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	Chapter 7 – Transport in multicellular plants

This information is taken from Jones & Fosbery (JF) ch7
Why do multicellular plants need a transport system?

Particular requirements of plant cells

1.)   
2.)  
3.)  Organic nutrients (containing carbon) – some cells make their own but other parts must be supplied

4.) Inorganic ions & H2O  NH4+, NO3-, H20, get from roots
· Lower energy rate/needs, can manage with slower transport system

· Need sunlight for photosynthesis

·    - thin-flat leaves – large surface area

·    - CO2 in 

·    - O2 out 

·    - no need to transport

Two transport systems

·  H2O, inorganic ions, roots to top

· Photosynthesis products, leaves to the rest of the plant

Two Systems: Xylem and Phloem

-Xylem: 

-Phloem: 

Structure of Stems, Roots and Leaves

Main organs involved in transport:

Tissues-

Cells may be of the same type, such as __________________, or of different types, as in ______________ and ____________. 

Monocotyledons and dicotyledons

Dicotyledons (dicots): 

Monocotyledons (monocots): 

How do they differ?

Low-power Plan Diagrams

**See box 7.1 page 129

Epidermis: 

Cuticle: 

Stomata: 

Root hairs: 

Refer to all figures on page 128-131 (you must know all parts and their functions.  Be able to label pictures)

Parenchyma: 

Functions:

Parenchyma forms the ___________________ and _______, and the _________ in stems.  

The ____________ is an outer region of cells.  The __________ is made up of ____________ __________ but is the name given to the central ______________ of stems.  

Parenchyma contains __________________ in leaves, where it is modified to form the ___________________ and ___________ mesophyll.  

Collenchyma: 

Provides: 

Endodermis: 

Mesophyll: 

Specialized for: 

Two types: 

1. Palisade mesophyll (definition and all details): 

2. Spongy mesophyll (definition and all details): 

Pericycle: 

Sclerenchyma: 

Vascular Tissue

The two types of cells that make up the vascular tissue:

Xylem vessel elements: 

Lignin-

Xylem allows for long distance transport of ______________ and _____________ _____________. 

It also provides __________________ _______________ and ____________________.  

The function in roots? 

In stems? 

Outside of the vascular bundles are made of: 

Describe the schlerenchyma fibres: 

Main difference between xylem and vascular bundles? 

Describe the distribution of the strengthening tissues, xylem and sclerenchyma in terms of roots and stems: 
Sieve tube elements: 

Transport of H20

H20 is transported in ___________ _____________
Process


1 -  

2 -  

3 -  

4 -  

5 –  

6 –    
Transpiration: 

The movement of water is ______________ as it is driven by: 

Overall - H20 moves from ________ to _________ water potential (()

 Where does this process begin? 
From soil into plant: 

Through the root to the stem and then into the leaves: 

   - inside _________ _____________ – air spaces that are saturated with H20 vapor

   - H20 evaporates from: 

   - stomata: 

   - diffuses: 

   - transpiration –  

Factors affecting transpiration:

1. Humidity: 

2. Wind speed: 

3. Light intensity: 

4. Very dry conditions: 

  - stomata open/close – control rate of _____________

  - CO2 must come in, so H20 will leaves (HIGH transpiration)

      - bright day, CO2 more needed for photosynthesis

      - but then more water loss through transpiration

      - plant will have to compromise

How does H20 get from the xylem to the leaf

   -  

   -  

 potometer –  

       - must be airtight

       - plant stem in water with rest of plant above the airtight seal

      - cut the stem with a slanting cut

      - as water evaporates it is drawn into the xylem from the capillary tubing and can be measured

     - an experiment can expose the plant to varying conditions to compare the rate of transpiration

Xerohytes

  - plants that live in places where water is scarce

  - adaptations  include

      -dune grass:    

      - hairs:  

      - cactus:   

     - waxy coating:

 From xylem across the leaf:

H2O movement can take two pathways

- which pathway depends on ______________________ and ______________________
Apoplast 

   -  

   -  

Symplast

  -  

   -  

   -  

   - Once the H2O reaches the stele (center), __________pathway stops

   - as cell ages, some cells become completely blocked and can only 

use passage cells

   - allows the plant to control incoming nutrients

   - builds root pressure

   - H2O crosses the pericycle into the xylem

Xylem tissue

   - dual function: 

Made up of four different types of cells:

   - 1.) parenchyma cells –  

   - 2.) fibers –  

   - 3.) vessel elements 

        - make up the xylem vessels

        - began as normal cell, but lignin in cells

        - walls impermeable to water

        - as it builds up, cells die, empty lumen left

       - no lignin at plasmodesmata – kept open = pits

   - 4.) tracheids

       - non living lignified walls

       - not open ended, not tubes

       - elongated cells with tapering ends

       - ends not completely open, have pits

       - H2O moves through pits

        - primitive plants, ferns & conifers

Xylem vessels and vessel elements: 
Vessel elements: 

Lignin:

Lumen: 

Pits: 

Xylem vessel: 

From root to stem and leaf in the xylem: 

Hydrostatic pressure

   - pressure exerted by liquid

   - H20 removed from the xylem reduces pressure

   - creates a __________ to low gradient

   - (e.g. suck on a straw, reduces pressure at the top, liquid rises)

   - H20 flows up the _________

   - H20 moves by _________ flow (moves as one body of liquid)

   -H20 molecules attracted to each other (H bonds) – ________

  -H20 molecules attracted to lignin (H bonds) – __________

  - air bubbles ___________ movement (break water column) but pits allow H20 to move around

The arrangement of the xylem tissue in dicotyledonous stems: 

Root pressure

   - transpiration ______________ hydrostatic pressure at top of xylem

   - plants also ______________ root pressure to ____________ pressure differences

   - active secretion of __________, (________________), into the water of the xylem vessels in the root
   - cells surrounding the xylem use ______________ __________ to pump solutes across their membranes and into the xylem

   - the presence of solutes ____________ the water potential drawing water from ________________________________. 

   - ___________________ pressure at the base of the xylem vessels

   - root pressure is not ______________ and probably not ________________. 

Root Hair to Xylem

Two routes that water takes through the cortex: 

-

-

The relative importance of the two pathways: 

Endodermis:

- _____________ cells have a thick waterproof waxy band of _____________ in the cell walls – ​____________ strip

   -  can only pass into these cells by: 

Passage cells:

From soil into root hair

The tip: 

Epidermis: 

root hairs –  

· H20 moves into ​​__________hair with the water potential (() gradient

Soil
Low solute

High (
               H20
Root cytoplasm
High solute (proteins, ions, sugars)

Low (
- large # of root hairs 

– large _____________ area

- increase rate of ________________

- root hairs constantly being replaced

Mycorrhizas –  
   - form of symbiotic relationship:  

   - useful: 
   - nutrients: 
Transport of mineral ions: 
** Use handout from old book

Translocation: 

- assimilates: 
          -  sieve tubes and sieve elements: 

-sieve plate: 

           -Companion cells: 

Contents of phloem sieve tubes:

Phloem sap: 

Callose: 

Aphids feed using: 

Composition of phloem sap: 

 How translocation occurs

-mass flow
-active loading: 

-sink: 

Loading sucrose into phloem

· photosynthesis produces __________ which are converted into sucrose

· sucrose, in solution, moves from the _____________ cells to the phloem

· - moves by the _____________ pathway (cell-to-cell via the ___________________) or the _______________ pathway traveling along the cell walls

· - sucrose is loaded into companion cells by ____________ transport

· - _________ is used to pump _______ ions outside the companion cell

· - H+ reenter the cell traveling down ______________________ gradient traveling with sucrose (against its through carrier proteins (co-transporter proteins) in the plasma membrane

Unloading sucrose from phloem

· little is known about this process

· - believed _____________ moves from the phloem though diffusion down a ________________ ______________

· - this gradient is maintained through cells converting ___________________ to something else to maintain the __________________

· - invertase :  
Comparison of sieve elements and xylem vessels

Similarities

· -  liquid moves in _____________ _________ along a pressure gradient

· - liquid moves in tubes formed from: 
Differences

· - water transported through _________xylem vessels

· - translocation through live phloem sieve tubes requires ____________ loading of sucrose at sources thus requiring _________cells
· - xylem has _____________ walls, phloem does not

· - lignified, dead ___________ _______________ are entirely empty providing a tube through which water can flow unimpeded

· - lignified, dead xylem vessels have strong walls for _____________ ______________
· - end walls of elements _______________ where phloem sieve elements form sieve plates which prevent the phloem sieve elements from _______________
· - sieve plates allow the phloem to ______________ if damaged, i.e. part of a blade of grass is eaten by a herbivore
· - phloem sap has a high ____________ ___________ because of its high solute content, it would ___________
· ___________________________________________

· - phloem sap contains valuable substances such as _________, which clotting protects from loss

· - clotting may also prevent: 



