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The answers have to be given either with a tick () or with Arabic numbers. The numbers "1"
and "7" can look very similar in handwriting. To make sure that those two numbers can be well
distinguished by the IBO staff, please write them as you normally would into the following box.
EZEWERAT RN SR AT > Hrhm" RO TESARARRL  ROTERIG o SE FEZERSE
TMRERREE -

Task 1: Determination of plant pigment (36 points)

B—RKE EHYeESHh
TLC plate photograph (4 points). &5k (4 47)

Q1.1 (12 points)

Spot Rf values of four major pigments Pigment number from Table 1
(precision: two places after the (@ 1 point)
decimal point) HIER 1 NERRER(EE 17)
(@ 2 point)

VUfE R RME(EZ/NEGE T
WAL 5 &% 2 57)

A Wl N =
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Q. 1.2 (4 points)

Statement#it True E False {5
A
B
C
D
Q 1.3 (10 points)
A RSEE Total Chlorophylla | Chlorophyll b
Extract SEHLTE 649 | 665 | Chlorophyll | #E&%3R a JRE | LR b RE
xtract Z<H % .
‘ (nm) | (nm) EGFRER (mg/L) (mg/L)
& (mg/L)
C
D
Q1.4 (2 points)
Extract Z<E{)®&% Ratio of chlorophyll
EELLE
C
D
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IBO 2014 PRACTICAL TEST 2

BALI, INDONESIA PLANT ANATOMY AND PHYSIOLOGY
Q1.5 (4 points)
Statement#iit True E False {5
A
B
C
D

Task 2: Determination of starch content in root extract (21 points)

FRE: HYIREZERYIRI B =8 (21 57)

Q2.1 (1 point)
Starch By SR 4% RS [ppm] 100
Starch solution JE77A#& (UL)
H,0 7K (uL)
Q2.2 (8 points)
Sample E4 Absorbance I)%{E (580 nm)

Starch 250 ppm (C4)
Starch 100 ppm (C6)
Sample C7
Sample C8
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Q 2.3 (4 points)

Q 2.4 (4 points)

Q 2.5 (4 points)

Sample {4 Concentration JE& (ppm)
C7
C8
Statementgiit True & False {5

A
B
C
D
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IBO 2014
BALI, INDONESIA
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PLANT ANATOMY AND PHYSIOLOGY

Task 3. Observation of structural adaptation in plants (39 Points)

Q 3.1 (6 points @ 0.5 point)

Tissue type 40 4EE! Presence FE/ff
Specimen {4 X Y Z
Cortex ZJg

a. sclerenchyma [EE£4H 45

Endodermis N &7

Xylem AREH

a. primary xylem 1] 4= AE

_

b. secondary xylem x4 K& ES

Q. 3.2 (9 points)

Q 3.3 (9 points)

Specimentg4s Diagram (number) [E /< {5k
X
Y
Z

Specimen No aerenchyma Lysigenous™ Schizogenous**
B R R sl HEAE Ay

X

Y

Z

* This type of intercellular space arises through dissolution of entire cells.

TR TR RS R % 22 [T P A SRR A gt T B SR R P
** This type of intercellular space arises through separation of cell walls from each other along
more or less extended areas of their contact.

Bl R RS R A AR B 53 B S H b 22 P i ol ARt e P
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Q 3.4 (9 points)
Monocotyledonous Dicotyledonous
Organ 2 - IEEY)
=E Root | Stem | Leaf | Root | Stem | Leaf
(i fid #® i & =
X
Y
z

Q 3.5 (6 points)

Specimenti A

Control %840

Flooding /& 7K

X

Y

z

End of the Practical Exam AE{E&SHE!
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Dear Participants

This test consist of three tasks,
REMFEE=E
Task 1: Determination of plant pigment (36 points)
F—RE EHYERSHT
Part A: Qualitative identification of pigments by TLC
Part A: DLE g oy i HIET B =AY CE 1)
Part B: Quantitative measurement of pigments by using spectrophotometer
Part B: FI D LEILOHRENERNECESE)
Task 2: Determination of starch in plant extract (21 points)
TR YR 2K HL
Task 3: Observation of structural adaptation in plants (39 points)

FEREHEHYBEEREZBE

Please write your country name and student code in the box on title page.
A — H BT H B R 4T AR
You have to write down your results and answers in the Answer Sheet. Answers

written in the Question Paper will not be evaluated.

BEXERBENEFRE L G LEERGT !

Write your answers legibly in ink.

MR FEFREEE

Please make sure that you have received all the materials and equipment listed for each
task. If any of these items are missing, please raise your hand immediately.
WERAIIHAME RS - BEFRD » LZBTF -

Safety: Always wear goggle, mask and gloves for TLC experiment (Part A).
ZEER: BERBIMPart AR - BICKEHS - DERFE -

Stop answering and put down your pen immediately when the bell rings.
POEENE - TR LR -
At the end of the test, place the Answer Sheet and Question Paper in the envelope

provided. Our Assistants will collect the envelope from you.
EERHEFRE GG AGE RS » Bl AN BEHRICE -
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PRACTICAL TEST 2

PLANT ANATOMY AND PHYSIOLOGY

Materials and Equipment £l 5 25 %4

Task 1 55— K@

Plant material: fE97#17#}
2 x 500 L of leaf ethanol-extract labeled A and B (in 1.5 mL microtube)
2 1 500 pL BEATIEFACK » 53 FIEHEER A R B Y 1.5 mL /Nt

2 x 1000 pL of leaf ethanol-extract labeled C and D (in 1.5 mL microtube)
2 1& 1000 pL BEAYEFAEAOR » TR ENER C K D #Y 1.5 mL /NalE
Solution and reagents: J18 Sz 75

200 mL of hexane:acetone mixture

200 mL of hexane:acetone & Z TR
25 mL of alcohol (EtOH)

25 mL of JE#% (EtOH)

Technical material 2541

1 TLC tank S#J& 5 g 53 Ml 1 1

1 Micropipette 20-200 pL and yellow tips (1 box) 20-200 pL & 45558 Ky a5 i 2
1 Micropipette 100-1000 uL and blue tips (1 box) 100-1000 L & 57375 5 BE Ry a2k

2 Cuvettes SEELLEET/NE 2 32

1 Cuvette rack YrEEEEEET/NVEZE 1 {E

2 Falcon tubes (15 mL) 15 mL /N 2 37

1 Timer 1AFES 1 {#

1 TLC plate (10 x 20 cm?) &t @ S Hith

1 Filter paper (20 x 20 cm?) JE4K

1 Forceps ## 1 1%

1 Pencil and sharpener $425 R HiI$5SEH4% 1 40
1Ruler &1+

1 Calculator &% 1 &

1 Pair of gloves F%& |

1 Goggle FEH# 1 1

1 Mask [ 1 {#

2 Cuvette label StELLEET/NVE HAVIEZRAL 2 (@
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Task 2 £ KFHE
Plant material: f& %781}
* 2 x 1000 pL of root extracts labeled C7 and C8 (in 1.5 mL microtube)
2 f# 1000 uL fRZEHUE @ 7y BB R C7 fe C8 1Y 1.5 mL /NalE

S

Solution and reagents: J5& 50
« 1500 pL of 250 ppm starch stock 250 ppm JEi7 4E 718 1500 pL
« A bottle of I,KI reagent — ;&5
* Abottle of H,0 —jffi7K

Technical material: 254
e 1 Micropipette 100-1000 uL and blue tips (1 box) 100-1000 uL & 4773 25 K BE O B 2
e 4 Cuvettes YEBIEt/NE 43
e 2 Microtubes(Eppendorf) (1.5 mL) 15 mL /& 2 %
o 1Timer ZtH%EE 1 {#
« 1Pairofgloves F& 1 &
e 1 Calculator 31Ef# 1 &
« 4 Cuvette labels B /NS FRIRESAL 4
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Task 3 55 =K
Plant material: f& %781}
* 3 x plant specimens labeled X, Y and Z (in Falcon 15 mL)
=Y RIER IR R X, Y and Z i/l
Solution and reagents: 18 Kz 75
e A bottle of H,O —jff/K
e A bottle of Aniline Sulphate— stain lignin — yellow color —Jff Aniline Sulphate 7] (& A<
BRI =)
e A bottle of Sudan Il — stain lipid, i.e. suberin — red color —JE#&RFF =5 (EFHEE 24k

AN EE))

Technical material 284+
« 1 microscope HEE 15
e 2razor blades JJH 23
« 6 microscope slides #FIH 6 H
e 12 coverslips EH 12 A
« 1forceps T 1%
e 1 dissecting needle fi#E%Et 1%
« Tissue paper 44k
Note : Use given materials properly! No additional materials will be

provided in this experiment. F&: BEMERME - A FBREA!
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Task 1: Determination of plant pigment

F—RE: HYBRIT

Several plants are resistant to flooding stress by various physiological and morphological
defense mechanisms. Prolonged levels of water stress may cause several physiological
symptoms resulting in death.

T ZAEP) AT FE A [ 9 A= B B RE I SR R AR ST K 5T - RIAR KT G B EET 2 G ik
SECHYAEERELIR -

In this task, plants were grown for 2 weeks with 12/12 h (light/dark) photoperiod and exposed
either to flooding treatment or normal watering as control.

ARREF - EHPTE 12112 /NFEmE 2 YR T AR 2 8 > FigtHss e KE i - HIRAHATEEE
7K e

To analyze the physiological conditions, leaf samples of stressed and normal plants were
extracted and analyzed for pigments. These include qualitative observation by Thin Layer
Chromatography (TLC) and quantitative measurement by spectrophotometry analysis.

Ry oy M BAEBRGIRO » 3 AITEU N #0385 OB A RIVEYIER » ZRHEGER > DUSB e oAk s
WMEEEECEN) - DULELEGRENEERE(ER) -

Part A Qualitative identification of pigments by TLC (20 points)
Part A: SUBE &g T HBT e RHEB(CEM)

You will be provided with one extract from treated-plants and the other from control leaves,
arbitrarily labeled A and B run on TLC plate together. Prepare the task by:
AT ER BEHY B Bl S IRAHEE R 2XHUR (0 AR s A and B)EIIFET T BB AT - #RIEJTET -
- Attach the filter paper provided to one of the inside TLC tank walls.
RERR RS E g o il ey —/ -
- Add 200 mL of hexane:acetone (7:3) solution to the TLC tank, and close the lid.
TESH g B g 5y ML A 200 mL of hexane:acetone 1@ /3 @R » Wiz FET -

- Use a pencil to lightly mark the edge of TLC plate 2 cm from bottom, top, left and right
edges. Draw lines one on the bottom and one on the top of the TLC plate. Indicate A
and B on the bottom line.

MSEEAEEE O ikiy L~ T ~ 72 ~ GBS RECE E 2 A3 - IE MRS L
e A~ B RIH -

- Micropipette 100 pL of Extract A and discharge the extract on the bottom line of TLC

plate and repeat with Extract B. Make sure you concentrate the extract on one spot.

DfE s 85 100 pL /Y A ZZHUK > RIS BE TE4AT A B F > T FREEPE—B L
EEEE B ZHURIY B Bl -
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- Air-dry the plate for 5 minutes then place the plate into the TLC tank.
g T IREEZ 5 78 - MR EBE o Afrdl o

- As the eluent reaches the top line, remove the TLC plate immediately from the tank.
Mark the end of the solvent front.
ERER T EREE ETESE > IR E g o o R ERIR 2L E -

- Remove the TLC plate and place it on the sheet provided with your student code. Raise
your hand. An assistant will take a photograph of your TLC plate for grading (4 points).
o g o T IR E B A IRV E ARSIV L - BB FFEH A B R RRIIET 2854
1) °

Question 1.1 Calculate the Rf values which are a ratio between distance of center of the spot to
start line and distance of eluent from start to stop line and determine tentative name of pigments.
Identify the pigments using the Table below (12 points). & {E Z B Rf (0 Z /4R EE/

BB BB » B (5 S BEEE R 1 6 2 U RUE (5 Z A R - PR T RACHIB (2 2T
- (12 49)
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Table 1. List of 4 major pigments to be identified PUf&E 3 F 12

No. | Pigment 12 Chemical structure {E 245 1E
1 [-carotene
B-tHZEE &R
2 chlorophyll a
. chlorophyll a chlorophyll b
LR a
chlorophyll b
3 .
LR D
xanthophylls i)
4 . d\\)\ s J\ \\Y\\ NI
EER
HO \
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Question 1.2 Indicate with a tick (V) if each of the following statements is True or False
(4 points). HET TR ENE » EEEZRFFTEV) - @ 5)
A. Rfvalues of chloropyll a and chlorophyll b are different due to their molecular weights.
ELRZ a K b #Y RF(EAHEE - BERBE > FEAME -
B. Rfvalues of chlorophylls and carotenoids are different due to their polarity.
LR a KEHZEE RN RFEAEE - ERGHEMEARFE -
C. Flooding stress affects the concentration of chlorophyll b.
K E R BTEGL R b AYRE -
D. Plant A was grown in flooded conditions.

ARAEEKEE THEET A -
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Part B Quantitative measurement of pigments using
spectrophotometer (16 points)

Part B: #IACEILEBEAERNE(EER) (1657)

Quantitative measurement using spectrophotometer is essential to determine content of
pigment in control and flooded plants. In this task, you will be given leaf extracts C and D.

HRH R/ KEY) (B EE 28 HEEL SN E - AKEARMER ZHUREE
Rk C KD -

1. Transfer 1 mL of each extract into two separate 15 mL Falcon tubes.
73 AIHL L mL AYZEROR 2/ {E 15 mL /el -

2. Dilute each extract to 10 mL with alcohol and mix the solution well.
FEHLUEEMEE S 10 mL - SIDEEHEE -

3. Pipette the diluted Extract C into the cuvette and label with C and repeat for Extract D.
i IR R R ZEEUR C 2R C HDEEIEE/NE T - EEERFZAUED -

4. Raise your hand. Lab assistants will take your cuvettes to measure absorbance (A)
(A =649 and 665 nm) and provide you with the readings.
BT RE A BRI IR R E 2= 258 i RAYEOEE(A) (A = 649 and 665 nm) »
UA=ECSHANE Seiz 30

5. Calculate the concentrations of chlorophyll a, b and total (mg/L) using the following
equations (Wintermans & de Mots, 1965).
FIFHLL T AT E ISR a, b IY{ERRE R -

Total chlorophyll (mg/L) = 20.0 (Ass9) + 6.1 (Ases)
Chlorophyll a = — 5.76 (Agsg) + 13.7 (Aces)
Chlorophyll b=25.8 (A64g) -7.7 (A665)

Question 1.3 Write down the absorbance values into the Answer Sheet. Calculate the content
of total chlorophyll and chlorophylls a and b. (precision: two places after the decimal point) (10

points). TDWZEEL%?§@E’Z%TE STREGRGRELU LR R a, b AUERIRE 2/ BRI’
WL - (10 53

Question 1.4 Calculate the ratios of chlorophyll a to b for Extracts C and D (precision: two
places after the decimal point) (2 points). 43 FISFEZEELRK C K D (Y42 a,b Hh{E(a/b 1YE{HE)
ZE/NECRR AL © (2 97)
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Question 1.5 Indicate with a tick (V) whether each of the following statements is True or False

(4 points). HIEF FHIRIMZ Elfy > HEEZEBTITHV) - (457)

A. Under the flooding stress, the degradation of chlorophyll b is higher than of chlorophyll a.
FERKHE T - AR b SR a % -

B. Photosynthetic rate in Plant C is higher than in Plant D.
T8 C B EF I EREREYI D & -

C. Flood-stress plant has a lower nitrogen absorption than under normal conditions.
KA Y E R R U RE JTRIE B IRRE MRV -

D. Plant C was grown in flooded conditions.

) C ERAEAAKHELT
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Task 2: Determination of starch content in root extract (21 points)
FRE HYRBERNYN B 28

Under flooded conditions, the respiration of roots and microorganisms quickly deplete the
remnant oxygen in the soil. As a result, flooded tissues will rely more heavily on anaerobic
metabolic pathways. In this task, you will quantify the effect of the lack of oxygen on the
recruitment of carbohydrate from starch reserves using spectrophotometry on extracts from
flooded and control plants, arbitrarily labeled C7 and C8.

EARKERT  REMEVNPRERERATLRITHNER - BB KHESE K ERE
EAEIFRAHBR - ARES - FEFACELLESRRNERE K EBEY ZERURE
BRERRCT ) C8)  REAHEYERER - R EHR AT A ZKKICEYRIER -

Part 2.1 Measurements JH| &

In order to quantify starch content using spectrophotometry, you will compare the absorbance of
the Lugol-stained plant extracts with the absorbance measured for dilutions of 250 ppm and 100
ppm starch.

READLELOSKELEL S8 - (FREYZEUR LR (Lugol-stain) AL B IR HIOEAE » 577l 8
250 ppm and 100 ppm H Bk 2IR F 1 RO CAE M ELER -

Question 2.1 You are provided with a stock solution of 250 ppm starch. Prepare an additional
1000 pL stock solution of 100 ppm. Begin by indicating the required volumes of the 250 ppm
starch stock solution and H,O in the Answer Sheet. Pipette these volumes into a fresh

microtube and mix well (1 point). FHFETIEELAY 250 ppm Bk R4 AR » BUEEHTE B 100 ppm Y
Wk 5 1000 pl > B A HIE ARG FTRRAY 250 ppm JFRVE DU R I ARIKE -

Prepare now each of the four samples; starch dilutions of 250 ppm (C4), 100 ppm (C6), plant
extracts (C7 and C8) as follows in cuvettes:
B VUEDE L O/ VE Z B 250 ppm AR (R Fs C4) ~ 100 ppm i 720K (IR Fy C6)
RiTE 2 BUR (127 B C7 and C8) -
1. Pick one of the provided labels and stick it to a cuvette.
L/ VE I FAEER
2. Pipette of 900 pL of the sample into the cuvette.
W HL 900 L AYBEA 2R (v VE
3. Add 100 uL of Lugol (I2KI) solution and mix well.
AIA 100 pL BURE S - JBREHE S
4. Incubate for 4 minutes at room temperature.

FEEDm NMEM 4 778

07/07/14 8.26 T-“f Page 12 of 17



IBO 2014 PRACTICAL TEST 2
BALI, INDONESIA PLANT ANATOMY AND PHYSIOLOGY

Raise your hand when your samples are ready. The assistant will then collect your samples for
measurement and return a print out of the obtained absorbance.
IR T BT EAERAR  tMERIRIEEAZELNE - RRIEEIRYIEHISEIR -

Question 2.2 Fill the table of absorbance values in your Answer Sheet (8 points).

‘EEFMAVRAE PHEAROLE - (8 77)
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Part 2.2 Data analysis B2 7

Under the assumption that absorbance is changing linearly with the starch concentration and is
0 for a starch concentration of O ppm, the relationship between starch concentration (x) and
absorbance (y) is given by

B (E Bk e e 2 4R MR (7 - HUE R R
Horpr x Ryl - y RRotiE -

G
o
i
s
X
cx
s
E:m‘
o
\|

s
ot
=
n
I
ol

Question 2.3 Use a linear regression approach to estimate the slope (a) of the above equation

as DASRMAHBE AR R _ B AT EYRIER (@) - 407

_ Zxy
Tx?2

and report the obtained result with a precision of two places after the decimal point in the
Answer Sheet (4 points). A& REEER/NEER WAL - HABEAT -

Question 2.4 Use your estimate of the slope (a) to calculate starch concentrations (ppm) in
Samples C7 and C8 (integer, 4 points).

FIF RS RAYRRPR (@) AGETR C7 K C8 Rtk ARV RE (opm) - EXEEEL - (4 77)

Question 2.5 Indicate with a tick (V) if each of the following statements is True or False based
on your observation (4 points).

IREBIRIVERZE - HIER T YIRCERER - WAES FARAVEE ZRE P A) -

A. After flooding, the concentration of sucrose and other soluble sugars increase in the roots.
AR Z1% > R HYRERE S HoAth m A MR A R BT

B. Impaired carbon translocation facilitates starch accumulation in roots of flooded plants.
KA b &Y {E F 2 1575 B Bk (e K R oy 2 -

C. Alcoholic fermentation in the root increases as a result of flooding.
AR o A 5 W e R KT B e

D. C7 was grown in flooded conditions.

CTHEYIEEREEKERT
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Task 3. Observation of structural adaptation in plants (39 points)

FoRE EYBEREESEZEE

Anatomical and morphological changes in root and shoots usually occur as structural adaption
to waterlogged soils. The stress brought on by low O, concentrations in flooded soils leads to
the formation of aerenchyma in some tolerant plant species, a process that can occur in roots,
nodules, rhizomes, stems and submerged leaves.

TRV E B A KA BRI - A AR B IR 8 SRR B3 AR08 - HRELif& /Ky E Y E 8
KR - & RHSAPR - RGO S AR ~ AR - IR~ ERIUKAYEER 1 e

Find three specimens in Falcon Tubes X, Y, and Z. These specimens were obtained from plants
developed in two different soil conditions.
F/NGVE X, Y, and Z 1 A=A At M2 K B R E R -
a. Make a cross section of each specimen and stain with staining solutions provided.
7 BIRHERIERE T U1/ > BUSAE DG AR AR AR e s & -
b. Observe the structure of stained specimens under the light microscope.

RSB SR IR AVEEATI A -

Question 3.1 Observe the sections carefully and complete the table on the Answer Sheet
using symbols: “+” for presence, “-” for absence. (6 points @0.5)

PRV A/ WAES FEHIRED L+ RR” B 5 "fom” & - 67 B/M80.57)
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Question 3.2 Indicate the diagram number corresponding to the specimen (9 points).

LU e Z B RS R AT T EAVAREAS < (9 97)
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Question 3.3 Indicate with a tick (V) the type of aerenchyma of each specimen (9 points)
PR A EREA R R EHAREAY - T EFTR: Lysigenous (&f#AY) @ Schyzogenous(if4:%Y)

[ Lysigenous ] [ Schyzogenous]

Question 3.4 Indicate with a tick (V) link the corresponding specimens with particular plant
organ(s) based on your observations (9 points).

TN EREA T ER R E S E - MEEEZER PV - (97)
Question 3.5 Indicate with a tick (V) for each of the corresponding specimen with their growth

condition (6 points)

TN G EEEA T R A R - WAEEEZRE T AW) - (697)

End of the Practical Exam

AEEE KR!
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