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1 (a (i) source = leaf/mesophyll/palisade/spongy qualified
sink = flower/fruit/seed/stem/bud/root/tuber/storage  
organ/young leaf/meristem/pollen/nectary/AW ; [1] 

(ii) C  sieve, (tube) element/cell,
D companion/transfer, cell ; [1] 

[max. 2] 

[max. 2] 

(b) source to cell C

correct ref (sucrose) loaded ;
+H  pumped out, sucrose moves in through co-transporter ;

role of companion cells in moving sucrose into sieve tube element ;
sucrose diffuses down concentration gradient (anywhere) ;
ref to plasmodesmata ;

cell C to sink

water enters by osmosis/water moves down its Ψ gradient ;
hydrostatic pressure builds up ;
(idea that sucrose) unloaded/used at sink ;
water follows by osmosis ;
idea there is a difference in pressure/pressure gradient (between source and sink) ;
mass flow ;

(c) small surface area : volume ratio ora ;
accept described

idea of distances too great for diffusion/diffusion rate too slow ;

idea of
cells requiring, substances/named substances, are at a distance from site production/
absorption ;

idea of
mass or bulk transport/described ; [max. 2] 

[Total: 8] 
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2 (a)     1(i) shade in xylem; (complete xylem star must be shaded)

(ii) shade in phloem; (A. shading of just one phloem group)     1

1(b) ref to bending/provide support/strength; R. lignin unqualified

R.. prevents collapsi

(c) osmosis/diffusion;
down water potential gradient/from high/less negative to low/more
negative water potential/AW; (R. osmotic potential/conc. gradients/
less or more) through partially/selectively/differentially permeable
membrane; R. semi-permeable max 2

(d) transpiration pull/cohesion-tension/cohesion-adhesion/

mass flow in xylem;
into spongy mesophyll (cells);
many cell walls/surfaces/large surface area; evaporation of water
(from damp walls); into (substomatal/intercellular) air spaces; diffusion
of water vapour/water as a gas/described; (e.g. movement of water
vapour from high to low conc.) through stomata/cuticle (to air/
atmosphere); max 4

(ignore ref. to apoplast, symplast, vacuolar pathways)

[Total 9]
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3 (a ref.to cell wall freely permeable ;
(through) cell surface membrane/vacuolar membrane or tonoplast ;

A partially permeable, membranes
(by) osmosis ;
movement from high water potential to low water potential ; A down water potential gradient
ref. aquaporins ;  [max 3] 

(b) (i) K – plasmodesma ;
L – vacuolar membrane/tonoplast ; A vacuoleacu

(ii) apoplast ; [1] 

[Total: 6] 
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xid

[max 1] 

4 (a X = transpiration ; A evaporation
Y = nitrification ; A oxidation

(b) Nitrosomonas / Nitrobacter / Nitrococcus / Nitrosococcus ;

(c) stomata, open / are open
stomata open for, gas exchange / entry of CO2 ;

inevitable consequence of gas exchange ;

water potential gradient between (inside) leaf and atmosphere ;

diffusion of water vapour out (of leaf) from high to low water potential ;

occurs even if stomata closed
water is lost through, cuticles / lenticels ;

balance between disadvantage and plant requirements

idea of maintains transpiration pull, qualified ; e.g. to bring ions / for water for
photosynthesis / to replace water lost / to maintain turgidity

I cooling effect [max 1] 

(d) treat as neutral smaller leaves / less SA

stomata 

other 

any two from

sunken ;

in pits / in grooves / in crypts ;

fewer (per square unit of area) ;

only on the lower surface / underside ; ora

closed during the day ;

curled / rolled / folded inwards ;

needle-like ; I spines / thorns

thick cuticle ;

trichomes / hairs ;

epidermis / hypodermis, has layers ;

thick walled epidermal cells ;

AVP ; e.g. secretion of resins [max 2] 

leaves 
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(e) 1

2 

3

4

 active transport / uptake ; A description  
A facilitated diffusion (may occur in initial stages) 

carrier protein ; A for active transport and facilitated diffusion 
transmembrane / integral / intrinsic / transport  
A protein pump only with active transport 
A channel protein only with facilitated diffusion 

 specific membrane protein / binding site ; 

 hydrophobic core / fatty acid tails / phospholipid bilayer prevents entry ; [max 2] 

(f) I descriptions across the root, e.g. symplastic and apoplastic route
I ref. to hydrostatic pressure

1

describe 

 nitrates dissolved in water ; 

 in an apoplastic / a non-cytoplasmic route (in xylem) ; 

 passive (transport) / does not require energy ; 

 transpiration pull / idea of column of water pulled up ; 

 movement of water out of xylem creates tension ; A negative pressure 

2

3

4

5

6
explain 

7 

8

 cohesion of water molecules / explanation in terms of  
hydrogen bonding ;  

adhesion of water molecules to cellulose / lining ; I lignin 

 AVP ; e.g. water potential gradient root to leaf 
mass flow caused by evaporation [max 4] 

(g) in bases / adenine / cytosine / guanine / uracil ; R thymine
A A, U, C, G
A purines / pyrimidines [1] 

[Total: 13] 
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5 (a) 1 large (size / volume / organism) ; 
  A multicellular / many cells 
  A larger  

2 (so) small(er) / low, surface area : volume ; 
as size increases, SA:V decreases = 2 marks  

3 diffusion (alone), not enough / too slow (to supply needs) ; 

4 explanation ; e.g. surface too far from, centre / AW, of plant 
distances too far to supply required, nutrients / substances 
requires, supplies in bulk / mass flow  

5 (so require) xylem and phloem, qualified ; 
e.e.g. transport in different directio
xylem transports water (and mineral ions) and phloem transports, assimilates /
photosynthates / sugars / amino acids [max 3] 
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(b) (i)  cell A = companion cell
  A companion ; 
  cell B = (phloem) sieve tube element 
  A sieve tube, sieve tube cell [1] 

(ii) allow ecf from (i) for incorrect names of cells
 cell A / companion cell

1 mitochondria for, aerobic respiration / oxidative phosphorylation / ATP, 
production / AW ; 

  R ATP energy   
  A release / supply, ATP / energy (for the cell)  
 treat as neutral cell B also has mitochondria 

2 RER / many ribosomes, for, polypeptide / protein, production ; 
if mps 1 and 2 not given, one mark for mitochondria and, ribosomes / RER 

3 ref. nucleus and, genes coding for (required) proteins / synthesis of ribosomes  
  or  

nucleolus synthesises ribosomes ; 
  cell B / sieve tube element 

4 (at least) one main structural feature ; 
  R hollow  

peripheral cytoplasm / AW  e.g. pushed against walls 
no nucleus / no RER / no vacuole / no Golgi / few organelles /  
reduced ER / few mitochondria 
R no organelles 

5 (to) minimise / reduce, resistance to (mass) flow ;  AW  
e.g. uninterrupted flow / more efficient transport of sucrose

6 (so) maximum volume transported (/unit time) ; 
  A idea of 

7 sieve plates, qualified ; e.g. stop bulging 
allow mass flow / reduce barrier to flow  
become plugged with, P-protein / callose, to prevent losses / after damage  

8 no plasmodesmata (as on Fig. 3.1) to maintain pressure 
or 

  plasmodesmata (not shown) for diffusion of sucrose into sieve tube / AW ; [max 5] 
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 (c) 

transport system in mammals transport system in plants 

1 arteries, veins, capillaries  

A delivery to cells by arteries and 
capillaries 

xylem and phloem ; 

A vascular bundle 

2 heart / pump  no heart / no pump / (xylem and 
phloem) have different mechanisms 

for (mass) flow ; 

A transpiration pull in xylem /  

pressure gradients in phloem 

33 double circulation no double circulation / xylem unidirectional 
flow / phloem source to sink /  

AW ; R single circulation 

4 closed circulation not closed circulation / pits / 
plasmodesmata ; 

A open 

5 one (circulatory) system / water and 
organic molecules transported in same 
vessels / AW 

two (separate) systems / water transport in 
separate vessels to organic molecules ; 

6 (all) living cells living and dead cells ; 

A dead cells in xylem 

7 transports, (respiratory) gases / oxygen 
/ carbon dioxide 

respiratory gases not transported ; 

8 transports glucose  

accept within correct list

(phloem) transports sucrose ; 

accept within correct list 

9 faster rate of flow slower rate of flow ; 

10 rate of flow controlled by, nervous 
system control of heart / action of heart / 
vasoconstriction and vasodilation / AW  

accept ref. endocrine system

rate of flow, not controlled by nervous 
system / (in xylem)  controlled by 
external factors / (in xylem) controlled by 
transpiration rate ;  

11 components include blood cells  cells not transported / AW ; 

12 
13 

14 

AVP ;;; 
homeostasis involved /  
concentration of dissolved substances 
controlled  
ref. to defence e.g. immune system 
e.e.g. blood clotti
organ-based
valves present

no homeostasis / AW ; 

no equivalent to immune system  
callose formation ;  
tissue-based ; 
no valves ; 

[max 4] 

[Total: 13] 
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6 (a) loss of water vapour ;
from leaves / aerial parts of plant ;   R stomata unqualified
ignore evaporation [2]

(b) 1 rate for species A is always higher / ora for B ; 
similarity 
2 
3 

the rates of both species, increase and then decrease / reach a peak ; 
peak is, around midday / around noon / 11.30 to 12.30 ; 

difference 
4 

5 
6 

rate for species B decreases earlier than that for species A ; 
A species B at ~11.45 and species A at ~12.15 +/– 5 mins 
steeper / faster, increase / decrease, for A ; 
comparative data quote for rates of transpiration ;   +/– ½ a square 
A µg min–1 for unit [4 max] 

(c) two adaptations plus explanation – explanation may be the same for each answer
accept ora for species A

f1 sunken stomata ;   A stomata in, pits / chambers / grooves 
f2 hairs / trichomes (on epidermis) ;   R needles 
f3 rolled / curled / AW, leaves ;  ignore curved unqualified 
e1 high humidity / retains moist air / high concentration of water vapour, to reduce diffusion 

gradient or water potential gradient / AW ; 
R ‘moisture’ 

f4 small leaves / leaves are spines / leaves are needles ;   R spikes 
R ‘no leaves’ 

e2 reduce surface area (for transpiration ) ; 
reduce SA explained but unqualified by size of leaf = 1 mark (see F9) 

f5 thick leaves ;   A succulent 
e3 reduce surface area : volume ratio ; 

f6 thick (waxy) cuticle ; 
e4 decreases permeability / is impermeable / provides a barrier / ora ;   A e5  

f7 reflective cuticle ; 
f8 several layers of hypodermis ;   A layers of epidermis / described 
f9 epidermis with thick walled cells ; 
f10 few stomata / low stomatal density ; 
e5 reduce (rate of) diffusion of water ;   R close of stomata [4 max] 

[Total: 10] 
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