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A unified nomenclature for quantification and description of water
conducting properties of sapwood xylem based on Darcy’s law
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Summary The literature dealing with the water conducting
properties of sapwood xylem in trees is inconsistent in termi-
nology, symbols and units. This has resulted from confusion in
the use of either an analogy to Ohm’s law or Darcy’s law as the
basis for nomenclature. Ohm’s law describes movement of
electricity through a conductor, whereas Darcy’s law describes
movement of a fluid (liquid or gas) through a porous medium.
However, it is generally not realized that, in their full notation,
these laws are mathematically equivalent. Despite this, plant
physiologists have failed to agree on a convention for nomen-
clature. As a result, the study of water movement through sap-
wood xylem is confusing, especially for scientists entering the
field. To improve clarity, we suggest the adoption of a single
nomenclature that can be used by all plant physiologists when
describing water movement in xylem. Darcy’s law is an ex-
plicit hydraulic relationship and the basis for established theo-
ries that describe three-dimensional saturated and unsaturated
flow in porous media. We suggest, therefore, that Darcy’s law
is the more appropriate theoretical framework on which to base
nomenclature describing sapwood hydraulics. Our proposed
nomenclature is summarized in a table that describes conven-
tional terms, with their formulae, dimensions, units and sym-
bols; the table also lists the many synonyms found in recent
literature that describe the same concepts. Adoption of this pro-
posal will require some changes in the use of terminology, but a
common rigorous nomenclature is needed for efficient and
clear communication among scientists.

Keywords: conductance, hydraulic capacity, hydraulic con-
ductivity, permeability, water potential.

Introduction

Recently, there has been a dramatic increase in the publication
of important work regarding the hydraulic properties of xylem
in stems, branches and roots of trees (see reviews by Tyree and
Ewers 1991, Sperry 1995, Gartner 1995, Whitehead 1998,
Comstock and Sperry 2000, Meinzer et al. 2001, Tyree and
Zimmerman 2002 and Tyree 2003) as a result of the develop-

ment of innovative techniques for measuring water flow
through xylem (Booker and Kinninmonth 1978, Zimmerman
1978, Sperry et al. 1988, Tyree et al. 1995, Spicer and Gartner
1998). The physical limitations on water flow through sap-
wood xylem have been shown to influence stomatal behavior
and transpiration in trees subject to boundary layer and soil
moisture constraints (Meinzer et al. 1995), stand-level produc-
tivity (Mencuccini and Grace 1996a) and the growth of large
old trees (Hubbard et al. 1999). Others have shown a direct re-
lationship between xylem hydraulic properties and stomatal
behavior of trees under well-watered conditions (Hubbard et
al. 2001) and the maximum height attained by trees (Ryan and
Yoder 1997, Koch et al. 2004).

There are, however, inconsistencies in the theoretical frame-
work, nomenclature and mathematical formulations used to
quantify the hydraulic properties of xylem. An analogy to
Ohm’s law has long been used to describe water movement be-
tween plant cells (Salisbury and Ross 1969) and the resistance
to CO, and water vapor transfer in photosynthesis and transpi-
ration (Nobel 1974, Larcher 1980), and has been widely ap-
plied to describe water movement through sapwood xylem
(Tyree and Ewers 1991). Darcy’s law has also been used for
many years to quantify the liquid and gas conducting proper-
ties of sapwood (Siau 1971, 1983). As early as 1975, Jarvis ob-
served that a “plethora of often misleading definitions of
resistance, conductance, conductivity and permeability, with
various combinations of units” had made its way into the phys-
iological literature. In the intervening quarter century, this
problem has worsened.

Inconsistent nomenclature and mathematical formulations
of hydraulic characteristics of xylem have hampered under-
standing (Aumann and Ford 2002) and made work in tree hy-
draulic architecture unnecessarily difficult (Fiscus and
Kaufmann 1990). There is an ongoing drift in terminology.
For example, our research group, as a result of changes in
views or pressure from referees, has used varying terminology
and formulations to quantify the hydraulic properties of sap-
wood (Protz et al. 1999, Reid et al. 2003, 2004, Liu et al.
2003). An array of different terms (see Table 1) has been used
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in the plant physiology literature to describe what is consis-
tently referred to as hydraulic conductivity in other hydrologic
fields. We propose that a single definition of hydraulic conduc-
tivity be adopted in order to ensure that the results and infer-
ences presented by tree physiologists are intelligible to the
widest possible audience. The definition we propose is consis-
tent with Darcy’s law, which is widely used to describe the
flow of water through porous media (Freeze and Cherry 1979,
Hillel 1982, Smith and Wheatcraft 1983, Chow et al. 1988,
Rawls et al. 1993, Zaitchick et al. 2003). Darcy’s law is also
the foundation of complex models that describe unsaturated
three-dimensional flow (Hillel 1982, Rawls et al. 1993, Ryel et
al. 2002) and the contribution of stored water to transpirational
flow in sapwood xylem of large trees (Aumann and Ford
2002).

Advancement of scientific knowledge has benefited greatly
from the use of conventional nomenclature to simplify the
communication of complex ideas. No one convention is cor-
rect, but terms that are consistently defined provide a basis for
effective communication. Our objectives are to clarify the
physical meaning of hydraulic conductivity and to distinguish
this term from both conductance and permeability when de-
scribing the flow of water through the porous matrix of sap-
wood xylem. We discuss how both Ohm’s law and Darcy’s law
have been used to describe the hydraulic properties of sap-

wood xylem. We then suggest that a single unifying nomencla-
ture, based on the widely understood and physically meaning-
ful Darcy’s law, be used to quantify the hydraulic properties of
woody xylem (Table 1).

Ohm’s law

The simple linear model to describe the one-dimensional flow
of electrical current was first suggested by Ohm (1827).
Strictly speaking, Ohm’s law is limited to the statement, “the
current through a metal conductor is proportional to the ap-
plied voltage, I =< V”’ (Giancoli 1995). Ohm’s law is most fre-
quently presented as a means to quantify the amount of
electrical current (/) flowing through a device of known resis-
tance (R) driven by a difference in electrical potential (V).

14
=2 (1)

Conductance is the inverse of resistance. If the device is a
metal conductor (e.g., a wire), its physical size is not explicitly
included in this common expression of Ohm’s law. The size of
the conducting element is implicit, however, in the calculation
of R, which is directly proportional to length of the conductor
(L) and inversely proportional to its cross-sectional area (A).

Table 1. Terms and associated dimensions, units and symbols for the quantification of hydraulic characteristics of sapwood xylem. Definitions:

L = linear dimension; T = time; and M = mass.

Term Dimensions  SI Units Symbol Other terms and symbols used
Volume' flow per unit time at any point L3r-! m?s~! 0 Fq,vJ
Sapwood conducting surface area L? m? Ag
Leaf area distal to the point of hydraulic measurement L2 m? AL
Water flux LT ! ms! q Flow, water flux density, J
Length of sample through which water is flowing L m L
Hydraulic head L m H
Water potential ML 'T"2 Pa b4 P
Dynamic fluid viscosity ML 'T"!' Pas n
Density of water ML kgm™ Pw
Acceleration due to gravity LT ms~2 g
Hydraulic conductance (G = %) L‘tTMm! m>Pa's! G Hydraulic conductivity, kag, K, k
Hydrauli d"*( _QLJ 3 -1 2p,-1 1 : S :
ydraulic conductivity* | K, = L°TM m-Pa”’s Ky Specific conductivity, hydraulic
A AY conductivity coefficient, conduct-
0L tance, permeability, ks, G, K, L
Permeability (k = nj L? m? k Relative conductivity, specific
A, Y conductivity, specific permeability,
k permeability constant, k value, K, k
Hydraulic capacity (Qh =KyA, = *Asj L’TM™! m*Pals 0, Hydraulic conductivity, conductivity,
n hydraulic conductance, K, k, ky, Kp,
0 0%, K, COND
Leaf specific hydraulic capacity [QL = Ah] L*TM™! m?Pa st Qp Leaf specific conductivity, leaf
L

specific conductance, K, ky, LSC

T Unit volume of water can be easily converted to unit mass of water by multiplying by py.
¥ K = Kypyg; generally 1 m of head is equivalent to about 9.8 kPa (Horvath 1986).
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R=r (@)

L
A

Resistivity (r) is a property of a material that describes its
ability to conduct electricity (Giancoli 1995). The dependence

of electrical flow on the conductor’s conducting property and
geometry can be shown by combining Equations 1 and 2:

I= A;z 3

Wires or other conductors are generally made of pure metals
or alloys, for which resistivity and cross-sectional area are
constant; therefore, resistance is the property most commonly
measured. Electrical current is quantified in Amperes, which
are base SI units (Nelson 1999). Thus, electrical current can be
compared to mass or volume flow of water only by analogy.

Darcy’s law

Darcy (1856) investigated the rate of infiltration of water
through saturated sand and formulated what is commonly
known as Darcy’s law. Under conditions of laminar viscous
flow, the volumetric flow of water is:

AH
0= AKT 4)

where Q is flow or volumetric discharge per unit time (L*> T ")
through a column of porous material of cross-sectional area, A
(L%, and length, L (L), AH is hydraulic head difference across
the column (L), and K is hydraulic conductivity (L T~ 1 esti-
mated from a head-based measure of the hydraulic gradient.
The driving force causing water to flow is the hydraulic head
per unit distance in the direction of flow, the hydraulic gradient
(AH/L). Hydraulic head is potential energy per unit weight
(with units of J N~' = m) (Hubbert 1940). It is the preferred
measure of water potential for hydrogeologists and hydrolo-
gists because it can be equated to the elevation of the top of a
water column, and thus easily measured with piezometers.
Darcy’s Law is typically presented in pedological and geo-
physical texts (Freeze and Cherry 1979, Smith and Wheatcraft
1983, Chow et al. 1988, Rawls et al. 1993) in the form:

AH
0=k ®

where ¢ is water flux! (L* T-'L2=LT™").

Total water potential (V) is the sum of hydrostatic potential
(pressure or tension), osmotic potential and gravitational po-
tential (Nobel 1999). The influence of osmosis on sap flow is

generally low because plants transport nearly pure water in xy-
lem (Tyree 1999). Water potential is usually defined as a mea-
sure of the potential energy (i.e., capacity to do work) of a unit
quantity of water (e.g., Hanks 1992). The use of various unit
quantities (mass, volume or weight) to define water potential is
possible because liquid water is essentially an incompressible
fluid (Narasimhan 2003).

Water potential is the term most frequently used by plant
physiologists to describe the potential energy per unit volume
of water (Niklas 1992) and typically has units of pressure (Pa =
T m~) (Tyree 1999). Thus, Darcy’s law can be expressed as:

AY
0=AK, T (6)

where Ky is hydraulic conductivity (L* T M~'; units of m’
Pa!s7') determined by a pressure-based measure of the hy-
draulic gradient. We use the symbol Ky to distinguish between
hydraulic conductivity measured with head-based and pres-
sure-based expressions of water potential. Both K and Ky have
identical physical meaning; only the units differ. Pressure
units are the units of measurement preferred by physiologists
because leaf or shoot water potential is easily measured by the
pressure chamber technique (Scholander et al. 1964, Richter
1997, Cochard et al. 2001), and stem hygrometers are becom-
ing more reliable (Stohr and Losch 2004).

Conductivity quantifies the ability to conduct (electricity or
water) independent of conductor geometry, including cross-
sectional area and length. Hydraulic conductivity as described
by Darcy’s law (Equation 4 or 6) is mathematically equivalent
to the inverse of resistivity in Ohm’s law (Equation 3). Hy-
draulic conductivity reflects the combined effects of the prop-
erties of the porous medium and the properties of the liquid
(Hillel 1982) on the instantaneous bulk flow of the liquid
through the saturated medium.

When dynamic fluid viscosity (n; ML~ T~") (Whitehead et
al. 1984a, Whitehead 1998) is accounted for, the property of
the porous medium is permeability (k; L?). When water poten-
tial is expressed in head units, permeability can be calculated
from:

k= gil (7)
AAHD,g

where p,, is density of water (M L~*) and g is acceleration due
to gravity (L T~%). When water potential is expressed using
pressure units (Pa), k is defined as:

_oL
k_AA‘I’ ®

T The term flux is consistently applied to the movement of a substance relative to an area perpendicular to the direction of flow. Here, flux is de-
fined as “amount per time per area,” consistent with the convention employed by those who use Darcy’s law. Those who use Ohm’s law often
define flux as “amount per time” (and prefer flux density for “amount per time per area”). Either definition is acceptable. We suggest that scien-

tists indicate which definition they are using.
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Expressions 7 and 8 are equivalent because the product of
head, density and acceleration due to gravity has dimensions
of pressure M L™' T~?).

Hydraulic properties of trees

Early works

Farmer (1918) may have been the first to measure the “wa-
ter-conductivity” of a variety of species of woody plants to ex-
plore the “limitation [that] the structure of wood” imposes on
the flow of water. Measurement of the amount of water that
transpires from leaves and the water potential difference be-
tween soil and leaves (analogous to electrical potential in
Equations 1 and 3) was possible before reliable techniques ex-
isted to measure flow through stems. Under such circum-
stances, the total resistance to water flow through the plant can
be quantified by an Ohm’s law analogy without explicitly
quantifying the physical dimensions of stems and branches.
An analogy to Ohm’s law was used by early physiologists to
quantify passive conductance to the movement of water in
plants (Huber 1928 (cited in Van den Honert 1948)). Huber
(1956) reported the ‘“specific conductivity,” defined by
Kramer and Kozlowski (1960) as the “volume of water moved
per unit of time under a given pressure through a segment of
given length and cross section.” Heine (1971) presented a
survey of published values, encouraged the use of “relative
conductivity” as opposed to “specific conductivity,” and
attempted to resolve the confusion between different express-
ions of conductivity. Siau (1971) expanded this discussion to
introduce Darcy’s law and the terms “permeability” and “spe-
cific permeability.” Richter (1973) provided a theoretical ex-
amination of the Ohm’s law analogy with particular attention
to the choice of dimensions for fluxes and resistances.

Application of Ohm’s law analogies

Richter’s (1973) account of the dimensions of water flow,
based on an Ohm’s law analogy, provided the basis for many
advances in our understanding of the hydraulic architecture of
trees. Tyree and Sperry (1988) demonstrated that “hydraulic
conductance” (ky,) (i.e., the mass flow rate of water (kg s™") per
unit pressure gradient (dP/dl)) is positively related to stem di-
ameter. In a related paper, Tyree (1988) used an electrical ana-
logue to develop a dynamic model for water flow in a single
tree. The models of Tyree and Sperry (1988) and Tyree (1988)
were the first to link the functional aspects of the hydraulic
system to its branched structure (Fruh and Kurth 1999).
Tyree and Ewers (1991), in a heuristic examination of the
hydraulic architecture of trees, presented an Ohm’s law anal-
ogy and provided units for water flux (kg s™') and hydraulic
conductance (kg s ' MPa™') in the context of water movement
driven by a difference in water potential across a given struc-

ture. Their formulation is consistent with the quantification of
electrical flux, conductance and potential. Hydraulic conduc-
tivity was defined as:

_F
dPldx

(€))

ky,

where F is amount of water flowing per unit time (kg s™"), and
(dP/dx) is the pressure gradient causing the flow (MPa m™.
However, this formulation of conductivity is not analogous to
the inverse of resistivity (1/rin Equation 3), nor is it equivalent
to K of Darcy’s law (Equation 4). The effect of cross-sectional
area on flow is unaccounted for in Equation 9. Increases in
conducting cross-sectional area with increasing stem diameter
will result in greater flow, which does not necessarily reflect a
change in the conducting property of the sapwood xylem.

Applications of Darcy’s law

Darcy’s law is used to quantify the conducting properties of
porous media to liquids or gases and is the foundation for more
complicated three-dimensional models of saturated and unsat-
urated flow through porous media (Hillel 1982, Aumann and
Ford 2003). Zimmerman (1978), in his investigation of the hy-
draulic architecture of trees, defined hydraulic conductivity
consistent with Siau’s (1971, 1983) definition of permeability
and Jarvis’s (1975) conductivity, but did not cite either author.
Jarvis (1975) also defined hydraulic conductance (G; m’ s~
Pa’!) as:

G="2 (10)

where Q is volumetric flow rate, and AW is the water potential
difference driving flow. This formulation of G is mathemati-
cally equivalent to the inverse of Ohm’s R (see Equation 1).
Darcy’s law has been invoked more than 30 times " in publica-
tions where sapwood hydraulic properties are quantified (e.g.,
Reid et al. 2004), or when modeling the relationship between
bulk flow of water through saturated woody xylem and the wa-
ter potential gradient driving flow (e.g., Whitehead 1998).
Some authors who cite Darcy have used the term permeability,
as presented in Equation 7 (e.g., Pothier et al. 1989a, 1989b),
but this definition has been referred to by a variety of other
names (see Table 1). Despite these numerous references, ter-
minology, units and symbols are not always consistent.

A proposal for a unified nomenclature

We suggest that Darcy’s law is the more appropriate basis for a
single nomenclature, even though Ohm’s law and Darcy’s law
are mathematically equivalent. Darcy’s law is an explicit hy-
draulic theory that accounts for fluid viscosity, and offers

i Including Booker (1977), Whitehead and Jarvis (1981), Edwards and Jarvis (1982), Whitehead et al. (1984a, 1984b), Davies (1986), Edwards et
al. (1986), Whitehead and Hinkley (1991), Mencuccini and Grace (1995), Mencuccini et al. (1997), Ewers et al. (2000), Mencuccini and Bonosi
(2001), McDowell et al. (2002) and Mencuccini (2002), and others referenced directly in the text.
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greater potential to address issues of water storage and tran-
sient flow in unsaturated sapwood xylem. The Ohm’s law
analogy may be more familiar, but is not a more complete the-
ory for describing the hydraulic properties of porous media,
nor easier to understand than Darcy’s law. We propose, there-
fore, that tree physiologists adopt the units and nomenclature
of Darcy’s law to quantify water conducting properties of sap-
wood xylem (Table 1). An advantage is that Darcy’s law uses
terminology understood by scientists from other hydrologic
disciplines.

Our key proposal is that hydraulic conductivity (Ky; Equa-
tion 6) be defined as the constant of proportionality between
volume flow rate of water (Q) per unit surface area of conduct-
ing sapwood tissue (A;) perpendicular to the direction of flow
and the hydraulic gradient (AW/L). The hydraulic gradient is
the difference in water potential per unit of length across
which the difference exists. We suggest the adoption of the
terms and dimensions defined in Table 1 to quantify hydraulic
properties of sapwood xylem. We have also suggested a set of
associated symbols. These are consistent with terms and sym-
bols used by most other disciplines that quantify the hydraulic
properties of porous media. Water potential of living trees and
woody plants can be measured with a variety of instruments
that measure pressure or potential energy per unit volume
(Cochard et al. 2001). Tree physiologists are thus likely to be
more comfortable using Ky (m?*s~' Pa™") to quantify hydrau-
lic conductivity, although K (m s™") is also correct (see Table 1
for dimensions and unit conversion).

We discourage the use of the term “specific conductivity” to
describe Ky because “specific” has a variety of meanings and
could be a source of confusion for readers from different back-
grounds. As was pointed out by Heine (1971) and Jarvis
(1975), some have suggested that the term “specific” be used
only where “divided by mass” is the intended meaning (Sym-
bols Committee of the Royal Society 1975); however, it can
also mean “divided by area.” Moreover, the phrase “specific
conductivity” is sometimes used synonymously with tempera-
ture-compensated electrical conductivity to describe water
quality (Stuart et al. 1995, Patni et al. 1996) or the chemical
composition of soil amendments (Bouranis et al. 1997).

An advantage of Darcy’s law and Ky is that permeability, k,
can be directly determined. Permeability allows researchers to
disentangle the combined effects of the dynamic fluid viscos-
ity of the liquid and the conducting property of the porous me-
dium. Permeability can be correctly quantified using either
head or pressure units for water potential (Equations 7 or 8)
and by substituting A, for the area term. Because most mea-
surements are made under laboratory conditions where tem-
perature effects on the viscosity of water are negligible, k and
Ky are likely to show strongly similar patterns of variability
between samples. Determination of k in the field requires mea-
surement of the fluid temperature (Whitehead et al. 19840). In
research reporting “specific conductivity,” flow measurements
are sometimes corrected to what would be expected at 20 °C
(e.g., Spicer and Gartner 1998, 2001, Gartner et al. 2003, Liu
et al. 2003). Correcting to a standard temperature accounts for
slight differences in the viscosity of the flowing liquid. We

suggest, however, that this unnecessarily complicates the liter-
ature because permeability, k, specifically accounts for the ef-
fect of viscosity.

If Ky or k is known, the capacity of a stem segment to con-
duct water, or the hydraulic capacity, can be defined as:

0,=K,A,=—A (11)

where Oy, (m* MPa~! s™!) describes volumetric flow (m?®s™")
per unit of hydraulic gradient (MPa m~"). This parameter is
useful for describing the combined effects of hydraulic con-
ductivity and conducting sapwood area in regulating flow
through stems or in modeling flow through whole trees under a
known hydraulic gradient. Although the phrase and symbol
are new to the literature, the idea is not. This term is equivalent
to ky, as defined by Tyree and Ewers (1991) (see Equation 9),
hydraulic conductance per unit length (Nobel 1999), and the
definition we have published elsewhere using the symbol Q*
(Liu et al. 2003, Reid et al. 2003, 2004). We propose the sym-
bol Oy, because Q*is generally used as the symbol for net radi-
ation in describing bulk transfer of water to the atmosphere
(Oke 1987). Use of “Q” with a subscript ‘h’ indicates it is a
measure of flow normalized for a unit hydraulic gradient.
Adoption of Qy, as the standard symbol has the advantage of al-
lowing continued use of this term, while clearly distinguishing
it from hydraulic conductivity (Ky) and permeability (k).

Because leaves are dependent on the xylem for the supply of
water, the water conducting properties of xylem can influence
photosynthetic efficiency. Zimmerman (1978) first recognized
the functional biological importance of this physiological rela-
tionship by introducing the term “leaf specific conductivity.”
Zimmerman calculated this parameter by substituting leaf area
distal to the stem segment measured in place of the area term in
Equation 6. Although we recognize the utility of this measure,
we believe that the term “leaf specific conductivity” is inap-
propriate because this formulation does not describe a prop-
erty of the conducting tissue (i.e., a measure of conductivity)
per unit area or mass of leaves, but describes a functional rela-
tionship between the flow capacity of a stem or branch and the
distal leaf area it supports. Further, the use of a similar symbol
(typically ki or K1) incorrectly implies that it is a hydraulic
property of xylem, analogous to Ky or k. We suggest this rela-
tionship between the water conducting property of xylem and
leaf area can be appropriately quantified by dividing Q;, by the
leaf area distal to the stem segment measured (i.e., Qn/A1). We
propose using leaf specific hydraulic capacity as the standard
term to describe this important functional relationship. We
suggest O as the standard symbol to distinguish this term
from Ky and k, and the use of a capital “L” for a subscript to
differentiate the term from leaf-related sap flow (Q,) (Edwards
et al. 1996).

Comment on conductance

Though potentially useful, conductance is not analogous to
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Ky, k, Oy, or Q1 because surface area of conducting tissue is ex-
plicit in defining Ky and k, and the length of the sapwood xy-
lem is explicit in defining the hydraulic gradient for all four
terms. Conductance (G) (Equation 10) integrates the influ-
ences of length, cross-sectional area and conductivity on the
instantaneous flow of water through a porous medium. We ad-
vocate the continued use of G for conductance based on prece-
dence, and because ‘G’ or ‘g’ with various subscripts are
already widely used for conductance in the context of water
movement in trees and other plants (e.g., Rayment et al. 2000,
Martinez- Vilalta et al. 2003). Division of O, by the length of a
sample is mathematically analogous to G; however, we sug-
gest that the term conductance only be used to describe the
limitation on water flow through sapwood xylem when the di-
mensions of the tissues through which water flows are ac-
counted for (Mencuccini and Grace 1996b) or unknown
(Tyree et al. 1995), and Ky can reasonably be expected to re-
main more or less constant along the entire path length.

It is sometimes useful to calculate leaf specific hydraulic
conductance (or conductance per unit leaf area) when investi-
gating canopy water relations of trees or stands. When Q, AY
and A are quantifiable, leaf specific hydraulic conductance
can be used to better understand dynamic water stress in the
canopy caused by transpiration (e.g., Phillips et al. 2002). We
suggest researchers examining this issue use the symbol Gy, to
denote leaf specific hydraulic conductance because conduc-
tance is both qualitatively and quantitatively different from hy-
draulic conductivity (Ky), permeability (k), hydraulic capacity
(Qp) and leaf specific hydraulic capacity (Qy).

Conclusion

This proposal provides tree physiologists a consistent set of
terms and units that are familiar to the broader scientific com-
munity, and are suitable for continued investigation into the
movement of water through sapwood xylem. The adoption of
the convention we propose does not diminish the insights in
published works that have used the Ohm’s law analogy. Never-
theless, we suggest that Darcy’s law provides the most defensi-
ble and theoretically sound framework for the quantification
of the water conducting properties of sapwood xylem. Our
main purpose is to suggest standard definitions for hydraulic
conductivity and permeability, and to simplify and standardize
the nomenclature. We have also illustrated the mathematical
equivalence of Darcy’s law and Ohm’s law, provided clarifica-
tion on the meanings of conductance, flow and flux, and sum-
marized the terms we propose with their associated formulae,
units and dimensions (Table 1). The difficulty with our pro-
posed scheme is that it will require researchers in this field of
work to change, in some way, the language they have been us-
ing. However, if they do change, the ease with which ideas are
communicated will be greatly enhanced. Furthermore, accep-
tance of this proposal should aid multidisciplinary efforts,
such as the new field of eco-hydrology (Baird and Wilby 2001,
Eagleson 2002), which integrates plant physiology, physical
hydrology and hydrogeology.
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