10mM 0.1mM | 7.0 2h - - Yes
Dark
6 100mM | 0.1mM |[4.0 2h - - -
Light
7 100mM | 0.1mM |7.0 2h 10pM - -
Light
8 100mM | 0.1mM |[4.0 2h 10pM - -
Light

13
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Q. 1.4. (8 points): Observation of the imprints & v es

(i) Pick up the imprint gently from the container using a brush. You may need to
gently swirl the vial in order to locate the imprint.
PR ] S BT - R RS ELAPIFOH L
(i) Place the imprint in a drop of water on a glass microslide.
SRR Eat g - el
(iiif) Place a coverslip and observe under the 10X objective of the microscope. Note
that you will be observing unstained specimens. Hence, make appropriate

adjustments in the microscope.

D, T 10 (RS R EEC I B ﬁﬁﬁ%% > FA

24

beo3
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=
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(iv) Note down the observations in Table 1.4. in the Answer Sheet. You need to

count at least 20 stomata per imprint.

R PVR LAl RERPEVBERAG R DRI DAL 20 fiid

Table 1.4.
Treatment Total Number of Number of
e number of open stomata closed
stomata stomata

quunted F R Re %gﬁfjp@% S
S TR Fl Fl

1

2

3

4

5

6

7

8

15
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Interpretations 5 iR

Q. 1.5. (10 points)

Based on the results obtained from the given set of experiments, answer the

questions Q. 1.5.A to Q. 1.5.D in the Answer Sheet. Fill in the blanks with the

appropriate serial numbers from the options given below. Use all options but only

once each. FUSE A= HrRERVAH N - “'Li [F'[ Q.1.5At0Q.1.5.D » 1 % FL [l
IR ALY B R

A. The factor/s that clearly lead to stomatal closure is/are:

¥ P I R

B. The factor/s that clearly lead to stomatal opening is/are:

it i B P L

C. The factor/s that clearly have no effect on stomatal opening/closing is/are:

’éﬁ{[‘é?@ Ff N2t FIF FE*%%KF[J[‘U—J 1N

D. The factor/s whose effect cannot be clearly established in this experiment is/are:

T I R T R (R ORISR

16
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SHE T

Options: £}l

1.

2,

7.

8.

9.

Light alone A+

Darkness alone %T'\Eﬁm

Acidic pH B

Mannitol T/ &4

Unknown Chemical  #1{™* ST

10mM KCI alone
100mM KCI alone
CaC|2

Abscisic acid alone EZ%

10. Abscisic acid and acidic pH &tk P43

17
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Q. 1.6. (2.5 points) The correct explanation for the observations in Treatments 7 and

8is: HE! 7 % 8 WIS U IV I kL

a. Acidification of guard cells leads to opening of K" channels of the plasma
membrane. This results in entry of K" and water molecules to the guard cells.
(R P [~ P OSSR ST I+ A R T (N

H
b. As the pKa of abscisic acid is close to 5.0, most of the molecules remain

undissociated at pH 4.0. This hastens their entry into the guard cells.
[UEZETRAY pKa 37 5.0 - STV T pHA.0 T B iﬁ%ﬁl&% » PR EE
Pl ™ (AR

c. No effect was observed in either treatment because there was no water stress.
REESEN] St I T Rt Cal e [N eults:

d. Abscisic acid is a strong acid and works best at highly acidic pH.

SRR PR T PR P R

Put a tick mark (\/) in the appropriate box in Q. 1.6. in the Answer Sheet

E: ﬁ?&’%ﬁ;‘vffl@iﬁﬁﬂﬁ”fﬁfl EabZ

18
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Q. 1.7. (2.5 points) Which of the following correctly explains the effect of mannitol on

the stomatal aperture?™ S| & kL | S s fIFH = o T i 2

a.

Mannitol is a highly hydrophilic substance and restricts the entry of water

molecules into the guard cells.
PR SRRl B 5T =72 TR RERE
High concentration of mannitol in the extracellular fluid forces K*, CI"and Ca™ to

enter the guard cells. This leads to entry of water molecules into the cells as well.
APV T R ) 0 SE KT, CFand Ca™ s (A1 e il
SR

Entry of mannitol into guard cells increases their solute potential leading to

uptake of water.

Tl EELE s fﬁdﬁ@ﬁ“‘%@ﬁﬂ [y > R

High solute concentration of mannitol results in withdrawal of water from guard
cells. f| ﬁ‘?ﬁﬂgﬂﬁiﬁ@ﬁ%@ ﬁ.'J » A %Eﬁ‘)*’ﬁ (R fERp R T

Entry of mannitol in the guard cells is counter-balanced by the efflux of K" and
Ca"" leading to the withdrawal of water from the guard cells.

I BRI » Tk K % Ca I T G| e P

Jargin

Put a tick mark (\/) in the appropriate box in Q. 1.7. in the Answer Sheet

Tt ﬁiﬂa’ﬁﬁfgaﬁg i z“frﬁrl 147 &

a. b. C. d. e.

19
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Q. 1.8. (2.5 points) You have already observed the effect of the Unknown Chemical

on stomata (Treatment 5. Leaves were immersed in solution containing 10 mM KCl,

0.1 mM CaCly, pH 7.0 containing an Unknown Chemical and kept in dark for 2 h. ).
e Wl o S [ ST SA PR (YRR 5 0 B jﬁﬁ"ﬂ £| 10 mM KCl,
0.1 mM CaCly, pH i 7.0 Eﬁ»i{[f"%&“ﬁ@’?ﬂ/iﬁirﬁfll F FIREF 2 TR
These results suggest that the chemical could be useful for:
SELRE I PR B P
a. weed control by increasing the rate of respiration.
Al ST P21 (20 [
b. keeping plant cuttings fresh over long periods by preventing water loss.
Fei HER IR T pAE oA R T i
c. weed control by acting as a wilting toxin.
(8 () TRV 2 e
d. increasing crop yield in arid lands by increasing rate of photosynthesis.
FHETHRA 3 (7 e e izt By R (e &
e. increasing plant growth by reducing photorespiration.

B [ P (R e TR R

Put a tick mark (\/) in the appropriate box in Q. 1.8 in the Answer Sheet.

T‘iFA* Foak Hp Jﬁﬁl % F[I{[‘_’

20
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Q. 1.9. (2 points) In this task, you studied the effect of various factors on the

opening and closing of the stomatal aperture. Similar experiments were performed
by scientists and they discovered that light activates zeaxanthin molecules, present
in the guard cells, which in turn, activate an ATP-powered proton pump of the guard
cell membrane. With this background information and the observations made by you
in this task, you have to arrange the sequence of events involved in the response of

stomata to light. Fill in the correct options against each step in Q. 1.9. in the Answer

Sheet.
T o e TIPSR BHRARR RIS R S R S
BRI IR A 10 F ' sk (zeaxanthin) » 35703 (= {5 (RGP -t ATP
T I« RUSUTRITVRD M 7 0 TPREORER BB
HHER PRI« F SRR I TR SR

Mechanism: £

Step I 1

Step Il: 2

Step III:

Step IV: 6

Step V:

Step VI:

Step VII:

21
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SHE T

Options: £}l
1) Activation of zeaxanthin by light EﬁF?E&?ﬂé%?ﬁ [~
2) Activation of ATP-powered proton pump iﬁ [ “‘%TATP T E 0]
3) Closing of the stomata i&i'“ﬁﬁﬁfj
4) Influx of K" K" 37 5w
5) Efflux of K" K FIsFam
6) Change in membrane potential ﬁﬁ%f’\jﬂﬁ@
7) Efflux of Ca™ Ca™" [isfar
8) Efflux of protons &7~ F IR
9) Influx of water molecules <55 3% * 31w
10) Efflux of water molecules <55 =" [ 15 w1}

11) Opening of the stomata 3.+

22
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Task 2 (14 points)

Study of plant anatomy and its correlation with the habitat

T 3 BRI A T P

You should try and complete this task in 30 minutes.
ﬁ%%m“ﬁ:& 30 S35y Fﬁﬂ;’?
Materials and equipment 1R =85 F1

1. Fresh plant specimens M1 Ef 1|

(i) Leaf in a Petri dish (labeled X) T}iﬁ%j"ﬂ[ﬁfjﬁ (fEi=.

(i) Stem in a Petri dish (labeled Y) T}iﬁ%l"ﬂ[ﬁf@'« (fEi=.

2. Compound binocular microscope 3Bk

3. Razor blades ZIH;

4. Glass microslides B,
5. Box of coverslips o
6. Watchglasses %Fﬁ

X)

Y)

7. Safranin staining solution (labeled S)  Safranin %] (1&825. S)

8. Brush = ﬂ[]

23

Quantity EE!



IBO — 2008

INDIA

PRACTICAL TEST 1

PLANT ANATOMY AND PHYSIOLOGY

Introduction
Plants growing in different habitats exhibit various adaptations. These adaptations
can be studied macroscopically as well as microscopically and correlated to their

habitats.

& R P RS PORER TR S « ST T T 0 R e
i“??iﬂ%i*’jﬁl%%ig_{ °

In this task, you will study the anatomy of the given specimens using the following

method. Both specimens X and Y belong to the same plant.
e R HAITE BORFIPUI N PR AR PR PR X2 Y RUE FIR- A
)
f}I\jlethod RIpES
1. Take thin transverse sections of the leaf specimen X.
SENCEPONE LR =t
2. Stain with Safranin staining solution for about 30 to 60 seconds.
G Ree R+ 30-60 7
3. Wash the section with distilled water and mount on a clean glass microslide in a

drop of water. I'JZsfii <% 05 > F PR~ H OB po il -

4. Place a coverslip and observe under 10X objective of the microscope.

T

BEI S 2T 10 (P
5. Repeat Steps 1- 4 for the stem specimen Y.

A (PR Y) EriH R A1- 4
Observations on the leaf specimen X: & (#1f] X) fvii%s

Observe the leaf section and answer Questions Q. 2.1. and Q. 2.2.

B ot [fl' Q. 2.1. and Q. 2.2.

24
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Q. 2.1. (4 points) Choose the appropriate letters from the Dichotomous Keys 1 and

2 given in Annexure 2.1. and fill in Q. 2.1.1. and Q. 2.1.1l. in the Answer Sheet.

FEPRFER 2.4 P YRy i e A1 o ﬁﬁ,ﬁH&PJ SR e FA* FEY Q. 2.1.1.

and Q. 2.1.1L.f[1

Note: Schematic representations of some of the plant structures are given in

Annexure 2.2. for your reference.

1= FEAA 2.2 L’*?hgf}*ﬂ}ﬁ A= 5@ BRI e

|. Trichomes =5 *

Il. Stomata 3+~

25
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Q. 2.2. (4 points) Based on your observations on the leaf section, put a tick mark (\/)

in the appropriate boxes in Q. 2.2. in the Answer Sheet. - Fr{EyH A ﬁ‘fﬂ )

ERaE Cids HIRE L

Present © | Absent &

1. Cuticle =gt

2. Sclerenchyma 'fiB¥5 7%

RN A,

3. Collenchyma §i ¥

4. Aerenchyma ] 5% 7

5. Water storage tissue i

6. Glands: Ejfriﬁg'

a. Oil gland Jfiiue

b. Salt gland E@Jﬁ'\?ﬂ

c. Digestive gland i {~Jp4¥

26
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Observations on the stem specimen Y:

Observe the stem section and put a tick mark (\/) in the appropriate boxes in_Q. 2.3.

in the Answer Sheet.

BB I T ‘ﬁiﬁaﬁ}f Q. 2. 3.@@@7@%@

Q. 2.3. (3.5 points)

Present & | Absent &7

1. Cuticle =¥

2. Sclerenchyma 'Rl B 5

3. Collenchyma &I &7 5%

srrs

4. Aerenchyma |5~ i

5. Water storage tissue &7

6. Vascular bundle:iﬁ%‘ﬁfﬁq Open [ifhr=" Closed ﬁﬁfj?‘
Collateral Bicollateral
Hi® ==

27
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Q. 2.4. (2.5 points) Based on your observations of specimens X and Y, identify the

type of plant to which they belong.

BUEISSATR X and Y [0l 2 SEgipL b Pl K2
. Mesophyte |1 ff5

Q

b. Succulent xerophyte %2/ % f 1%

o

Submerged hydrophyte j7t-f<{%:< % 713

o

. Floating hydrophyte 1% “f<{%~< & {1

e. Insectivorous mesophyte <L EfY 14 AR

—h

Parasitic mesophyte r[J F PR 2 A

«Q

. Halophyte [§* ﬁgf[r’u

h. Freshwater hygrophyte 1% -[<ii% f$”

Put a tick mark (\/) in the appropriate box in Q. 2.4. in the Answer Sheet.

(In this question, the correct interpretation will be given points if it is

consistent with your observations.) 7 rAi A FQ.2.4 ﬁﬁg ZM*I?’% (o [[_HFHEJE

1 2 SR i+ [ S OBRL 0 » IR0 5657

28
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ANNEXURE 2.1 & 2.1

Trichomes (Epidermal appendages)

|G

Dichotomous Key 1
SE eSS

Present © |

Absent

B 13'

\L_\

Hair

On adaxial*

On abaxial*
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ANNEXURE 2.2. [ 2.2.
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Figure 4: Papillose Epidermis
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************END OF PRACTICAL TEST 1************
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