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1 (a increased / faster, movement / diffusion, of, assimilates / amino acids /
sucrose / water / solutes / ions / molecules ;  
I substances / particles / carbohydrates 
I freely / easily / efficiently 
I osmosis 

(because) more, (symplast) pathways / passages / AW ; 
accept in context of blockage of some plasmodesmata 

correct ref. to symplast pathway in context of an advantage ; 

e.g. of complex plasmodesmata ;
from companion cell into sieve tube (elements) / when loading sucrose  

into phloem 

AVP ; e.g. selectivity / control / regulation, of movement  [max 2] 

 mass flow ; A pressure flow (b) 1 

2 sucrose / solutes / assimilates / sugars, decreases, water potential / 

solute potential ; A symbol(s)  Ψ 

3 

4 

5 

water enters (sieve tubes), down water potential gradient / by osmosis ; 

increase in / high(er), hydrostatic pressure ; 

unloading / removal, of sucrose at the sink lowers the (hydrostatic) 
pressure ;  

6 movement (from source to sink) is by gradient in (hydrostatic) pressure ; [max 4] 

[Total: 6] 
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 (a)22

1 transport of water and mineral ions ; A minerals  

2 elongated cells / cells end to end  
(to form)  
tubes for transport ; A (e)long(ated) tubes for transport 

3 no, end / cross, walls or end / cross, walls broken down   
so 
minimal resistance to / unimpeded / free, flow of water ; AW 

4 hollow / no cytoplasm / no contents / no organelles / empty, ignore dead 
so 
more space for greater volume to flow / greater volume per unit  
or 
minimal resistance to / unimpeded / free, flow of water ; AW 

5 cellulose lining A cellulose walls 
so 
hydrophilic / adhesion of water molecules / for movement of water up stem / to 
maintain column of water / AW ;   
A hydrophilic lining, for movement of water up stem / to maintain column of water 

6 lignified (walls) / walls contain(s) lignin A thickened walls  
R lined with lignin  
so 
prevents (inward) collapse / withstands negative pressure
R prevents bursting 

7 lignified (walls) / walls contain(s) lignin A thickened walls  
R lined with lignin  
so 
waterproof / prevents loss of water / prevents leakage / maintains column 

8 additional ref. to lignin ;  e.g. for support of plant 
spiral / annular, thickening allows elongation (of stem) 
for support of plant 

9 pits / pitted walls 
to  
allow, sideways / lateral, movement (of water)  
or to connect to all parts of plant / AW ; 

10 relevant ref. to diameter of lumen ; e.g. narrow, for adhesion R capillarity 
(relatively) wide to transport maximum volume of water 

[max 5] 
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(b) look for ora
  1

  2

  3

can observe living tissue ; A observing processes (e.g. like mitosis) 

ref. portability ; e.g. ref. to size, easy to move, no requirement for special room (e.g. 
vibration-free )  

ease of use, qualified ; e.g. no technical training required, slide preparation  
easier, takes less time 

 4

  5

  6

7 [max 2]

[Total: 7]

see (actual / natural / real-life) colour ; 

ref. to, differential staining / staining particular types of tissue ;   

fewer problems with artefacts ; 

 lower cost of, purchase / maintenance / running / AW ;
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3 (a (i) G
H

sieve tube (element), 
 companion cell; [1] 

(ii) vessels have

thicker walls;
thickening in walls (e.g. spiral, annular, reticulate);
wider lumen;
no cytoplasm; R  dead (not structure)
pits;
no cross walls / no sieve plates / no sieve pores;
lignin; [max 3] 

[max 4] 

(b) (sucrose) loaded at, source / leaf;
role of companion cells;
further detail, e.g. H+ pumped out, sucrose moves in through co-transporter;
absorption of water / water enters by osmosis;
hydrostatic pressure builds up;
mass flow;
(sucrose) unloaded at, sink / fruit / root / AW;
gives a difference in pressure (between source and sink);

(c) sucrose used in respiration;
stored as starch;
used to make, cellulose;    A  used to make cell walls
stored as / converted to, organic acids (in vacuoles);
converted into named other substances;  e.g. lipid / protein /
AW [max 1] 

[Total: 9] 
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4 (a (xylem row 1) no / dead cells +
(xylem row 2) water and, (named) minerals / ions / salts ;
I nutrients

(phloem row 3) bidirectional / in both (or any) directions / in one 
direction / described / source to sink ; 
R sink to source 

(phloem row 4) yes / (freely / fully) permeable ; 
R partially / semi / differentially, permeable 

(xylem row 5) cellulose and lignin 
(phloem row 5) cellulose ;  [4] 

(b) (synthesis of) chlorophyll ;
light, absorption / capture (for photosynthesis) ;
prevents chlorosis ;

enzyme, cofactor / activator / decribed ; 
required, for enzyme catalysis / DNA polymerase ; 
stabilises, cell wall / proteins / nucleic acid / membranes ; 
important in, energy transfers / ATP synthesis ;  

 A ref. to ATP synthase 
binds to ATP ; 
DNA, synthesis / replication ; 
involved in translation / joining large and small ribosome subunits / as part of 
ribosome ; 
AVP ;  [max 1] 
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5 (a look at any labelling on the diagram

[max 2] 

cell contents / cytoplasm / not hollow ; I ref. to any organelles (not visible) 
A xylem vessels are hollow 
thin walls ; 
A no, thickened walls / lignified walls / lignin 
A xylem vessels have, thick walls / lignin 
sieve plates / end walls / cross walls ;  
A end walls not broken down 
A xylem vessels have no end walls 
R ‘end’ unqualified 
I end plates / cell plates 
no pits ; A xylem vessels have pits 
I ref. to companion cells 

(b) dissolved in, water / sap ; A in solution
mass flow ;
down (hydrostatic) pressure gradient / moves from high(er) to low(er) pressure (potential) ;

A symbol – ψp

AVP ; e.g. from source to sink
loading by, companion / transfer cells, requires ATP / is active ;
I ATP required for mass flow [max 2]

(c) answers may be general or in the context of phloem transport

active site (with shape) complementary to substrate ;  
A description in terms of lock and key (either way round) 
I structure  
induced fit / described ; 
substrate binds to active site / enzyme-substrate complex forms / ESC forms ; 
ref. to specificity of enzymes ; 
activation energy of reaction is lowered ; 
example of how activation energy lowered ;  
e.g. reactants held close together for bond formation
  transfer of electrons 

strain on bonds 
  alternative pathway 

holding the substrate in such a way that the bonds needed to be broken are exposed  
product released from, enzyme / active site ; 
A enzyme can be used again / enzyme unchanged at end of reaction [max 3] 

[Total: 7] 
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6 (a (i) 1 diffusion through (freely permeable) cell wall;
2 membrane is partially permeable ; A selectively  
3 osmosis across membrane (into cell) 
4 (only) some water may pass between phospholipids (across membrane);  
5 movement across membrane facilitated by aquaporins ; 

6 ref. down water potential gradient / from high water potential to low water potential;  
A from a higher / to a lower, water potential if in context 

7 AVP ; e.g. further detail about aquaporin (hydrophilic channel) [max 3] 

(ii) 1 increases permeability of membrane to water ;
2 idea that osmosis across bilayer does not supply cell rapidly enough with water (that 

needs to pass on to surrounding cells) ; 
3 idea that phospholipids are relatively impermeable to water ; 
4 idea that water cannot pass / only some water passes, through hydrophobic  

region of membrane / AW ; [max 1] 

(b) pathway via, cells of cortex / cortical cells, and endodermis / endodermal cells ;

symplast pathway, described as
cytoplasm and, plasmodesmata /  vacuole(s) ;

(out of cell to) apoplast pathway, described as
cell wall pathway ;

Casparian strip / suberised cell wall, of endodermis, impermeable to water ;
(so) pathway only via, symplast / cytoplasm ;

AVP ; e.g. reference to pericycle
reference to passage cells of endodermis
vacuolar pathway (unless given in mp 2) [max 3] 

ra(c) (i) stomata are open (to absorb carbon dioxide for photosynthesis) ; ora

(ii) rate of transpiration, (almost) always / AW, higher / higher at night, in A / mutant
plants ; ora
A expressed in terms of water loss
at night only cuticular transpiration / no stomatal transpiration ;
idea that during day stomatal transpiration same for both ;
(so) differences because of less effective cuticle ;
comparative data quote ; [max 3] 

[Total: 11] 
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7 (a (×) 400 ;;
if answer incorrect or not to nearest 100 allow one mark for correct working
e.e.g. (scale bar) 19 000–21 000 divided by

award max one mark if a unit (e.g. µm) is included [2] 

(b) 1 

2 
3 

4 
5 
6 
7

8 

thick(ened) / lignified, walls prevent, collapse ; 
ignore strenghtened 
A withstands, compression / negative pressure 
ignore bursting 
lignified (wall), prevents leakage / provides waterproofing ; 
cellulose, wall / lining, allows adhesion of water (molecules) ; 
A hydrogen bonding / hydrophilic 
(relatively) large diameter / large cross-sectional area / wide / large lumen ; 
hollow / empty / no contents / no cytoplasm ; 
no end walls / continuous ‘tubes’ / AW ; 

 elongated ;  
A if referenced to cells or vessels A cells end to end (to make tubes) 
only allow mps 4–7 in terms of ease / efficiency of water movement  
mp 4 e.g. more space allows a greater volume to flow / greater volume per unit time  
or mp 5–6 e.g. minimal resistance to flow, allows unimpeded flow, allows free flow of water 
pits / pitted walls, to allow lateral movement ; 
R pores [max 3] 

(c) 1

2 
3 
4 

5 

6 

7 

water moves, down a water potential gradient / from a high(er) water potential to a 

low(er) water potential, accept ψ for water potential ; 
apoplast pathway, described / used in correct context ; 
symplast pathway, described / used in correct context ; 
evaporation from mesophyll cell walls ; 
A surface of mesophyll cells  
into air space(s) ; 
must be linked to evaporation / water vapour 
water vapour diffuses (out) ; 
accept if no vapour but follows from evaporation 
out / through / via stoma(ta) ; 
R ‘evaporates from the stomata’ 

8 AVP ; ref. to water leaves unlignified terminals of xylem vessels  [max 5] 

[Total: 10] 
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