Understandings:
- Plants transport organic compounds from sources to sinks
· The source is where the organic compounds are synthesised – this is the photosynthetic tissues (leaves)
· The sink is where the compounds are delivered to for use or storage – this includes roots, fruits and seeds

- Active transport is used to load organic compounds into phloem sieve tubes at the source[image: http://image.slidesharecdn.com/transportinanimalsandplants4-150218054406-
conversion-gate02/95/transportation-structure-of...]
- High concentrations of solutes in the phloem at the source lead to water uptake by osmosis
Organic compounds produced at the source are actively loaded into phloem sieve tubes by companion cells
· Materials can pass into the sieve tube via interconnecting plasmodesmata (symplastic loading)
· Alternatively, materials can be pumped across the intervening cell wall by membrane proteins (apoplastic loading)
Apoplastic loading of sucrose into the phloem sieve tubes is an active transport process that requires ATP expenditure
1. Hydrogen ions (H+) are actively transported out of phloem cells by proton pumps (involves the hydrolysis of ATP)
2. The concentration of hydrogen ions consequently builds up outside of the cell, creating a proton gradient
3. Hydrogen ions passively diffuse back into the phloem cell via a co-transport protein, which requires sucrose movement
4. This results in a build up of sucrose within the phloem sieve tube for subsequent transport from the source
At the Source:
· The active transport of solutes into the phloem by companion cells makes the sap solution hypertonic
· This causes water to be drawn from the xylem via osmosis (water moves towards higher solute concentrations)
· Due to the incompressibility of water, this build up of water in the phloem causes the hydrostatic pressure to increase
· This increase in hydrostatic pressure forces the phloem sap to move towards areas of lower pressure 
· Hence, the phloem transports solutes away from the source

- Incompressibility of water allows transport along hydrostatic pressure gradients
- Raised hydrostatic pressure causes the contents of the phloem to flow towards sinks
At the Sink:
1. The solutes within the phloem are unloaded by companion cells and transported into sinks (roots, fruits, seeds, etc.)
2. This causes the sap solution at the sink to become increasingly hypotonic (lower solute concentration)
3. Consequently, water is drawn out of the phloem and back into the xylem by osmosis
4. This ensures that the hydrostatic pressure at the sink is always lower than the hydrostatic pressure at the source
5. phloem sap will always move from the source towards the sink
6. When organic molecules are transported into the sink, they are either metabolised or stored within the vacuoles


Applications:
Structure-function relationships of phloem sieve tubes
Sieve Element Cells：Sieve elements are long and narrow cells that are connected together to form the sieve tube
· Sieve elements are connected by sieve plates at their transverse ends, which are porous to enable flow between cells
· Sieve elements have no nuclei and reduced numbers of organelles to maximise space for the translocation of materials
· The sieve elements also have thick and rigid cell walls to withstand the hydrostatic pressures which facilitate flow
Companion Cells：Provide metabolic support for sieve element cells and facilitate the loading and unloading of materials at source and sink
· Possess an infolding plasma membrane which increases SA:Vol ratio to allow for more material exchange
· Have many mitochondria to fuel the active transport of materials between the sieve tube and the source or sink
· Contain appropriate transport proteins within the plasma membrane to move materials into or out of the sieve tube
Sieve elements are unable to sustain independent metabolic activity without the support of a companion cell
· This is because the sieve element cells have no nuclei and fewer organelles (to maximise flow rate)
· Plasmodesmata exist between sieve elements and companion cells in relatively large numbers
· These connect the cytoplasm of the two cells and mediate the symplastic exchange of metabolites[image: phloem structure]

Skills:
Identification of xylem and phloem in microscope images of stem and root
Roots
· In monocotyledons, the stele is large and vessels will form a radiating circle around the central pith
· Xylem vessels will be located more internally and phloem vessels will be located more externally
· In dicotyledons, the stele is very small and the xylem is located centrally with the phloem surrounding it
· Xylem vessels may form a cross-like shape (‘X’ for xylem), while the phloem is situated in the surrounding gaps
[image: My Image 1]
Stem
· In monocotyledons, the vascular bundles are found in a scattered arrangement throughout the stem
· Phloem vessels will be positioned externally (towards outside of stem) – remember:  phloem = outside  
· In dicotyledons, the vascular bundles are arranged in a circle around the centre of the stem (pith)
· Phloem and xylem vessels will be separated by the cambium (xylem on inside ; phloem on outside)[image: stem1]

Analysis of data from experiments measuring phloem transport rates using aphid stylets and radioactively-labelled carbon dioxide[image: ]

[image: http://plantsinaction.science.uq.edu.au/book/export/html/23
9.2 S.2 Analysis of data from experiments measuring phloem tra...]
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* Anunderstanding of sap flow rates through phloem has come from
the use of an insect called an aphid and its feeding technique

* Aphids have a long piercing mouthpart called a stylets, which they
insert into the plants sieve tube and draw out sap.
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9.2.5.2 Analysis of data from experiments measring phloem transport rates using aphid stylets and radioactively-
labelled carbon dioxide

1. Plants grown in a lab with leaves
covered with a clear bag and then
exposed to CO, containing the
radioactive isotope C'.

2. The radioactive CO, is taken and
incorporated into glucose by the
process of photosynthesis. The
glucose is then converted into
sucrose and move through the
phloem of the plant.

3. In the experiment colonies of
Aphids feed on the sucrose in the
phloem at different locations of
the plant stem.

4. When feeding sucrose drips down
into container below the colonies.
The distant between the colonies
is used to calculate sucrose flow
rates in the phloem. B ae o o ave oy s nasiof
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9.2 U.3 Active transport is used to load organic compounds into phloem
sieve tubes at the source.

Sucrose (green triangle inthe  igh H+ concentration = 3

diagram) is actively
transported into the phloem
form leaf cells indirectly.

** Step one: ATP is used to
pump H across the leaf
cell into the phloem cells,
creating a concentration
gradient of Hiions.

% Step two: Co- transport
proteins use the
concentration gradient to
move sucrose and H'
simultaneously, allowing
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Phloem Properties:

Transports water and food
(movement s in two ways)

Composed of sieve element cells
which connect to form a tube

Connecting sieve cells share a
highly perforated sieve plate

Supported by companion cells
that help with loading / unloading

Movement of sap is mediated by
hydrostatic pressure from xylem

element  Companion Cell
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