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IBO 2013, SWITZERLAND Practical Exam “Plant Physiology, Morphology and Ecology”
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This test consists of three tasks: (0] A% RN 2 20 QESL T}

Task 1: Determination of glucose content in plant extracts [44 points]
I 1 AEFS B0 Y EET YO HH[44 ]
Part 1.1: Calibration curve [13.5 points]
Part1.1: EZ&3/M [13.5 H]

Part 1.2: Glucose content [15 points for measured raw values]

Part1.2: IO [ X3 & 7415 H]

Part 1.3: Data analysis [15.5 points]
Part.3: O|O| B £ [15.5 ™]

1.3.1 NADH calibration curve NADH M7 =M.
1.3.2 Glucose concentration in plant extracts
MEFEENM ZEY Sk

1.3.3 Interpretation of your results Z 1} S} A1

Task 2: Staining of transitory starch [9 points]
A 2: YA HQl =TO| HAM [9 H]
Task 3: Floral morphology and pollination ecology [35.5 points]

1A 3: 22 HEe Sk} £=E(pollination) ME} &} [35.5 ]

Part 3.1: Floral morphology 22 S EH

3.1.1 Type of inflorescence  3tA|(E Aol

3.1.2 Number of floral parts 29| 2t HEE29| %=
3.1.3 Fusion of floral parts =9| 2t 22 9| 3t

3.1.4 Ovary position M| 2FO| 2| X|
3.1.5 Floral symmetry 29| Cj&l M

Part 3.2: Pollination ecology Z=E (pollination) A4 Efj st

3.2.1Floral shape =2| HEH

=
3.2.2 Pollinators ==& 047} X}

Please write your student code into the box on the title page.
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IBO 2013, SWITZERLAND Practical Exam “Plant Physiology, Morphology and Ecology”

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.

AN 1 2B HEE AESI| & 25| AFLICL O] M & +Ast= S =22 WS 20 = S HSAIZ
Chg, & =7t Zest 5F2 st ofztel AlZho] ettt 7|ttels 3¢ oA 2 2t 3 &

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.

U= X7 QlELIth 2| o= HS Tl 2 orof B S 2T 7| YStA| 7| HERFLICH 4t otofl 7] & B Eto]
E7rEuct

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.

B2 MA0tA(v) £ Of2H|OF =AtE M O{OF GL|CH =2 2 2 S MO A ==X} “171t “7" 2 O] R FALSHA
HYULCE X4 EAZE O] =AE & &5 57| fIsiAM = Ot 920 O 20| A0 A=107 5
HMOA|Q.

B

e

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.

Al OrXghof B0| 22 H X 2dS STotn SA HEE Wa 24| 2= HO| Mo AX| HEE

Aled S50 2242
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IBO 2013, SWITZERLAND Practical Exam “Plant Physiology, Morphology and Ecology”

Material and equipment X & 5! 7| ¢

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.

7t 40| I E BE HE} 7| TS YK ol 5HA2. Of T HO|2HE WHEl 20| OB £2 EAJL.
Task1 T}H| 1

Plant material: Al & M| &

e  6x250 ul plant extracts [WT light, WT dark, sex1 light, sex1 dark, pgm1 light, pgm1 dark]
6 x 250 ul A1 5 =& 5 [WT light, WT dark, sex1 light, sex1 dark, pgm1 light, pgm1 dark]

Solutions and reagents: 211} A|2F
e 1.5 ml “Master mix” [MM]
1.5 ml “OpAH 8IA” [MM]
e 1 ml NADH solution 500 uM [NADH]
1 mlI NADH 22 500 pM [NADH]

e 200 pl G6PDH [G6PDH]
200 pl G6PDH [G6PDH]
e 10mlH,0 [H20]
10 ml H,0 [H20]

Technical material: (AF2 7|)
e 1 micropipette 50 pl-200 pl (can be used down to 20 pl)
1 O-O| A ZL}O|E 50 pl-200 pl (20 pl 77HX| AR 7+s)
e 196-well Microplate (don’t touch the bottom of the plate!)
1 96-well O}O|2 2 Z2|0| E (E[0| EQ| R HE £2 2 TX|X| OIA L))
e 1Timer
1 EtO|
e Container for used materials
MNBE RS S &
e 2 blank paper sheets for notes
H2E flet B0l &
e Flag to call the lab assistant

de znE RE0H AMESE AE.
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IBO 2013, SWITZERLAND Practical Exam “Plant Physiology, Morphology and Ecology”

Task2 1}H| 2

Plant material: A& X &2
e 8tubes with de-pigmented plants [A, B, C, D, E, F, G, H]
MAE XAt AM=2 H28 72 RE[A,B,C,D,EF,G,H]

Solutions and reagents: £ A|QF

e 10 ml Lugol’s solution [Lugol]

10ml 2= 24 [Lugol]

Technical material: AtE 7|4
e 8 plastic dishes
8 I EQ| ™A
e  Plastic Pasteur pipette
ZopAE TiAE 2 THo|H
e  Waterproof pen for writing on plastic dishes

HEZ[ Ao A8 == A= Fd OFAHH.

Task3 1}X| 3

Plant material: A& X &

e 5 tubes with floral specimen in 70% ethanol [V, W, X, Y, Z]
70% O|EF2 0| HAT R B2 5 REIV,W,X,Y,2]

e  Color print with photos of the flowers V-Z
3= (V-2) Z2 At

Technical material: At 7|4

e 1 dissecting microscope

Ok
=
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a
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e 1razor blade

e 1 forceps Al
e 2 toothpick 2 O|&A| 7N
e 1 plastic dish filled with water 1 0| E7I I{{E2| HA|

5/25



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

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

-

I 1 A ERS 20 U BET 0| 27 (44 H]

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.

o 90| ZXSHD A B2 FEHS 5ol Of7] F CO, 2LE EHHBES zwga_mr. o Bty Ao
S 3 +84 ECY YEE MHED, O12 YRE
150 S%E 27| 5O EAGL JHTIE BFI

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:

=S PHSHA RSHALE e ZoiSHR] XRohs O 7| FCH(OR2HH|EAI2~)el ofg] = HOIN| 7t
YA AT O] MM o222 OFHH Of7|ZTIwTIR &= SHBOIMZREH FET A8 FE=S
ZtX 0 A E Y AOIL

1. WT: unmutated wildtype plants WT: OfME AlE (H| S EO|A)

2. sexl:starch degradation mutants sexl: =2 23| £ Sl X| Z25t= = HEHO|K|

3. pgm1l : starch synthesis mutants pgml: =2 3t & 1K 5= SO K|

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.

BEMNE24F ST 8 AZE Slap 16 A[ZF 7|0 M RYEiSE =, =2t5t7| X0 48 A|ZH SO 2HH B
& 7|(“dark”)0f| =7 Lt EE= 10 A|ZF SOt Hl(“light”)0f| &= RACt.

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). Mater mix[MM] contained NAD+, HXK and ATP.

{222 NAD

I
ot
ok
H1

57510l 0|5 M2 FES2FH Z=T 558 5T AO0|Ct Of2{of LIEFH
| 2-6-214

Htet 2o Z=g ¢ P g SaFH0|H[0[A (HXK)QF 2REL Rl4h S22 (GePDH)Of| 25
H0iE[= 2 BHA 2SS S3ll NAD+ oF 2 Xt= NADH ot Z At 2 Hehzl T ‘DA E{ 3 A[MM]= NAD+, HXK 5

ATP £ b5t QUCtH

G6PDH
E{K/ /-\ 6-P-Gluconolactone

NAD+ NADH
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Q1

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

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).

Ol Z2 96 (well) DIO|AZZO[E(Ot2 O FH)E AHESHA =t 7HFE%te|2t o2 TX|a HH2
REX|X| OM 2! OO| A2 S 8|0l E UM 7t2E2 <AH1-12)2, M 2F2 EAHA-H)Z EA|Z|0f Rl HM

HIA 2 FEA|E|0] Q= well T AFR3HA| 2.

0 1

AA&QQQQQ@QC&ﬁ
8 VAR
érﬂf—a»raf\r\/\/\a\z.\c\(\( RA

suswnn

D hfamr\mmmmc\: DEN
g m@@@mmmmc\z Vs \r \
F MA@V @ ENENENE P
G ﬁammmr\mmmm(vv ™

HARAABBHOHONN r\/‘\

Jaﬂw/vv\_«\_\.\\

Part 1.1: Calibration curve [13.5 points]

Partl.1 M 22 M [13.5 M|

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,0 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]

NADH EH S éwoq ZETO| Y2 H7| S, MA 0l2 SE=O| NADH & JHAI D HY TN G 1210}
SHCh MA| £ 200 W 91 {3 SEO| NADH 84S BHSTAL Sk Ofzf EO| 500 uM NADH T
2(H,0)8 20y L*o1 FOHEX] MO, T8 ChS SiElE 00|22 20| 9| well(A1-A7)0] Tat
Ofg 00|22 T0|MO R Y11, 00| 2 2T}0|HS 3 ¥ up and down 5}0] ZETIAIL. (M 3T + ZH
2 3t105 )

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

NADH solution (pl)

H,0 (ul)
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IBO 2013, SWITZERLAND Practical Exam “Plant Physiology, Morphology and Ecology”

Part 1.2: Glucose content [15 points for measured raw values]
Part 1.2: L= 2F F [ZHTH 7} 15 M)

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 GGPDH. Begin by pipetting the following into Wells B1-B6 and C1-C6:

2 O|X 2 AlE 22 9 2 7tX|Q] 8AZ
XEOEZ AFE2T 70|, C1-C6 Q| well O =
2 I
=

00|22 IfO|B S O|83ilM E= A=

A 1>

Z=H|3{Of StCt B1-B6 O] well 2 7|& SZEE 7| st
G6PDH 84S & EICt B1-B6 U C1-C6 well Of Of2fo| 82

REEPNEENEY

= FEESEFH Z:Y2 55 F5Y| QoM oz
o CH

H

ol

-

_

1. 100 pl “Master mix” into the Wells B1-B6 and C1-C6

100 ul O] “OrAE BIA”E B1-B6 Bl C1-Co well O EOA| 2.
2. 20 pl H,0 into the Wells B1-B6

20 ul 8| =(H,0)= B1-B6 well 0| Z2A|2.

20 pl G6PDH solution into the Wells C1-C6
20 pl 2| G6PDH =2 C1-C6 well 0] E 2 A|2

3. 80 pl of the corresponding plant extract as indicated in the table below and mix by pipetting three times
up and down

ot Ol EA|E CHE 3 Fot= A2 == 80w & €1 OrO[2 2 T}tO| 2 S 3 B up and down }0f

2ot

Wells &l Bl and C1 B2 and C2 B3 and C3 B4 and C4 B5 and C5 B6 and C6

Plant extract

x =
HeFE=

WT light WT dark sexl light sex1 dark pgm1l 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.

%2 20 2O 60 £ S0 MR0|H HSAIF|AIR. ¥ T AT YL ALS S0| HYEDE 22N
A ZD7t300 nm 0N SBES SY C1S 2 well O YIS TS0} 012 20| A T HYLILE O
£ Part 13 0K AL E HYULITH

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.

Fo|: nlojARZ 0| £H 7|7|7t BA| ©7] HEo| ALS £ Ch2of ofz{£ol olojAzmoES
SRS IHK] 15 2 BE 7|CH & Y LICH BHS AlZH 9! |Chals AlZH SO THE| 29432 ARk E
gL,
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IBO 2013, SWITZERLAND Practical Exam “Plant Physiology, Morphology and Ecology”

Part 1.3: Data analysis [15 points]

Part 1.3: O|O|E{ &M [15 H]

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

FO S-S 5P ZUEF o222 O|Eut Y HS E oA 0| ELIF O ZRIEES
Al SF0f ZofofF gL Ch.

1.3.1 NADH calibration curve (1.3.1 NADH H 7] = M)

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

A —-A
=gl = — 9
CNADH

where A is the background absorbance value at 0 uM NADH (Well Al) and A, the absorbance value at
concentration cyapp- € 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]

54 E 2E NADH S0 AZFLBA () ot S4 S 0[83H0 ALSHAIL. O7|0M Ay = 0 uM
NADH (well 1)0{| M| ¥ 1 2t2 E S& &= ZfOICE 5= cnaow & A M2 SEE 2t A= 2B A ()0 EAS
S0l 80| St A2l (NS &2 2tk ZCF o2 B X[of At S HoA| (27 5 2| 7HK]| H2A|2)

EX=)
A~ A,
E.= &l =
C
NADH
Well A2 A3 A4 A5 A6 A7
[NADH] (uM) 50 100 150 200 250 300

Q2| &MY Eﬁ

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]

—

Ale)[1 ]

71|*._6 BE AYLEA S| agh(E)S Ao, of2fof ZHof| A4t 2 E HoA| L. (&5 5 Xt2|7HK]
O
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IBO 2013, SWITZERLAND Practical Exam “Plant Physiology, Morphology and Ecology”

1.3.2 Glucose concentration in plant extracts
132 48 FEE0IM ZET EE.
Calculate the glucose concentration cgyeose in each well (diluted plant extract) measured as

c _ AGGPDH _AH2O

glucose — —
Es

where Aggppy 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 glucose content that was

present in the fresh leaves, indicated as mmol/g. Each plant extract was made of 25 g leaf material per liter. Report
your values in the table below (precision: one position after the decimal point). [7 points]

otzflof /= 0| &3t)] Zt well (S| E HEFEE)2 2 H S (Cgucose) S Al LISHAI .

C _ AGGPDH _AH2O

glucose — —
s

O| MOl M Agspon = GE6PDH 2F BHH| BES A| 71 Al 2(well C1-C6)2| S& T 0|, Ao £ 2 220t BES A2

Al Z(well B1-B6)2| S& &= #40|1, &= OIH=Z 0| R0 M Attt AZF 2B A2 BrgholCh. 28 Chg O

—

e Aot 20| EXMOIRAE Mo Z=T A(mmol/g 22 HA|)S ALHSt=H MESIA L. Zf AF
TEE 12/H(U)= 258 2| AL =RE TS RACH25g/L). OF2 B ¢S H2A|. (aF WM A2 7K
I O A

SAlR) 7 "]

C _ AGGPDH _AHZO

glucose — —
Es

Sample A|2 Concentration in well (uM) : | Content in leaves
well 2| 84 S (um) (mmol/g): & 1g £2|

E Ltk (mmol/g)

WT light

WT dark

sex1 light

sex1 dark

pgm1 light

pgm1 dark %
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IBO 2013, SWITZERLAND Practical Exam “Plant Physiology, Morphology and Ecology”

1.3.3 Interpretation of your results

1.3.3 Z1} sf{ M

Indicate with a tick (V) for each of the following statements if it is true or false based on your measurements. [4
points]

of2{2o| Z™Hof| ZAHsto] ozl 2t T1&0| ZQIX| HAI QK| E MAOIA (V)2 EA|SHA| 2. [4 H]
EE True False
& HH

Q5 | plants light-incubated prior to extraction contain more glucose than those incubated in
the dark.

FE W EHY SOrE 22 P20 EMSELEH B2 XS Zeot)

Glucose levels in light-incubated wild-type plants are lower than in dark-incubated wild-

type plants
2ol = OFl e A S0 MLl TG &2 A0 & OF i Al Z0f H|s MCt.

During the day, starch synthesis in wild type plants reduces glucose levels below the level
present during the night.
LSO OpA S A2 0| M S 2HO| St S I O

LECHAZ O3tR UAA|ZICH

Both “pgm1 light” and “sex1 light” samples contain more glucose than “WT light”

samples.
“pgm1 light” 3 “sexllight” A|2 B &= “WTlight” A|REELCIH RS2 XIS
Lotsict

The “sex1 light” sample contains more glucose than the “pgm1 light” sample.
“sex1 light” A| 2= “pgm1l light” A|EELC}H S X EhS HSHSICE

The difference in glucose concentrations between dark- and light-incubated plants is
bigger in wild type plants than in mutant pIants

A0 = AE e 2T SE XH0|= SAHHO| A Z0f H|3H OF 4
M2o|M o AL
sex1 plants are likely to grow faster than pgm1 plants.

sex1 Al2.2 pgm1 Al S HC} O #3| X}2t 240|Ch,

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

G6PDH £ H7ISIX| %2 A2 572 6-P-Gluconolacton O| B2t E 5T 9|
BE HES = ER240| ALt
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IBO 2013, SWITZERLAND Practical Exam “Plant Physiology, Morphology and Ecology”

Task 2: Staining of transitory starch [9 points]
OEA| 2. YA QI ZTo| HA [9 H]

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.

YNHY 5L RES DYDY T2 SAUCE PSR OEHSE ST YN A BEE
RICH Of2{iol MEL) 9lols £ Dg0| A2 MEO| YLt

GROUP | A B C D

GROUP I 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).

ot AEC EE MHE2 12 412 S¢S0 E CHS 0| -=teh AR B, O I8 RE ME2 2 A1 S
2ot d20 £ Chg 2ot AO|C 2t OF2 Z| &8 otLto| opd (W) 4 F, StLte| 5/S E3li5HA|
XotE = U HO[N|(sex1) 2f SFLIC| Z2 S BHFBHA| Rot= = HOIK|(pgm1)S B}

Of2fo RO [t A-H o ZF 4 =25 2 F FMBIA .

1. Transfer the plant specimen into a fresh plastic dish.
MEANZEMEEZ A2 FUCt.
2. Remove residual liquid from the dish with the Pasteur pipette.
ODtAE[=2 To|H o 2 T EZ| HA|Of E0F A= 8HXS 2T M AL
3. Stain the plants by covering them with some drops of “Lugol’s solution” using the Pasteur pipette.
TAEZ IO|HOR 2B SAS NS NES BSHER 2 92 B0 T3 422 FMBICE
4. Incubate a room tempersature bfor 1 minute before doing your observations.

=20 E 2 23 otCh
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IBO 2013, SWITZERLAND Practical Exam “Plant Physiology, Morphology and Ecology”

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]

Bl

AE (A= AD)I AE (A F E-H)Q| 2t Al oA 2HEE S I HES HA0FA(V)ZE EAISHA L.
Group | Group Il
e Plant | Light orange | Dark brown Intense Plant | Light orange Intense
ge SERIE black gg black &2
Xl HO
Qx| A == 85 Qx| M e M
M
AH
A E
B F
C G
D H

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]

SEE AS M DEO 2A50 OF | M= AE 1 A2 HESt=
A0AW)E EA|SHA| L.
Growth condition M &+ X H

12 hin light 12 h in darkness
12 A|ZHHl 12 A ZH A

Group |

Group Il - R
LELY

>

otz =0f

13/25
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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 strain for each of the plant

specimen (A-H) in the table below with a tick (V). [4 points]

of 27/5t0f 24 4|

Strain Al =8

WT

sex1

pgm1l

= AZE(AH)0 siFote M= FFE Ol 20 HAOAMVZ

14/25



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

Task 3: Floral morphology and pollination ecology [35.5 points]
TR 3. B HEASHA 8 MEfS[35.5 ]

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.

SWABO B2 TE, DY U MENH JISTOIM MT CiYHS HoItk 20| 2 220 4, 5 I
A HE S $MHOE AYEE BE, Ro| AUl Wi 2L J|SH SHS 42 wHn 2L
MERR 940 BOHE OFSICh Of BHHOIA CHY FR0| B AZ(v-22 HENN ST BAGD, 1S
4 (pollination) I} G 2HE MENS S 44Tk QI E4A|Z ZOITH

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

AMEE[= 8012 OI3HE &7| ?lofl ofeff AF 2 = BMENMS %o 24 FE22|/RE O EL0.

A: carpel A1
:stigma Y=

tstyle =LY

T I O MmO O0 W
o
@
o
o
o
bal

tepal (when sepals and petals are undifferentiated)

EEMNZZ (AN RLHO| 22X B2 FR)

[

J: floral axis Z=LCH

K: bract T &

Part 3.1: Floral morphology

e

Part 3.1 2 HEj st

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.

2RA0M LB o2 AL = AFO| £ Ee 2T RAHE Z5t= OfEHS0 EEE O SR

AMZ(v-2)E 2ESIEL 0|52 SESEM YRFEN +RFE0| St 20| EXetot. s Fdt= %2
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IBO 2013, SWITZERLAND Practical Exam “Plant Physiology, Morphology and Ecology”

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.

02122 2t AlR(v-2)2 HEfX B2 SlOfITh 3t AIROIA RE B BH [ CH2 AIRS Bt
A HHBICL,

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.

HES A 57| fIsiM REOAM AIZE HUAM 20| B2 HEEZ| HAIO s=Ch 24 Wol ofErS
dAZHLIR R E 2 R EE POHELL

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.

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.

A

=2
ret

njgoz X

rlo

X
rot
-1
P

= d £ BESIA 2. 22| Zt BES #ESHY| 23 RS iF == A=, 0l
BF FOT =B, T, O|FAN)E MBS 2. R E S F= HEZ| YA M =ASHA| L

3.1.1 Type of inflorescence

3.1.1 EXH|(=HM) R

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

q8e of2) EXf O R4 EE HOECL 2 2 AL B

T T

4 5 6 7

M

= LIEtW D ST Z G 1F 2 LiEtHCh

1
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Indicate the most appropriate type of inflorescence for each Specimen V-Z with a tick (v).[2.5 points]

ZF A= (v-2)0f Bl o= 7 HE T At E MA03 ()2 EAISHA[2.[2.5 ]

Vv w X Y Z

Inflorescence type 1
=it fH 1

Inflorescence type 2
=X fd2

Inflorescence type 3
=it 73

Inflorescence type 4
ZX2 R34

Inflorescence type 5
X1 9

Inflorescence type 6
X1 9 6

Inflorescence type 7
=X 7 7 -hiJ

3.1.2 Number of floral parts

3.12 % BEo 4

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]

2t AR(V-2)01H BtLES 2 DT 8, RYU(E
stio] 20| S8 BR20/1

A2
MNEHEL MEtSIA| Q. . [11.5 H]

& +E Z2%35ta, ofef &
">10"C 2 HA|SIA| 2. Oof2 &Of ZA

d
o
™ rr
Pl
Of
rir

number of sepals
il AL
ES=Eo

number of petals or tepals =

s ZREZO S,

number of stamens $=%= 9| 4=

number of styles (count branched
styles only once) =CHo| =%
CHXI7L Ae L=Ele SHHE
2ZF3HTH

number of distinct ovaries
20| TEEE Nl
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3.1.3 Fusion of floral parts

3.13 X5 &2 8¢

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%).

T T o) — . ey -
|' \\_ / ‘| !'/T] '.Ll. | { \\ {// N :F‘II Irlln'| [l | | : ,-'/ ™
| V| . I. \ | .'I 4{ WYY . |

N | T T
\ | / I, W | Qi. \ |
l ', W \ /
\ \ I| || | ', ‘_."’ "nll. n \ ra
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2t
za

T AZ(V-Z)0M =Y, U X220 BHE JEIE EAS

Sepals Free (fused part <10%), =2
J£ HHX o35 n
Q11 =2 | (BEE XFE <10%)

Partially fused (fused part 10-90%) BEH
B E £F T 10-90%)
Completely fused (fused part >90%) 2N
S (EE £FE >90%).

Petals /| free (fused part <10%), =

tepals e e e

poyp |(BEEHXTE<10%)

o/ X )

T EL Partially fused (fused part 10-90%) BHEH
B E £F = 10-90%)
Completely fused (fused part >90%) 2N
(B E R T >90%).

Stamens
Free = & A

A A

T=

Partially fused to other stamens
at the base or the top (fused part 10-90%) 7| %&£
EL ZOp7|0jA CHE $40 BEXNOE 8.

2
(B El 2= 10-90%)

Partially fused with petals / tepals (fused part 10-
90%), BY/REN AT REKOR

s (B E FE 10-90%)

Partially fused to other stamens AND with petals /
tepals (fused part 10-90%) 2=y
LRGN Z2 REHOZ (ST

=
=5 10-90%)

3.1.4 Ovary position

3.1.4 W&t Q| %]

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]

5

The position of the ovary of a flower can be classified as superior (A) or inferior (B), as is shown in the figure below.

RO Mol 2| X|& ofaf a0t 20| A<M

(A)t s ME(B)I2 2 = E L.
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B

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

Zf = A= (V-2)0| A ME2| 2X|S Ot2fl 0| H 203 (v) 2 EAISHA| 2. [2.5 H]

A (superior) ArQ|M gt

[
B (inferior) S} M gt @

3.1.5 Floral symmetry

3.1.5 Eo| A

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).

20| ChYH2 YARE(N), L4 (E) EE RO FES 4 QUCk o2 1L B 7| Rl oot
SHA = (0FE)0) ChAAIS LIERH 20T S =& BIZBU A RE 1502 RUE(MIYH Uo7 32
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Indicate the floral symmetry for flowers of each of the specimens V-Z with a tick (V) in the table below. [2.5 points]

2t
<]

Z NE (V20| 2

CHE 8-S ofefl 20 M A0 ()2 EAISHA|2.[2.5 H]

\' w X Y

A (radial) BFALS

B (bilateral) X2 CH A

C (asymmetrical) H|CH A

#2

Part 3.2: Pollination ecology

A H
T i

-~

Part 3.2 MEJE

(=2 | B |

3.2.1 Floral shape 3E°| HE}

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.

%Z9| YEf= ME CHE E0j7HXIe] HE{Qt HS0| M3SHHAM TS| UCH Fob EXtH el &Yt
CHAMOl= =75t Ol of2ff =Oof LIEFH Zdap 2ol R 74X 272 FHA 25 = ULE
2070 AHE 725k M Ao el = StLtel & £ TMe] X Y 5= ASE F2[5t2t

n° | Floral shape lllustration of example flowers or
inflorescences
=2 HEY

Oz & E= XL RA T

1 | Open disk flower

e Pollen and/or nectar freely presented

S 712 Q/EE LS R E
s
e Flat landing place.
B ALK A
2 | Tubular flower e Radial symmetry
with radial HEACH A
symmetry e Pollen and/or nectar partially or
S AFCH A Of completely hidden in a narrow tube
EAsEDoto FO TS0 REN EE TS
- AT 2R WeEE B

e Tube may be built from free or fused

floral parts
22 S EHO|AL E= s E £2
SRo2REH Y+ Lt
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3 | Tubular flower

symmetry

ezl

A

)

with bilateral

SIHS 2L

e Bilateral symmetry
%2 o

e Pollen partially or completely hidden
in a narrow tube

Zo 0| L2 EE AT

=
EAT LR,

e Tube may be built from free or fused
floral parts

e SEUXO| AL E= 8B E 29|
A

FEL2RH YYE + ULt

4 | Brush flower

e Absent or inconspicuous perianth /
petals

AL FEBX|X] @2

LS T
= E7M(=t])/E
e Numerous and predominant stamens

OFroO A A
FCRT B2 22

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]

floA ol2{Z0| 278

HOIAM O HAOA (V)2 EA[SHA|

-
ot

" S

W X Y z
Floral shape 1 Z HEf1
Floral shape 2 2 SEf 2
Floral shape 3 2 SEf 3
Floral shape 4 2 SlEf 4
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3.2.2 Pollinators
3.2.2 =2 0§74 X}

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.

Ofef #Oj| LIEtH US| ABLHOI ~=F O 74XIRE 20| 2| HEfQL ROILt X2 CHE Sd2 E&
QS0 &2 0)hRIQt 0 LR S BEO| YUt
n° | Pollinator Characteristics of pollinator Common shapes of flowers /
=0 7H Xt F=O7Hxte] £% inflorescences 3&/& A 2| S &%
HEY
1 | Wind e Unspecific e Inconspicuous
HI S 0| X SCRX|X| S
[=[4=13 N .
= e Non-directional o Lack of optically attractive floral parts
23440] 918 NZHoz Qolsts 29| 2t 220
oo
HA O
e Nectar and scent absent
ot S e7|7H gl g
e Huge amount of pollen
Ayt o 212
e Anthers and stigma well exposed to the
wind
=2 she(st HiEY FE
=&
2 | Bees/ bumblebees e Day-active 0| &= Either.
b L ol e Biting mouthparts * Bilateral
=2 T AT " W_J'—l— . .
N e Brightly colored (often yellow, violet
e Longtongue 7! & or blue)
. AttracEted by Ecl)llen and le:;t|a£r| HIS M (EX L 2tM HapM e
i S o
27129} 320 /s 7 olg e
e Pollen gathering . .
Mol = A xlsE e Nectar hidden in a tube
LY [=)
=*/IFE =8 Do ZHEO % B
e Able to hang upside down’
o Offering a landing place
AP ojgd 4 U -
R B2 HS
Or (££)
e Flat HESH
Brightly colored (often yellow, violet
or blue)
ge M (BT LM, et s
T 2hAH)
e Offering a lot of pollen
H2RIVIIFEMHSHE

23/25



IBO 2013, SWITZERLAND

Practical Exam “Plant Physiology, Morphology and Ecology”

3 | Moths Ljgt o

Night-active 20 2z

|_ _I_Eol
Do not need a landing platform
AN g LRt

Long proboscis

Seeking for nectar
sug 3

e White or nearly white
8| 7Lt 72| 214

e Fragrant scent
ahsry 37|

e Open during the night
2ol 2E(7h=h

4 e Day-active 0| &= e Upright position
£ Mo
e Long proboscis FE0| SHE M 2K
e Do not need a landing platform * Tight tube
o o Z=o jt
AR BRH0| ¢S =2
e Seeking for nectar e Deeply hidden nectar
stale se A sAZL =t
5 o Licking mouthparts Either
it = Q! e Small and flat
o Like bright flat surfaces to sit in A HEe
the sun e Without scent
SXOM, RS = U= B2 717t glg
HESAAS MS, e Nectar reward freely presented

712 WEE 2L AY

A AS.

Or(EE&=
e Brown/purple advertisement
Za/2eoz Qo
e Carrion- or excrement-scented
CEE N 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).

otefiel &

(+: =X, ++: 43S

e THE AIROAME

\' w X Y z
presence of nectar S} 29| &=XY + + + - +
Scent 27| ++ + + - +
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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]

ojZ ol ast An o] oM FOT X £ X2 S0 2H5HA, 4 A= A= (v-2)0

= OH7HALE HOF of2lf O MA0tA (V)2 BEA[SIA|R. ?[2] UM 2 D53 LIEIW=

It
I
1

S|
85IA[2. 018] 50| S 7tsotttl Y2 e R HAISHA| 2. [5 ]

% vV | w X Y z
Pollinator 1

T=0f7H Kt 1
Pollinator 2
= 0f7H Xt 2
Pollinator 3
=i Xt 3
Pollinator 4
420 74%} 4

Pollinator 5 k
SEOjHR 5

Q15

End of the Practical Exam

A AR B
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