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é Plants [ose water all the time, despite the adapk ians k} Qv
“ 1o help prevent it {e.g. waxy leaf cuticle). Approdmately 99%

the watera plant abscrbs from the soil Is lost by evaporation from

the leaves and stem. This loss, mostly through siomata, is called

’“"“»spiratlcn and the flow of water through the plant is called

. transplration "stream. Plants rely on a gradlent in solute

i Vacentration from tha roots to the air to move waler through

" their calls Water flows passively from soil to alr along a grad:ent

e,

of in reas)n SolLg
Boj a.forcé.in.the ascent of water up a plant. A
number of processes contribita to‘wafer Triovement up the plant:
transpiration pull, cohesion, and root pressure Transplration may
seem wasteful, but it has baneﬂts evaporauve watet loss cools
the plant and the transpiration stream helps the plant to maintain
an adeduate mineral uptake, as many essemlal minerals ocour
in low conceritrations in the soil.

ojfdecreasing water) concentration. This = §

s~

@ Transpiration pull -

Water is lost from the air spaces by evaporatlon lhrough
: stomata and is replaced by water from the mesophyll -
L cells. The constant loss of water to the air {and production
of sugars) creales a solute concentration in the leayes
that is higher than elsewhiere in the plant. Water 1s puied
through the plant along a gradient of incraasing soilite
concentration (decreasing water concantrafion),
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Water s drawn-up-
the plarnt xylem

Epldesmal call Guard ca]l

Stoma
. : _ Evaporative loss
rrrrn - Symplast patiiway {cytoplasm} of water vapor

A Apnplast pathway (pon-living compoenents}

Cohesian-tension

The. transpimation pull is assisied by the special vohesive
properties of water, Water molecules cling togather as
they are pullsd through ihe plant, They also adhereto the
walls of the xylem {adhesion), This crealesone unhroken
column of water $hrough-the plant. The wpward pull on -
the cohesive sap creales a tension (B negafive pressure).
This-helps water uptake and miovement up the plant.

@ Root pressure
~Water -entering the stele fram the soll creates
a root pressure; a.weak 'push’ effact for the
water's upward movement through the plant.
Root pressure can force water droplets from
some small plants under corain condilions
(guttation), but generaly it plays a minor part in

the ascent of water,

1, (a) Plants constanﬂy fose water by iranspiraﬂon. Explain how plants compensate for this; Take Up vakes
\o~,- N cooXs | e\ise ghmm , Lese leawes.,
(b) Describe one benefit of the transpiration stream for & plant: \"\ 04es  VaXeyr and cincrels
¥ WMo wghowX i \eaX. R\s 9 Coels X\ae p\ﬂn"(l

. Briefly describe three processes that assist the iranspurt of water frarm the roots of the plant upward:

K°°>\ pELES O re pc,'\t\bmf o, weall o ush,
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Gas Exchange in Plants

'Hespiring tissues require oxygen, and the photosynthatic: 1ssues
of plants also require carbon dioxide in order lo produce the
sligars nesdad for their growth and malrtenance. The principal

. --as exchange organs in plants are the leaves, and sometimes

, lstems. In most plants, the exchange of gases directly across

i

* pholosynthesls

.. gpacesinthe soll

water Is lost from .
the-gilant surlsce yk‘ﬁ - Terrestrial Environrent
through siomata N "

via transpiration \\

CO, enters the plant
by dn‘fusion through
_ pores in the waterproof
cuticie cailed stomata

.
©

CO, praducad g
during respiraion
may befixed in

Y
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O, lor respiration
may be provided by
[ photosynihesls

Gas exchange In woody
fissues occurs through
lentieels (see below).

‘ Oxygen diffuses info the
air spavas of the solt

yoling Fadts prasants
3 fittle barrer fo diffusion

Foots must respirg,
Oxygen enters the root
fissue by diffusion via a|r

Most gas exchangs In plants occurs through the leaves, but some afse
- peewrs tnaugh the stems and the oots. The shape and structure of leaves
ry thin with & high surface area) assists gas exchange by dilfuston.

In woody plants, the wood prevents gas exchange. A lenﬂcel s & small
area In the bark where the loosely arranged cells allow entry and exit-of
. gases inlo the stem tissue undameath.

the leaf surface ig -'p'reveﬁ'ted ‘hy-the waterproof, waxy cuicle

layer. Instead, access.to- the respiring cells ls by means of

stomata, which are tiny pores in the leaf surface. The plant has |
to batance Its need for catbon dioxide (keeping stomata open)

againet its need to reduce water loss (stomala-closed). -

Aquatle Environment
The aquaﬂc environment pr

most of the dissolved CO, i is prasenis[ ‘the fotm
wh[ch is not direclly a\rallahla to plants;Maximiz

Abgorpilon of CO,
by dirsct diﬂusion

Alges fack stomsta but achiéve Floaling leaves, such as the. water

. adequaty gas exchanga threugh - liles above, genarally lack. stnmata

simple diffusion Enio the pells., on 1helr Iower surtax:a

Wiih the exceplion of iviiwcints, all terrestrial plants and most aquatic
plants have stomata:to-provide for gas exchange. CO; Uptake-is aided
in submerged:plants becatse thay heve Iitie. or no cuticla \o form-a
barrler to diffusion of gases. The. few submerged -aquatics ‘that lack
stomata .altogether Taly-only on- diffusion through tha aepidermis: Most
aquatio plants.also have air spaces n mairspongy tisatias {which dlso

asslst huoyanay) &

Transmonal Enwrnnment

“Ther pencll -like breathing
il roots of mangroves

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

Oxygen

. In waterlogged soils there 1s little oxygan avallable for

respiring radls and many planis havi deve]upad -aerfal
roots, th mangroves, these ate calfed pneumatophores.
The inside of the roat Is composad ‘of spongy- tissue
filied with air trom lenticels In‘the bark.
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1. Name the gas ﬁroduced by ceflutar respiration that is aiso a raw material for photosynthesis:
2. Describe the role of lenticels.in plant gas exchange: L""" d 7‘-.\1\ 5 aWwvw Serme p B ex cmenve.
X sécur IWnrowshw »\\,—-q, VA o a%x, bark

3. Identliy two properties of leaves that assist gas exchange: ’Y‘V\\n \ e ‘.-', ork ae wc..o-.. , $Xamaka,,
4. With respect to gas exchange and water balance, describe the most important cansfderations for:

(a) Terrestrial ptants: Linik bl aXer QNM oraXiva \' $s ) \9\«\ sXiW 93¢ (403. aas

{b) Aquatic plarits: \A e \"S‘S es ha\ oy \S:Su..t,. \pw?\ s M ain .?-0.... \ S\\mﬁa-a . _
5. Descrtbe an-adaptation for gas exchange in the following ptants ak C'o akxe Nisswe (’{\Mﬂ - v ask\m\b

C. q\) L) ‘b .a{ '_d“if.“léﬁ_.-

f

{2) A submerged aquatic angiosperm: \t‘-""l X\aTn \“-N“"'s Ao ck‘;ﬁ?'t-—\(——
Actal coads ,se:wa.. cooks Xwan SERR v s XM
SAXF Xv Ger taewyt DXy,

{b) A mangrove in a salty inudflat:
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Jnio the plant's cells via the slomata. Each stoma is bounded by

Gas Exchanges and the Function of Stomata

Gases enfer and leave the leaf by way of stomata,
Inside the loaf {as ilustrated by a dicot, right), the
large air spaces and Joose armngement of the
spongy mesophyll facilitate the diffusion of gases and
provide a large surface area for gas exchanges.

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

When the plant is photosynthasizing, the situation
is more gomplex. Overall there is & net consumption *
of GO, and & net production of oxygen. The fixation

of CO, maintains & gradlent in CO, concentration
between the Inside of ihe leaf and the atmosphers,
Oxygen is produced In excess of raspiratory needs
and diffuses out of the leaf. These net exchanges are
indicated hy the arrows on the didgram.

. i i\ Q7 Entry and exit of gases
s through the stoma ~

(above) Elustraling ihe density and scattered above) are photosynthetic. Gas exchanga between
rangement of stomata. In dicots, slomata ere  the stem tissuss and the environment ooccurs
usually present anly on the lowar leaf surface, through stomala in the outer epidermis.

ha cycle of opening and closing of stomat
ez and clasing of stomata shows a.dally cycle'tha
rgely determined-by the hours «oHlight apd-dark.

St end o e e

[

. Pore open:

The._igaf-ié[jidermis -of angiosperms Is covered with tiny pores,  two guard celis, which together ragulate the entry and exit of 3 ‘
called: stomata: Anglosperms have many air spaces between gases and water vapor. Athough stomata permit gas exchanga

tha calls: of the stems, Isaves, and roots. These air spaces are  between the air and the photosynthetic cells inside the leaf, they .
continuous-and gases are able to move freely through them and  ars also the major routes for water loss through transpiration, .

Net gas'exchanges in a photosynthesizing dicot leaf

A suriace viow of e leat spidermis of u dicot  The stems of some plants (a.9. the buliertup  Oleander (above) Is a xerophyt

conserving features, The stomata are in pits on” |
the leaf undersids. Tha pits restrict water loss oa
grealer extant than they reduce CO, uptaka.

* Noite" the- gudrd cille (&), whic
are SWollen, ight' afid. ‘open the
.. pore:(8) to allow.gas exchange,
" "beteen-the lodf tisgus and the
& : =7 environment.. o

—————— I | R

= Cuticle forms &
barrier to the .
diffuston of gases

Upper epldennis.

Palisade i
mesophyli cell -

Spongy
mesophyli cell -~ -

Air space

Lower epidermls - .

Quard cal) B ;

a3 L

v -

e with many waler

:

1y,
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Turgid Light

< Closed Flaccid ~ Dark

Low

High

*calise thé.stomata to-lose Tegardisss of
R R

e opénliig and dlosing’ of Stomata depends - o environmental
- --Tactors, the moat Important Balng light, carban dioxide concentratiorin:
;- ine Jeatlssue, and:water supply. Stomata.tend to-gpen _d.urmg.tjaiallglf'j; :
" inesponse fo light, and dlose.at night (Ieftarid above), ol CO, levals;

alse promote: stomatal ggg;n\fpg;;l;zp,r__\ql_thgg hat:induce water ]




The regutation of stormatal size by the guard cells Is the primary way
in which plants can balance their need for carbon diaxide against their
naed to limit water loss. The guard cells that lle each side of a storna
control the diameter of the pore by changing shape. When the guard

Stomatal Pore Open

; Kenters theguard cells ™ . - Witer Tollowe I
from the epidermal cells by osmicsls,
(active transport coupled’
to a praton pump).

‘Guard ceil
swells and
" becomes
turgid.

Thickened

entral w
ventra wall Pore opens

MNuclaus of
guard cell

Water enters ihe guard ce![s

Stomata open when the guard cell activeiy take up K* from
the neighboring -epidarmal cells. The lon uptake resuits in a
lower concentratfon of water moleculss in the guard cells, Asn
cunsequenca, water fg-taken.up by ma cells and they swell and
becgme turgld, The walls of the guard. ce_ils ara thickéned more on
the Ingide surface (the ventral wall} than the outsidé wall, so that
when the-calls swell thay buckie outward, apening the pore.

1. With respéct to @ mesophytic, terrestrial flowsrlng plant:

cells take:up water {by osmosis) they swell and becomse turgid, making
the pore wider. When the guard, cells’lose waler, they becams flaccid,
and the pore closes up; By opanjng and. closing the stomata a plant
can control tha amount of gas enterlng, or water leavEng, the plant

i e e e

Stcmatal_ que Closed '._.

K+ laavas ihe guard.call and
enigrs he.epidarmal:cells,

Water follows K*
by osmasis,

Pote closes

Water leaves the guard cells

Stornata close wher K* leaves the guard cells: The loss- of these
lons increases the- coneentration of water molecules In the guard
cells relafive to'the epidermal-colls. As & consequénce, water s
tost. by osmosis and the guard cells édg together and close the
pare. The K+ mévemsnts.in and ouf of the guard celis are thought’
to be trlggared by blue-light receptors in the plasma membrane;
whilch acﬁvafe tha active transport mechanisms invalved,

(a) Describe the net gas exchanges betwsen the alr and the cells of the mesophyll in the dark {na-gho‘tosg' nthesis):
Oxyaen As TP 3 C'o'ﬂ. As-

[ f"vhu\u:?)_

(B). Explain how this situation changes when a plant Ig photosynthesizing:

[

(‘)m'év\‘dt v oA OS\ Oa <

DeX ose sh €O, Y aeX

2. ldentify two ways iﬁ which the continuous air spaces tHrOL;gh the p!éni facililate gas exchange;

?‘«L‘\\”&«\L B'\&g\_uﬂh-\ nx g asesS inaXe ady owk od X \G.AQ.

(a)

M‘K..;h. Qn’ Rt W&M'M'}L,

{b) e"-'c“\h.. & \M-st.. _Ss)r’icu'.:..

3. Brisfly cutline the role of stomata in ga$ exchange in an anglospérm: e .

SAorm ak e cogwlate M ﬂn*\f“'y N’\\ i b gasts inNe ond ouk ox

aVve Lok |, ‘7\«{3 'X\Lw_ CLeWNANG T v aXey \.c;,

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

oh K\ ke A\ Svs.nv\b s ewwrbss.

{a) Stomatal opening: Aex'ive Xtonsgoch

Canses v ¥, KeWow o5m Xicalny, Goeed e\ gaoly Yoand,

o spen,

" (b) Stomatat dlosure: _§ eXassiam  Tens \eave X\ suerd “"“\\g A2 aX e

\Q...Nq‘a..s \ﬁﬂ\lf OGN.GS?SI. dh\’u\u-\v U-'\{\S W Bbﬁ\o\\&u M\ ™oV \Dﬂﬁ\‘;
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sink {a p!ant argan Whare Uga Is stored oF ¢ : oading\ .
sucrose Into the phiokm ata gourcs Kivolyes shor Y 6xp di’(ure".' %
. ‘u is- s!owed or ‘stopped by;hugh ;emperatures of resplratory(-.f
¢ ter, phioem sap comprlses malnly sucrose-(up to ding the sucrosg af tha sifiks: alsai E

minerals, hormones. and amino acids, " i oth s, d1ffusion élane fsauﬂiclent to'- '

’Sfa\ia!uba o .' i S g g 3 ~ .
{phicarm) =7

. : : Sink cells
) i 5 Haos o : €.9. root cells

Wogitiod aftar Dampball Sieiody 1933

g\h‘svf‘a‘ x\,u 'Q*"M \'\\N..r-., 3(\'w~1

1. (a) Explain what is meant by source 1o sink flow in phloem transport
O prab Nerd. / £Xoced Yo pahare —\\nw e noe.‘ét-s

.. .{p).Name the usual source and sink in agrowingplant: . " . SR R S

Source:. L eones Sink: (reewing *lilms -Cn;\’i'u -Q\oun.rf (aaXs d{:,,

(c) ame another possible source-region in the plant and state when It tight be important: _ ‘TV\\OM‘ s (\ \ew,: S_ 3

'(!'*'??"ﬁs \-u%s Qmmks Q\cvu: S neXr y: jw\ks qu)s tXe., oo

Bnergy.is required for transtocation and where it.is used; L oo din LY ond \) N\ °°\h NG 'Y\

Cand sah SR e oWlerm gswaWy | fequwires  aeXive X sengpurd,
. b ‘ r ]




3. In your own words, describe what is mééntByihé‘iolloWEng' | ..
(a) Translocation: “Twe ’\"‘“‘V“S?""’* A 5\'\‘1'4”5 '("""’"'*\ \AW» 3{\«;«. ore. ™Made

of $Xee) Ao o\f'u-rt.- k\\w ot mvz..“be.\ A\N‘oms\wv\\ -\'Vo p\m’\

(b) Pressure- flow movement of phloem 'T\"'— Mn-%-.mmk é\ §V\«w k p\n\vm SM
Coom oWre 6% midie ?'W‘-SWQ .38 \ntg\n ok Mo Sowte  Xo W

sfmo¥iL presrece is low ok Wi Siak

4. Briefly explain why water follows the S‘ucrosé as the s‘u‘crdéé'-l's loaded into the phioam sieve-tube cell:

“The \nc.r-..-»h._ i )\“a\“} wa-vs \A X\-c- p\n\a_&m aX X\ So\w‘c.t_.- '{m‘.r_n.&s-f.-s

X Solwhe c.on(.-nkras\\m R %c.c.q.vdi-- ok -\\n\.‘ AR o move$ ia by aEMaNi g,

W aNEr Mo es Xo regians Y \-\\s\~\r Sa\w\e.- ConunXeXion

8. Contrast the composition of phloen sap and xylem sap (see the activities on xylem and phioem if you need help):
Xﬁ\m S'-\p s W'u\«l WwoXar sad ‘E)'\fso'\u\ Mk\m‘-_rla\‘ ?‘n\ouv; 3% "“\;n‘.'ﬂfg

e g\hq“/\; gse ("Iﬁ\s\"y gmrosg) bux s, c,m)meng Seri. A incraly \f\vrmm;s.

D arminge a-.c\BS




