14-TH INTERNATIONAL BIOLOGY OLYMPIAD

8-16 JULY / MINSK / BELARUS

PRACTICAL / LABORATORY 1

PLANT PHYSIOLOGY, MORPHOLOGY AND ANATOMY

Dear Participants!
B BEE
In the laboratory “PLANT PHYSIOLOGY, MORPHOLOGY AND ANATOMY” you
£ THEY AR PRERRE], BT (RFEIELITN =/

will be given the following three tasks:

Task 1. The study of physical and chemical properties of photosynthetic pigments.
£ | tEFReRNYE R8RS

Task 2. The study of angiosperm flowers structure.

T W HEYICHIRES

Task 3. The study of anatomic structure of a plant organ on a cross section.

= EYSE ZRVIERESES

Duration of the lab work is 60 minutes.
AEBIFHILE 6 008
Maximum number of points — 68.
MR 6 857
You have to write down your results and answers into the ANSWER SHEET which will
TR SR R B A R AT B 2R b | B BRI R4 RIS R 2 2k [|] - &0 B
be collected by an assistant when the time elapses. It is not necessary to write anything in the
DR EZE -
task sheets.

Result sheets taken away from the laboratory will not be accepted!

EEREAEN B THRERE |
Please be careful when performing reactions and do not let the reagents and solutions
A/INOEER R R, - R8RS RO R R AR E 52 1 R AR
come in contact with your skin and clothes! Use gloves when necessary!
R FE R
Contact the assistant in case of any unforseen situations!

WEEMRE - FHEABE -

Good luck!
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Task 1. (35 points) The study of physical and chemical properties of photosynthetic
$—/E (3 b)) NEFREENYE B R M

pigments.

The conversion of the energy of light into chemical energy occurs in plants with the help of

TR AR A LERRE A AR S AR AE TEAR G I | - R AR - ENE®RGY
pigment-protein complexes of chloroplast membranes. These complexes include photosynthetic
Z i B ERREEE TS ENE
pigments which determine the activity of the primary photosynthetic processes. An
HHPDEEEER -
understanding of photosynthesis is impossible without knowledge of photosynthetic
AT e EE R AILERTE & B R AVRE -
pigment properties. Chlorophyll and other photosynthetic pigments have several specific

BakR HMDEE B R A SERIAME
properties: absorption of different wavelengths of light, ability to participate in redox
- CrENEIN =3 0p BAESHE(LEF N ENRE
reactions, solubility in different types of solvents, etc.
AN EARF - - - &

You have to study several of these properties of photosynthetic pigments during this task.

ARETR /AT FE e e L ERAVRFE ©

Materials and equipment

Ly &)

1. A stand with tubes. 1
B Ve

2. Pipettes. 5
e

3. Ethanol extract of photosynthetic pigments (Flask A). 1
LUBRSRRHDEE TR (BEHA )

4. 20 % KOH solution (Flask B). 1
20%KOH®®K (BEHB )

5. Distilled water (Flask C). 1
ZEEHK (B C )

6. Petrolic (petroleum) ether (Flask D). 1
Aol CEED )

7. A sheet of white paper. 1
—iRH&K

8. A water bath. 1
7KIBE

9. A tube holder. 1

10. 10 % HCI solution (Flask E). 1
10 % HCIER (e E )

11. Saturated (CH3COO),Zn solution (Flask F). 1
(CH3COO)Zn HYEIALA K (BERE )

12. Saturated ascorbic acid solution (Flask H). 1

JURImEg (4efthar C ) BINDAR OBERH)



1.1. (8 points) Transfer 3 ml of pigment solution from flask A into tube Ne 1 and also 3ml
into tube Ne 2.
TR A RHL 3 ml By 2R T BIAGVENe 1 feNe 2
Add five drops of 20% KOH from flask B and 1 ml of H,O (from flask C) to the tube Ne 1 and
TEBER B H1HL 20% KOH 57 » R AeBEh C AL T mIHY7K » JIAGENe 1 -
to the tube Ne 2 - only 1 ml of H,O.
AVENe 2 N T ml YK e

Using the formulae below, fill in the missing components of the chemical

reaction you have just observed in the scheme 1.1 of the answer sheet. Under fulfillment
of this scheme please use the number of abbreviation of this compound from the list below.
E T EA T RIRFTEIZERIMEE R - EZERNEAEEMLEYHE:E (1) » '
PHEEEZERZ L1IE L -

+ | KOH | +| HO | — + +

1. CssH7,05N4Mg — chlorophyll.
2. C34H3,0sN4 MgK; — potassium salt of the chlorophyllic acid.
TR AE
3. Css5H740sN4 — pheophytin (phaeophytin).
4. CyoH39OH — phyt0|
LR
5. CH30OH — methanol.

FARE
6. C,HsOH — ethanol.
ZI
7. MgCI; — magnesium chloride.

#bsE
8. KCI - potassium chloride.

e

1.2. (4 points) Add 1 ml of the petrolic (petroleum) ether (from the flask D) to the tubes Ne
1 and Ne 2, shake well and leave to stand until the fractions separate completely.

FEBEE D SPETL 1 mil EESHEE B AGENe | BNe 2t > #2524
ShlG
T B Y -

Determine the colour of each fraction in the tubes Ne 1 and Ne 2. Write down the results in

T E Nel Ko Ne 2 HR &7 g VBHED, - AT 224k e 72 k%
the appropriate cells of the table 1.2 of the answer sheet. Please use single letter colour codes
R T HER - s HRA T SRS A 36

as shown below.



A. violet;'’& 1 E. red;4T
B. blue;E F. olive brown; 4% &%
C. green;%% G. black; 2
D. yellow; & H. colourless; &,
Tube Ne Reagent Experiment 1.1. Experiment 1.2.
HER 11 HER 1.2
B Ne Wi ethanol fraction colour petrolic ether fraction
colour
LRy EER e AHE R
KOH
2 H,O

1.3. (4 points) Which pigments are responsible for the colour of the petrolic fraction
sl B Nel FeNe2 HRof it o) g Y BH B2 P EE LR AV 2 (R4S 5 7
on the tubes Ne 1 and Ne 2? Write down in the answer sheet (1.3) single letter codes for the

FEEFE LR MeaPyaocst ()

compounds from the list below:

A. anthocyanins; {£5 5

B. carotenoids; JEiHZEE 2=
C. phycobilins; & fH 2%
D. chlorophylls; 4% 2%

1.4. (2 points) Add 3 ml of the pigment extract to the tube Ne 3 (flask A) and add 5 drops
TEBER A FEL 3 m 1 AVEZRIIAGVENe 3t » Ffji 5 7Y HC

of HCI (flask E). Mix the tube contents thoroughly by shaking. Record the new colour.
(BERE ) » HERIEEHS » slsrBAtE L -
Add 1 ml of the saturated (CH3COO),Zn solution (from the flask F) to the same tube. Heat
PBAE R —E P EIIA 1 ml (CHsCOO)Zn HYEEMIEIR CERRE ) » RElEEIN/K

the solution on the water bath. Mix by shaking andrecord the new colour of the solution.
GBS - SR G S SCRRBR B L |

Write the results down in the table 1.4 of the answer sheet. Please use single letter colour

TREGE SR B ZEARHYR 1.4 am A N 3SR USRS

codes as shown below.

A. violet;’&8 E. red;4[
B. blue; & F. olive brown;4%:#&
C. green;&¢ G. black;

D. yellow; = H. colourless. i &



Reagent New colour in the tube
SRR REBRBEE
HCI
(CH3COO0), Zn

1.5. (6 points) In the scheme 1.5 of the answer sheet, please write the possible components
1£ 1.5 B E AR EAFRAEEVENe 3 i A HCl Z 12/ e - 3E LA MBS
of the reaction in the tube Ne 3 after addition of hydrochloric acid to the pigment
Z BRI AZERE
extract. Please use the formulae from the list below.

= ZIRW

_|_

HCI

1. CssH72,05N4Mg — chlorophyill.

2. Ca4H3,05N4 MgK; — potassium salt of the chlorophyllic acid.

ESS il

. CssH7405N4 — pheophytin (phaeophytin).
EYRE

. CyoH30OH — phyt0|

. CH30H — methanol.

FHEZ

. C,Hs0OH — ethanol.

s

MgCl; — magnesium chloride.

b

KCI - potassium chloride.

El{wo

1.6. (1 point) Add 2 ml of the pigment extract and 2 ml of ascorbic acid (flask H) to the
FEEVENe 4 thfii A 2 ml Y@ 2R R 2 ml fbag ¢ (BB H)
tube Ne 4. Mix by shaking until the colour changes.

RS EFIBHEOIE -

Please note the colour change. Put the results in the table 1.6 in the answer sheet. Please

FERBOE

use the single letter colour codes shown below.

a1 FH DA N3 BEAGR

A. violet; %
B. blue;E&
C. green;%%
D. yellow; =

1 5

ek BB A AR 16

E. red;4[

F. olive brown;4%:45
G. black; &

H. colourless. 4ttt



Extract colour before . .
reaction Solution colour after reaction
K FERTRVBHE R IE#HIBRE
C

1.7. (6 points) Complete the scheme of this reaction (1.7 in the answer sheet)
& AN LEY ROREEARSR T - BEREE E (CSRIE AR EA

using compound and condition numbers from the two lists below:

Compound 1 Conditions Compound 2
{E&Y1 ARG L&Y 2
Compounds:
{lwv=x|

1. chlorophyll;ZE4g 2
2. pheophytin (phaeophytin);t& ¥ 2/&
3. ascorbic acid;FiiEnz (4t C)
Conditions:
ARR
4. electrons involved;
5. protons involved; & 1

6. light involved.>Y:

1.8. (4 points)

Write the results down in the table 1.8 of the answer sheet. Please use single letter colour
S BRI B ZEARAYFE 1.8 b > HRERH ST RS

codes shown below.



A. violet; & E. red;4L.
B. blue;E% F. olive brown; %5
C. green;%% G. black; 2
D. yellow; & H. colourless.ff {f
Compound Ne Colour before reaction Colour after reaction
{EEYERSE | RERIHVBEE R FERAVBEE

1

2




Task 2. (12 points) The study of angiosperm flowers structure.

FTE (1 25 ®TETEHEE

Materials and equipment

oy &)

1. Fixed flower preparations (A, B, C). X3
CAEEE AT B4

2. Forceps. x1
i

3. Dissecting needles. X2
fe et

4. A magnifying glass. x1
O

2.1. (6 points) Study the morphology of flowers A, B, C. Using formula numbers (1-14)
2.1(6 )fa A ~ B~ C =J5ERYIPRR « (K32 N T(ERVAZN(1-14) » BEEE—4(EIE
from the list below, indicate the correct formula for each flower in the answer sheet.
M ATL . FHEFIEAEEZ G -

1.+ Ks Cs A, Gy, TEEH s TEHBA 5 HERSMERS, ™ = polysymmetrical ¥75
2.+Ps A, Gy TERE R 5 TR MR, T = monosymmetrical ¥} 5
3.« K5 C5 A5+5 G@)

4, « K(5) C5 A5+5 G@)

. x K5 C5 A Gl_

.+ Ki) Cs Ay, Gz

1K) Cir22 Ass) Gy

-1 K(5) Ci22 A(9)1 G;

9. *KOC5A5G(§)

10. « Koiz C4 Azis Gy

11. 2 Ke) C23) A22 G

12. « K(5) C(5) A5 G@)

13. 0 Ko C(5) A(5) G(E)

14. « P343 Azs3 G

o N O U1




2.2. (3 points) The diagrams show the types of ovaries characteristic of angiosperm
flowers.

2.2 (357) NEFRTRBHAEEY) T HHIE -
Using the numbers_(1-4) from the table below, record the types of ovaries for the flowers A, B
(ER NRPHEF(-4) - KA ~ B~ C=AHE0 T BRI R AB F=A

and C in the answer sheet.

1
2. 3 4
Superior ovary Middle ovary Half-inferior ovary Inferior ovary
(Hypogynous flower) (Perigynous flower) (Half -epigynous (Epigynous flower)
flower)
Rz IA F B TP M TB M
(FE M) (FEREML) (B¢ A (fE A1)
A B C

2.3. (3 points) Please indicate in the answer sheet to which family the plants with flowers
233 77) EEFESE,F > f8IHA ~ B ~ C=4(ERT@HIRL -
A, B and C belong. Use the numbers (1-10) from the list below.
RTINS (1 — 1 0) » BIEENETFEA -

1. Ranunculaceae.
EER

2. Oleaceae
R

3. Rosaceae.




10

N e e
AIA /) ~
Rk

=1

4. Leguminosae (Fabaceae), Papilionaceae.

SR (ERIPAERD

5. Fagaceae
LR
6. Cruciferae (Brassicaceae).
+FAeR
7. Labiatae (Lamiaceae).
BIRE
8. Solanaceae.
il
9. Compositae (Asteraceae).
10. Liliaceae.
HER

A B
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Task 3. (21 points) The study of anatomic structure of a plant organ on a cross

F=E (2 15 EY=8E JEY RS

section.
Materials and equipment
Ly Y& ]

1. Fixed parts of a plant organ. 1
—TEE Y25 EWE EH 7y

2. Microscope «Axiostar». 1
B

3. Forceps. 1
T

4. Dissecting needles. 2
fEE st

5. Blade. 1
JIA

6. Glass slides. 2
A

7. Cover slips. 4
=W

8. Dropping bottle with phloroglucine solution. 1
WATEZ =} (phloroglucine) J&RHAYHHH

9. Pipette. 1
RE

10. 10 % HCI solution (Flask E). 1
10 % HCI 775 (& E)
11. Distilled water (Flask C). 1

ZAEK (B C)

Prepare a cross section of the object you are given. Stain this cross section with
phloroglucin

e )es BB E S o iviEtIE® R - =ML - SingosE HCl -
and add several drops of HCI. Wash the preparation thoroughly with water for 2-5 minutes and
TERERAKILUE SR - B EEIR o fEREIMEE TERZEVR -
then cover it with a cover slip. Observe the preparation under the microscope.

Compare the cross section you have just prepared to the schemes 1-6 below and determine
EEEIRERET) R AR T L 2 6 AlE - AMEDREIRIVER Y] R BRI —[E 5 =By -

which scheme it corresponds to.



12




13




14
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3.1. (8 points) Please label (using the numbers from the list below) the tissue elements pointed to
by arrows on the scheme corresponding to your cross section in the answer sheet.

3.1(8 /7)aE M NTHVE Y - FEEMREVYIR — BB R L SEARTEEFTE ML
fi 2 Bk

1. Endodermis. 11. Periderm.
N K2 FE Rz
2. Phloem elements. 12. Sclerenchyma.
] K7 & JEEELH 45
3. Phellogen (Cork cambium). 13. Pericycle.
PN ES A0 JE
4. Collenchyma. 14. Xylem elements.
ENEEEk NEH
5. Phelloderma. 15. Stoma.
EINESST AL
6. Chloroplasts. 16. Chlorenchyma.
7. Epidermis. 17. Cambium.
TR HE P RE
8. Exodermis. 18. Medullary ray (Pith ray).
SNEZ Jid 5
9. Core (Pith, Medulla). 19. Interfascicular cambium.
i R AE
10.Aerenchyma. 20. Fibrovascular bundle.
B R B A

3.2. (9 points) What elements (1-18) are coloured by phloroglucin in the presence
3.2(9 73 )uBb—1&l B 73 (1-18){£ 7 B BL IR AR T~ & el R =Byt ?
of HCI? Please, mark with “+” correct answer in the answer sheet.

P EE A B LR e R AL -

1. Endoderm cells. 10. Root hair.
P 2 e 4 RE

2.Elements of phloem. 11. Cells of phellogen (Cork cambium).
8] K7 Ef VINESIZ B

3. Cells of phellem (Cork). 12. Sclerenchyma fibers.
RN ELB) JE B

4. Cells of collenchyma. 13. Pericycle cells.
JErA (4HE) 4t JE A

5. Tracheids. 14. Xylem elements.
e NEE

6. Vessel cells. 15. Rhizoids.

AR BAR

7. Epidermis. 16. Cells of parenchyma.
e[zl SHIEEAH SR AR

8. Trichomes. 17. Cambium cells.
% HE IR =4

9. Stomata guard cells. 18. Satellite cells.

RLER A i At e
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3.2.

3.3. (1 point) What compounds are coloured by phloroglucinin the presence of HCI?
331 L&Y E A EERA IR N E R =M A e ?
Write the corresponding number (1-6) from the list below into the answer sheet.

ER TS (1 —6) - RIEHENVEFEAEES -

1. Cellulose. 4. Suberin.
MR PN EN=]
2. Pectin. 5. Cutin.
RS HE
3. Lignin. 6. Hemicellulose.
KNEZE R
3.3.:

3.4. (1 point) Determine which organ the cross section was made from._Write the
3.4(151) FEMRYIR FTHZEERZIE -
corresponding number (1-6) from the list below into the answer sheet.

ERTIAYIRIE S (1 —6) - FIEHENBFIEAEES

1. Root. 4. Flower stalk.
R 1ERE
2. Stem. 5. Runner.
# % (%)
3. Leaf stalk (Petiole). 6. Rhizome.
TE PR
3.4.:

3.5. (1 point) Determine to which division of higher plants the plant you study belong
3.5 SMRVIEY @ TS = S e —FT 2
to. Write the corresponding number (1-4) from the list below into the answer sheet.

FER N TRY IR (1 —4) - FFIEMENVEFIEAB EE

1. Lycopodiophyta. 3. Polypodiophyta.
AfRr JRF
2. Equisetophyta. 4. Pinophyta.
ARHF /sl
5. Magnoliophyta.
a7
3.5.:

3.6. (1 point) Using the crosssection you have just prepared, determine to which ecological
3.6(1 ) EFHIRIISERCH T - FRERAEYIH A REEE (HREACE ) - RFIEHERYEL
group (relative to water availability) the plant belongs to. Write the corresponding number(1-4)
F(1—4) HEAZESGT -
from the ecomorph list below into the answer sheet.
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1. Hygrophyte. 3. Mesophyte.
AR FAEEY)

2. Hydrophyte. 4. Xerophyte.
KAEFEY) S48

3.6.:




