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Changes in Water Potential
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Water Potential in the Plant Cells
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: specialized transport proteins that facilitate the movement of water
into and out of the cell.
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Water Movement in Plant Cells

Tonicity: ability of surrounding solution to cause a cell to gain or lose water
» Dependent on

Hypertonic: solute concentration outside the cell

» Net movement of water out of the cell

Isotonic: solute concentration the same inside and outside the cell
» No net movement of water

Hypotonic: solute concentration greater the cell
» Net movement of water into the cell
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Water Movement in Various Extracellular Environments
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Routes of Short Distance Transport

Apoplast: everything external
tothe

» Cell walls and extracellular spaces

Symplast: the cytosol of all
living cells in the plant
» Connected by

Cell wall

Apoplastic route:

‘Symplastic route
Transmembrane route:

- Apoplast
 symplast
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Transport of Minerals and Water into the Roots

Soil solution (water + minerals)
moves to xylem through
apoplastic or symplastic routes

» Apoplastic route = through
cells walls and extra cellular
spaces to root cortex
» Screened in

» Symplastic route: through
symplast after passing
through plasma membrane
of root hair

» Screened by
of root hair
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Apoplastic and Symplastic Routes Through Root Cortex

» Endodermis: innermost layer
of cells of root cortex that
screen water and minerals
from apoplast pathway

» strip: waxy material
made of , impervious to
water and minerals

» Move into the tracheids and
vessel elements through
apoplastic route
» Lack protoplasts

Casparian strip _
Endodermal cell

Pathway along N
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Pathway oves
wough | e
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© The endodermis: controlled entry
to the vascular cylinder (stele)

© Transport in the xylem
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Transport of Xylem Sap (Pulling)

Transpiration: from above
ground plant parts by diffusion /and or
evaporation

Cohesion-tension hypothesis:
transpiration provides

that pulls water molecules
bound by cohesion, from the roots to
the leaves
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Transport of Xylem Sap (Pushing)

» Water potential builds in vascular
cylinder of roots
» Root pressure

: exudation of water droplets
on the tips of leaves due to root
pressure

» More water entering plant than is
transpired
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Transport of Xylem Sap (Pulling)
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Transpiration

» Cohesion keeps water
molecules together

» Adhesion to walls of
xylem cells helps offset
gravitational force on
chain of water molecules

Bulk flow: long distance
transport of a liquid driven
bya . and
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Regulating Transpiration

» Stomata open and close to
in plants
» Open during day
» Closed at night

» Guard cells have
and microfibrils
that cause them to bow
outward when turgid
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Role of K* in Stomatal Opening and Closing

» Active transport of _ out Guard cells turgid/ Guard cells laccidl
of the cell drives _into Stoma open ‘Stoma closed
the cell, decreasing the
water potential in the cell

» Net movement of water
into the cell

» Loss of K* leads to
oosmotic water loss and
stomatal closing

Role of potassium fons (K") in stomatal
‘opening and closing
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Stimuli for Stomatal Opening and Closing

» Light cues stimulate guard cells to take up K* ions, and thus
become turgid

» Blue-light receptors in plasma membrane
» Depletion od CO2 from inner air spaces

» Internal 24-hr clock
, internal clocks that regulate cyclic processes

» Environmental stresses (drought, high temperatures)

» Abscisic acid (ABA) hormone produced by leaves and roots signals
stomata to close
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Adaptations to Reduce Transpiration

» Small, thick leaves
» Reduce

» Thick cuticle
> stomata

» Lose their leaves
» Drought deciduous

» C4or CAM plants

» Grasses, cacti Tchomes | Stoma. Lowsrepidormal

) eopt e
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Sugar Transport via the Phloem

Translocation: transport of products of photosynthesis throughout the
plant
» Phloem sap

‘Sugar source: a plant organ that via photosynthesis or
the breakdown of starch
» Mature leaves; root, tuber or bulb?

‘Sugar sink: a plant organ that is a net consumer or depository of sugar
» Growing roots, buds, stems and fruits.
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Loading Sucrose into Phloem
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Bulk Flow in Sieve Tubes
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Resource Acquisition and Transport in Plants

I Chapter 36
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Root and Shoot Structure

» Plant height and branching pattern evolved to
optimize
» Allocating energy to height or branching

» Variation in leaf size and structure

> between light absorption and water loss
» Sun and shade leaves
» Leaf orientation

» Roots optimize nutrient uptake and absorption
» Branch more in nutrient rich soil
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Resource Acquisition and Transport in Vascular Plants
co, 0

Photosynthesis uses light
Lignt €neray and CO2 to make

":‘l‘ sugar and oxygen (byproduct)

Transpiration  H,0

Water and minerals are
absorbed by the roots

Roots exchange gases
with air spaces in soil
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Transport of Solutes Across the Plasma Membrane
EXTRACELLULAR

® yuopm (o) H* and membrane potential: Profon pumps use
o= ATP to pump hydrogen ions (H*) out of the cell,
establishing the pH gradient and maintain the
membrane potential

() H*and of neutral solutes: Neutral
solutes {sugars) can be transported into plant cells
with H* cotransport profeins (Ex. H'/ sucrose
cotransporter)

(5) - and cotransport of neutra solutes.
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Transport of Solutes Across the Plasma Membrane
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(e H* and cotransport of ions: lons can be
transported into the cell with H-/ ion cotransporter
proteins (Ex. H'/NO cotransporter).

(@ lon channels: Open or close in response to
voltage, membrane stretching and chemical
factors, to release ions via diffusion (Ex. K- ion
channel)

(@) fon channels
>
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Transport of Water Across the Plasma Membrane

Osmosis: movement of water from region of low solute concentration (high
water potential) to region of high solute concentration (low water potential)
across a

Water potential (p): the physical property predicting the water will
flow, based on the influence of solute concentration and physical pressure
»W=w W,
Solute potential (ip,): the solutes affect on the direction of osmosis
» Proportional to the of the solute
1 in solute potential = § in water potential

Pressure potential (ip,): the physical pressure on a solution




