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Corn yield as a function of water availability [3.1]
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Rostlina a voda

Rostliny se lisi od ostatnich organismda:

e Fotoautotrofie — voda jako komponent
spolu se svéetlem a CO,

e Schopnost ziskavat vodu a mineralni
latky

e Vnitrobunécny hydrostaticky tlak
(turgor)



Rostlina a voda

Rostliny jsou homoiohydrické organismy —
vysoky obsah vody v organech — 60-90%,
koreny 80-90%, drevo 50%.

Organove zavislé: semena , zrna — nizky obsah
vody, Slezinik routicka (Asplenium) jsou
poikilohydrické — mohou vyschnout, nemaji
vakuolu

Obsah vody v rostliné velmi jemné regulovan —
transpirace a gutace versus fotosynteza



Uloha vody Vv rostlinach

Rozpoustedlo anorganickych a organickych
latek, prostredi pro pohyb molekul a iontd

Metabolicka surovina: ve fotosyntéze,
hydrolyza, hydratace

Stavebni material bunky — vakuola
Transportni prostredek — hromadny tok latek
Snizovani teploty



Diagram of the water molecule [3.3]

Net negative charge

Attraction of bonding
electrons to the oxygen
creates local negative

and positive partial charges




The structure and properties of water

The Polarity of Water Molecules Give Rise to Hydrogen Bonds

e angle of 105°

e oxygen more electronegative - attracts electrons of the covalent
bond

e the separation of partial charges + shape of water makes water
a polar structure

e the polarity of water molecules give rise to hydrogen bonds

The Polarity of Water Makes it an Excellent Solvent
e shells of hydratation in the case of macromolecules



Hydrogen bonding between water molecules [3.4]

(A} Correlated configuration (B) Random configuration

FIGURE 3.4 (A) Hydrogen bonding between water molecules results in local aggre-
sations of water molecules. (B) Because of the continuous thermal agitation of the

B ;
ter molecules, these aggregations are very short-lived; they break up rapidly to

form much more random configurations.




HYDROGEN BONDS

Because they are polarized, two bond lengths
adjacent H,0 molecules can form 5
a linkage known as & hydrogen

hydrogen bond
band. Hydrogen bonds have

H 0.28 nm

only about 1/20 the strength & 2
of & covalant bond. 1B O mm) H — O_
' —
| H 0.104 nm
hydrogen bornd
Hydrogen bonds are strongest whan & covalent bond

the three atoms lia in a straight line,

| M-
WATER WATER STRUCTURE
Two atoms, connected by a covalent bond, may exart different attractions for Maolecules of water join together transiently
the alectrons of the bond. In such cases the bond is dipolar, with ene and in a hydrogen-banded lattice. Even at 37°C,
slightly negatively charged {6 and the other slightly positively charged (5*]. 15% of the water molecules are joined to
& band in which both atoms are the same, or in which they atiract electrons four others in a short-lived assembly known
equally, is called nonpolar as a “flickering cluster.”

gleciropositive
ragion

slocironi{gativa 3
mnegion
Although a water molecule has an overall neutral charge (having the same

number of electrons and protons), the electrons are asymmetrically distributed,
which makes the molecule polar, The oxygen nucleus draws electrons away
from the hydregen nuclel, leaving these nuclei with a small net positive charge.
The excess of electron density on the cxygen atom craates weakly nagative
regions at the other two corners of an imaginary tetrahadron,

The cohesive nature of water is
responsible for many of its unusual
proparties, such as high surface tension,
specific heat, and heat of vaporization.

S
HYDROPHILIC AND HYDROPHOBIC MOLECULES Menpolar molecules interrupt the H-bonded

structure of water without forming favorable
interactions with water molacules. Thay ang
tharefore hydrophobic and guite insoluble

Bacause of the polar nature of water molecules, they
will clugter around ions and other polar molecules.
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Molecules that can thereby be accommodated in water's
hydroegen-bonded structures are hydrophilic and
relatively water-saluble,




Malecules that are nonpolar and cannot form
hydrogen bonds—such as hydrocarbons—
hawve only limited solubility in water and ara
called hydrophobic. In water, ordered cages
of water molecules are formed around
hydrocarbons. These icelike cages,

called “clathrate structures,” are relatively
more ordered than water and cause

an antropy decrease of the mixture, Part

of & clathrate cage (red) surrounding a
hydrocarbon (Black] is shown. In the intact
cage, each oxygen atom (red circles) would
be tetrahedrally coordinated to four others,

[3.1]

HYDROPHOBIC MOLECULES AND CLATHRATE WATER STRUCTURES

ACIDS AND BASES

An acid is a molecule that releases an HY
wn (proton) in solution. For example,

+ H*

acid base proton

Abase is a molecule that accepts an H*
on [proton] in solution. For example,

Water itself has a slight tendancy to ionize and
can act both as a weak acid and as a weak base.
When it acts as an acid, it releases a proton to
form a hydroxyl lon. When it acts as a basa,
it accepts a proton to form a hydronium ion.
Most protons in aquaous solutions exist as
hydronium ions,
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pH 0sSMOSIS
H* If o aqueocus solutions are separated by 8 membrane
EOnE. pH that allows only water molecules to pass, water will move
The acidity of a malas/iter into the solution containing the greatest concentration of
” . . — 5 | i
soluthon s defined 10 1 solute molecules by a process known as osmosis,
by the concentration ) w0 I 2
ol H* ions it possesses. E w? N .
For convenience we . 10 4
e the pH scale whare "
10 ]
H = —log,lH* L[ &
1lH*1 L
107 7
= 10
107
for pure water - 10
F This movement of water from a hypotonic 1o a hyper tonic
H*] = 10-T molesfliter ; solution can cause an increase in hydrostatic pressure in

the hypertonic compartment. Two solutions that have
identical solute concantrations and are therefore osmotically
balanced are said to be izotonic.




Struktura a vlastnosti vody

Kohezni a adhezni vlastnosti vody jsou zavislé na
existenci vodikovych mistkd:

koheze drzi molekuly vody pohromadeé pri transportu
adhezi Inou k povrchu

Molekuly vody na rozhrani voda-vzduch jsou vice
atrahovany k sobe, povrch voda vzduch ma tendenci
minimalizovat povrch — koule

E. potrebna ke zvéetseni povrchu — povrchove
napéti, vytvari rovnez napeti v kapalineé

koheze + adheze + povrchové napéti = kapilarita
(vzlinavost)




Termalni vlastnosti vody

Termalni vlastnosti vody jsou rovnéz zplsobeny vodikovymi mdstky

e Neobvyklé termalni vlastnosti — vysoka mérna tepelna kapacita
a vysoke skupenskeé teplo vyparu — molekuly se musi napred
rozpojit a poté teprve zrychleni pohybu molekul a jejich zahrati

e \/ysoka méerna tepelna kapacita vody — velky prisun energie pro
zvyseni teploty — 1 cal/g/°C

e \/ysoké skupenskeé teplo vyparu — energie potrebna k separaci
molekul z kapalné faze (transpirace) - 25°C = 44 kJ/mol —
nejvyssi zname mnozstvi u kapalin

e \/ysokeé latentni teplo vyparu — ochlazovani rostlin, odbér E z
okoli



Vlastnosti vody

Voda ma vysokou pevnost v tahu

e pevnost v tahu (strikacka jako priklad)

e positivni a negativni hydrostaticky tlak (MPa) 1MPa = 9.9 Atm
e voda vydrzi az -30 MPa

e kavitace



FIGURE 3.5 A sealed syringe can be used to create positive
and negative pressures in a fluid like water. Pushing on the
plunger compresses the fluid, and a positive pressure
builds up. If a small air bubble is trapped within the
syringe, it shrinks as the pressure increases. Pulling on the
plunger causes the fluid to develop a tension, or negative
pressure. Any air bubbles in the syringe will expand as the
pressure is reduced.




Voda v pddé

Pldni vodni potencidl= koncentrace, tlak a gravidita

e Yw=¥s + ¥p + ¥g + ¥m

e s - osmoticky potencial — vliv rozpusténych latek, Iatky
redukuji volnou energii, roste neusporadanost, ¥, = - RTc, (R-
8Iyén|8|\|/3a konstanta, T- teplota c, osmolalita) v pude maly, max.

a

o \I\I/JI hydrostaticky tlak (v ptidé zaporny), normalni voda ¥, = 0
a

e Yg= p,gh, p,g ma hodnotu 0.01 MPa/m, 10 m = 0.1 MPa
Zmena u ¥,

e Ym = matrlcovy potencial — zmenseni Gibbsovy volné energie
vody po adsorbci na povrch struktur



Pohyb vody v plddé

e PUdni hydraulickd konduktivita — zavisi
na mnozstvi vody v pudé a jeji kvalité

e Difuze a objemoveé proudéni



Difuze je spontanni pohyb ¢astic

Spontanni pohyb molekul z oblasti vyssi koncentrace (vyssiho
chemického potencialu) do oblasti nizsi koncentrace. Je
projevem jejich translacni kineticke energie.

1880 Neémecky vedec Adolf Fick — g/chlost difuzniho pohybu f
Erlmo umerna koncentracnimu gradient (Ac/AX), Ac, —rozdily v
oncentraci latek, Ax - vzdalenost

Rychlost transportu, nebo hustota toku: J;=-D, (Ac/AX), D je
difuzni koeficient

2. Ficktv zakon — Ize odvodit zavoslost doby difuze latky na
vzdalenosti t._,, = X /D K — Cas potrebny pro difuzi latky na
urcitou vzdalenost vzriista se &tvercem vzdalenosti.

Difuze na malé vzdalenosti — burika 50um, glukosa 10° m2 s~
t-1p=2,5s

1 mkef — t._;,=10°=32let

Velmi pomaly na dlouhé vzdalenosti - glukosa - 1 m = 32 let,
50 um=2.5s

Difuzni koeficient — jaké mnozstvi latky dlfundUJe jednotkou

plochy za 1s EI‘I koncentracnim spadu 1 mol.m2. Zavisi na
prostred| velikosti molekul



Difuze molekul vody [3.6]
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sugar FIGURE 6-9
S Diffusion. If a lump of sugar 1s

g [ ~p R e 4 : dropped into a beaker of water, its
; i [ ! maolecules dissolve (A) and diffuse
| § - ) | (B and C). Eventually, diffusion
| b o | results in an even distribution of
| o i sugar molecules throughout the
ey
, ) Gon, water (D).
A = C ' O o=
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Thermal motion of molecules leads to diffusion [3.7]

Initial Intermediate Equilibrium

Concentration profiles

Concentration




Urea Semipermeable Water i
molecule membrane molecules

FIGURE 6-12

How solutes create osmotic pressure. Charged or polar molecules are soluble in water because they
form hydrogen bonds with water molecules clustered around them. When such a polar solute (illustrated
here with urea) i1s added to one side of a membrane, the water molecules that gather around each urea
molecule are no longer free to diffuse across the membrane— in effect, the polar solute has reduced the
number of free water molecules on that side of the membrane. Because the hypotonic side of the mem-

brane (on right, with less solute) has more unbound water molecules than the hypertonic side with more
solute, water moves by diffusion from the right to the left.



FIGURE 6-10

An experiment demonstrating 0Smosis.

A The end of a tube containing a 3% salt solution is closed by stretching a differentially permeable
membrane across its face that will pass water molecules but not salt molecules.

B When this tube is immersed in a beaker of distilled water, the salt cannot cross the membrane; how-
k- ever, water can. The added water causes the salt solution to rise in the tube.

g 3 € Water will continue to enter the tube from the beaker until the weight of the column of water in the
| tube exerts a downward force equal to the force drawing water molecules upward into the tube. This
force is referred to as osmotc pressure.

Solution stops nsing
when wr-_uﬂhl of column

| -
; equal miohic
3% walt solution qualy Osmo

Dressure
Differentially [ o
permeable i 1  Salt solution %
membrang l_.e rising !
—— S ' N
£ = S | - | } §
' j : | : ;
* ] - : —— I £ 3 J
_ - 'i
___J Distilled I ! [
wialer : : |
A B B C >




Tri hlavni faktory ovliviujici vodni potencial bunky

Vodni potencial= koncentrace, tlak a gravidita

e Yw=Y¥s + ¥Yp + ¥Yg

e ¥s - osmoticky potencial — vliv rozpusténych latek,
latky redukuji volnou energii, roste neusporadanost,
¥, = - RTc_ (R-plynova konstanta, T-teplota, c_
osmolalita)

e ¥, - hydrostatic tlak (v bunce = turgorovy tlak) (+/-
o normalm voda ¥, = O MPa

e Yg= pwgh pwgd Ma hodnotu 0.01 MPa/m, 10 m = 0.1
MPa zména u ¥,



Water potential and its components [3.9]

(A1 Pure water (B} Solution containing 0.1 A sucrose

ﬁ ~ 0.1 M Sucrose solution
-

] - Pure water Y — 0 MPa

W, =0MPa W, = -0.244 MPa

Py =0MPa Yo = T iy =

':'-"w= '}-"Pq "PE_ =0=0.294 a
= 0 MPa W e =-0.244 MPa

(€} Flaccid cell dropped into sucrose solution (O} Concentration of sucrose increased

Turgid cell .
"'\._\

Flaccid cell e
Y= 0488 KMPa

W= 0,732 MPa
iy = ~0244 MPa

'!‘I_I =0 MPa
W, =-0732 MPa
¥, = -0.732 MPa

i - L] [ z 0.3 M Sucrose
: . L~ solution

|| o

Cell after equilibrivm -4} — - e
= o | meomwe [ eSS v, 0w
¥y, = ~0.244 MPa j o ¥, =-0732 MPa il #, =-0.732 MPa
e =~0.732 MPa () ¥, = ¥, ~ ¥, =0 MPa 'ty = -0.732 MPa
W = Py — ' = 0488 MPa

(E) Pressure applied to cell
Applied pressure squeeses
put half the water, thus doubling
¥ from —0.732 to -1.464 MPa

i

G
Cell in initial state || - ——
L i
'
(175 m—

¥, = ~0.241 MPa
¥, =-0.732 MPa
W = W, - W, = 0,488 MPa

P = —0.245 MPa
i, = 1464 MPa
¥ =W - Ve =1.22 MPa




Water flow [4.1]

dIT Spraces
R} T

TABLE 4.1
Physical characteristics of different soils

Particle Surface area
diameter (um) per gram (m?)

Coarse sand 2000~-200 | _
Fine sand 200-20 | <1-10
Silt 20-2 10-100
Clay <2 100~1000




Slozeni pidy [4.2]




Slozeni pidy

-bio-organo-mineralni systém

Prvna faze — mineralni latky, humus, biomasa; humus
soli huminovych kyselin a fulvokyselin, jilovité az
pisCité Castice

Kapalna faze —vodny roztok min. soli

Plynna faze — ptdni vzduch, pddni O,

TABLE 4.1
Physical characteristics of different soils

Particle surface area
per gram (m?)

Soil diameter (um)

— T A I — LY

Coarse sand 2000-200 )
Fine sand 200-20 .?
Silt 20=2 10100

Clay <2 100-1000

<1-10




Pathways for water uptake by the root [4.3]

symplastic and
transmembrane
pathways

Apoplast pathway
[

L

l

: “Endodermis

ACasparian

!
Pericycle Xylem

T~ Epidermis

FIGURE 4.3 [Pathways for water uptake by the root. Through the cortex, water may
travel via the apoplast pathway, the transmembrane pathway, and the symplast
pathway. In the symplast pathway, water flows between cells through the plasmod
esmala without crossing the plasma membrane, In the transmembrane pathway,
water moves across the plasma membranes, with a short visit to the cell wall space,
At the endodermis, the apoplast }'nfh'-'- ay is blocked by the Casparian strip.




Protein particles on

=, outer leaflet o
Ao \ / leafl f ER
1 | /
T ——Endoplasmic
......... reticulum
/ \
E\
[ |.
r' \\
Protein puartéclf-:sJI on Desmotubule Protein particles on
inner leaflet of ER with appressed ER inner leaflet of

plasma membrane

FIGURE 6.17 Diagram illustrating how plasmodesmata con-
nect the cytoplasms of neighboring cells. Plasmodesmata

‘are about 40 nm in diameter and allow diffusion of water
and small molecules from one cell to the next. In addition,
{he size of the opening can be regulated by rearrange-
ments of the internal proteins to allow the passage of

larger molecules.




Chloride (CIH)

E A

E

@

5 .®

SE .

35 Potassium (K+)

o i 2o S (S

Low |

Qutside . : : Xylem Xylem |
S A Epidermis Cortex Endodermis parenchyma tracheary |

FIGURE 6.18 Diagram showing electrochemical potentials
of K* and Cl- across a maize root. To determine the electro-
chemical potentials, the root was bathed in a solution con-
taining 1 mM KCl and 0.1 mM CaCl,. A reference electrode
was positioned in the bathing solution, and an ion-sensitive
measuring electrode was inserted in different cells of the
root. The horizontal axis shows the different tissues found
in a root cross section. The substantial increase in electro-

Casparian strip

chemical potential for both K* and Cl~ between the bathing
medium and the epidermis indicates that ions are taken up
into the root by an active transport process. In contrast, the
potentials decrease at the xylem vessels, suggesting that
ions are transported into the xylem by passive diffusion
down the gradient of electrochemical potential. (After
Dunlop and Bowling 1971.)




3]

Gutace [4




Transpiracni proud

Je to proud vody smérujici z korenl do listll a dalSich
organt, kde prechazi v proud vodni pary.

Zavisi na:

Transpiraci — zdroj tazné sily

Ko
Ad
Ka

neze vody — kontinuita vodniho sloupce
heze — prilnavost prispiva ke stabilité
vilarni sily — v submikroskopickych kapilarnich

prostorach — stabilizace vodniho sloupce

Hydraulicka vodivost, resp. hydraulicky odpor vodnich
drah a difuzni odpor proudu vodni pary.



Tracheary elements [4.6]

[ Pit membrane

~Tarus

Tracheids Vessel elements
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Vessels and tracheids [4




FIGURE 4.8 Tensions or negalive prossures m‘iginn b
in leaves. As water m-‘:[;_‘-:}r.i tes from the surface (ilm
that covers the cell walls of the mesophyll, water
withdraws farther into the interstices of the cell wall,
and surface tension causes a negative pressure in the
liguid phase. As the radius of curvature decreases,
the pressure decreases (becomes more negative), as
calculated from Equakion 4.1

Cell Plasma
Vacuole wiall memkbrane
; i

| Air
Chicroplast — avaporation

Cytoplasm —T

| Radius of | H}'erSTIHITLiE
curvature (pm) | pressure (MPa)

0.5 -0.3
0.05

| __—Plasrma
R membrane

=i Cellulose
& micrafiorils

Evaporation Evaporation in £ross
b N section

- Air-water intd
_~ Cytoplasm

-

A ———Water in wall

5 g

.
Cell wall




Water pathway through the leaf [4.10]

Substomatal Palisade
cavitw_.r parenchyma

'|

Mesophyll
cells

" High water
vapor
cﬂntent

Lower r,W w\
epidermis - G E
T P e _-"--
Cuticle
Bc-undar'_n,r Hayer/
resistance (rp) : Leaf stomatal
2 resistance (rg)

Water—
vapor Low water

vapor content

_—— Air boundary
layer

= — — Air boundary
layer
Guard cell

\stomatal pore




Conc. of water vapor in saturated air as a function of
air temperature [4.11]

Temperature Cow 1
o) {(mol m™)
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Stomatarni transpirace jako difuze vodni pary
prdduchy

-déje se priduchy a zavisi na koncentracnim
gradientu vodni pary.

T_1/, = X?/difuzni koeficient — (103 m)?/2,4 X
10> m2 s1 = 0,042 s - velka rychlost

e Rychlost primo zavisi na gradientu vodnich
par a difuznim odporem cesty:

e E= Cov(list) ~ Cwv(vzduch) [fs + Ty
E = rychlost transpirace (mol m s1)
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, concentration and relative humidily was circulaled.
Photosynthesis and stomatal conductance increase in parallel
with the amount of light reaching the leaf surface and decrease
later in the day as the solar radiation declines. (From Schulze,

FIGURE 6.15. Stomata in detached epidermis of the broad bean
Vicia faba, showing a wide-open stomatal pore (a) and a nearly
closed pore (b), Stomatal apertures are measured under a
microscope by recording aperture widths. Measurements of the
change in aperture as a function of experimental conditions allow
characterization of stomatal responses to different environmental
stimuli. Bar = 20 um. (Photos courtesy of G. Tallman and

E. Zeiger.)

Blue light

Stomatal aperture (um)

“|o~— Red light

2
Time (h)

FIGURE 6.16. Changes in stomatal aperture as a function of time in
stomata from detached epidermis of Commelina communis
treated with red light at saturating fluence rates (open circles). In
a parallel experiment, stomata exposed to red light also received
blue light, added at the time indicated by the arrow. The increase
in stomatal apertures above the level reached in the presence of
saturating red light indicates that a second photosystem,
responding to blue light, stimulates the aperture changes
observed in the second phase of the experiment. (From

Schwartz and Zeiger, 1984.)




Guard cell

\___ _ Chloroplast
: Photosynthetically

active radiation
(red and blua)
‘—W Blue light

_— Proton pumping
ATPase

—

Potassium (K )
T Potassium channel

H*

= / - R ClI7/H™ symport

/
/

,:f Cell wall

Plasma membrane

FIGURE 6.19. Stomatal guard cells have a light-activated H-pumping ATPase. Proton pumping is
stimulated by photosynthetically active radiation via responses of the guard cell chloroplasts. The
pump is also activated by a different photoreceptor system that is sensitive to blue light. The
ATPase can be driven by ATP produced by the chloroplasts or by the mitochondria. The
electrochemical proton gradient is used for uptake of potassium via K" -specific channels. Chloride
might be taken up via a Cl" /H™ symport. Malate is synthesized in the cytoplasm from carbon
skeletons produced during starch hydrolysis in the chloroplast. Malate, K7, and Cl- are
transported into the vacuole.
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