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Dear Participants

e In this test, you have been given the following two tasks:
o AREFITRRTELT
Task I:  Plant diversity and anatomy. (60 points)
F—Hbor: YR K5I (60 77)
Part A: Morphology of seedlings (14.25 points) /N&G 2 HE
Part B: Seed morphology and anatomy (27 points) f& 1288 K fif & 22
Part C: Ficus propagule dissection (5 points) & BV EERarIT) | i@
Part D: Functional, ecological and phylogenetic aspects of seeds and seedlings (18
points) f& ¥ K/ INEIYIIAE ~ ARE O R A
Task II: Plant anatomy and physiology. (40 points)
0y YRR R AR (40 47)
Part A: Anatomy of a plant stem (13 points) A )% i g 2] £2
Part B: Study of leaf epidermis and physiology (17 points) #5522 7 fr H A E
Part C: Interpretation of photosynthetic data (10 points) S &1F F SR fiEE

e Use the Answer Sheet, which is provided separately, to answer all the questions.

e The answers written in the Question Paper will NOT be evaluated.
BirERE LSRR Tt
o  Write your answers legibly in ink (you may use a pencil for diagrams).
DURTEFRIEE (IR DI s EE)
e 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.

sHtEVIRR B (EE AT iE BEEIM R R 2sh, B R ERBR, SR IR T
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e  Stop answering and put down your pen IMMEDIATELY when the bell rings.
PR, JEXLRME IR EE LI T R 5
o Atthe end of the test, place the Answer Sheets and Question paper in the envelope provided.

Our Assistants will collect the envelope from you.

B RS, BB RRAGBUERT R AR ER T, Bl A\ B E2lcE

Have fun and Good Luck! ©
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Materials and equipment: #2544

For Task I: Plant diversity and anatomy 55—&343: tEY)2 M B )2

Materials and equipment Quantity Unit
Seedlings: A, B, C and D (in plastic cups) 1 specimen
PUfE/NES A, B, C and D (B A ERERR ) EZN
Seeds/propagules: 1 to 7 (in labelled plastic bags) 1 specimen
TEFIEIERS 1~ 7 (BN A RSB RT) EEN
Specimen E (in labelled plastic bag) . specimen
A E (BENA Sty ) EZN
razor blade (use only for seed 3 and seed 5) ] F (FHMEF 3 & 5) 1 Piece H
scissors (use for seed 4 and specimen E) B JJ(FIAfE T 4 SAEA 1 Pair 1
E)
hand lens /NJUK $5 1 Piece &%
For Task II: Plant anatomy and physiology 25— #[45: tEYfd ] Ky 4 FE 2
Materials and equipment Quantity Unit
Leaves, L (in petri dish L) %R L (i L 55320 ) 2 Piece {i
Stems, S (in petri dish S) ¥EF S (F* S & M1H) 2 Piece &
concentrated HCI (in bottle labelled H, placed within a beaker) . Bottle jif
Al (BB HAEDR H AR
Phloroglucin stain (in bottle labelled P) ! Bottle ¥f
Phloroglucin Zy| (R F P AR )
water (in wash bottle) 7K (i) 1 Bottle jif
filter paper &4 2 Sheet 5
Forceps §# 1 1 Pair 5%
razor blade JJH 2 Piece K
plastic dropper e 1 Piece {[
petri dish (with water, labelled W) £ 7 /KAYESE L (2R A W) 1 Piece {[&
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petri dish (labelled LL, LU and SS with the correct student code) Piece
BRI (B Ry LL, LU K¢ SS A TERERYS A 4R5%) °
beaker (small) 7|\ EFF 1 Piece {f#
glass slides (3 H 3 Piece K
cover slips 37 5 3 Piece K
compound microscope J{:E2ZE R 1 Set &

Task | (60 points)
Plant diversity and anatomy 55—545: 1) B g 22

Part A. Morphology of seedlings (14.25 points) /NSRS (43 14.25 57)

Q1.1 (0.5 points x 20 = 10 points; 2 points for quality of drawing; 2.25 points for not

damagqing specimens) #/\&h 0.5 73, 3£ 10 73; EBUERAENE, 2 7 ; (REEASER - R

5,225 91

Make a simple schematic diagram of each seedling (A — D) in the corresponding space

provided in the Answer Sheet and label the following (if present) with a to e and indicate if

&

any are absent: 7EZZREK EAYEHETTIE T, 73 HIEE H/NEA — DI LT NSRRIy IR
(a~e)REE R I & fiE, WR %/ N 2 A BRI, THAEZ ks T TR |

a. Cotyledons fi

b. Epicotyls R

c. Hypocotyls iR

d. Leaves IEH

e. seedcoat FfER
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Part B. Seed morphology and anatomy (27.25 points) f&1-/F/ 58 K fif5]E2
Each seedling (A to D) from Part A comes from seeds 1-4 respectively.
AIERTFHEY/ N o B AR B T 1-4

Q1.2 (0.25 points x 11 = 2.75 points) £/]\8k 0.25 47, 3£ 2.75 40

Draw each whole seed (1 — 6) in the corresponding space provided in the Answer Sheet

(Note: (1) you do not need to draw Seed 7; (2) seed coat of Seed 5 has been removed).

Label the following (if present) with a and b and indicate if any part is absent:

FEBFEEHVEET R T, o hE (R T 1 - 6 BYfEE, CEE: TS 7.8 5 AU

CLESHEREER), FH T AP RAYSE S F Rk (a S b) SREE R E RS, WA ARG, T
Jk& N ifEER b e
a. seedcoat FfER

b. site of attachment of funiculus EBEEIREEHATALE
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Q1.3 (0.5 points x 24 = 12 points; 1 point for quality of drawing) &/N\EE 0.5 43, 3£ 12 43 4818

AR, 15

After drawing the exterior of each seed, dissect in longitudinal section and draw the sectioned

seed in the corresponding space provided in the Answer Sheet. (Note: Some seeds have

been pre-cut for your convenience. The seed coat of Seed 5 has been removed.).
Label/indicate the following items on your diagram with a to d:

FEESCEEM THIMUAR, FE T4, fEEZER EATHITE TR T, 35l E8 s A e s e, O£
B #o /e BRUIG 1 8T 5 AR Y C AR ER), WA N VIR REYSE S RE(a ~ d) AR

TN E S

a. cotyledons T

b. food storage &/ EE(ERE
c. hypocotyls THf

d. seedcoat FfERT

Q1.4 (0.5 points x 23 =11.5 points) &/NEE 0.5 4, F£ 11.5 %

Indicate the likely ploidy (1N, 2N or 3N) of each of the items labelled “a” to “d” in Q1.3 in the

Answer Sheet.

B FEH ARSI AQL 3 FTHRVE T i (a ~ d) Z A+ EHGEE(IN, 2N or 3N)

Part C.Ficus propagule (dispersal unit) (5 points) #4/&MEYEE S (FHEEN) (6 47)

Q15 (1 +1+3points) Dissect Specimen E longitudinally and draw the longitudinal section of the

propagule (dispersal unit). Draw and label an enlarged section to show in detail the features
ofatoc.
RHREAS E {EHeY)), Sods LB aRe (R B (D) AVEE Ui, A a8t —/ NER ST OK IS L T 5 IFE
Jr@~c)
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a. fruit 2F
b. seed f&EF

c. stigma F£BH

Part D. Functional, ecological and phylogenetic aspects of seeds and seedlings (13.5 points)

T K/ N IIRE ~ AERE RGBS RRR(13.5 77)

Q1.6 (0.5 points x 9 =4.5points) &/N\BE0.5 5, £ 4.5 5

QL7

Based on the observations in Parts A, B and C, and the information given in the Table

provided in the Answer Sheet, indicate the primary function of the cotyledon with P (for

photosynthesis) or S (for storage of nutrients) and the probable germination pattern with O

(orthodox: seed can undergo dormancy) or R (recalcitrant: seed does not undergo
dormancy). fRIZFELLEA, B and C=IATHVEIE BIA ZEAR EATTRIRAVRAS, Biiak Ty L%
Thee: P (EHEESREREE T, DA T A RER S8 I 0 OUFRAE 1 ARIRECE
RARME T A G AMIR -

(1 point x 5 = 5 points) Based on the information in the Table and the diagrams that you

have drawn, determine if each of the following statements is true (v') or false (x).
FREE DA_EZRAE S AP e, HIET T 5 IRCE B () 5k (%) -
a. All tropical plants have recalcitrant seeds.
FTEENEEY) & Rl T A RIRAY
b. Gymnosperms have at most two cotyledons.
WTEYVARZEF 2 R TH
c. Cotyledon function is phylogenetically constrained within plant families.

TEEDHRE AT EUREY AR BR (2 B S 3
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d. Seed size varies considerably in plant families and is probably not phylogenetically
constrained. [ERMEY)HIIE T A/ NERRK, HATRERN GRBURRHARIERE 5 2 B2 2R
e. Large seed size may be advantageous for some tropical rainforest plants.

KRBT AT RE L A RAE BNV PO Z A2 A Y

Q1.8 (1 point x 4 = 4 points) The phylogenies of Malvaceae and Moraceae, and a simplified

phylogeny of seed plants are provided on the next page. Using this information, as well as
the specimens that you have observed today, determine if each of the following statements

is true (V') or false (%), or if there is insufficient evidence to conclude (-) in the Answer

Sheet.

£ N —HIVE B Rz Rl(Malvaceae) Bzl (Moraceae) sk bl (el ~ S AEEY). 2 LR
e (Atf o MRIRIEEER LA RAEARE (E PR R EVERA, FIET A IRGRE (V) 5idh(%), =M -)
REEEEA e LA, SFEEER ELUEEFHRIET -

a. Large seeds have evolved independently in multiple lineages.
RIUFE T3 HIAE A A E S Z R

b. Large seeds have evolved on more than one occasion in some lineages.
RIUFE AR AP EAAEEHEE X

c. Recalcitrant seeds are more associated with tropical plants than with temperate plants.
ORI, SRRAAYE T BB Y LA A R

d. Gymnosperms are unable to produce fleshy structures associated with animal dispersal

because they lack ovaries.

B YR R AR BB R A RHEY 20 i, (R R s Sl A+ 5
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Phylogeny of Malvaceae Phylogeny of Moraceae
RSSO 4 B (AR SERPRGRA A
Ficeas
Malvoideae (Seed3) (SpecimenE)
S
Bombacoidess
Castilleas

s T 0 Cl2aE

Dormbeyoideas

Dorstenieas

Sterculioideas

Brownlowioideas Maclureae

Helicteroidese (Seed1l)

Artocarpess (Seed 2)

(5RO 282

——— Byttrnericideas

Moreae

Simplified phylogeny of seed plants f& {5172 fi{ LR (R 1ot

Gymnosperms #1184
(Seeds 5, 6, 7) (fii 1 5, 6, 7)

Monocots BEFEEFFEY)

Moraceae + related families (Seed 2, Specimen E)

SER GBI (T 2 KA E)

N Malvaceae, Sapindaceae + related families
(Seeds 1, 3, 4)
sRZERL IR R SOR G YR ET 1, 3, 4)

Asteraceae + related families

HITE RREG AT R
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Task Il (40 points)

Plant anatomy and physiology #ayfigz) kA4 e

Part A. Anatomy of a plant stem (13 points) JAE Y& A g 22
Procedure: #E¥
1. Using the razor blade, cut as thin as possible transverse sections of the stem, S.
7R et (G T RE V)
2. Float the cross-sections in water in petri dish, W.
RO M) R IHAESOKV R IL W
3. Place a drop of water onto a glass slide and transfer the best cross-section to the centre of the
slide. FE#H 7 10— AU AT U) R RS R oo

4. Place a small drop of phloroglucin stain (P) onto the cross-section, followed by a small drop of

concentrated hydrochloric acid, HCI (H). Be very careful when handling H as it is corrosive.
ii—& phloroglucin ZLFI(PYERELIVI R b, FIl—RRERE(H) ORIV E F5EEE)
5. Leave for 1 minute and then remove excess stain with the filter paper.
F—or#, MR LUBAUR 2 eyl
6. Cover the cross-section with a coverslip and examine it using the compound microscope under
low magnification (4x objective lens).

& LEWR, RS N DURME @) 5EE

Answer the following questions in the Answer Sheet: {FZ& 24k E [0 T RE

Q2.1 (1 point) Is'S a monocot stem or dicot stem? Indicate M for monocot and D for dicot.

SRRy HESEE T IR VALY R M AUR T3, D AR I
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Q2.2 (1 point) Isthere any pith? Indicate presence of pith with a tick (v') and absence with a

Cross (x).

BEEEY) A PAREE? I(VRER, ()RFRE

Q2.3 (1 point) Where is the vascular bundle in the stem located? Indicate centre with C and

periphery with P.

HEERALP L ZE AR ? DL C Rk, P ARIIES
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Q2.4 (0.5 points x 3 = 1.5 points) Based on your observations, is S the stem of a shrub, tree,

or herb? Indicate correct answer(s) with a tick (v) and incorrect answer(s) with a cross

(%) in_ the Answer Sheet.

FRISZIRHVERZE, SIEHER ~ BRSEAEYNEE? FEE ML 7 A AV )R IERE ~ (<)

Q2.5 (0.5 points) ldentify the tissue (a — e) that is stained red. Indicate the correct answer

with a tick (v) in_ the Answer Sheet.

AL L)L N HIR(E4H A & s ?
a. cortex Zj=

b. endodermis A7

c. epidermis F 57

d. phloem &JF7ES

e. xylem REZ

7. When you have completed Part A, place your slide with the stem section into the petri dish SS
for grading purposes. E{R5EE Part A, RIRIELGFATYI R B2 R BERES SS HYRFEIL, LAE Fsat
TZH e
Q2.6 (8 points)

Part B. Study of leaf epidermis and physiology (17 points) 55 5 F2 57 fr H A HES

() Lower epidermis T

Procedure: #E%

1. Peel off the lower epidermis of the leaf, L, with a pair of forceps.
DIgg i FEER LHY MR

2. Placeitin a drop of water on a glass slide and cover the peeled layer with a cover slip.
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HH A EIn—RoK, & MR KT, HE EER A

3. Examine it using the compound microscope under 10x objective lens.

TESCELEASR 1085 Figti 2
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Answer the following questions in the Answer Sheet: fF&ZE4K _LFI% T5IE

Q2.7 (2points) Do you see any stomata? Indicate presence of stomata with a tick (v)
and absence with a cross ().
AEEIRAIGIAVIERR; (ORTLH
Q2.8 (3 points) Measure the lengths and widths of FIVE (5) epidermal cells that are
representative of the majority of the cells. Smallest unit in the eyepiece micrometer
as seen under 10x objective lens is 10 um. Calculate the mean values and fill in your
answer in the table provided.
I 5 {8 A AFRAHER 7 SHRET ARV R S 4R 2 R R B R R, 10xP)8d NHY H SRR 2 i

/NAIFE Ry 10 pm, SHRESPIRREBEE, WHART -

4. When you have completed Part B (i), place your slide with the epidermal peel into the
petri dish LL for checking purposes. The slide will also be used to check for accuracy of

your measurement of epidermal cell dimensions.

ERoER Part B (i), HRIELFHIZR A A BAEREA LL AV, DUE Ria &R EE
BIEMEZH -

(i) Upper epidermis FF 7

Procedure: 5%

1. Peel off the upper epidermis of the leaf, L, with a pair of forceps. You may either use

the same leaf as before or a fresh leaf from petri dish L.
DIgg T8 FEEA LAY EZRAZ, (RATHZ e FHAYVEE /B E I L S —Hrie g A
2. Placeitin a drop of water on a glass slide and cover the peeled layer with a cover slip.

A EIn—RK, i MR KT, HE EERA

3. Examine it using the compound microscope under 10x objective lens.
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FESCER R SR 10x9158 PR~
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Answer the following questions in the Answer Sheet: fF&ZELK_LHI% T5IE

Q2.9 (2points) Do you see any stomata? Indicate presence of stomata with a tick (v)
and absence with a cross ().
AEFIRIGIACV)AERR; (IR LA
Q2.10 (3 points) Measure the lengths and widths of FIVE (5) epidermal cells that are
representative of the majority of the cells. Smallest unit in the eyepiece micrometer
as seen under 10x objective lens is 10 um. Calculate the mean values and fill in your
answers in the table provided.
I 5 {8 A AFRAHER 7 SHRET ARV R S 4R 2 R R B R R, 10xP)8d NHY H SRR 2 i

/NAIFE Ry 10 pm, SHRESPIRREBEE, WHART -

4. When you have completed Part B (ii), place your slide with the epidermal peel into
the petri dish LU for checking purposes. The slide will also be used to check for accuracy of

your measurement of epidermal cell dimensions.
EIR5ER Part B (i), KHRIEAFAYFR 78 R IEREA LU RS, DUE R EIRAVHIE & & 1E
MEZ M -
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Q2.11 (0.5 point x 3 =1.5 points) Based on your observations in Part B (i) and (ii), indicate

the correct answer(s) with a tick (v') and incorrect answer(s) with a cross (x).
FRISVRAE Part B (i) K (iAVERZZ, FIE T 5IRCIH Y () 2igh (%) -

a. There are more stomata in the lower epidermis than in the upper epidermis.
TRERE ERE %

b. Epidermal cells of the upper epidermis are smaller than those of the lower

epidermis.

AR RZAER R 4R MR/

c. Stomata are separated from each other by at least one cell.

RILZE 2 E — R 4R e M6

Q2.12 (1 point) Based on your observations, determine what type of plant this is. Indicate

the correct answer with a tick (v) in the Answer Sheet.

Bk

TRIBIRAVERZS, HIERLEAEY) Bl — Y AR B & 28T T8(V)
a. hydrophyte 7K4:1E%)
b. mesophyte H4:FEHY)

c. xerophyte FA1EY)
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Q2.13 (0.5 point x 5 = 2.5 points) Some statements about stomatal structure, function and

development are given below. Indicate true statement(s) with a tick (v) and false

statement(s) with a cross (x).
THIAERRFLAEE - ThEE 53g B 2R, HE B E (V) 2k (%)
a. Stomata consist of a pair of highly specialized guard cells that are usually

surrounded by a pair of larger subsidiary cells.
AL —H &R bRV REARE AT, EEE o —HRoRry gL AT e
b. Guard cells differ significantly from other epidermal cells in that they have

chloroplasts.
IR ETAHRR LM 25 K SHREAY B2 72 R PR iR B A 4k
c. Chloroplasts of guard cells differ from mesophyll chloroplasts in that they lack

grana.
ORIEAREAY BELRAG A [FITY BE A AH AR TE4RAG: TR EEARAG 2 A Bt (grana)
d. The number of stomata on any leaf surface is under genetic control and is not

modified by any environmental factors.
A3 R R RFLE B 2 AR IHE, N SR ER R A -1 i
e. Stomatal development involves asymmetric cell divisions.

RALHYE 5 B4HREAY R B 2A

Part C. Interpretation of photosynthetic data from plants measured at different CO, concentrations

(12 points) fEYIFEANFEICORE NATHITG Z et (F IR R A%

Introduction f&4
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Single leaves from plants A and B that had been grown under full sunlight in the same greenhouse
were studied. The responses of their net photosynthetic CO, assimilation rates to varying levels of
ambient CO, under saturating light intensity of 1,200 pmol quanta m™ s™ at 25 °C and 21% O,
measured on leaves in the laboratory are given on the next page:

73 A RAEFE— R =R T2 IR ETEYIA & BEY— R BT ER, uiEE&E 1,200 pmol
quanta m™ s ~ J 25 °C . 21% O.fffF T, BRI PICO R R, MISEER LEnFalFHCO,

[FEEE R N FRATR:

Page 20 of 23



IBO2012
SINGAPORE

PLANT DIVERSITY, ANATOMY & PHYSIOLOGY PRACTICAL TEST 3

Ambient CO, concentration (i I'l) Net photosynthetic CO, assimilation rate
my -
RRPHCO R 555 & EFCO, AL TR (umol CO, 2 57
Plant A Plant B
20 0.5 -4
40 11 -1
60 19 2.5
80 28 5.5
100 33 9
180 41 18
300 44 27
400 44 32
600 44 40
800 44 44
1000 44 45.5

Q2.14 (4 points). Plot a graph by using the data above for Plant A and B in Graph 1 provided in

the Answer Sheet. Use an X-axis scale from 0 to 1000 pl I,

PLERFR L ZAEYIA Je BEVEE, fEB SR B il 4R E (18 1), XERCOJRERTRZ R #E!

0 ~ 1000 pl I

Based on Graph 1, answer the following questions in the Answer Sheet:

fRIZE 1 fEEEE ENE TS

Q2.15 (1 point) Indicate whether plants A and B are C; or C, plants. Indicate the correct answers

with a tick (v') in_ the Answer Sheet.

srilfEtiplants A k2 BEsCssiCatEY), FEE AR B EMEZERE T T54(V)
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Q2.16 (2 points) What is the net photosynthetic CO, assimilation rate for Plant A and Plant B
measured at 200 pl I'* of CO, concentration?

£ 200 pl I COLEE T, 43 FIE HiPlant A K Plant BEYF-EAE FICO [FE A %R Fyf]?
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Q2.17 (2 points) Plot another graph by using CO, assimilation rate from 20 to 100 pl I* of CO,
concentration only (i.e., at low CO, concentrations) for Plant B in Graph 2 provided in_the

Answer Sheet. Use an X-axis scale from 0 to 100 pl I'*.

TEEFEML, SEsRFPlant B 7F 20 ~100 il I CO,JME T FTHIG 2 CO,[m){ LA F 2 A E Bl &

2), Xt F2CO L (R %I #ifE: 0 ~ 100 pl 1)

Q2.18 (1 point) Based on Graph 2, what is the CO, compensation point for plant B? Write the

value in the Answer Sheet.

FREIE] 2, Plant BEICO i E: BT (FERRME L%

Q2.19 (1 point) Compared to the data in Graph 2, would the CO, compensation point increase,
decrease or remain unchanged if the measurements were carried out at 35 °C and 21% O,?

Indicate the correct answer(s) with a tick (v') in_ the Answer Sheet.

EiclE 2 shEYEEE, 5 TUE 35 °C « 21% OLfRIAEI{IHTHIE, AICO R &g s

SRUERF AN (B B E =R EE()

Q2.20 (1 point). Compared to the data in Graph 2, would the CO, compensation point increase,
decrease or remain unchanged if the measurements were carried out at 25 °C and 2% O,?

Indicate the correct answer(s) with a tick (v') in_ the Answer Sheet.

LLWIE 2 SPIEEE, (45T 25 °C « 2% OofiR{ATER TG, FIICO i1 B S st b ey,
HeRF ) (EBREEEE TS (V)

END OF PAPER
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