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IBO 2013, SWITZERLAND Practical Exam “Plant Physiology, Morphology and Ecology”

Dear participants,
HEMNEE
This test consists of three tasks:

AR AE 3 EEL Ty

Task 1: Determination of glucose content in plant extracts [44 points]
By YR EUR B &b = 2 E

Part 1.1: Calibration curve [13.5 points] 3 1F 45

Part 1.2: Glucose content [15 points for measured raw values] &j&fE 2 &

Part 1.3: Data analysis [15.5 points] #3747
1.3.1 NADH calibration curve NADH ¢ 1F 4%
1.3.2 Glucose concentration in plant extracts fH¥Y)ZE BRI E EE & =
1.3.3 Interpretation of your results fEFE{RAYEE S

Task 2: Staining of transitory starch [9 points] BRI
Task 3: Floral morphology and pollination ecology [35.5 points] {ERYTZRE K Paky AERE

Part 3.1: Floral morphology fEHYfZEE
3.1.1 Type of inflorescence {EFpiEM
3.1.2 Number of floral parts fEZBfirfyE H
3.1.3 Fusion of floral parts {35 iR &
3.1.4 Ovary position T-EIH
3.1.5 Floral symmetry {EHYEEME
Part 3.2: Pollination ecology 5488
3.2.1 Floral shape L2
3.2.2 Pollinators #Z#5&

Please write your student code into the box on the title page.

A B H T8 A IRAVER A AQHS -

You are strongly advised to start working with Task 1. During this task, you will have to incubate your
probes for 20 minutes and then allow for some time for the lab assistants to perform the necessary
measurements. During this waiting time you may work on Tasks 2 and 3.

sEFERRITIE S — B IFAEIRE - S SR EVEREBRET » (RZAREE 20 7088 > 2WREB/HE R
BiA N BB E— AT HE - SRR - R e ES KB =T -

There is no separate answer sheet. Please fill in your answers into the specific answers boxes indicated
with a gray background. Only answers given inside these boxes will be evaluated.

RUEBASINEFE > FRHIRNEREAIREITES  EEHMMITES - QAT -
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IBO 2013, SWITZERLAND Practical Exam “Plant Physiology, Morphology and Ecology”

The answers have to be given either with a tick (V) 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.

HEBERFIT A (V) BEERET - TREIET "1, & 17, BEAKARERMEM - FHOmERT
NEREHDFREM YRR, - A - SEIKIRIRPIEE "1, BT 7 B EEE AT

& - 55

Stop answering and put down your pen IMMEDIATELY when the bell rings at the end of the exam. Put

the entire protocol with all the answers back into the exam envelope.

ENERGR BN - SHEILFEMILRIB T E - WA 36 kK ERBIARELE -
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IBO 2013, SWITZERLAND Practical Exam “Plant Physiology, Morphology and Ecology”

Material and equipment #1k} & 255f

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.

Ate AL S B EFTY VAT A MR ke dstt - EABVDAVIRE - ST EAES AR -
Task 1 Z5—&057

Plant material: 84}

e 6 x250 ul plant extracts [WT light, WT dark, sex1 light, sex1 dark, pgm1 light, pgm1 dark]
6 x 250 ul fEYJZEEUR [WT light, WT dark, sex1 light, sex1 dark, pgm1 light, pgm1 dark]

Solutions and reagents: /&% 57 & 5

e 1.5 ml“Master mix” [MM] fEFIIE &R
e 1 ml NADH solution 500 uM [NADH]

e 200 ul G6PDH [G6PDH]

e 10mlH,0 [H20]

Technical material: 2844

e 1 micropipette 50 pl-200 pl (can be used down to 20 pl)
50 pl-200 ul & HE (FTHH 2 20 pl)

e 1 96-well Microplate (don’t touch the bottom of the plate!)
96 FLEEA IR (5577t Y e )

e 1Timer
1 {EHE 5

e Container for used materials
YR

e 2 blank paper sheets for notes
2 RZZEHETRAR

e Flagto call the lab assistant

A B R T

Task 2 55— 2[4y

Plant material: ¥E¥I47K}
e 8 tubes with de-pigmented plants [A, B, C, D, E, F, G, H]
8 BELEAHBEMNIEY [A B,C,D,EF,G,H]
Solutions and reagents: /&% K7 &5
e 10 ml Lugol’s solution [Lugol]
10 ml Lugol’s &% [Lugol]
Technical material: 2584

e 8 plastic dishes
8 {JEE
e Plastic Pasteur pipette
BB RE
e Waterproof pen for writing on plastic dishes

AR E L FEEECH R S
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Practical Exam “Plant Physiology, Morphology and Ecology”

Task 3

o —= 3 2
S =uh 7]

Plant material: fE#)41f}

5 tubes with floral specimen in 70% ethanol [V, W, X, Y, Z]
BEASH T » IR 70% Y 5 TEAEIRYIEEEA [V, W, X, Y, Z]
Color print with photos of the flowers V-Z

TERYF iR (V-2)

Technical material: 2244

1 dissecting microscope

1 BfEEIEEER

1 razor blade

13521k

1 forceps

1 31

2 toothpick

2 SO

1 plastic dish filled with water
1 &3S/ KAV EEREE
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IBO 2013, SWITZERLAND Practical Exam “Plant Physiology, Morphology and Ecology”

Task 1: Determination of glucose content in plant extracts [44 points]

—ER oy YRR A = B HE

Under sufficient light, plants synthesize carbohydrates from atmospheric CO, by photosynthesis. While a
fraction of these photoassimilates is exported to the cytosol and then transformed to soluble glucose,
another fraction is retained within the chloroplasts and stored transiently as starch. This starch is
subsequently degraded and mobilized to provide a supply of carbon and energy during dark periods.

FERHIDLIRT - YRS EERRERTHY COo, ERtRAKILEY) - —E Dt EEHEYE
FUIRE R P AREY nE RN 55— R A S ae N Ry Rk TR T - BRI BB TR
AL RN - DRI SRR P AR bR K RE &

Several mutants of Arabidopsis have been identified that are unable to either synthesize or degrade
starch. In this practical, you will work with plant extracts from two of them, along with extract from wild
type [WT] plants:

BT RL(E TR 2 RE G R R Y 28 Pk « AREET - A WTEZE SR DR B A T [WT]HYZEHY
AR

1. WT : unmutated wildtype plants #74=71
2. sexl :starch degradation mutants 43 fE BRI 2E 8k
3. pgml : starch synthesis mutants & By HYZE 8k

All plants were grown for 4 weeks with 8 hours light and 16 hours of darkness per day and then either
exposed to complete darkness for 48 hours (dark-incubated or “dark”) or to 10 hours of light (light-
incubated or “light”) immediately prior to harvesting.

A AR 8 NI 16 NS SRR 4 5 + ST ST 48 /N darkc)
B CEH 10 /NEF(“light”) » BIERUHEYETTZEY -

You are going to quantify the glucose content in those plant extracts by measuring the absorbance of
NADH. As shown below, one molecule of NAD+ is converted into one molecule of NADH per molecule of
glucose in a two-step reaction that is catalyzed by the enzymes hexokinase (HXK) and glucose-6-
phosphate dehydrogenase (G6PDH). The “master mix” [MM] contains NAD+, HXK and ATP.

R RE HUHIE Y NADH WG E ARG TR E REE Y AURIEEE S E - KIESA TATR: R
BRI e 557 TR R NETE hexokinase F 22 (HXK) DL K &%) E-6 k-5 Sl (GEPDH)IYERI T »
1 77T NAD+aJ#ERE 1 47FHY NADH - [fj €45 “Master mix”[MMI{EF E &R &8 NAD+, HXK &
ATP -

ATP ADP
\/ G6PDH
Glu Glu-6-P /4\» 6-P-Gluconolactone
NAD+ NADH
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You will work with a 96-well microplate (see figure below). Only touch its edges! Positions on this plate
are indicated by a number (1-12) and a letter (A-H) specifying columns and rows, respectively. Use only
the wells which are listed in the protocol (contained within the area indicated by the dotted line).

{5 96 FUEEADITHE (U T B AR FE SR - IR R e B! 12 EruTTHI 0 I 4mat
(1-12) RS ERHAH) > (SRR ERIEBRATS IRYFL(A0 B P SR eEE ) -

10 1

AAAamﬁamnoanm

BY MAEAERENENEN N
:%%afar\r\f\r\r\4\4\(\[\f\‘

----------------------

Efifhr\f\r\r\rwcwc\z\r\r\

FABBBADDOONEN \
‘cFaﬁa(\(\r\r\a\CNc\t\f\(\:
HAAABBBAOOL

Jyv\yv\’\\\\\\

Part 1.1: Calibration curve [13.5 points] B 1E g 43

In order to quantify glucose by measuring the absorbance of NADH, you will first have to make a
calibration curve with different concentrations of NADH. In the table below, indicate the required
volumes of the 500 uM NADH stock solution and H,O that are needed to achieve the desired
concentrations of NADH in a total volume of 200 pl. Then pipette the required volumes into the
corresponding well on the microplate (A1-A7) and mix by pipetting up and down three times. [3 points
for calculations + 10.5 points for measured raw values]

Fo T IS NADH MYBOCEMAR R &HE - &SR FEIREHY NADH ARAE—EfER 4R - T

F%r2LL 500 uM HY NADH JFUR T By £5 f5 E RS AR 22 200 pl > 3 RIETEFEE /D wl BYEIR M
Ko IGREEE AR S  281% DIMEREREFTFRERR K E T BN AR AT S FERFL
(A1-A7) > 3 ENIRIR =R DA RESTTA] -

Well Al A2 A3 A4 A5 A6 A7
[NADH] (uM) 0 50 100 150 200 250 300
500 uM

NADH solution (pl)

H,0 ()

Part 1.2: Glucose content [15 points for measured raw values] E&EfE < E

To determine the concentration of glucose in the different plant extracts, you will now prepare two
solutions for each plant extract. The Wells B1-B6 will serve as a blank to quantify the base absorption
and differ from the Wells C1-C6 which will contain a solution of G6GPDH. Begin by pipetting the following
into Wells B1-B6 and C1-C6:
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IBO 2013, SWITZERLAND Practical Exam “Plant Physiology, Morphology and Ecology”

Rt EAFEYZERUREEES E - (FERE EEYAERURIC R AR - B1-86 FLIE Ryl
BUOCETFRZE LI - i C1-C6 FLAEEA G6PDH JAR - IRUGDL NP BRI HUA IR 7 I &I
B1-B6 LKz C1-C6 Lt -

1. 100 pl “Master mix” into the Wells B1-B6 and C1-C6
53710 100 pl fy“Master mix”{E R R &R B1-B6 FL K C1-C6 FLH
2. 20 pl H,0 into the Wells B1-B6
737 20 pl #Y7K7L B1-B6 L
20 pl G6PDH solution into the Wells C1-C6
73 A% 20 pl Y G6PDH 77 jiY C1-C6 FLH
3. 80 pl of the corresponding plant extract as indicated in the table below and mix by pipetting
three times up and down

NERAFETLHATEILA 80 W BVHEYIZERUR - A& B MR =K » LUREERESIT4 -

Wells BlandC1l B2 and C2 B3 and C3 B4 and C4 B5 and C5 B6 and C6
Plant extract WT light WT dark sex1 light sex1 dark pgm1 light pgm1 dark

Incubate for at least 20 and up to 60 minutes at room temperature. After incubation, call an assistant by
placing your flag into the tube on your left partition wall. The assistant will measure the absorbance at
340 nm and bring you a printout of the absorbance values measured for each well. You will need these
values for the analysis in Part 1.3.

PERROEZRTAFEE 20 2 60 7y# (£ /) 20 71##) - AMGRIE T A ZEfReHS_ EAVE & o

DS B MRFEIRHIES —FLE 340 nm TAVIDEE - WETHEIELETR - B EiE A
7 Part 1.3 AY43HT o

NOTE: Due to the limited number of microplate readers, you might have to wait up to 15 minutes to
have your microplate measured after putting up your flag. During incubation time and waiting time you
may work on Tasks 2 and 3.

AR BRI AVESBEAIR - EIRERERE - (RAJRERREE 15 8 fWEIIReY
TITTREHEN - R > IR BEIFE R R =80T -
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IBO 2013, SWITZERLAND Practical Exam “Plant Physiology, Morphology and Ecology”

Part 1.3: Data analysis [15 points] &8 5717

Important: Label the printout with your name and your student code. At the end of the exam, put it into
your exam envelope.

HE: ESE ERFSOESA R BARE - HEFEERRE - FERASRBRRN ST -

1.3.1 NADH calibration curve NADH R IERH4R

Calculate the scaled extinction coefficient (&) for all measured NADH concentrations according to

A —-A
C
g= gl = —2
CnapH

where A, is the background absorbance value at 0 pM NADH (Well A1) and A the absorbance value at
concentration cyapn. € is equivalent to the extinction coefficient e multiplied with /, the path length of
light through the solution. Write the calculated values in the answer fields (precision: five positions after
the decimal point). [3 points]

3% NADH RS R HIRYE(E > (AL EHIIE AR > A UPHY Ao FoZE H¥TIR(0 M NADH H A1
FLRYBOEAE » A BAERFE NADH JRE FHYROLIE © 1M & BEEAREAEE ML GE e Tk LEBER
FERR () » FEEZEZEASTH ABEGTHE 2/ NERHE S 1Y) -

Well A2 A3 A4 A5 A6 A7
[NADH] (uM) 50 100 150 200 250 300
M7
Q2|5 (1

| Calculate the mean value of all calculated scaled extinction coefficients € and write your result in the
corresponding field below (precision: five positions after the decimal point). [1 point]

’ STEFTARIEGESY FIEE,  WFBEEABEZZER DGR 2/ NEERE L) -

% Q3 | & (um? %

1.3.2 Glucose concentration in plant extracts Y2 BRIV E &R =B

Calculate the glucose concentration cgcose in €ach well (diluted plant extract) measured as

AG6PDH _AH2O
Es
where Aggrpy is the absorbance measured for the sample incubated with G6PDH (Wells C1-C6), Ay is

| the absorbance measured for the sample incubated with H,0 only (Wells B1-B6), and &; is the mean
scaled extinction coefficient you have calculated above. Then, use these values to calculate the initial

Cglucose —

glucose content that was present in the fresh leaves, indicated as mmol/g. Each plant extract was made
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IBO 2013, SWITZERLAND Practical Exam “Plant Physiology, Morphology and Ecology”

of 25 g leaf material per liter. Report your values in the table below (precision: one position after the
decimal point). [7 points]

RIBAETEESALRRRIVEYZERUR) AT A SR © AFNTHY Aseon 7281 G6PDH {EH](C1-C6
FLIZEEARETRE(E > Anso 5= R ARIZKIERI(B1-B6 FL).ZEEAHVIROLIE » & SEATHATG Z T4
B PE(E - AR E B E ARG B E VIR E R TR E A S &  (mmol/g) ¢ BHEEY)ZEHIR
ELEATHA 25 SuRVEER MG - RHRETRMRESERIE AR -

Sample Concentration in well (uM) Content in leaves (mmol/g)

WT light

WT dark

sex1 light

sex1 dark

pgm1 light

pgm1l dark %
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1.3.3 Interpretation of your results fZRE/REVESR

Indicate with a tick (V) for each of the following statements if it is true or false based on your

measurements. [4 points]

MR AE SR AT YR EAR - SELAVIERC -

true &

False {5

Plants light-incubated prior to extraction contain more glucose than those

incubated in the dark. fEYJZE IR AE TR HE 5 LERS R B & S H S I & 2

Dark-incubated plants have used up all their carbohydrate energy sources in the
dark period. FE R EHIEY) R B AR K L EPIRE & 5T T

Glucose levels in light-incubated wild-type plants are lower than in dark-
incubated wild-type plants. {EYEEHET% 7 B7 Ak > HAE &S ELLERSE
HEE

Both “pgm1 light” and “sex1 light” samples contain more glucose than “WT light”
samples. “pgm1 light” 7 “sex1 light” Wi AAVE EjfE = 2 EE“WT light” A =

The “sex1 light” sample contains more glucose than the “pgm1 light” sample.
“sex light" B AHTAT & & ELL the “pgm1 light” FAN S

The difference in glucose concentrations between dark- and light-incubated
plants is bigger in wild type plants than in mutant plants. 4= B HH KRS
e PR 1% ) ) ) o B A AR B W A ZE B R sy

sex1 plants are likely to grow faster than pgm1 plants. sex1 Z€& kR 5EEL pgml

SRR

Measuring samples without addition of G6PDH is needed to correct the effect of
the background concentration of 6-P-Gluconolactone. AfZIEME YA B H 6-P-

Gluconolactone JEERYESZEE » WAJEHIE 1 G6PDH HyER A

11/22
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IBO 2013, SWITZERLAND Practical Exam “Plant Physiology, Morphology and Ecology”

Task 2: Staining of transitory starch [9 points] Ef 7Bl aL

Transitory starch can be easily visualized in leaves by staining it with “Lugol’s solution” containing iodine
in ethanol-destained leaves. On your lab bench you find two groups of plant samples.

FELCELURIE R BHIEER B BB AT &AW “Lugol's solution” ZL (L Zh ks - £ E R
F EAMAEAEYEAATT)

GROUP | A B C D

GROUP Il E F G H

While all plants of one group have been harvested after incubating for 12 hours in light, all plants of the
other group have been harvested after incubating for 12 h in complete darkness. Each group contains at
least one wild type plant (WT), one starch degradation mutant (sex1) and one starch synthesis mutant

(pgm1).

—AHMEYIE R EE 12 /NFERERI - T 5 —4H RS AR R IR 12 /NI PRI - HE R DA — R
BPAERR(WT) ~ — RN 3 S B PR (sex) Ko — RIS S R ZEEE R (pgm1)

Repeat the following steps for each of the plants A-H to stain them:
HEEEY)(A-H) E A S EUD B

1. Transfer the plant specimen into a fresh plastic dish.
YIRS SHZ Py g m b
2. Remove residual liquid from the dish, with the Pasteur pipette.
B R AR 8RR
3. Stain the plants by covering them with some drops of “Lugol’s solution” using the Pasteur
pipette. FIJEEIRHL“Lugol’s solution” N%& A EHEY) L
4. Incubate at room temperature for 1 minute before doing your observations.
=m NAFE 1 o#Eg 0 BIEAER

Indicate the observed staining pattern of leaves of each plant specimen in Group | (Plants A-D) and
Group Il (Plants E-H) in the table below with a tick (V). [4 points]

iC MEMSHRHRSEYHER BT - DIVEBEERZER TFE -

Group | Group Il
Plant | Light orange | Dark brown | Intense Plant | Light orange | Dark brown Intense
RiEE R black 2§ R AR black Z&&
atet =)
A E
B F
C G
D H
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IBO 2013, SWITZERLAND Practical Exam “Plant Physiology, Morphology and Ecology”

Based on the observed plants and staining pattern, indicate the corresponding growth condition for
Group | and Group Il in the table below with a tick (V). [1 points]

RIBRABRZIEY RO - R HIETRAHHERARRE - DIVEEERIZERR T EE -

. e Growth condition 4= EREE
Fan 12 hinlight 5¢ | 12 hin darkness
Q7 FREE 12 /NEF REpE T 12 /NI
Group |
o I
Group Il !JE'.?
Based on the observed plants and staining pattern, indicate the corresponding strain for each of the
plant specimen (A-H) in the table below with a tick (V). [4 points]
R ZAEY) S H VOB - ohHETEEEYEARN A - DVEEERZERS FER -
Strain [h &
: Group Plant WT sex1 pgml
' A
Q8 B
C
D
| E
F
G
: [
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Task 3: Floral morphology and pollination ecology [35.5 points] TEHY
TERE B Pk A&

Angiosperm flowers show an enormous variety in structure, shape and ecological function. While the
number, shape and disposition of different floral parts is often phylogenetically determined, functional
characteristics such as the general shape of the flower depend more on ecological factors such as the
mode of pollination. In this task, you will study the morphologic traits of five different floral samples (V-
Z) and attribute them ecological traits linked with pollination.

RIS ~ TOIR A RETHRE b - BT HEPIRVIER R bk - — SRR AL 2B H ~ TR R i B
IR HIETR G RR (RAUIRIE - TDIRE MR BU BT ERY I M) Al 22 21— LR AR RR N (111528 75 =X
FTel & - AEAER Y - IRt TR [FETERVRR A (V-2) Z TR REFF 0 > IEERELIR0 (F A (E S > DU
BT AR -

To help understand the terminology used below, the following figure gives you an overview of the
different parts in a schematic flower.

FoER B B R A ERTR R Z ST -

A: carpel [ 7

B: stigma f10H

C: style fEfE

D: ovary {/=

E: pedicel LA

F: stamen [

G: petal fCLIIF

H: sepal ZH

I: tepal (when sepals and petals are undifferentiated)
{ERE(E =R BLFCHR S A

J: floral axis fLii

K: bract &5

Part 3.1: Floral morphology JtJRE

Look at the five specimens V-Z preserved in ethanol, containing a flower or an entire inflorescence of
plant species commonly found in Switzerland. The flowers are all hermaphrodite, with male and female
parts present in the same flowers. The habit, shape and color of the corresponding plants are shown on
the color printout.

B LURKE IR FIIAEAEAN(V-2) Bl LY RAEY) > AlREE & — A B — R ElfLfy - EREAHE
W PEAE(— A C Rl B 2 e R R R ES) - BRI A R BN - PR RACERAIE ERA B
I ©

For each specimen V-Z, you will be asked to make a series of morphological observations. It is
recommended to do first all observations for one specimen before going over to the next one.

HEHEREA(V-IF—RIINPREEE - ERIRe el —EfREAR A B ZEE - HE T —EEX -
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IBO 2013, SWITZERLAND Practical Exam “Plant Physiology, Morphology and Ecology”

Take the specimen out of the tube and place it in a Petri dish filled with water for easier observation.
Please close the tube again to avoid excessive ethanol vapor in the room.

TEREASR P EURA > B EKAVRSRIT - DUFIBER - WRASHE - DIl -

Handle the flower specimens carefully, as you have to get along with the given plant material to do all
your observations. In the case a specimen consists of more than one flower, isolate individual flowers to
observe specific parts. For such plants you may want to observe a specific part in several flowers as
some floral parts (notably stamen and carpels) are easiest observed in flowers in a specific state of
maturation.

IINCERAE AL B BURACEEA - DA EAVEIE - BREAT SRS B R E L
ﬁﬁﬁﬁTﬁE%‘%ﬁé SRAG DSBS IERE B - R A LB Ar (R A2 HE RS RS ) T RE RE AL R
B PR EPE A B S -

Observe small details with the dissecting microscope. For a part of the observations you might have to
dissect the flower, for which you can use the given material (razor blade, forceps and toothpicks). Make
all dissections in the Petri dish.

ﬁﬁﬁﬁﬁﬁﬂﬂﬁ?ﬂﬁ%ﬁaﬁ?zﬁi%ﬂ%% RATREREEA TEUIR ~ 81 KRS - SiEREL
TR A REEIEN(E -

3.1.1 Type of inflorescence fEFFEYIETY

The figure shows schematic illustrations of different types of inflorescences. Each small circle represents
a single flower and is often accompanied by a bract.

NE A FERFRETE R EE - SE/NERIR AT - HEERS —EEA

%fﬁﬁwﬁ@

1
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IBO 2013, SWITZERLAND Practical Exam “Plant Physiology, Morphology and Ecology”

Indicate the most appropriate type of inflorescence for each Specimen V-Z with a tick (V).[2.5 points]

HlE A (V-2 e AR E 2T A)

\) w X Y Z

Inflorescence type 1

Inflorescence type 2

Inflorescence type 3

Inflorescence type 4

Inflorescence type 5

Inflorescence type 6

Inflorescence type 7 ﬁ

3.1.2 Number of floral parts {EZ3fir V& H

Determine the number of sepals, petals (or tepals), stamen and carpels per flower for of each of the
Specimens V-Z and write your results in the table below. When more than 10 parts of a specific floral
part are present within a single flower, indicate ">10". Omit counting floral parts indicated by a black
cell in the table. [11.5 points]

HEEREA(V-Z) —AAETHI=E R ~ TEMR(EHEMY) ~ HESE R MESE 2 B H - WA B I E 22 THE AR
F oo E A PHVRERRETC AL Z B H 0t 10 > AIIPL">10"FRoR © 28 BV ZERR A HIE -

number of sepals Z£H #H

number of petals or tepals {CHF
BEHEE

number of stamens S8 H

number of styles (count branched
styles only once) FHEEEH (43X
HYAEEE & {F—{EfEEE)

number of distinct ovaries 775 %
(R E
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3.1.3 Fusion of floral parts FEERfr YRS

As illustrated in the figure with schematic petals and stamen, floral parts can either be free (A), partially
fused (B) or completely fused (C). A: free (fused part <10%), B: partially fused (fused part 10-90%), C:
completely fused (fused part >90%).

PUNE R Bl > SREHE ~ HESSSCHAEED LIS - B A RyorBECR S ED 7 <10%) - (8 B Ryilsri &

EHbIT 10-90%) - [E C Fy5e & E (R a i/ part >90%)
|."' ~N MM &6
I'._ "l f / T' T | I',.I [N \
o ] P || \ ’ JERY N

,

[ ey
] - # A ,
N |I | / I|II I \\ 4 i \\‘ llrfr
™ | 7 k

\, i Y / i || \ /
L (] ! \
A Lo N || 1 I AN A
.| "

A B C

Indicate the correct state of fusion of sepals, petals and stamen for flowers of plant Specimens V-Z with
a tick (V) in the table below. [6.5 points]

Bk

FEEZEFIET  IHIFORHEEA V-ZHVER ~ (U RS 2R eIl - EEEERPITAV) -

\' w X Y yA

Sepals Free (fused part <10%)47-#f

Partially fused (fused part 10-90%) &} 7 &

Completely fused (fused part >90%)5¢ &/ &
::;::: / Free (fused part <10%)47 %

Partially fused (fused part 10-90%) (5 &

Completely fused (fused part >90%)5¢ & &
Stamens

Free 775

Partially fused to other stamens

at the base or the top tepals (fused part 10-
90%)

TERESS YRR A LR il &

Partially fused with petals / tepals (fused part
10-90%), B IR EA LRl o iR &

Partially fused to other stamens AND with
petals / tepals (fused part 10-90%) B3 ELAfif: @
SEb G - EWBENEG R E S

3.1.4 Ovary position +FEfrE

The position of the ovary of a flower can be classified as superior (A) or inferior (B), as is shown in the
figure below.
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— ALY T LB 53 By AL (A) K2 TIZ(B) » 41 NEIFTR ©

B

Indicate the ovary position of the flowers for each specimen V-Z with a tick (V) in the table below. [2.5

points]

DAVEERSTEACIEAR V-Z VT B E -

[ 9
@ Y, w X Y z

A (superior) A7

Q12 =
B (inferior) i @

3.1.5 Floral symmetry FERYEFEM:

The symmetry of a flower can be classified into radial (A), bilateral (B) or asymmetrical (C). The following
figure illustrates these symmetries both with example flowers as well as floral diagrams (second row).
Floral diagrams show from outside to inside sepals (filled and curved), petals or tepals (open and
curved), stamen (open and round) and carpels (grey and round).

TERTEIEE o] o3 Ry dEET SR (A) ~ W RIS (B) S EES TR IR (C) » B R 2R B s e xUlE - FEzUE o
MR HIRERZE R (FORVETISE) - eI EH(Z2 OrTE HiER) - eSS (22 L ER) RIS O G EP) -

N

@y
& )

18/22



Q13

IBO 2013, SWITZERLAND Practical Exam “Plant Physiology, Morphology and Ecology”

Indicate the floral symmetry for flowers of each of the specimens V-Z with a tick (V) in the table below.
[2.5 points]

DIVED RS FEACIRA V-Z B -

Vv W X Y Z

A (radial) BEET ¥

B (bilateral) W {HI¥% T

C (asymmetrical) JEEHFEME E

Part 3.2: Pollination ecology 4 RE

3.2.1 Floral shape £t

Floral shapes evolved as adaptations to the morphology and behavior of different pollinators. Despite
the enormous diversity of flowers and inflorescences, most of them can be classified into one of several
broad classes shown in the table below. Note that the relevant unit for attracting pollinators can be a
single flower or an entire inflorescence.

fEIE R RE B E B2k BT Ry (LI Y B EAE R - BIEFE AT IR ZAR(E » RE A TR
SRR 7 — - SERE: IS [T AR R AL 7] LUE— A EBUR R B EFT -

=3

n° | Floral shape lllustration of example flowers or | General characteristics
inflorescences {CE((E/ Y&l {3
162 BRI

1 | Open disk ¢ Pollen and/or nectar freely presented

flower {E# Be/ B4 B R BRI
e Flat landing place.
BRI EARAE HhEpR P

2 | Tubular flower e Radial symmetry B5 & ¥

with radial e Pollen and/or nectar partially or

symmetry completely hidden in a narrow tube
{E# B/ BAT B o B oe R R A

TR TR E s

TRAE e Tube may be built from free or fused

floral parts &jiktR g ] e B AT EHET
iz oy B &
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3 | Tubular flower
with bilateral

symmetry
W HE R Y
IRTE

Bilateral symmetry Fi{H[¥1HE

Pollen partially or completely hidden in
a narrow tube {EH7) 7T ECSE R FERUE
HHE

Tube may be built from free or fused
floral parts “EfR#S ATRE B HA fEH
fir B &

4 | Brush flower

HOIRAIAG

Absent or inconspicuous perianth /
petals TE#E/TEMY G = SR HH SR
Numerous and predominant stamens

eSS B B R HAHER

Based on the morphological characteristics you determined above, indicate the most appropriate floral
shape class for each specimen V-Z with a tick (V) in the table below. [5 points]

FRIBIRAVER & HIETEAE

ARN-Z BRI > A2 PR LAVIEE -

Vv

w X Y Z

Floral shape 1

Floral shape 2

Floral shape 3

Floral shape 4
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3.2.2 Pollinators 23

As is shown for a subset of common pollinators in the following table, the floral shape and other
characteristics of the flowers or inflorescences are often strongly associated with their pollinators.

WNRFRRVIERINE » {EIP DURAEEHE P rY EAt R i i Bz A B VIR 4 -
n° | Pollinator 5733 | Characteristics of pollinator Common shapes of flowers [/
inflorescences (L2 (G PRI B ZAR
- {EEAEPHY LR
1 | Wind J&| e Unspecific JFE— e Inconspicuous ~~NHEZE
e Non-directional & J7 & 14:HY e Lack of optically attractive floral
parts fif/D B IRG [MEHTFEEML
e Nectar and scent absent J§HELE
&N
e Huge amount of pollen X&E1Ek
e Anthers and stigma well exposed to
the wind  fEEERAFUHESE £ FREET
JE\HF
2 | Bees/ bumblebees |e Day-active 7T [ K EE) Either ~ &~
e TEes e Biting mouthparts I 1558 o Bilateral Wi {H% %
¢ Longtongue HIEE e Brightly colored (often vyellow,
e Attracted by pollen and nectar violet or blue) BHEFER (T Fyex
WA RACERTS | B R EOEE D)
e Pollen gathering UZEESEH e Nectar hidden in a tube {EZE Y
e Able to hang upside down &J B
e e Offering a landing place FEAtE[E
i
Or BLE~
e Flat Y£iH
e Brightly colored (often vyellow,
violet or blue) BHOfF S (3 Fy e
-~ REEER)
e Offering a lot of pollen 2t K&
1E#
3 | Moths i e Night-active & [H]/EH) e White or nearly white HEFHT{LIEH
e Long proboscis [185E t®
¢ Do not need a landing platform |e Fragrant scent 5 &
NEERERE e Open during the night L8 [E1FH1E
e Seeking for nectar i Z= /L&
4 e Day-active 7F K G5 e Upright position E.17[q]
e Long proboscis (125 & e Tight tube g =&k
e Do not need a landing platform |e Deeply hidden nectar {£% %55
N EERER
e Seeking for nectar FxFH (L&
5 | Flies & e Licking mouthparts FRIF0 |Either A&~

s

o Like bright flat surfaces to sit in

e Small and flat /NAY H SE3H
 Without scent 5[4
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the sun = EHH = EZHYFE

o AT PSR E T

e Nectar reward freely presented f£

2] B A
Or

e Brown/purple advertisement £

RPrt/ 5

e Carrion- or excrement-scented &

DRENES AT R )

The following table lists additional floral traits of the plant specimen that cannot be observed from the

prepared samples (+: present, ++ : strongly present, -: (nearly) absent).

NRPYIHESEYIE A M AR R ERR R+ BA, ++ HBEEA, - G%F) =)

\' W X Y Z
presence of nectar {L25 ++ + + - +
scent S5 ++ + + - ¥

Q15

Based on the characteristics of the flowers or inflorescences you observed and given in the table above,
indicate with a tick (V) for each of the different plant specimens V-Z its most likely group of pollinators in
the table below. Use the numbers indicated for each group in the table above. If several groups are

equally likely, pick any one of them. [5 points]

TRIZFTEE 2 FEBE Y b ERFTR VR EL - HIETEBEYIEAR V-2 BT RE R & (H BRI & 4R
) DIVIEEEEZERTIEES - HR S EAENRNE > BoRFTA ATREE S -

\Y

w

X

Y

Pollinator 1

Pollinator 2

Pollinator 3

Pollinator 4

Pollinator 5

End of the Practical Exam AE/E&EE
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