BoOHbIN peXxXum pacTteHumn
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Boga coctaBnset 6onbLuyto Yactb buomaccel pacteHumn (80-95%, B agpesecuHe — 35-70%, B
nokosiLmxca cemeHax — 5-15%)

Boaa — yHuBepcarnbHbIn 1 NydLWwnin pacTBOpUTESb, cpeaa aAns npoTekaHUsa BMOXMMUYECKUX peaKLnm
Boga — cybcTpaT ana MHOrmx peakumn n gepmMeHToB

Boga obecneunBaeT audpdy3nto pacTBOPEHHbIX BELLECTB B KIETKaX N UX CTPYKTYpaX, B MEXKITETOYHOM
NPOCTPaHCTBE, B LLENOM pacTEHMN

Booa perynupyet npoCTpaHCTBEHHYHO CTPYKTYPY, a CrieaoBaTeribHO, U (OyHKLUK OenkoB, HYKITENHOBbIX
KMCIOT, NonmMcaxapuaos, APYrMx COCTaBNAKLMX KNETKN, co3aaBas 0codble rmapaTHble 000NoYKm
BOKPYT HUX

Booa BbINONHAET TEPMOPErynsaALUMOHHYI0 PYHKLUMIO B pacTEHUN B XO4€ TPaHCNMpaLunn 3a CHET CBOMCTB
TEeNII0EMKOCTU, TENJTONPOBOAHOCTM N BbICOKOW 3HEPIn UCNapEHUS

Boaa obecneunBaeT KeCTKOCTb M MEXaHMUYECKYIO YCTOMYMBOCTb PacTeHUN (BMECTE C KNETOYHbIMU
CTEeHKaMu, co3aaBas TYpropHoe OaBneHue)

Boaa Heobxoagmma Ans ocyLecTBeHUs NpoLLeccoB POoTOCUHTE3A, AbIXaHUSA, MMHEPanbHOIo NUTaHus,
poCTa U pasBUTUSA pacTeHUI, X NPOAYKLMOHHOIO rnpoLiecca



» [1na co3gaHunsa 1 r buomacchl pacteHUto B cpeaHeM Tpebyetcs ncnaputb okorno 500 r Boasl,
NOrnouweHHoON Yepes KOPHEBYIO CUCTEMY

* B >xapkuin conHeuvHbl aeHb nuctbs ncnapsoT Ao 100% cogepxallencst B HUX BOAbl KaXabin
yac

« 3a BereTtaumMoHHbIV Nepuoa B pe3ynbrate TpaHcnMpauumy NMcTbs MOryT Tepstb Boabl B 100 pas
bonblue, Yem cbipasi bromacca pacTeHus

» OKOJ10 NOf0BMHbI TEMSIOBOW 3HEPTUN COMHLA, MPUXOASILLEN K NMUCTbAM, paCCENBAETCH B X04€e
ncnapeHust Boabl C X NOBEPXHOCTU (TpaHcnnpauunm)



BoaHbIn pexxum n npoayKLUUOHHbIN npouecc
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FIGURE3.2 Productivity of various ecosystems as a func-
FIGURE 3.1 Corn yield as a function of water availability. tion of annual precipitation. Productivity was estimated as
The data plotted here were gathered at an lowa farm overa  net aboveground accumulation of organic matter through
4-year period. Water availability was assessed as the num- growth and reproduction. (After Whittaker 1970.)

ber of days without water stress during a 9-week growing

period. (Data from Weather and Our Food Supply 1964.)



CtpykTypa u cBouctBa Boabl (H,0)

Net negative charge

Attraction of bonding
electrons to the oxygen
creates local negative

and positive partial charges

(A) Correlated configuration (B) Random configuration

%Mmﬁ

FIGURE34 (A) Hydrogen bonding between water molecules results in local aggre-
gations of water molecules. (B) Because of the continuous thermal agitation of the
water molecules, these aggregations are very short-lived: they break up rapidly to
form much more random configurations.

CBouncTtBa BoAbl 00yCrioBieHbl ee 0COObLIM CTPOEHNEM — MOSIAPHON (ANUMOSTIbHOW) CTPYKTYPOMN.
Cnaboe anekTpocTaTtnyeckoe NpUTSXXeHne hopMmpyeT BOAOPOOHLIE CBA3M MEXOY MoreKynamu
BOAbI, @ TaKKe, MOfieKynamm BoAbl U APYrnx BELLECTB.

CTpyKTypa BOAbI 1 BOOOPOAHbLIE CBA3WN ONPEAensitoT €€ yHMKarnbHble CBOMCTBA: TEMNOEMKOCTb,
TEeNnonpPOBOAHOCTb, KOre3uto, aare3nto, XMMNYECKYH0 akTUBHOCTb.



v Koresnsa — ssBneHue cuennenus Monekyn Boabl Mexay cobomn

v/ AOresuns — aBneHue cuensnieHns Bodbl C TBeEpAonN pa3on, Hanpmmep, KNeTo4HON CTEHKOMN,
CTEKITAHHOW NOBEPXHOCTLIO, Ap.

v Cuna NnoBepXHOCTHOIO HaTSKEHUS XapaKTepU3yeT SHEPIMIO, HEOOXOANUMYIO AN YBENNYEHUS
MOBEPXHOCTU Ha rpaHule pasgena das «KUAKOCTb-ra3»

v Koresusi, agre3ansi 1 noBepxXxHOCTHOE HaTSKEHUE NMOPOXKAAT KanunspHble CBOMCTBA BOAbI.
&’ A 1 [1H BbI3bIBaAlOT ABMXEHWE BOAbl BBEPX BOOMb Kanunspos,

v’ K onpenensieT cuny HaTsKeHust BoAbl B Kanunnsipax, ooecnevymBatoLLLyo HENPEPbIBHOCTb
BOASAHOIo ctonba, YTo BaXKHO ANt TpaHcnopTa BoAbl B paCTEHUMW.



TpaHcnopT BOAbI

A [OBwxeHne BoAbl U3 NOYBbI Yepes pacTeHrne B aTMocdepy NPoMCXoauT B pasHbIX cpeaax:
KINETOYHbIX CTEHKaXx, LuTonnasme, MeMbpaHax, MexKneTHUKax.

1 CnepoBaTenbHO, pas3nu4Hbl 1 MEXaHU3MbI TPAHCNOPTa BOALI B pacTEHUM.
[ OcHOBHble MexaHU3Mbl ABUXeHUS BOAbI — AN dy3nsa U MacCoBbIN TOK.

4 Odsmxywas cuna anddysnm Boabl — rpagueHT ee XMMMNYEeCKoro noteHunana - apdektmeeH
Ha MarnblX PACCTOAHUSX.

O [swKyuiasa cuna MaccoBOro Toka — rpaaueHT rmapocTaTtnyeckoro gaBneHunst — apdpekTuBeH
Ha BONbLUNX PACCTOSAHUSAX.



Onddhy3na Boabl

« CkopocTb andodysnm (I'IJ'IOTHOCTb notoka, J_ NpsiMo NpornopLmMoHarnbHa BenuymHe
rpagneHTa KoOHUEHTpaumMm n obpaTHo nponopuMOHaana paccTosHuo (1-1 3akoH Puka) :

I

—lg
SIAX

« CpegHasa BennunHa BpeMeHu, Heobxogumas ans anddysnm Yyactuubl Ha pacctosiHue X:
t=X2/DS

D _koagppuyueHm oughgpy3suu Ornsi eewecmea S,

CS — KOHUeHmpauus sewecmsa S



TpaHcmeMOpaHHbIN NepeHoc BoAbl

OUTSIDE OF CELL
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v/ Tunmn4yHble NpMMepbl MaccoBOro Toka — ABMKEHWE BOAbI B Ca[OBOM LLMaHre, NOTOK BOAbI B PEKE,
BblNageHue Ooxaqa v T.4.

v/ B noboun TpybKe CKOPOCTb TOKA XXUOKOCTM 3aBUCUT OT paanyca Tpyoku (r), BA3KOCTU XUAOKOCTHU
(n) v rpagueHTa gaBrieHnd (ALI—’p/AX) - ypaBHeHue [lyaszenna:

CKOpOCTb MoToKa = (Trr4/8r])(ALIJp/AX); m>/c

v/ CKOpOCTb TOKa OYEHb YyBCTBUTESbHA K paanycy Tpyoku — npu yBennyeHnm paguyca saBoe,
CKOpOCTb yBenuymBaetcd B 16 pas!!!



Ocmoc — aBMxkeHue BoAabl Mo rpagneHTy BOAHOro noteHuuana

v MembpaHbl KNeToK — NONYNPOHNLAEMBI:

= yepel3 HUX rier4ye npoxogunT Boda C paCTtBOpPEHHbIMU B HEW MESTKUMMU He3apPAXEeHHbIMU
MOJeKyJlaMn n

= TPyAHEE — KPYMNHblEe MOJ1EKYJIbl N 3apAXXEHHbIE HaCTUL bl

v [BuXyLlas cuna ocMoca — BOAHbIW NOTeHLMan - AyanMcTU4eH B CBOEN OCHOBE,
CKNnagblBaeTcsi U3 KOHLEHTPALMOHHOIo rpagmMeHTa u rpagneHTa aaBneHus!



BoaHbIV noTeHUMan — XMMMYecKkum noteHuman soabl —

* KONIMYECTBEHHO BblpaXkaeT CBOOOAHY0 aHeprmto Boabl (J/m3, uto
SKBMBANEHTHO eanHuLEe AaBreHusa - nackanb)

TABLE 3.1
Comparison of units of pressure

1 atmosphere = 14.7 pounds per square inch
= 760 mm Hg (at sea level, 45° |atitude)
= 1.013 bar
= 0.1013 Mpa
=1.013x 10°Pa

A car tire is typically inflated to about 0.2 MPa.
The water pressure in home plumbing is typically 0.2-0.3 MPa.
The water pressure under 15 feet (5 m) of water is about

0.05 MPa.




BoAaHbIN noTeHUMan (Ww)

U T
w S 0] g
* rae W_— noTeHuman pacteopa Ui OCMOTUYECKUIA NOTEHUMAN;
-Y = RTC; ¥ =-P
S S S

. LIJp— noTeHuman gaBneHusa nnu rmgpocrtatudeckoe AaBleHUE;

S

o (+) LIJIo B KINeTke — TYpropHoe aaBfeHune;

* MOXET ObITb (-), HalnpuMmep B KCUremMe Ui KrneTtoyHbiX CTEHKaX, YTO CO34aeT HalpaXXeHne n
UrpaetT Ba>KHyr poJib B ABUKEHNN BOObl B paCTEHUN

. LPg- rpaBMTaLMOHHBLIN NOTeHUWan;
. L|Jg=pwgh;
* usmeHeHune ypoBHsi Bogbl Ha 10 M nsmensier ¥ Ha 0,1MPa (1 atm);

* Ha ypoBHe KIeTkn MoxHo npeHebpeub W ; [na knetkm W =Y +Y
9 w s 'p



(A) Pure water

/Pure water
¥, =0MPa
¥, =0MPa

Yw="¥p+¥s

=0MPa

(C) Flaccid cell dropped into sucrose solution

Flaccid cell
¥y = 0 MPa
¥, =-0.732 MPa
¥ =-0.732 MPa

Cell after equilibrium

¥, = -0.244 MPa
¥, =-0.732 MPa
¥p = W - ¥5 = 0.488 MPa

(E) Pressure applied to cell

(B) Solution containing 0.1 M sucrose

0.1 M Sucrose solution

¥, =0MPa

¥, =-0.244 MPa

P =P+
=0-0.244 MPa
= -0.244 MPa

(D) Concentration of sucrose increased
Turgid cell

¥, = 0.488 MPa
¥, = -0.732 MPa
¥, = -0.244 MPa

0.3 M Sucrose

Cell after equilibrium solution
¥w =-0.732 MPa ¥p = 0 MPa
¥, =-0.732 MPa ¥, =-0.732 MPa
¥p =¥w-¥s=0MPa ¥,y =-0.732 MPa

Applied pressure squeezes
out half the water, thus doubling
¥ from -0.732 to -1.464 MPa

Cell in initial state
Y =-0.244 MPa

¥, =-0.732 MPa
W = Py - 5 = 0.488 MPa

0.1 M Sucrose solution

Cell in final state
¥ =-0.244 MPa
¥, =-1.464 MPa
¥p = Pyw-¥s=1.22MPa

s
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wa — MOKa3aTeJlb «340PO0BbA» PACTEHUA, NOKa3aTeJsib BOAHOIo crtpecca

Physiological changes
due to dehydration:

Abscisic acid accumulation ~

Solute accumulation

Photosynthesis
Stomatal conductance
Protein synthesis

Wall synthesis

Cell expansion
1 |

Y B NUCTLAX COCTABNAET:

* npwu xopowiem obecneveHum sogom (-)0,2 - (-)1,0
Mna

* [pn gednunTe BOoAbI, HANPUMEP, B apUOHbIX
ycnosusix (-)2 - (-)5 Mna u meHee

-2 -3 -4
Water potential (MPa)
N A A .
Y >
Pure water Well-watered Plantsunder  Plants in arid,
plants mild water desert climates

stress



BoaHbin 6anaHc

« CknagblBaeTcsi U3 NOrMoLLEHNS BOAbl U ee yaaneHus U3 pacteHns

« ObecnevmBaeT cyLLeCTBOBaHME pacTEHU B BO3AYLIHOW CpeaEe «Ha rpaHn mMexay rosioqom u
XKaxKOoom»

« OTpaxaeT ycnoBusi BHELLHEN cpeabl



[OBuXyLme cusnbl TOKa BoAbl B PaCTEHUMN

Leaf air spaces

BepxHunn KOHUEBOU ABUraTenb — TpaHcnupauus
HWXHMN KOHUEBOW aBuUratenb - KOPHEBOE AaBrieHne
PaboTa atux asurarenemn obecnedymBaeTcs:

PaA3HOCTbIO KOHLUEHTPAaL MM NApOB BOAbl B IMCTbAX U
aTMmocdepe

[pagneHToM BOOHOro NoTeHuuMana B KopHe

(AY,

[mapocTaTuyeckum gaBneHneM B Kcuneme

P)

Soil line

Across root

rl/lﬂ,pOCTaTW—IeCKMM AaBJ1IEHNEM TMO4YBbI




[1Bm>XeHne Boabl B NOYBE — B OCHOBHOM, MO MEXaHNU3MY MaCCOBOI0O TOKa.
CKOpOCTb 3aBUCUT OT TUIMa NOYBbI N TPaaUEHTaA rMApPoOoCTatn4eCcKoro aaBJieHnA

|_|OCTyI'IJ'IeHI/Ie BOAbl N PAaCTBOPEHHbIX BELWECTB B KOPHU — OCMOTUYECKUN MnyTb



MornoweHue BoAbLI KOPHAMMU

Root Root Water Sand Clay Air

hair \ paltlcle particle
o OcHOBHas YacTb KOpHS, normnowjarowasa soay, —
L

o | 30Ha BcacbIiBaHWNA (KOPHEBbLIE BONOCKM).

Nx cymmapHasi noBepxHoCTb gocturaet 60% u
bonee OT BCeN NOBEPXHOCTU KOPHSI.




PagnanbHbIM TPAHCNOPT BOALI B KOPHE

[yTn TpaHcnopTa BOAbl U PACTBOPEHHbLIX B HEW BELLECTB:
- AnonnacTHbIl - N0 cBO6OAHOMY MPOCTPAHCTBY TKAHEN (MEXKITETHUKM, KNETOYHbIE CTEHKN)

- CuMnNacTHbIM — MO UMTONMasMe M3 KNeTkn B KNeTKy (Yepe3 NnasMoaecmbl)

- TpaHcmMeMbpaHHbIN - Yepe3 MeMOpaHbI, BKITo4as nrasMmanemMmy 1 TOHOMMNacT
(TpaHCBaKyONAPHbIN)

- BoamoxHo, 3alrpy3ka BOAdbl B KCUJTEMY MNMPONCXOOUT MNMPU y4aCTUN COKPaTUTESIbHbIX BenkoB aKTo-
MNO3NHOBOIO TUMNA



Casparian

Symplastic and
transmembrane
pathways

Pericycle Xylem Phloem

\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-
esmata 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 pathway is blocked by the Casparian strip.

Apoplast pathway ( /



HakonneHue paCTBOPEHHbLIX BEWECTB B KCUJTEME Bbl3blBA€T YMEHbLLUEHNE OCMOTUYECKOIO
noTeHuunara, crnegoBarteribHoO, 1 BOAHOIO rnoTeHuuarna, 4Tto npmnBoanT K nornoweHn BoAbl U3
NoYBbl N YBEJNTMYEHUIO TMOPOCTATUNYECKOIO (KOpHeBOI'O) AaBJI1eHUA

« KopHeBoe gaBneHne Tem Oonblie, YeM Bblllie BOAHbLIN NOTEHLUMAanN No4YBbl U MEHbLLIE
TpaHcnupaums

» BennuunHa kopHeBoro gasneHua coctasnset ot 0,05 go 0,5 Mlla



CBuaertenbCcTBa KOPHEBOIo JaBMeHN4: - «nray
pacTeHuny (BblaeneHne nacokmn)

- ryTTauus

KopHeBoe gaBneHne — HUXXHUM KOHLEBOW
nBuraTesnb




TpaHCnopT No Kcuneme

TpaHcnopT Mo Kcureme cambln NpocTon, 6e3
CYLLeCTBEHHbIX OrpaHn4YeHnI

99,5% TpaHcnopTa BoAbl NPUXOAUTCHA Ha A0S0
KCunembl

Pit pair Secondary
h Mcell walls

Pit membrane

( = T~Torus
/ Pit cavity
\Prm{(
cell walls
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v’ [IBuxeHne Boabl NO Kcuneme TpebyeT MeHbLLEro AaBneHus, YHem rno cUMnNacTy NpMMepHoO Ha
10 nopsaakos (0,02 Mna/m npotus 2*10° Mna/m B cucteme paguycom 40 MKM)

v’ Sequoia sempervirens v Eucaliptus regnans — camble BbicOokne aepesbs, o 100 m. [laBneHue,
HeobxoaMmMoe Ans TpaHcnopTa BoAbl B HUX Ha 3Ty BbICOTY He npeBbiwaet 3 Mna!!!

v YOepxaHue n OBumKeHue Boabl B Kcuneme obyCroBrEHO KOoreamem n HaTsKeHeM Boabl B HEM.



TpaHcnupauusi — ucnapeHme Boabl C NMOBEPXHOCTU JNIUCTbLEB

* VicnapeHue Boabl C MOBEPXHOCTU NMUCTLEB CO34aeT oTpuLiaTenbHOe AaBneHne B Kcuneme,
YTO BbI3bIBAET NOABEM BOAbLI MO COCYAaM U3 KOPHEWN.

* COOTBETCTBEHHO, YMEHbLUAETCAH BOOHbIV MOTEHUMAn TKaHemn KOPHA, N BOAA NOCTYMNaET B
KOpP€EeHb U3 MNMO4BbLI.

« Takum obpasom, TpaHCcnNUpaLus oKkasbiBaeT NpucacbiBatoLLiee JENCTBME.



[BnxeHune Boabl B n1ucTe

&

Cell Plasma
wall membrane




[BunxeHne Boabl U3 nNucta B atmocdepy

Substomatal Palisade
cavity parenchyma Xylem

i — . Air boundary
| layer

Upper—

epidermis
High water

ek S Vo she)
o (s 6 g@@@@@ G

Cuticle — : ~—— Air boundary

layer

Boundary layer = i \ Guard cell

resistance (rp) Leaf stomatal CO,—
S resistance (rg)
Water— :
vapor Low water High CO,
vapor content

Stomatal pore

FIGURE 4.10 Water pathway through the leaf. Water is pulled from the xylem into
the cell walls of the mesophyll, where it evaporates into the air spaces within the
leaf. Water vapor then diffuses through the leaf air space, through the stomatal
pore, and across the boundary layer of still air found next to the leaf surface. CO,
diffuses in the opposite direction along its concentration gradient (low inside,
higher outside).



TABLE 4.2

Representative values for relative humidity, absolute water vapor concentration,
and water potential for four points in the pathway of water loss from a leaf

Water vapor
Relative Concentration Potential
Location humidity ~ (molm™) (MPa)?
Inner air spaces (25°C) 0.99 121 -1.38
Just insicle stomatal pore (25°) 0.95 1.21 -104
Just outsicle stomatal pore (25°C) 047 0.60 -103.7

Bulk air (20°C) 0.50 0.50 -93.6




2 bopMbl TpaHCNMpauum —

* YCTbMYHadA — OCHOBHOW KaHan TpaHcnupauun, perynnpyetTca pacteHnem
* KyTukynspHas



YCcTbUYHbIN annapar

Pore —

Heavily thickened — ==

guard cell wall

(B)

Guard cells

Subsidiary cell ===

Epidermal cell

Stomatal pore Guard cell

FIGURE 4.13 Electron micrographs of stomata. (A) A stoma
from a grass. The bulbous ends of each guard cell show
their cytosolic content and are joined by the heavily thick-
ened walls. The stomatal pore separates the two midpor-
tions of the guard cells. (2560%) (B) Stomatal complexes of
the sedge, Carex, viewed with differential interference con-
trast light microscopy. Each complex consists of two guard
cells surrounding a pore and two flanking subsidiary cells.
(550%) (C) Scanning electron micrographs of onion epider-
mis. The top panel shows the outside surface of the leaf,
with a stomatal pore inserted in the cuticle. The bottom
panel shows a pair of guard cells facing the stomatal cavity.
toward the inside of the leaf. (1640x) (A from Palevitz 1981,
B from Jarvis and Mansfield 1981, A and B courtesy of B.
Palevitz; micrographs in C from Zeiger and Hepler 1976
[top] and E. Zeiger and N. Burnstein [bottom].)



IBnXeHunsa yctbuny,

(A) Epidermal cells Radially arranged
cellulose microfibrils

Guard cells

(B) Epidermal cells Radially arranged
cellulose microfibrils

Guard cells Pore Subsidiary cell

\& >
B3

Stomatal complex




o Water potential and its components (in MPa)
Water potential
Water Osmotic in gas phase
potential | Pressure | potential | Gravity _RT
Location W) | () ) | (¥ (7, In [RH))

~ Outside air -95.2 -95.2
(relative humidity = 50%)

- Leaf internal air space -0.8 -0.8

- Cell wall of mesophyll -0.8 -0.7 -0.2 0.1

20m

(at 10 m)

~ Vacuole of mesophyll -0.8 0.2 -1.1 0.1
(at 10 m)
Leaf xylem -0.8 -0.8 -0.1 0.1
(at 10 m)
Root xylem -0.6 -0.5 -0.1 0.0
(near surface)

= _ Root cell vacuole -0.6 0.5 21 0.0

(near surface)

~ Soil adjacent to root -0.5 -0.4 -0.1 0.0

i~ Soil 10 mm from root -0.3 -0.2 -0.1 0.0

FIGURE 4.16 Representative overview of water potential and its components at var-
ious points in the transport pathway from the soil through the plant to the atmo-

sphere. Water potential (¥,,) can be measured through this continuum, but the

components vary. In the liquid part of the pathway, pressure (¥_), osmotic potential

(¥). and gravity (¥,), determine ¥,

- In the air, only the relative humidity (RT/VW X

In[RH]) is important. Note that although the water potential is the same in the vac-
uole of the mesophyll cell and in the surrounding cell wall, the components of ¥,

can differ greatly (e.g., in this case ¥

MPa outside). (After Nobel 1999.) .

is 0.2 MPa inside the mesophyll cell and -0.7




