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" 1o help prevent it (e.g. waxy leaf cuticle). ApproX

N

J_j'_“'\spiration and the flow of water through the plant is called seem wasteful, but it has beneflts evaporaitve water loss cools
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Plants lose water all the time, despite the adap

ions they hawvi of m reasing solufeyTdecreasing water) concentration. This

aigly 99% o g.force.in.the ascent of water up a plant. A
the water-a plant absorbs from the soil is lost by evaporation from  number of processes contribtite to’ water ‘movement up the plant:
the leaves and stem. This loss, mostly through stomata, is called  transpiration pull, cohesion, and root pressure Transpiration may

~transpiration” stream. Plants rely on a gradient in solute the plant and the transpiration stream helps the plant to maintain
Jcentration from the roots to the air to move water through — an adequate mineral uptake, as many essentlal minerals occur
their cells. Water flows passively from soil to air along a gradient  in low concentrations in the soil.

9 Transpiration pull - EH
Water is lost from the air spaces by evaporatlon ihrough
3 stomata and is replaced by water from the mesophyll -
; cells. The constant loss of water to the air (and production
of sugars) creates a solute concentration in the leaves
that is higher than elsewhere in the plant. Water is pulled
through the plant aleng a gradient of increasing solute
concentration (decreasing water concentration).

Cell wall
Cytoplasm

¥ ; < Xylem
Vacuole = - TR EE vessel

Water is drawn up
the plant xylem

Epidermal cell Guard cell

_ Stoma 5
: Evaporative loss
-«—-——--~ Symplast pathway {cytoplasm) of water vapor

-<<—— Apoplast pathway (non-living components)

Cohesion-tension

The.transpiration pull is assisted by the special cohesive
properties of water. Water molecules cling together as
they are pulled through the plant. They also adhere to the
walls of the xylem (adhesion). This creates one unbroken
column of water through the plant. The upward pull on -
the cohesive sap creates a tension {(a negative pressure).
This helps water uptake and movement up the plant.

9 Root pressure
-Water entering the stele from the soil creates
a root pressure; a weak 'push' effect for the
water's upward movement through the plant.
Root pressure can force water droplets from
some small plants under certain conditions
(guttation), but generally it plays a minor part in
the ascent of water.
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- (a) Plants constant!y lose water by transpiration. Explain how plants compensate for this:

\'J\( X\ roa\S’_ L\ eBe €% oryake ) \ese leaves

A
(b) Describe one benefit of the transpiration stream for a plant: M o%es  Vaker N\\ Man crals
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F Briefly déscribe three processes that assist the transport of water from the roots of the plant upward:
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Gas Exchange in Plants

Respiring tissues require oxygen, and the photosynthetic tissues
of plants also require carbon dioxide in order to produce the
sugars needed for their growth and maintenance. The principal
'S exchange organs in plants are the leaves, and someiimes
. Istems. In most plants, the exchange of gases directly across

the leaf surface is prevented by the waterproof, waxy cuticle
layer. Instead, access.to- the respiring cells is by means of
stomata, which are tiny pores in the leaf surface. The plant has
to balance its need for carbon dioxide (keeping stomata open) -

against its need to reduce water loss (stomata.closed).

.-geeurs through the stems and the roots. The shape and siructure of leaves

Water is lost from

the plant surfacs ¥, Terrestrial Environment
through stomata %, ™

via transpiration ™

Aquatic Envlronment

The aquatic environment presents special. prublerns for p|ants Water," '
loss is not a problem, but CO, availability;is-often: imited because -
pores in the waterproot most of the dissolved CO, is. present in-the:form: :
cuticle called stomata which is not directly avallable to-plants: Maximizing: uptake of gaseous

! . CO, by reducing barriers to diffusion is. therefo;e ;

CO, enters the plant
by diffusion through

CO, produced g
during respiration
may be fixed in
photosynthesis

0
e

g
' .
argggant!

Absorption of CO,
by direct diffusion

" O, for respiration
may be provided by
photosynthesis

Gas exchange in woody
tissues occurs through
lenticels (see below).

Oxygen diffuses into the
air spaces of the soll

hin cuticle of”
young rou!s presems
little barrier to diffusion

Roots must respire. L
Oxygen enters the root
tissue by diffusion via air
spaces in the soil

Algae lack stomata but achieve Floating leaves, such as the water
adequate gas exchange through lilies above, generally lack stomata
simple diffusion into the cells. on their lower surface. i

With the exception of liverworts, all terrestrial plants and most aquatic
plants have stomata to provide for gas exchange. CO, uptake'is aided
in submerged-plants because they have little or no cuticle to form-a
barrier to diffusion of gases. The few submerged aquatics that lack
stomata altogether rely-only on diffusion through the epidermis: Most
aquatic plants also have air spaces in their spongy tissues (which also
assist buoyancy) & )

Most gas exchange ln plants occurs through the leaves, but some also

ary thin with a high surface area) assists gas exchange by diffusion.

, 'Transitionai Environment
“The pencil-like breathing
roots of mangroves

“extend 25-30 cm above
the surface of the mud

In waterlogged soils there is little oxygen available for
respiring roots and many plants have developed aerial
roots. In mangroves, these are called pneumatophores.
The_inside of the root is composed of spongy tissue
filled with air from lenticels in the bark.

- Lenticel

In woody plants, the wood prevents gas exchange. A Ientlcel is a small
area in the bark where the loosely arranged cells allow entry and exit of
_gases into the stem tissue underneath.

C acbon DioxdL

a\Novw Some < aS ax cvonse.

1. Name the gas produced by cellular respiration that is also a raw material for photosynthesis:

2. Describe the role of lenticels in plant gas exchange: Lo"‘ L3 ‘-U\ 5

X' oc'_c:u-.r )(\r\f‘auss\\ )(\r~g, VLUO\\! ba\rk
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3. Identify two properties of leaves that assist gas exchange: “Twia ) \ wse S 0"?\‘\‘4‘ e o B
4. With respect to gas exchange and water balance, describe the most important considerations for:

(a) Terrestrial plants: LA X \;m\u LNap or o X va \' $s \"‘-'\\ s\ ser C,Oa‘ 945,

(b) Aquatic plants: N e \USS 18 Aok oA ASSua L VMuA mwsA M oaXx i~ 2o ,\\&\w;?-;
ok co, X isswe (win

¢
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5. Descnbe an adaptation for gas exchange in the following plants: inke
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(a) A submerged aquatic angiosperm:
R&. clal fooks
oaldr Xo ger taewny\
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(b) A mangrove in a salty inudflat:
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”'I;Hé..‘l.eafiépidermis .of angiosperms is covered with tiny pores,
called stomata: Angiosperms have many air spaces between
the cells: of the stems, leaves, and roots. These air spaces are
continuous:and gases are able to move freely through them and
into the plant’s cells via the stomata. Each stoma is bounded by

Gases enter and leave the leaf by way of siomata.
Inside the leaf (as illustrated by a dicot, right), the
large air spaces and loose arrangement of the
spongy mesophyli facilitate the diffusion of gases and
provide a large surface area for gas exchanges.

Respiring plant cells use oxygen {O,) and produce
carbon dioxide (CO,). These gases move in and out
of the plant and through the aif spaces by diffusion.

When the plant is photosynthesizing, the siiuaﬁen__
is more complex. Overall there is a net consumption”
of CO, and a net production of oxygen. The fixation

of CO, maintains a gradient in CO, concentration
between the inside of the leaf and the aimosphere.
Oxygen is produced in excess of respiratory needs
and diffuses out of the leaf. These net exchanges are
indicated by the arrows on the diggram.

Gas Exchanges and the Function of Stomata

two guard cells, which together regulate the entry and exijt of
gases and water vaport. Although stomata permit gas exchange
between the air and the photosynthetic cells inside the |eaf, they
are also the major routes for water loss through transpiration. -

Cuticle forms a
barrier to the
diffusion of gases

Upper epidermis

Palisade
mesophyll cel

Spongy
mesophyll cell

Air space

Lower epidermis

0O Entry and exit of gases

A surface view of the leaf epidermis of a dicot
(above) illustrating the density and scattered
arrangement of stomata. In dicots, slomata are
usually present only on the lower feaf surface.

through the stoma

Net gas- exchanges in a photosynthesizing dicot leaf

The stems of some plants {e.g. the buttercup
above) are photasynthetic. Gas exchange between
the stem tissues and the environment occurs
through stomata in the outer epidermis.

Guard cell

Oleander (above) is a xerophyte with many waler
conserving features. The stomata are in pits on’
the leaf underside. The pits restrict water loss 1o a
greater extent than they reduce CO, uptake. '

e cycle of opening and closing of stomata:
eh_‘lng' ar_iq closing of stomata shows a.daily cycle tha
0oly determined by the hours -oflight and dark.

“The_opéning and dlasing of stomaia depends  on: environmental
- factors, the most important Belng light, carbori dioxide concentratiors
_-iihe leaf tissue, and water supply. Stomata.tend to opan Fi_l!fiﬂg-dailfigﬁt

~ also promote stomatal op
“*calse'the. stomata-to-¢los

-apidermis of a dicof:
* Nate: the- gudrd ‘c&lls (G), which
are SWollen. tight* afd. open ‘the
. pore-(S} to allow gas exchange.’
““between'the ledf tissus and the
. emnvironment. . . -

Turgid Light Low High

Flaccid - Dark High

Closed Low

in response to light, and close.at night (teft and above), o CO, leval




The regulation of stomatal size by the guard cells is the primary way  cells take up water (by osmosis) they swell and become turgid, making ZA
in which plants can balance their need for carbon dioxide againsttheir  the pore wider. When the guard cells ‘Jose water, they become flaccid, ;
need to limit water loss. The guard cells that lie each side of a stoma  and the pore closes up. By opening- -and.closing the stomata a plant

control the diameter of the pore by changing shape. When the guard  can control the amount of gas entering, or water Ieavmg, the plant.

Stomatal Pore Open ' Stomatal Pore Closed: .

l‘(+ !eaves ths guard cell and
enters the epidermal cells.

i \} K* enters the guard cells - fh o Water follows K*
“from the epidermal cells - ' g1 by osmosis.

(active transport coupled .

to a proton pump).

: Water follows K*

Guard cell by osmosis.

swells and

" becomes

turgid. The guard
cells become [

uoumdbpv 9 SINIONIS juoid

verial et i

Pore opens Pore closes

Nucleus of

guard cell

Water enters the guard cells - ) Water leaves the guard cells )

Stomata open when the guard cells actively take up K* from Stomata close when K* leaves the guard cells. The loss of these
the neighboring -epidermal cells. The jon uptake results in a ions increases the concentration of water molecules in the guard
lower concentraticn of water molecules in the guard cells. Asa cells relative to the epidermal cells. As a consequence, water is
consequence, water is taken- up by the cells and they swell and lost by osmosis and the guard cells sag together and close the
become turgid. The walls of the guard.cells are thickened more on pore. The K* movements.in and out of the guard cells are thought
the inside surface (the ventral wall} than the outside wall, so that to be triggered by blue-light receptors in the plasma membrane,
when the cells swell they buckle outward, opening the pore. which activate the active transport mechanisms involved.

1. With respéct to a mesophytic, terrestrial flowering plant:

(a) Describe the net gas exchanges between the air and the cells of the mesophyll in the dark (no Ehotosynthes is):
' OXY aen s \):n_,\ Co, is. P reé\,\u\o

(b) Explain how this situation changes when a plant ig photosynthesizing:

ek use. ah CiDa o 0eX .edémgk?-n os\ Og .

2. ldentify two ways iﬁ which the continuous air spaces through the p[.":mt facilitate gas exchange:

(a) ?hu'\\ﬂ(«\ﬂ- bb\&s\\v\ﬁh« -X c ascS N X ) owk dx N \Q.QQ,

(b) ?r-ﬂ*‘}n_, & \«.rsc. S\)r(\gé«_ N'-e..ép\ Q-«- 9 =S Q.-‘K,'.\F\M}Q_’

3. Briefly outline the role of stomata in gas exchange in an angiospérm: L -

g?\omq\o; cuswlale X\ 'ln’&r-l; M\ e in o\ gases \nXo a~d ouX nk
\\F'- \t«”\ " | . X\L‘\; ceesw\aNL oaXer \-(S,

4. Summarize the mechanism by which the guard cells bring about:

(a) Stomata[ope-ning: h‘-\u"‘- XF‘M!for)\ Os\ K’\ ‘:J‘\\' ’(\N- 3“%\ Q\\S e'*#“-
C,c\_\-\ﬁe_s WV aher Y. 'S;a\\o\.a QSM,X?C_«\\\{‘ (yv\«:} C—L\\ Sv\b\\1 b@.n}}
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7”-'7';::'(b) Stomatal closure: % 6Xassivm Yens \ecave  X\e suard c\s - aXer
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Xosux_w and  Ci\wSe. .




