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Plant Science 
 

1. Plant structure and growth 

a) Plant diversity 

Classification 
There are four main groups of plants, easily distinguished by their external structure 

 Bryophytes mosses 

 Filicinophytes ferns 

 Coniferophytes conifers 

 Angiospermophytes flowering plants 
o usually roots, leaves, stems 
o trees are woody 
o stems of flowering plants develop into shrubs 
o seeds are produced; develop from ovules inside ovaries (part of flower). Fruits develop 

from ovaries, to disperse the seed 
 

 Angiospermophytes 

Plants that produce seeds enclosed inside fruits are called angiospermophytes. They are divided 
into two large groups where the names refer to the number of leaves contained in the embryo 
“cotyledons”. 

 Monocotyledons (monocots): palms, gingers, lilies, irises, grasses, sedges, rushes, orchids, 
bananas 

 Dicotyledons (dicots): most trees and shrubs, many non-woody plants 
 

o MONOCOTS and DICOTS 

Outline three differences between the structures of dicot and monocot plants. 

 Monocots Dicots 

Nr. of cotyledons  
(in seedling) 

1 2 

Meristems 

(growing tissue) 

Apical only 
– stems can’t grow wider 

Apical and lateral 
so stems can widen 

Leaf veins Parallel Branching to form a network 

Leaf attachment Around whole stem circumference To one side of stem by a leaf stalk 

Method of formation of 
new roots 

By formation of roots from 
stem (fibrous adventitious roots) 

By branching of other roots 
(taproots with lateral roots) 

Vascular tissue in stem Vascular bundles spread 
throughout 

Vb arranged in a ring 
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b) Structure 

Draw and label plan diagrams to show the distribution of tissues in the stem and leaf of a dicot plant. 
Sunflower, bean or another dicot plant with similar tissue distribution should be used. Plan diagrams show 
distribution of tissues (e.g. xylem, phloem) and not individual cells. 

   
(Cambium = lateral meristems; cells divide and differentiate into phloem to outside and xylem to inside = growth) 

Explain the relationship between the distribution of tissues in the leaf and the functions of these tissues  
(restricted to dicot plants. Function should include: absorption of light, gas exchange, support, water 
conservation, transport of water and products of photosynthesis) 

 
Upper Epidermis: A single layer of cells containing few or no chloroplasts. The cells are quite 

transparent to allow the light to pass through to the underlying cells. 
Covered by a thick waxy cuticle (prevents water loss from the upper 
surface even when heated by sunlight). 

Palisade 
mesophyll: 

Consist of densely packed cylindrical cells with many chloroplasts. This is 
the main photosynthetic tissue and is positioned near the upper surface 
where the light intensity is highest. 

Spongy mesophyll: Consist of loosely packed rounded cells with few chloroplasts. This tissue 
provides the main gas exchange surface so must be near the stomata in 
the lower epidermis. 

Xylem: Bring water to replace losses due to transpiration, and inorganic minerals 
from the soil. 

Phloem: Transports products of photosynthesis out of the leaf. 

Lower Epidermis: Is in a cooler position and has a thinner waxy cuticle. 

Stoma: Pore that allows CO2 for photosynthesis to diffuse in and O2 (produced by 
photosynthesis in spongy layer cells) to diffuse out. Water vapour is 
released into the atmosphere (transpiration) 

Guard Cells: This pair of cells can open or close the stoma and so control the amount 
of transpiration (close at night when they don’t need CO2 = because 
there’s no photosynthesis when it’s dark) 
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c) Modifications of roots, stems and leaves 

Identify modifications of roots, stems and leaves for different functions: bulbs, stem tubers, storage roots and tendrils 

In some plants, roots, stems and leaves have become modified for other functions 

i. Bulbs – made of swollen leaf bases 

In some monocots, leaf bases grow to form an 
underground organ called a bulb. Plants use bulbs for 
food storage. They can be identified from the series of 
leaf bases fitting inside each other, with a central shoot 
apical meristems. 
E.g.: Onion 
 

ii. Stem Tubers – modified stem 

In some dicots, stems grow downwards into the soil and 
sections of them grow into stem tubers. They are used for food 
storage. They can be identified as stems because despite being 
swollen their vascular bundles are arranged in a ring. 
E.g.: Potato 
 

iii. Storage roots – modified root 

Some roots become swollen with stores of food. They can easily be 
identified from their shape and from vascular tissue being in the centre. 
E.g.: Carrot 
 

iv. Tendrils – modified leaves (for climbing) 

Tendrils are narrow outgrowths from leaves that rotate through the air until they 
touch a solid support, to which they attach, allowing the plant to climb upwards. 
E.g.: pea plant 
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d) Plant growth 
 

 Apical and Lateral Meristems 

o State that dicot plants have apical and lateral meristems 
Apical meristems are sometimes referred to as primary meristems and lateral ones as cambium 
meristems generate new cells for growth of the plant 

o Compare growth due to apical and lateral meristems in dicot plants 

Plants have regions where cells continue to divide and grow, often throughout the life 
of the plant. These regions are called meristems. Flowering plants all have meristems 
at the tip of the root and the tip of the stem. These are called apical meristems as 
they are the apex of the root and stem. Growth in apical meristems allows roots and 
stems to elongate. The shoot apical meristems also produce new leaves and flowers. 
 
Many dicots also develop lateral meristems. In young stems, this consists of 
cambium in the vascular bundles, but as the stem grows older, a complete ring of cambium forms. 
Growth in lateral meristems makes roots and stems thicker, with extra xylem and phloem tissue. 
The growth in thickness of tree trunks is due to the lateral meristems, inside the bark. 
 

 Phototropism (movement towards the light) and auxin 

Explain the role of auxin in phototropism as an example of the control of plant growth 

Plants use hormones to control their growth and their development. An example of a plant 
hormone is auxin, which acts as a growth promoter. It does this by causing secretion of 
hydrogen ions into cell walls, which loosens connections between cellulose fibres, allowing cell 
expansion. 
 
One of the processes that auxin controls is phototropism – directional growth in response to the 
source of light. Shoot tips can detect the source of the brightest light. 
Auxin, produced at apical meristems/tip, is transported from the lighter to the shadier side 
where it causes lots of mitosis = many cells are produced at the darks side (cell expansion) so 
the shoot “grows” towards the light source (it bends towards the light). 

 
 

e) Plant support 

State that terrestrial plants support themselves by means of thickened cellulose, cell turgor and lignified xylem 

Terrestrial (= land) plants support their leaves in three ways: 
1. Cellulose cell walls 

All plant cells have a cellulose cell wall so are naturally more resistant to deformation than animal cells 
2. Turgor Pressure 

Plant cells tend to take up water (by osmosis) until turgid.  In turgid cells, the cell contents press 
out against the cell wall, and if all the cells are turgid, a plant is supported. 
If plants lose water, cells become flaccid  and the plant wilts. 

3. Lignified xylem tissue 
Walls of xylem elements contain lignin and this strengthens the walls of the vessels to a much 
greater extent than cellulose alone. Trees have secondary thickening – large amounts of xylem are 
made in the stems, making them grow thicker as the tree ages. The xylem that forms is wood. 
Even herbaceous (non-woody) plants have lignified xylem in stems and leaves. 
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2. Transport in angiospermophytes 

 Absorption of MINERAL IONS and WATER 

Outline how the root system provides a large surface area for mineral ion and water uptake by means of 
branching and root hairs 

Roots absorb water and mineral ions from the soil. Plants increase the surface area for absorption 
by branching of roots and the growth of root hairs. 

 Roots are branched to have a large surface area for absorption. The tap root branches deeper 
in the soil to access deeper water and minerals. 

 Many roots have associated mutualistic mycorrhiza that further increase the surface area over 
which water and mineral ions can be absorbed. 

 Towards the tip, each root has microscopic hairs to further increase surface area. Root hairs 
are so tiny they can fit in between the mineral particles of the soil to exploit the water in the 
spaces between. 

 

a) MINERAL IONS 

List ways in which mineral ions in the soil move to the root 

The rate of absorption of mineral ions is sometimes limited by the rate at which the ions move 
through the soil in the root. 
There are three ways in which mineral ions can move to the root: 

 (facilitated) diffusion of mineral ions which requires a concentration gradient (Note that in 
general minerals are in very low concentration in soil). 

 mass flow of water carrying ions, when water drains through the soil 

 into fungal hyphae (mutualism), that grow around plant roots in a mutualistic relationship, and 
then from the hyphaea to the roots 

Mycorrhizae: the naturalistic relationship between tree roots (roots of higher plants) and fungi. Fungi gets organic compounds (sugars, 
carbohydrates) from photosynthesis and the tree gets minerals from the soil. 
Hyphae: thread-like fungal structure which makes up a mycelium. 
Mutualism: 2 different species living together in a relationship where both benefit. 
 

Explain the process of mineral ions absorption from the soil into roots by active transport 

Plants absorb potassium, phosphate, nitrate and other mineral ions from the soil. The 
concentration of these ions in the soil is usually much lower than inside root cells, so they are 
absorbed by active transport (against concentration gradient, thus it requires ATP). Root hairs 
provide a large surface area for mineral ion uptake. They have mitochondria and protein pumps in 
their membrane. Once inside the plant, ions are carried throughout the plant in the stream of water 
moving through the xylem tissue. 

b) WATER 

 Plants need water for support, chemical reactions like photosynthesis and hydrolysis reactions, 
to transport essential minerals and for many other reasons. For most plants, their water mainly 
originates in the soil. 

 Water must be transported around the whole plant so that it can survive and grow. 

 The cytoplasm of root cells usually has a much higher solute concentration than water in the 
surrounding soil, as a result of active transport of mineral ions. Water therefore moves into root 
cells from the soil by osmosis. Most of the water absorbed by roots is eventauylly drawn by the 
transpiration pull into xylem vessels in the centre of the root. 

 Water transport through plants 

Xylem vessels contain long unbroken columns of water. 

When transpiration occurs, water moves upwards from the roots to the 
leaves = transpiration pull. 

Explain how water is carried by the transpiration stream, including the structure of xylem vessels, 
transpiration pull, cohesion, adhesion and evaporation 
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1) Transpiration = water evaporates into spaces between spongy mesophyll because there’s a 
higher concentration gradient of water in the cell walls of the leaf than in the air outside 

2) Thus solute concentration inside leaf cells increases = draws in water from the xylem 
by osmosis (i.e. water that evaporates is replaced with water from xylem vessels in leaf) 

3) The removal of water at the top of the plant PULLS a 
continuous column of water upwards (due to cohesive forces 
between alike water molecules and adhesive forces between the 
molecules and xylem = prevents the column from breaking) 

 

 Transpiration 

Define transpiration 

Transpiration is the loss of water vapour from the aerial (above-ground, underside of leaf) parts of the plant by 
evaporation. 
Most transpired water is lost from the leaves via the stomata. This is because they are mainly found on the underside of leaves where 
no waxy cuticle is which is just on the top of leaves. Stomata are generally open during the day and closed at night (save water because 
can’t photosynthesise in the dark) for gas exchange to get CO2 in (for photosynthesis) and loose water – which is all balanced. (also 
close when plant is under water stress) 

 

i. Regulation 

State that guard cells can regulate transpiration by opening and closing stomata 

The stomatal pore is surrounded by two guard cells. These control the opening and closing of stomata. 

State that the plant hormone abscistic acid causes the closing of stomata 

The plant hormone abscistic acid causes the stomata to close. When plants lack water, the leaves 
synthesise abscistic acid. Its concentrations in surrounding epidermal cells increase, water is lost from the 
guard cells by osmosis and the stomata closes. 

 

ii. Influence of rate of transpiration 

Explain how the abiotic factors light, temperature, wind and humidity affect the rate of transpiration in a 
typical terrestrial plant 

o Light 

Guard cells close the stomata in darkness (there’s no photosynthesis when it’s dark so they 
don’t need CO2), so transpiration is much greater in light. This is because light stimulates the 
opening of the stomata and then water vapour can leave the leaf. 
 

o Temperature 

Heat is needed to break the hydrogen bonds in liquid water in plants for evaporation of water 
from the surface of spongy mesophyll cells. So as temperature rises, the rate of transpiration 
rises. Higher temperatures also increase the rate of diffusion through the air spaces in the 
spongy mesophyll and reduce the relative humidity of the air outside the leaf. 
 

o Humidity 

Water diffuses out of the leaf when there is a concentration gradient between the air spaces 
inside the leaf and the air outside. 
The lower the humidity outside the leaf (the higher concentration gradient (hotter)) = the 
faster the rate of transpiration. 
High humidity outside the leaf (low concentration gradient) = little transpiration 
 

o Wind 

Pockets of air saturated with water vapour tend to form near stomata in still air (large concentration 
of water vapour near the openings = high humidity), which reduce the rate of transpiration. Wind 
blows the saturated air away and so increases the rate of transpiration (i.e. wind reduces the 
external water vapour concentration – so gradient increases and water moves out). 
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iii. Xerophytes 

Outline four adaptions of xerophytes that help to reduce transpiration 
These could include reduced leaves, rolled leaves, spines, deep roots, thickened waxy cuticle, reduced nr of 
stomata, stomata in pits surrounded by hairs, water storage tissue, low growth form, CAM and C physiology 

Xerophytes are plants with adaptions to survive in areas of low water availability, such as deserts 
or sand dunes. They have adaptions for gathering water efficiently from dry soils (deep or wide-
spreading roots) but also need to have adaptions for reducing water loss by transpiration. 
 
Marram grass (rolled leaves) 
o lives on sand dunes in the UK. 
o the leaf has a small ratio of external leaf surface to its volume 

when rolled up circular in section. 
o the outside has a thick cuticle and no stomata, these being 

confined to the furrows of the inner surface where additional 
protection is provided by the stiff, interlocking chain. 

o the exceptionally large epidermal cells (hinge cells) at the base of each furrow are thin – 
walled and shrink quickly when transpiration is excessive, making the leaf tubular. 

 
Cacti’s adaptions to reduce transpiration: 
o Needles instead of leaves to reduce the surface area that is in contact with the air so reduce 

water loss 
o large network of roots absorbs as much water as possible very quickly 
o thick (photosynthetic) stem to store water 
o globular shape – reduces surface area = reduced water loss 
o thick waterproof waxy cuticle  
o Stomata open only during the night, store CO2 for daytime use 
 

a) Phloem 

 Plants produce all their organic compounds by the process of photosynthesis, but this only 
happens in the green above-ground parts of the plant. 

 The products of photosynthesis must be transported around the whole plant so that it can 
survive and grow. 

 

Outline the role of phloem in active translocation of sugars (sucrose and amino acids from source 
(photosynthetic tissue and storage organs) to sink (fruits, seeds, roots) 

Sugars and amino acids are transported inside plants 
by phloem tissue. This process is called active 
translocation because phloem cells have to use 
energy to make it happen. 

Sugars and amino acids are loaded into the phloem in 
parts of the plant called sources and are translocated 
to sinks, where they are unloaded. 

Examples of sources are parts of the plant where 
photosynthesis is occurring (stems and leaves) and storage 
organs where the stores are being mobilized. 

Examples of sinks are roots, growing fruits and the developing 
seeds inside them. 

Phloem is made up of cells called sieve tube elements, each 
with a companion cell along side. 
The movement of substances in the sieve tube elements is by mass flow from the source (where 
pressure is highest) to the sink (where pressure is lowest). 
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3. Reproduction in angiospermohphytes 

a) Structure and Function of flowers 

Distinguish between pollination, fertilization and seed dispersal 

1) Pollination 
Transfer/disposal of pollen from anther to stigma, helped by wind or animal 

o pollen grains germinate on stigma of the flower 

o pollen tube containing male gametes grow down the style to the ovary 

o male gamete delivered to ovule 

2) Fertilisation 
Fusion of a male with a female gamete in embryo sac 

3) Fertilised ovule develop into seeds, ovaries containing fertilised ovules develop into fruits; 
the function of fruits = 

4) Seed dispersal 
Dispersal of seed from parent plant helps spread species (eaten by animals, wind) 

 

o Draw and label a diagram showing the structure of a dicot animal-pollinated flower 
Limit this to sepal, petal, anther, filament, stigma, style and ovary 

o Draw and label a diagram showing the external and internal structure of a named dicot seed 
The named seed should be non-endospermic. Limit to testa, micropyle, embryo root, embryo shoot and cotyledons 

 
 

Structure of a bean seed 
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b) Germination 

i. Factors needed for seed germination 

Explain the conditions needed for the germination of a typical seed 
Seeds vary in their light requirements and, therefore this factor need not be included 

Seeds won’t germinate unless external conditions are suitable 

o Water must be available to rehydrate the dry tissues of the seed 

o Oxygen must be available for aerobic cell respiration. Some seeds respire anaerobically if 
oxygen is not available but ethanol produced in anaerobic respiration usually reaches toxic 
levels. 

o Suitable temperatures are needed. Germination involves enzyme activity and at very low and 
very high temperatures enzyme activity is too slow. Some seeds remain dormant if 
temperatures are above or below particular levels, so that they only germinate during favourable 
times of the year. 

 

ii. Metabolic events during germination 

Outline the metabolic processes during germination of a starchy seed 

 Absorption of water precedes the formation for gibberelin in the embryos cotyledon. 

 This stimulates the production of amylase, which catalyses the breakdown of starch to maltose. 

 This subsequently diffuses to the embryo for energy release and growth. 

o The first stage in germination is the absorption of water and the rehydration of living cells in 
the seed. This allows the cells to become metabolically active. 

o Soon after absorbing water, a plant growth hormone called giberellin is produced in the 
cotyledons of the seed. 

o Giberellin stimulates the production of amylase, which catalyses the digestion of starch into 
maltose in the food stores of the seed. 

o Maltose is transported from the food stores to the growth regions of the seedling, including 
the embryo root and the embryo shoot. 

o Maltose is converted into glucose, which is either used in aerobic cell respiration as a source 
of energy, or is used to synthesize cellulose or other substances needed for growth. 

As soon as the leaves of the seedling have reached light and have opened, photosynthesis can 
supply the seedling with foods and the food stores of the seed are no longer needed. 
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c) Control of flowering: Phytochrome and Photoperiodism (how plant measure day and night lengths) 

Explain how flowering is controlled in long-day and short-day plants. Include the role of phytochrome. 
Limit this to the conversion of Pr (red absorbing) to Pfr (far-red absorbing) in red or white light, the gradual 
reversion of Pfr to Pr in darkness, and the action of Pfr as a promoter of flowering in long-day plants and an 
inhibitor of flowering in short-day plants 

Plants can measure the length of periods of dark using a pigment in their leaves called 
phytochrome, which exists in two forms. 

One form is called PR, because it absorbs red light with a wavelenght of 660nm. PR is the inactive 
form of phytochrome. When it absorbs red light it is rapidly converted into the active form, called PFR. 
This form can absorb far red light with a wavelength of 730 nm and is then rapidly converted back 
to PR. 

In normal daylight there is much more red light than far red light so phytochrome exists in the 
active PFR form. 
In darkness PFR reverts very slowly to PR. This gradual reversion process is probably how the 
length of the dark period is timed. 

Enough PFR remains in long-day plants at the end of short nights to stimulate flowering. 

In short-day plants PFR presumably acts as an inhibitor of flowering. 
At the end of long nights, enough PFR has been converted to Pr to allow flowering to occur. 

 

PR 

PFR 

Sunlight contains more light of wavelength 
6600 nm which is absorbed by PR 
So in normal sunlight, phytochrome is 
rapidly converted to PFR. 

PR is more stable than PFR, so in 
darkness the remaining PFR from the 
day very gradually changes into PR. 

PR 

PFR 

Short nights in summer (long-day plants) 
(need large amount of PFR) 

Long nights in autumn (short-day plants) 
(need small amount of PFR) 

Due to the slow conversion from PFR to PR, there 
is still a large amount of PFR after a short night. 
This binds to a receptor protein that switches on 
the genes for flowering (promotes transcription of 
genes). Too much PFR is converted to PR which 
prevents plant from flowering in winter. 

After short nights, the large amount of PFR binds 
to a receptor protein which inhibits flowering in 
short-day plants. 
However, after long nights where only a small 
amount of PFR is left, no inhibition occurs and the 
flowering genes are switched on. 

DAY NIGHT 

PFR Receptor Protein 

Flowering genes switched on  Transcription of genes  Flowering 

binds to 


