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Ascent of Water in Plants

Root pressure Guttation through hydathodes

FIGURE 4.4. Exudation from cut stems of zucchini (left), soybean
(center), and cucumber (right). The photograph was taken about
30 minutes after excision of the zucchini and soybean stems and
about 15 minutes after excision of the cucumber stem. The
exudation is a manifestation of the positive pressure (referred to
as root pressure) in the xylem of such plants. (Photograph
courtesy of Daniel Cosgrove, Penn State University.)




Tall trees: gravity component,
atmospheric pressure

« Capillarity in apoplast

| LIFTING FORCE = circumference x surface tension
— = 2nr x 0.0728 Nm™'
DOWNWARD FORCE = height x area x density x acceleration due to gravity
=h x 2nr? x 998 kg-m? x 9.8 ms™
At equilibrium: LIFTING FORCE = DOWNWARD FORCE
Height h
Solving for height:  _ 1.49 x 107 m?
M = r(in meters)
Examples: Capillary radius (um) Height of rise (m)
. L] 1 1.49
10 0.149
K 100 0.0149
J 1000 0.001489
/ Typical vessel (75um) 0.02

FIGURE 3.5. Capillary rise of water up a tube due to the lifting force of adhesion and surface tension.
The lifting force is given by the circumference of the tube x the surface tension of water. The
weight of the column of water is given by the height x area x density x acceleration due to gravity.
The maximum capillary rise depends inversely on the tube radius, as tabulated here: the smaller
the tube, the higher the capillary rise. For a typical vessel with a radius of, say, 75 um, the

capillary rise amounts to only 0.02 m. Because this rise is much less than the height of trees, itis
evident that capillarity cannot account for water movement up tall trees. The units for

surface tension are Newtons per meter (Nm~'). One Newton equals 0.01 Joules per-cm.



Xylem: tracheids and vessels

Pits
Tapered ends
End plate

Tension of -2 to -30
MPa

Dilute solution of
water and ions




Tension in xylem

tension here

Figure S5-14 tAarnog of Mmeasuring tha conesive propermes of
water 'with a cenmnfuged Z-tube. Small arrows indicate the direc-
tion of cemntntugal force and the prnoipie of balancing. The shape
of the Z-tuDe crevaents water from Hying oul ether end of the tuoe.



Xylem
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Water potential of air

RT

q,’f—vu

In(RH)

TABLE 4.2. Relation between relative humidity
and water potential of air, calculated from
Equation 4.4*

Relative humidity Water potential (MPa)
1.0 0
0.999 —-0.31
0.995 —1.56
0.990 -3.12
0.980 —5.28
0.950 —15.95
0.900 —-32.8
0.750 —-89.4
0.500 —215.5

.200 —500
0.100 —718

*Assuming a temperature of 20°C (293 "K); at which
RTIV,, = 135 MPa.




SPAC

T“BLE 4-2 Temperature Cyw 5
Representative values for relative humidity, absolute water vapor concentration, 0 {molm7)
and water potential for four points in the pathway of water loss from a leaf g af 2 g;?:
Water vapor E 18 1522
S 15 0.713
Relative Concentration Potential § E 3F 20 0.961
Location humidity (mol m~3) (MPa)® sg 25 1.28
5= 30 1.687
Inner air spaces (25°C) 0.99 127 -1.38 5 § 35 2.201
Just inside stomatal pore (25°C) 0.95 1.21 -7.04 3 § 25 40 2.842
Just outside stomatal pore (25°C) 0.47 0.60 -103.7 §° i L
Bulk air (20°C) 0.50 0.50 —93.6 %
L]
Source: Adapted from Nobel 1999, -
Note: See Figure 4.10.
“Calculated using Equation 4.5.2 in Web Topic 4.5; with values forRTf"v_"w of 135 MPa at 20°C and 137.3 ! | ! ! ! |
MPa at 25°C. 10 0 10 20 30 a0 50

PLANT PHYSIOLOGY, Third Edition, Table 4.2 © 2002 Sinauer Associates., Inc Air temperature (°C)

« Soil-Plant-Air continum
 Movement of water due to properties
« Cohesion-adhesion

« Water potential gradient

« Evaporation of water into air

* Vapor pressure deficit

* Relative humidity



Air space in leaf

Cell Plasma

Vacuole wall membrane
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See part 2

PLANT PHYSIOLOGY , Third Edition, Figure 4.9 (Part 1) 2002 Sinauer Associates, Inc

Radius of Hydrostatic
curvature (um) | pressure (MPa)
(A) 0.5 -0.3
(B) 0.05 -3
(Q) 0.01 -15
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Vapor pressure deficit

TABLE 4.3. Representative values for relative humidity, absolute
~ater vapor concentration. and water potential for four points in the

Pathway of water loss from a leaf.*

s Water vapor
Relative Concentration Potential
Location humidity (rmol m ) (MPa)
Inner air
Spaces (25 C) 0.99 127 —3.18
Just inside
Stomatal pore (25°C) 0.95 1.21 —16.2
Just outside
sStomatal pore (25 C) 0.47 0.60 — 239
Bulk air (20°C) 0.50 0.50 — 215

*Refer 1o Figure 4.9,
Adapted from P. S. Nobel, Biophysical Plant Physiology and Ecology.

W. H. Freeman, San Francisco, 1983. p. 413.




Effect of temperature

TABLE 11.3 The effect of temperature and
relative humidity on leaf-to-air vapor pressure
gradient. In this example it is assumed that the
water content of the atmosphere remains constnat.

Leaf Armosphere Cleaf — Cair
(A
T = 10°C T = 10°C
e = 1.23 kPa e = 0.61 kPa 0.61 kPa
R = 100% RH = 50%
(B)
T = 20°C T = 20°C
e = 2.34 kPa e = 0.61 kPa 1.73 kPa
RH = 100% ERH = 26%
(C)
T = 30°C T = 20°C
e = 4.24 kPa e = 0.61 kPa 3.63 kPa
RH = 100% RH = 26%




Water uptake in Roots

Symplastic and
transmembrane
pathways ortex Xylem  Phloem
Epidermis
Apoplast pathway

PLANT PHYSHILOGY , Third Ediion, Figuee 43 © 2002 Sinauer Asscciates, Inc
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Mangrove

ngure 08 A mangrove tree. Mangroves flourish in tropical
tidal zones where the salt content of the water is high enough to
plasmolyze the cells of most plants. The mangroves still obtain
water via osmosis, which takes place because the mangrove cells
accumulate an unusually high concentration of organic solutes;

some are also able to excrete excess salt.
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Flgure 5-17 ‘Nater reiaticns of a mangrove tree growing with its
rogts imrrarsea in sea water. The diagram incicates the "a2ssen-
tal” parts of the mangrove ree in this context. The endodearmal
{ana exccermal?) memoranes keep ail but negligible amounts of
salt ourcr Tne xyiem. and the leaf-cell memoranas mainiain a nign
Solute corcantrauon in the cells. The result is that water in the
xylem must De under consideraole tension botn day and mght to
remain in equilibrium with sea water, and leaf ceiis have sucn a
negative csmotc potential that they absorb warter fram the wyierm
N spue of s [ension and low water potental. Only osmosis keeps
the ieaf c24us from collagsing. ({Data based on Scholancer et

at.. 1965. out thew hypothetcal numpbers nave been moaifiea 1o
Setter marcn the diSCUSSIONS in this chapter and in Chapter 8.)



Transpiration

The energy budget for a typical mesophyte leaf.

 Ta eIeaf _ eair

. Energy gain Wm™
 Resistance due to - . -
a. Absorbed solar radiation +605

Stomatal faCtorS b. Net infrared exchange —235

¢. Net radiation balance (a + b) +370

anr'g}r loss

d. Loss by transpiration —176
e, Loss h}-’ convecton — 194
370

Data from Nobel, 1991,



Environmental factors
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Boundary layer
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FIGURE 11.4 The impact of wind speed on calculated
boundary layer thickness for leaves 1.0 cm (triangles) or
5.0 cm (circles) wide. A wind speed of 0.28 ms™' = 1 km
hr!. (Plotted from the data of Nobel, 1991.)



