Plant Structure and Function
Structure of plant determined by 

Three main organs:

Roots:

Stem:

Leaves:

· Blade

· Petiole

· Axillary bud

· Root system and shoot system are connected by

Organs are composed of 3 tissue systems.
· Dermal – may have specializations

· Vascular

· Xylem:

· Tracheids – contain lignin
· Vessel elements

· Phloem

· Sieve tube members
· Companion cells

· Ground Tissue - 
· Pith

· Cortex

Tissues are composes of 3 cell types.
· Parenchyma: the “typical” plant cell.  May differentiate into more specialized types.  Thin and flexible primary walls.

· Function:

· Collenchyma: thicker primary cell wall, flexible, elongate with stems and leaves during growth.

· Function:

· Sclerenchyma: thick secondary wall with lignin.  Not flexible, so typically found where?   

In parts that are still growing, cell wall is of uneven thickness.

· Function:

Plant Growth and Development

Depends on presence of meristems – perpetually embryonic tissues
· Apical – primary growth

· Lateral

· Root apical

Root growth:

· Root cap

· Zone of Cell division – Apical meristem and its derivatives

Protoderm

Procambium

· Stele: vascular cylinder; different organization on monocots and dicots

Ground meristem – mostly parenchyma
· Endodermis – single layer that bounds stele and cortex

· Zone of Elongation

· Zone of Maturation

Growth of Shoots:
Primary:

· Apical meristem at shoot tip -> protoderm, procambium, ground meristem

· Terminal bud contains:
· Vascular bundles – different arrangement in monocots and dicots:

· Ground tissue – pith and cortex
Leaf structure – we already know this from photosynthesis!

Secondary Growth – Lateral meristems add thickness
· Parenchyma cells become meristems: vascular cambium
· Vascular cambium produces “rings” of growth

· Wood forms from
Track secondary growth by looking at thicker portions of stem.

Epidermis of primary growth cracks and falls off. Replaced by new cork cells, and eventually periderm.
· Cork cambium – meristematic tissue in cortex and secondary phloem

· Bark:
Transport in plants
Three levels:

1) uptake and loss of water and nutrients by individual cells

2) short distance (cell to cell) transport of substances

3) long distance transport of sap at whole plant level

· Proton pumps build concentration gradients to build membrane potential; used to power active transport of K+ ions, cotransport, etc.
Water potential!
More than simple solute concentration comes into play; cell wall limits expansion of cell and builds turgor pressure, so we must consider physical pressure, too.

Water potential  – water will move from region of higher  to lower .  

· Measure in megapascals (MPa).

· Components are solute potential S and pressure potential P.
 of pure water in an open container is 0 MPa.
Presence of any solute makes  < 0. 
Increasing pressure increases makes  > 0.  
1) What is P for a flaccid plant?      Assume S is -0.7
· How will water move if you bathe the flaccid cell in a hypertonic solution (assume solution S = -0.9)?
· What will happen if you put the flaccid cell in pure water?

Lateral transport of water:

1) Transmembrane - Across cell membranes and walls

2) Symplast – intracellular via plasmodesmata

3) Apoplast – extracellular via cell walls and extracellular spaces
Long distance transport – bulk flow – via vascular tubes.

· Driven by pressure

Absorption by Roots – lateral transport

Both apoplast and symplast bring in water and materials via root hairs and into cortex.

Transport brings more water and dissolved minerals into symplast en route to cortex.

At endodermis, apoplast is blocked by 

Within stele, water and minerals are deposited into xylem.  Is this apoplast or symplast?

Transport of Xylem Sap – powered by transpiration
· “Push” of sap comes from

· Guttation may result at night when transpiration is low

· “Pull” of sap comes from loss of water vapor from air spaces in interior of leaf.  Water vapor is replaced from layer on surface of mesophyll cells.  Remaining water in film pulls back to cell walls through adhesion and cohesion of water molecules; results in a meniscus pulling water back to leaf and creating a negative pressure on the water film.  Greater the curvature of the meniscus, the more negative the pressure.
· More negative pressure lowers the water potential at the air space, so water leaves mesophyll cells to join the water film.

· Transpiration creates a gradient of water potential from leaves to roots. 
