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Transport in Plants
(Past Year Topical Questions 2010-2015)

May/June 2011 (23)

3 (a) Planis take in mineral ions through their root hair cells. This may happen by a process
which moves the ions from a low concentration in the soil ta a higher concentration in
i rood hair cill.

(i} Mame and describe this process by which mineral ions are taken in

- 3]

(i} Phosphale is an examgple of an ion fransported in this way. State one use for this
ion in plant cells.
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Fig. 3.1 is a plan diagram of a transverse seclion of a plant root.

A\

Fig. 3.1

{b) (i} Write the letter W on Fig. 3.1 in the area where cells are specialised for the transport
of water and mineral ions, (1

{ii) Waler is also absorbed from the sod by the rool hair calls.,

Dutline the mechanism by which this occurs.
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(ili) Describe the pathway taken by water as it passes from the root hair cells into the
cells which are specialised for transport of water and mineral ions.
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(a) Name structure A,
- [1]

(b} Specdialised calls visible in Fig. 5.1 are involved in transporting assimilates through the
plant from source to sink.

(I} Mame one assimilate transported by these cells.

- M
(il Give one example of a source and one example of a sink.
BOUOE 5ot rmima i b s pimii s ey mraamisspriansrisss - ... B
B e K e e e R N S EATRNE .

(c) Describe how the assimilate you have named in (b)(i) is transported from the source to
the sink.
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(d} Aphids are insecis with mouthparts adapled to penetrating the cells of plants which
transport assimilates.

Suggest why aphids feed specifically from these cells.

Oct/Nov 2011 (21)

5§ Phioem transfer cells are modified companicn cells thal move sucrose and olher assimilates
from mezophyll tissue into phloem sieve tube elaments,

Fig. 5.1 is an electron micrograph of a phloam transfer call
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Fig. 5.1
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(b) With reference to Fig. 5.1, explain how phloem transfer cells help in the movement of
sucrose from the mesophyll of a leaf into a phloem sieve tube element.

(c) Explain how sucrose in the phloem sap is moved from sieve tube elements in leaves to
cells in a sink, such as a root.
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Oct/Nov 2011 (22)

6 Fig. 6.1 shows a phloem sieve tube element, its companion cell and a mesophyll cell in the
leaf of a photosynthesising plant.

phloem sieve
tube element

8
73996663

Fig. 6.1
{a) Use label lines and the letiers C to E to identify the following on Fig. 6.1.

C - a structure invalved in ribosome synihesis
D = an organeile that is imsolved in the modification and packaging of probeins
E - an organelle that is involved in aerobic respiration 3]
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(b) The concentration of sucrose in the sap of the phloem sieve tube element is much higher
than in the cyloplasm of the photosynthesising cell.

Describe and explain how sucrosa is transported from the pholosynthesising call to the
phicem sieve tube element.

..................................................................................... s
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Oct/Nov 2011 (23)

3 Fig.3.1is a photomicrograph of a transverse section through a leaf from a tea plant, Camellia
sinensis.

450 um

Fig. 3.1

(a) Use label lines and the letlers X, ¥ and Z 1o label the following features on Fig. 3.1.
X  a cell of the upper epidermis

Y & palisade mesophyll cell

Z aguard cell
13]

10
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(b) Describe and explain how water moves from inside the leaf at point Q on Fig. 3.1 to the
atmosphere outside the leaf during transpiration.

(e} The leaf of C. sinensis, shown in Fig. 2.1, has developed in a sunny position.

Siate three features of the leal, visible in Fig. 3.1, which show that it has developed in
a sunny position.

. I3

11
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May/June 2012 (21)

2 Fig. 2.1 shows a drawing made from an electron micrograph of two adjacent cells in a leaf.

—i ;_

G & e

r

(e) Fig. 2.1 shows two plasmodesmata connecting the adjacent cells.

Fig. 2.1

Describe the roles of plasmodesmata in transport in plants.

12
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May/June 2012 (22)

3 (a) With reference to the structure of a leaf, explain the difference between evaporation and
transpiration.

{b) Apple, Pprus malus, sour chemy, Frunus cerasus, and peach, Prunus persica, are
dicotyledonous trees that are of importance to commercial growers for the fruit that they
produce.

A student chose a small area of land where all three spacies of fruil tree were growing.

Leaf samples were ramoved and, using a microscopea, the mean number of stomalta par
square millimetre was estimated for each species

The rate of ranspiration of each species was then measured on each of three separate
pocasions, The student performed the investigation outside where (he trees wera located
and recorded the weather conditions on each day.

The mean transpivaticn rate was calculated per unit area of leaf,

The results ang shown in Table 3.1.

13
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Table 3.1
mean transpiration rate /cm®h=1
miean numboer of
fruit tree 3 :
stomata/mm Warm raimy
hotdry day | warm dry day P
appile 266 0.19 0.35 0.21
gour cherry 284 0.09 0.28 0.25
peach 190 0.03 0.08 [ 0.07 _|

(i) With reference to Table 3.1, describe and explain the results of the investigation.
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{li) The mean transpiration rate of each species was calculated over a 24 hour period.

Describe how the transpiration rate during the night would differ from the
transpiration rate during the day.

Explain your answer,

[

(M} Suggest which of the three species of fruit tree has been described as
‘drought-resistant’ and would be economical lo grow in areas where waler is scarce.

-]

15
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May/June 2012 (23)

2 Fig. 2.1 shows an apparalus used to measure the rate of waler uplake by leafy parts of
planis.

cut leafy twig WALET resSenioir

rubbsar tubing

namos tube
waler
T—waler
0 1l|:| 20 M 40 50 &) TO I|‘-a-l:l 90 100 11|!|\ki\"l:| 130 140 150
mim én:ale gas bubble
Fig. 2.1
(a) Stale tha name of this apparatus,
............................................................................................................ 1]

16
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(b} Explain why the rate of waler uptake by the leafy part of the plant shown in Fig. 2.7 will
not be the same as the rate of ranspiration.

-.[2]

(c} Using the apparaius as shown in Fig. 2.1, the rate of water uptake at 25°C was found to
be greater than at 20°C,

(i} Explain the effect of increasing the lemperature on the rate of water uptake.

............................................... el Ree TR -

(ii}y State two environmental conditions, other than temperature, which will affect the
rate of water uplake of a lealy twig as shown in Fig. 2.1.

WA 2]

17
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(d} Transpiration is sometimes described as an 'inevitable consequence of gas exchange'in
plants

Explain this stalement.

................. A

Oct/Nov 2012 (21)/Q2

(b) Describe the pathway taken by water from the cytoplasm of the root hair cell to a xylem
vessel in the centre of the root.

An inmvestigation was carried out fo find the effect of an enzyme in A. fthaliana on the
compasition of the cuticke. The emzyme is involved in the production of lipid thal accumulates
in the culicle,

Plants were discoverad with a mutation of the gene that codes for the enzyme.
Some of these mulant plants (Group A) were grown in pots and their rate of transpiration

was determined over three days. They were compared with contred plants (Group B) in which
the gane was swilched on and the enzyme present. The resulls are shown in Fig. 2.2,

18
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ar light dark light dark
(| I
18 =
16 =
4
12 -
rate of
transpiration 104
fgh™'g 5
dry mass™!
&
e
2 -
0 , | S : |
12.00 Q0.00 12.00 (0040 12.00 00.00
fime [ hours
Hey:
mitant plants (A) ======-
conftrol plants (B)
Fig. 2.2

(e} With reference to Fig. 2.2, explain

i} why the rate of ranspiration is higher during the day than at night in both groups of
plants

19
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(ii) how the results show that the cuticle is less effective in the mutant plants.

Oct/Nov 2012 (23)/04

(b) Describe how the structure of xylem vessels is adaptad to their function.

20
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(c) Describe and explain how water moves from the xylem vessels in the leaves to the
atmosphere surrounding the leaves of the plant.

May/June 2013 (21)

3 (a) Transpiration is oftan described as an ‘inevitable consequence of gas exchange in
plants”.

Explain what = meant by this statement.

13
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The buttonwood tres, Conocarpus arectus, grows in coastal areas of the Americas. A sludy
was carried oul on its ability to survive on Socomro Island off the Pacific coast of Mexico, The
island is exposed to high winds, which can lead to high rates of transpiration,

The transpiration rates of trees at sheltered and exposed locations at the same altitude on
Socorro lsland were compared. The results are shown in Fig. 3.1.

6.0
5.0 w3 ahal:ll_:mu
;'{ gttt
4.0
,r i -
r 1
transpiration rate 20 - . H
{arbitrary units : .
s
z Ao
20 ey B
1.0 _)--E"
e
ﬂu . I l pdd - %
00,00 04,00 0B.00 12.00 16.00 2000 24.00
time of day
Fig. 3.1
22
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(b) Describe the results shown in Fig. 3.1.

e} The leaves of the butionwood trees al the exposed site were significantly smaller than
those at the shallansd sie.

Describe threa ways, other than small size, in which leaves are adapted to reduce the
rate of transpiration.

- I3

23
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May/June 2013 (22)
2 Fig. 2.1 shows xylem tissue in a longitudinal section through the stem of a dicotyledonous
plant,

- -

TR

¥
-

i
:
f
)
|

1]\

Fig. 2.1

24
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May/June 2013 (23)/01

(d) Palisade mesophyll cells have very large vacuoles.

Explain how water moves from the xylem in the leaf into these vacuoles.

Oct/Nov 2013 (22)
3 (a) Explain the need for transport systems in plants.

25
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(b} Fig.3.1is a drawing of a transverse section through part of the stem of a dicotyledonous
plant. Cell A and cell B ane imvolved in the ransport of dissolved organic molecules.

cell A cell B

Fig. 3.1
{ij Mame cell A and call B.

R .ciicoiciinnin B . ... i i i it 1]

26
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(ii) With reference to Fig. 3.1, explain how the different structures of cell types A and B
are related to their function.

..[5]

Oct/Nov 2013 (23)
6 Fig. 6.1 is a photomicrograph of phloem sieve tubes from a plant stem,

Fig.6.1
(a) State two features, visible in Fig. 6.1, which distinguish sieve tubes from xylem vessels,
1 [ SO P S s AR G U S CRes A S St 0 30 RO M 33 L K LIt ek UL YIRS AP U T SOOI L
B o MR S S S 1o

27
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(b} Explain briefly how sucrose is moved, or translocated, through sieve tubes.
.............................................................................................................. (2]
May/June 2014 (22)/Q2

(c) Water is transported up the stem, to the spinach leaf, in the xylem. Once it leaves the xylem it
moves via the apoplast and symplast pathways, to reach the cells in Fig. 2.1.

Outline the differences between the apoplast and symplast pathways after the water has left
the xylem.

28
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(d) Water, containing dissolved minaral ions such as magnesium, enlers spinach leaf calls.

(1) State two ways that water is used in the leaf cell,

i i sl B e S s i sl 0 A B L ST B B 4 A Lm0 s i e m g s s g e i
2
(<]
(i} State one role of magnesium lons in the leaf cell.
...................................................................................................................... 1
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May/June 2014 (23)

4  Fig. 4.1 iz a light micrograph of a section through a leal of the xerophyiic plant Merium cleander
An area centaining one of the plant’s stomata is circled.

;.,:‘u(" Wy g T g
pg--""'otih"\‘..p

. ® ALED B Y —
~ N AT

30
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(c) Describe the process of transpiration in plants such as N. oleander.

31
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Oct/Nov 2014 (21)
6 Fig. 6.1 shows the pathway taken by water as it enters the root of a flowering plant.

- U

Fig. 6.1

32
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(a) Explain how water passes from X to Y.

.............................................................................................................................................. 3]
(b) Mame:
(i) the structures K and L
S— i
[2]
(i) the pathway indicated by M
...................................................................................................... [1]

33
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Oct/Nov 2014 (22)/Q2
(f) Describe and explain how water and nitrate ions are transported in the xylem from roots to
leaves.
............................................................................................................................................... [4]
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Oct/Nov 2014 (23)
6 Table 8.1 contains some informaticn about xylem wessels and phloam sieve tube elements in
plants,
Table 6.1
featuras xylem vassals phloem sieve tube |
alemeants
Invirng cells yes
subslanceas transporied dissolved sugars and
amino acids
direction of flow of subsiances one direction,

rools to leaves

permeability of cell walls to water

not permeable

cell wall material

(a) Complele Table 6.1.

(b} State one use for magnesium ions in planis

141

Ll
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May/June 2015 (21)

3  When a leaf is first formed it is described as a sink for carbohydrale. As the leaf continues o grow,
it starts to photosynthesise and becomes a source of carbohydrates and other assimilates.,

Fig. 3.1 shows the changes that occur 1o the structure of plasmodesmata in the leaf as it grows.

cyloplasm
cell surface
middie lamella , ; Frdrmbrane
Feell wall two simple
plasmodesmata

plasmodesmata

%‘ U Y & Em——

Fig. 3.1

(@) Suggest the advantage of complex plasmodesmata between cells in leaves.

36
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(b) Assimilates are transported into phloem sieve tubes.

Explain how assimilates in phloem sieve tubes move from the veins in a mature leaf to sinks,
such as flowers and fruits, in the rest of the plant.

37
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May/June 2015 (23)
§ Fig.5.1is alight micrograph of some unicellular photosynthetic organisms called Chlamydomonas.

Fig. 5.1

(b) Chlamydomanas live in water and cbiain minerals, such as magnesium ions, from the water,
{I) State one role of magnesium lons in photosynthetic organisms.

38
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(c) Explain why multicellular organisms require transport systems while unicellular organisms,
such as Chlamydomonas, do not.

{d) Some planis, such as the banana plant, Musa acuminala, produce fruit, The banana fruit has
a high content of carbohydrate.

Describe how sugars are transported in phlcemn sieve tubes from source o sink in plants
such as M. acuminala.

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

IR R AR AR IR IR IR I IR R AR AR R IR R A R AR IR A AR R A R R T A AR e
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Oct/Nov 2015 (21)
4 Marram grass, Ammophila arenaria, is a xerophyte adapted 1o grow in sandy soils in exposed
locations.

Fig. 4.1 is a light micrograph of a section through a leaf of marram grass.

Fig. 4.1
{a) A.arenaria is adapted to reduce transpiration.

(i} State whal is meant by the term franspiralion.

40
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(i} Ome adaptation of A. arenana is tha curled leal.
Give one other adaptation, visible in Fig. 4.1, and explain how this reduces transpiration

adapiation

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

41
+6018 — 375 2833 www.chempraxis.com.my



Dr Catherine Tan

(b} A student imvestigated the rates of transpiration and absorption of water by two species
of plants, P and Q, over an 18 hour period between 0600 and 2400. The environmenial
conditions for the two species were the same.

per unit mass /gh™’

rates of transpiration and waler absorption

The results are shown in Fig. 4.2

m EA Y I Ty PR N I PR TN P RN TR RO TR
Key 3
species P transpiration
&0 - == Species P water uplake
- species Q transpiration 3
species Q water uplake 3
50 H i 1
BEEARS |
= :
40 4
30 ﬂ :
20
R
10 : :: H -
s R I
ﬂ 1 | 4 uﬂlt 1 HHHHH -
Q800 0800 1000 1200 1400 1600 1800 2000 2200 2400
time of day

(i} Usa Fig. 4.2 to calculate the ditferance betwean tha rates of transpiration and water
absorption for species P at time 1400,

[2]
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(ii) Describe and explain the patterns of transpiration and water absorption for species P.

43
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Oct/Nov 2015 (22)/06

() Transpiration and ransiocation are both processes oocurming in planis,

(I} State one way in which transpiration differs from fransiocation.

M
(i} State one way in which transpiration and franslocation are similar,

w (1]

Oct/Nov 2015 (23)
2  Mostof the water bost from plants passes oul through the stomata of leaves.

The distance between open guard cells is kmown as the stomatal aperture, as shown in Fig. 2.1.

=—a= glomatal aperture
Fig. 2.1

Researchers investigated the effect of stomatal aperture on rates of transpiration in leaves of
Tradescaniia rebrina under two conditions:

= gir kept moving by a fan (moving air)
*  non-moving air.

The results are shown in Fig. 2.2

44
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The results are shown in Fig. 2.2.

100

90

80

mowing air

70

rateof B0
transpiration

fgm=h" &g

4

30

|
= non-moving air

10

ERE

7

10

15

stomatal aperiuneum

g. 2.2

(a) (i) Compare the effect of stomatal aperture on the rate of transpiration in T. zebrina in the

two conditions.

.- [3]
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(ii) Explain the effect of stomatal aperture on rates of transpiration in non-moving and
moving air.

.- [3]

(b) Spruce trees and pine trees are adapted to dry conditions where water can be in limited
supply.

Fig. 2.3 shows two stomata in a spruce feaf and Fig. 2.4 shows a vertical section through a
stoma from a pine leal.

46
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(i) Explain how the stomatal features shown in Fig. 2.3 and Fig. 2.4 give an advantage to
plants such as spruce and pine.

- 2]
{if) Some plants that live in wary dry conditions close their slomata during the day and opan
them at night.
State one disadvaniage of this for these plants,
- [1]

{iii} State and explain two adapiations that plant leaves hawve for survival in dry conditions
other than those imwolving number or siructure of slomata.

.2
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