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" H,O & minerals
¢ transport in xylem
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cohesion

negative pressure
" Sugars
¢ transport in phloem
¢ bulk flow

Calvin cycle in leaves loads
sucrose into phloem

positive pressure

= Gas exchange w2 | & )

-~ @
AP Biology e // ; - \




Transport in plants 250, P
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Why does over-watering kill a plant?



Transport in plants

= Physical forces drive transport at different scales

cellular €Oz~ o

from environment into plant cells - ﬁ Light
H20 - ¢¥ | Sugar | ﬁ

transport of H,O & solutes . S b
into root hairs \. o a4

¢ short-distance transport

from cell to cell

loading of sugar from
photosynthetic leaves into
phloem sieve tubes

+ long-distance transport

transport in xylem & phloem > //'/‘
throughout whole plant ., ~ J( Sl
Co

S
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CYTOPLASM — & —
by the membrane
(a) Membrane potential and cation uptake
into plant cells via
+ central role of coupinganeir.

Cellular transport “ @
@ potential.
prOton pumps N ==7 transport to the

Cations (@, for
@ example) are
driven into the cell
= Active transport @ ©
«+ solutes are moved ~ S ——
active transport === Cell accumulates
- ==:5 anions ([NOz 7,
P
o u
= chemiosmosis == cotransporter.

(b) Cotransport of anions A

é _ OW" Plant cells can
EXTRACELLULAR FLUID = e,
===,

also accumulate
= 3 a neutrglusotllute,
@ such as sucrose
= Proton pump ‘ (/8\), by _
N -. generates mem- — cotransporting
\ brangotential é W ) == -
and radient. e ===
@ @ s : gradient.
®
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Short distance (cell-to-cell) transport

= Compartmentalized plant cells

+ cell wall Cell wall
+ cell membrane «~ _Cytosol
cytosol | Vacuole,
¢ vacuole
= Movement from cell to cell
+ move through cytosol Plasmodesma Vacuolar membrane

plasmodesmata junctions connect (tonoplast)

cytosol of neighboring cells
symplast
¢ move through cell wall

contanL_lm of cell wall >l
connecting cell to cell symplast

apoplast

Plasma membrane

apoplast

v

AP Biology >




Routes from cell to cell

= Moving water & solutes between cells

¢ transmembrane route
repeated crossing of plasma membranes
slowest route but offers more control

+ symplast route
move from cell to cell within cytosol

+ apoplast route
move through connected cell wall without crossing cell membrane
fastest route but never enter cell

Transmembrane route
\ Apoplast
- —P

Symplast

Y. —

Symplastic route \ >

P -
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Long distance transport

" Bulk flow

+ movement of fluid driven by pressure

= flow in xylem tracheids & vessels
¢ negative pressure
¢ transpiration creates negative pressure pulling
xylem sap upwards from roots
= flow in phloem sieve tubes
¢ positive pressure

* loading of sugar from photosynthetic leaf cells
generates high positive pressure pushing
phloem sap through tube
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\{%Movement of water in plants

‘% 4 cells are flaccid = Water relations in

€2 plant is wilting plant cells is based
L. on water potential
¢ osmosis through
agquaporins
= transport proteins
+ water flows from
high potential to
low potential

)

=
cells are turgid
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Water & mineral uptake by roots

" Mineral uptake by root hairs
¢ dilute solution in soil

¢ active transport pumps
= this concentrates solutes (~100x) in root cells

= Water uptake by root hairs
+ flow from high H,0O potential to low H,O potential
o creates root pressure Casparian strip
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|Root anatomy

monocot
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Casparian strip

Pathway along
apoplast

Pathway
through
symplast
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Route water takes through root

= Water uptake by root hairs

+ a lot of flow can be through cell wall route
¢ apoplasty

N
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Casparian strip

Plasma——/ 8 V// ((//\ //&OY(
membrane

€) ,Apoplastic
route
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Controlling the route of water in root

" Endodermis

+ cell layer surrounding vascular cylinder of root
¢ lined with impervious Casparian strip

¢ forces fluid through
selective cell membrane Casparian strip

& into symplast

= filtered &
forced into
xylem vessels

Aaaaah...
Structure-Function
yet again!

Pathway along
apoplast

Pathway
through
symplast



Mycorrhizae increase absorption

= Symbiotic relationship between fungi & plant

+ symbiotic fungi greatly increases surface area for
absorption of water & minerals

¢ increases volume of soil reached by plant
¢ increases transport to host plant




Mycorrhizae

N

|| —Endodermis 4 -
— " - L ," /

hyphae

e — W) - /8 between
antle | : [ &=/ W | cortical
(fungal sheath) Al W A cells (colorized SEM)

(a) Ectomycorrhizae

Cortical cells —_——

strip
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(b) Endomycorrhizae
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Ascent of xylem “sap”

N

Transpiration pull generated by leaf

Cell wall {
Airspace{ N 2 ¥y o | interface
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Xylem
‘| sap

" Transpiration pull
. Outside air W

¢ adhesion & cohesion™owra
- H bOnding Leaf W (air spaces)

Mesophyll
e | | cells

Stoma

Rise of water in a tree by bulk flow

™ water

=-7.0 MPa y : ‘ ~ ' —~_molecule
i Leaf W (cell walls) A A el 4 ol Atmosphere
¢ brings water & oihef {3 DBt

minerals to shoot o
= Water potential Pl
«+ high in soil — 5 O,
low in leaves
Trgnl(oxgl’?n?a\l'
" Root pressure push -

- — Cohesion,
2 ,Cohesionand by

“ladhesionin  hydrogen
+ due to flow of H,0
from soil to root cells g molecue
o upward push of  retsemv . He var
xylem sap - NS et
=-0.3 MPa

= Water
Water uptake
from soil
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Control of transpiration
" Stomate function

N

+ always a compromise between
photosynthesis & transpiration

= leaf may transpire more than its weight in
water in a day...this loss must be balanced
with plant’s need for CO, for photosynthesis

¢ a corn plant transpires 125 L of water in a
growing season




Regulation of stomates

m M i C rofi b ri I mec h an is m Cells turgid/Stoma open Cells flaccid/Stoma closed
+ guard cells attached at tips celluloss microfbils

elongate causing cells to |
arch open = open stomate i

shorten = close when water
is lost
Vacuole

=" Jon mechanism Guard cell

(a) Changes in guard cell shape and stomatal opening and closing

+ uptake of K* ions by guard (oiiTace i)
cells

proton pumps

water enters by osmosis

guard cells become turgid
¢ loss of K* ions by guard cells

water leaves by osmosis

guard cells become flaccid

¢ microfibrils in cell walls Sl &~ N N
w:\IIY\\ \/'",,_ >
& Tt

NS 1,0

AP Blology (b) Role of potassium in stomatal opening and closing
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= Other cues

CYTOPLASM

Regulation of stomates

+ light trigger

= blue-light receptor in plasma membrane of guard cells
triggers ATP-powered proton pumps causing K* uptake

¢ stomates open

+ depletion of CO,

= CO, is depleted during photosynthesis (Calvin cycle)

¢ circadian rhythm = internal “clock”

= automatic 24-hour cycle
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EXTRACELLULAR FLUID CYTOPLASM EXTRACELLULAR FLUID

Cations (@, for

@ example) are
driven into the cell

by the membrane

@ potential.

- —=——<> + >“Transport protein

Proton pump @
generates mem- @
brane potential

and gradient. @ @

(a) Membrane potential and cation uptake



Transport of sugars in phloem

= | oading of sucrose into phloem

+ flow through symplast via
plasmodesmata

+ active cotransport of sucrose
with H* protons
= proton pumps

N

High H* concentration

‘ Companion
/Mesophyll cell (transfer) cell

o Cell walls (apoplast)

Cotransporter

Sieve-tube
member

Plasma membrane

/ Plasmodesmata

;‘ || Key

‘ \Sucrose

/ _ : \ ’si Apoplast
Bundle- Phloem Low H* concentration Symplast

Mesophyll cell sheath cell parenchyma cell

(a)

(b)



Vessel | | ' Sieve tube| Source cell

- - | (xylem) | " (phloem) | (leaf)
|Pressure flow in sieve = = ::o
‘ “HQO °°°o:°-5ucrose |
tubes LSy

=" Water potential gradient

¢ “source to sink” flow

= direction of transport in
phloem is variable

]

., can flow

+ sucrose flows into phloem ‘B 1mihr
sieve tube decreasing H,0O - g
potential ¢

i ¢ Sink cell

+ water flows in from xylem | ] B

vessels 3 LN =
= increase in pressure due to ' 0 . °
increase in H,0 causes flow AL

What plant structures are sources & sinks? . I



Experimentation

" Testing pressure
flow hypothesis
¢ using aphids to
measure sap flow &

sugar concentration
along plant stem

Figure 36.19

Inquiry What causes phloem sap to flow
from source to sink?

EXPERIMENT To test the pressure flow hypothesis,

researchers used aphids that feed on phioem sap. An aphid probes
with a hypodermic-like mouthpart called a stylet that penetrates a
sieve-tube member. As sieve-tube pressure force-feeds aphids, they
can be severed from their stylets, which serve as taps exuding sap
for hours. Researchers measured the flow and sugar concentration
of sap from stylets at different points between a source and sink

25 um

Sieve-
tube a
member ’

Sap droplet

Stylet in sieve-tube
member

Aphid feeding

Severed stylet
exuding sap

m The closer the stylet was to a sugar source, the

faster the sap flowed and the higher was its sugar concentration

m The results of such experiments support the

pressure flow hypothesis.
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Maple sugaring
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Any Questions??
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