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1. SOIL WATER POTENTIAL

1. Introduction,

Soil water content im not sufficient to specify the entire
status of water in soil. For example, if soils with a same water content
but with different particle size distribution are placed in contsct with
each other, water will flov from a coarse textured s0il to a fine textured
soil.

One needs to define a property that will help to explain this
obeervation,

Perhaps the following analogy will help. Heat content
{anslogous to soil water content) is a property of a material that is
useful for many purposes. It will not, however, tell us directly whether
heat will flow. Therefore a heat intensity térm, temperature, has been
defined which permits to determine the direction of heat flow. The moil
water tera that is analogous to temperature (i.e. the intensity with which
the water is in the #0il) is called the soil water potentlal. Water
potential is a much more complicated property than temperature.

2. Energy state of soil water.

Soil water, like other bodies in nature, can contain energy in
different qu-ntities‘and forme. Classical physics recognizes twe principal
forms of energy, kinetic and potential. Since the movement of water in the
soil is quite slow, its kinetic energy, which is proportional to the
veloclity squared, is generally considered to be negligible. On the other
hand, the potential energy, which 1s due to position or internal condition,

is of primary importance in detersining the state and movement of water in
the moil, .
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The potential energy of soil water varies over a very wide
range. Differences in potentiml energy of water between one péint and
another give rise to the tendency of water to flow within the Boil. The
spontanecus and universal tendency of all matter in nature is to move from
where the potentlal energy is higher to where it is lower and to
squilibrate with its surroundings. In the soll, water moves constantly in
the direction of decreasing potential energy until squilibrium, definable

e8 a condition of uniform potential energy throughout, i reached.

The rate of decrease of potential energy with distence im in
fact the moving force causing flow. A knowledge of the rslative potential
energy state of scil water at each point within the soil can allow us to
evaluate the forces acting on soil water in all directions, and to
determine how far the water in = moil eystem is from equilibrium. This is
analogous to the well-known fact that an object will tend to fall
spontaneously from a higher to & lower elevation, but that lifting it

' requires work. Since potential energy is a measure to the mmount of work a
body can perform by virtue of the energy wtored in it, knowi{ng the
potential energy state of water in the soi] and in the plant growing in
that soil can help us to eatimate how much work the plant mumt expend to
extract a unit amount of water.

Clearly, it is not the abmolute amount of potential energy
"contained” in the water which is important in itself, but rather the
relative level of that energy in different regions within the soil. The
concept of sojl-water potential is & criterion, for this energy. It
expresses the specific potential energy (= per unit masa) of soil water
relative to thet of water in a stendard reference state. The standard
state generally used im that of a hypotheticsl reservoir of pure free water
(i.e. water not influenced by the solid phame), at atmospheric pressure, at
the same temperature as that of s0il water {or at any other specified

temperature) and at a given and constant elevation.

It is the convention to assign to free and pure liquid water a
potential value of zero, ‘

Since the elevation of this hypothetical reservoir can be set
at will, it follows that the potential which is determined by comparison

. with this standard is not absolute, but by employing even so arbitrary a

criterion we can determine the relative magnitude of the specific prtential
energy of water at different locations or times within the soil.

The concept of s0i] water potential is of great fundamental
importance., This concept replaces the arbitrary categorizations which
prevailed in the early stages of the development of soil physics and which
purported to recognize and classify different forms of eoll water: e.g.
gravitational water, capillary water, hygroscopic water.

‘New definition by the scil physics terminology committee of the
International Soil Scisnce Soclety provided more clarity in what used to be
a rather complicated theoretfcal set of criteria. The total potential of
#0il water was defined am follows: "the amount of work that muet be done

. per unit gquantity (mass, volume or weight) of pure free water in order to

tranport reversibly and imothermally an infinjtesimal quantity of waier
from a pool of pure water at a specified elevation at atmogpheric pressurs
(standard reference state) to the moil water at the point under

consideration in the soil-plant-atmosphere-systen (figure 1).

If work is required the potential is positive, but if water in
the reference state can accomplish work in moving into the soil the
potential is negative.

Soil water is subjected to a number of force field which cause
its potential to differ from that of pure free water. Buch forces result
from the sttrection of the'eolid matrix for water, as well as from the
pretgence of diesolved salts and the action of the local pressure in the
s0il gas phase and the action of the gravitational field. Accordingly the
total potential (tt) of soil water relative to a chosen standard rate can
be thought of as the sum of the separate contributionas of the various
components as follows:
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Figure 1. Potential of soil vater, water in plant cell and water in the
atmosphere.

tt-$a+t° +¢.1-te_p+...

where: ¢, = total soil water potential

= gravitational potential

-
L]

osmotic potentiml
¥_ = matric potentisl
v = external gee pressure potential

The dots signify that additional terme are theoretically
poseible,

The main advantage of the tota] potential concept is that it
provides a unified measure by which the state of water can be evaluated at
any time and every where within the soil-plant-atmosphere system.,

3. Quantitative expression of soil water potential,

The dimsnsions of the moil water potential are those of energy
per unit quantity of water and the units depend on the way the ﬁunntity is
specified. Common alternatives used are:

. Energy per unit maas of water,

Joule kg'l

This method of expression is not widely used.

b. Energy per unit volume of water (pressurs).

This is the moat common methodker expressing potential and can be
written with unite of either Pascal or bar or atmosphere
Joule m™2 or N w2 (Pa)

c. Energy per unit weight of water {head).

This method of exprensing potential is alsc common and has units of

langth.

Joule N1 . pm N!em

For conversion from one unit to snother knows that:

= 1 bar corresponds to 100 J kg~!
-1 ber = 10° pa )

= 1 bar corresponds to 10 m water head

4, Gravitational potentiasl.

Every body on the earth's surface is attracted towards the
center of the earth by a grevitational force equal to the weight of the
body, that welght being the product of the body's mass by the gravitational
accelerstion. To rise & body againat thias sttraction, work must be
expended and this work is ator;d by the rised body in the form of
gravitational potential energy. The mmount of this energy depends on the
body's position in the gravitational force field.



Conversion table for units of Boil water potential ()

Weight potential

Volumetric potential

Specific potential

unite

unitsg

units

atmosphere

Pa

millibar

bar

Joule/kg

- 0.001017 x 102

= 0.000000987

- 0.1

- 0.001

- 0.000001

- 0.0001

- 10,17 x 1072

- 0.00987

- 103

- 10

- 0.01

- 10.17

- 0.987

- 10°

- 1000

- 100

- 1.017 x 1072

- 0.000987

- 102

- 0.001

- 0.1

- 10.30

-1

-1.013 x 105

- 1013

-1.013

- 101,23

- 1072

= 0.0009703

- 98.33

- 0.9833

- 0.0009833

- 0.09833

. 000 g/cma. This holds only at 4 *C but is approximately corresct

The density of water was taken as 1

{*)

at other temperatures.

The gravitational potential of soil water at each point ia
determined by the elevation of the point relative to some arbitrary
reference level, If the point in question is above tha raference, ’g is
positive; if the point in question {s below the reference, .8 ie negative,
Thua the gravitational potential is independent of soil properties, It
depends only on the vertical distance between the reference and the point

in question,

At 8 height z below m reference level (e.g. the soil surface}
the gravitational potentiasl of a maps M of water, occupying a volume V is:

-Mgz=-p Vg

where q' 1e the deneity of water and g the scceleration of gravity.

Gravitational potential can be expressed:

~ per unit mmss: ¢n = -gz (J kl-l)

- per unit volume; tgv = vg -0, ==p, g2 (Pa)

- per unit weight: *gw = tg /g =~z (m)

5. Osmotic potential.

The camotic potentiasl is attributable to the presence of
solutes in the moil watern. The solutes lower the potentisl energy of the
80ll water., Indeed, the fact that water molecules move through a
semi-permeable membrane from the pure free water into s anlution (camnsia)
indicetes that the presence of solutes reduces the potential epergy of the
water on the solution side (figure 2), At equilibrium sufficient water has
passed through the membrane to bring about significant difference in the
heights of ligquid. The difference (z) in the levelns represents the osmotic
potential.

Since the osmotic potential of Pure free water is zero the
osmotic potentisl of & molution at the Bame temperature of free water is
negative {water flow occurs from point of high potentisl to one with lower
potentialj}.
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Figure 2. Schematic presentation of osmosis.

Differences in osmotic potential only play a role in causing
movement of.water when there is an effective barrisr for salt movement
between the two locationa at which the difference in QD was chserved.
Otherwige, the concentration of salts will become the same throughout the
profiles by the process of diffusion and the difference in ‘b will no
longer exist. Therefore osmotic potential does not mct as a driving force
in water flux. This potential is of importance in water movement into and
through plant roots, in which there are layers of cells which exhibit
different permesbilities to sclvent and solute.

6. Watric potentiml (*).

Matric potential results from forces mssocisted with the
colloidal matric and includes forces mssociated with adeorption and
capillarity. These forces attract and bind water in the soil and lower jts
potential energy below that of bulk water. The capillarity results fion
the surface tension of water and its contact angle with the solid
particles. In sn unssturated (three-phase) soil system, curved menisci
form which obey the equation of capillarity

L,

1
P -P, = 8Pa=y [+
s~ 5 Ry * R,

(*) Matric potential and the former ters matric suction are numerically
equal - when expressed in the mame unites - but except for the sign.
- B =

where P. is the atmospheric pressure, conventionally taken as zero; 4 Pi the
pressure of soll water, which can be ssaller than stmospheric; s P is the
pressure deficit; y the surface tension of water and Rl and Hz are the
principal radii of curvaturs of a point on the meniscus, and teken asg

negative when the meniscus is concave.

As we assume the 3oil pores to have a cylindrical shape (figure
3) the meniscus has the same curvature in sll dirsctions snd equation above

becomen:

- P ,Ap."_z.l

since:

R = -53; (o = 0; angle of contact between water
co and the soil particle surface)

- - =21
PitﬂP T

where: h = height of capillary rige
D. = density of water

& = scceleration of gravity

If the soil were like » simple bundle of capillary tubes, the
equations of capillarity might be themselves suffice to describe the
relation of the negative pressure potential or matric potential to the
radii of the soil pores fn which the menisci are contained. However, in
addition to the capillary phencmenon, the soil slso sxhibits adsorption,
which forme hydration envelopes, over the particle surfaces. These two
mechanisms of s80il water intsraction are illustrated in figure 4.

The presence of water in Tilms s well am under concave menisci
is most important in clayey soil mnd at high suctions or low potential, and
it ie infiuenced by the electric double layer and the exchangeable catione
present. 1In sandy soils adsorption is relstively unimportant and the
capilliary effect predominstes.



Figure 3 : Capillary rise of water into a
capillary tube.

“Bdsoraen” agrer
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Figure 4 : Water in an unsaturated soil 1s subject
to capillarity and adsorption, which
combine to produce a matric potential
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In general, however, the matric potential results from the
combined effect of the two mechanisms, which cannot easily be separated
since the capillary "wedges" are at a atate of internal equilibrium with
the adsorption "filma" and the ones cannot be changed without affecting the
others. Hence matric potential denotes the total effect resulting from the
affinity of the water of the whole matric of the soil, including its pores
and particle surfaces together,

The matric potentisl can be expressed:

= per unit maas:

- EC'EJ =
v.=gh or {J kg

)

= per urit volume:

VP, =P Eh=-Pe 5 (Pa)

- per unit weight:

(m)

The matric potential is a dynamic property of the moil.

In saturated soil (below the ground water level) the liquid
phase ies at hydroetatic Pressure greater than atmospheric and thus its
pressure potential js cohAsidered positivg (figure 3). Thus water under a
free water surface is at a positive pressure potential (hydrostatic
presgure potential th). vhile water at such a surface is st zZero pressure
potentiel (assuming atmospheric pressure in the 80oil) and water which has
risen in e capillary tube above that surface is characterized by a negative
pressure or matric pntential,

Since Boi) water may exhibit either of the two potentials, but
not both simulteneously, the matric and the hydroetatic pressure potential
are referred to as the pressure potential (tp).



NHevertheleses 1t 18 an’adVlntage in unifying the matric
potential and hydroatatic pressure potential in that this unified concept
allows one to consider the entire profile in the field in terms of a single
continuous potential, extending from the saturated zone into the

unsaturated zone, below and above the water tabls.

7. External gas pressure potential,

A factor which may affect the pressura of soil water is a
possible change in the pressure of the ambient air. In general this effect
is negligible in the field as the atmospheric preassure remaina nearly
conatant small barometric pressure fluctuations notwithstanding. However,
in the laboratory the application of exceas air pressura to change the soil
water pressure ism s coamon practice resulting into the so called external
gas pressure of pneumatic potential (Sees determination of the 80il water

characteristis curve by the pressure plate sxtraction apparatus).

FINAL REMARK.

The effect of an external gas pressure different from the
atmospheric (reference} preasure {s generally also included in the pressure
pntential so that;

tp - t_ + *h + ‘e.p

Accordingly the total potential being:
L *ﬂ + .n + *P

characterizes fully tha state of water in Boil under the prevailing
conditions; the gradients of these thres parameters are the basis for
transport theory,
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8. Hydraulic head.

The total potential is obtajined by combining the relevant
compohent potentiasls:

’t = |% + 15 + %’

Equilibrium, which 18 defined as the situstion where mass
transfer of water in the liquid phage is abment, is obtained when the value
of the total potentfal at different points in the system is conetant.
Usually, sufficient condition is that the sum of the component potentiels,
00 being ignored, is constant. The equilibrium conditicn states then that:

‘i + ‘p = constant = 'H
called hydraulic potential.

A8 already stated, the external £88 pressure or pneumatic
potential in the field may be mssumed to be zero, Also the so0il water
within a profile may exhibit either matric or hydrostatic pressure
potential (figure 3) but not simultaneously, Therefore it ig an advantage
in unifying both in & single continuous potential extending from the
saturated region intoc the unssturated region below and above the water
table.

As it is often usual to designate the potential in terms of
head, equation (1) becomes:

He h+ 2

where: h = the soil water premsure heqd {m)
>0 under the water table (saturated zona)
<0 above the water table (unsaturated zone)
Z = the gravitatfonal head {m)
H = the hydraulic hesd(m)



The definition is very important because the hydraulic gradient

between two points under consideration in a soil 1is the driving force for

water movement.

In figure 5 the condition is applied to a vertical soil column

in equilibrium with a weter table.

No water movement occure in the column.

The water table is taken as the reference level for the gravitational

potential,

Under the water table matric potential equals zero, but a

pressure potential called hydrostatic pressures potential occurs which can

alen be presented by a value of h but with always a positive sign.

 (ca) t“(Nl
il
~ '
/ ~30 -—-‘.—.-_-— _—— - .'Fh,— SV YU, Wt
- AN
< et A
. - pF-crve * N
’.! “1 -10 ‘.
-8 - '
- ' potentini
S r’;’ -3 - ,1; 6.2 D.T -0 _z['] =10 | u; ?;1 '0;) {rm)
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refsrence level
Figure 5. Equilibrium condition in a soil column,
height (cm) Vg {z,em) ¥y (hecm) ¥, (h,cm) vy (H.cm)
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I1. TENSIOMETER

1. Hydroatatic preassure potential - Plerometer.

As dimcussed earlier the hydrostatic {positive) presaure
potential vy under field conditions applies to saturated soils and is
measured with & piezometer (figure 6),

A piezometer i & tube of a few CR inner diameter,
ends, which is installed in a soil profile.

open at both
If the lower end is below the
groundwater teble, a plezometer is partially filled with water. By
determining the height of the water level in & piezometer it is possible to
calculate the {positive) hydrostatic pressure potential of the 801l water
at the lower end of the tube. The diameter of piezometers is chosen large
enough that cepillary rise and resistance to water flow are negligibte. As
& result, any varlstion in hydrauiic potential that may ariss inside the
piezometer, is instantanecusly equalized. Thus, even if the hydrostatic
pressure potential at the lower end is changing rapidly, the water inside a
piezometer goes through a series of static equilibris and at any moment it
can be assumed that the hydraulic head is uniform and equal to the
hydraulic hesd of the soil water at the open lower end. There exchange of
water takes place guch that the pressure is always 1ocal;y uniform. The
static hydraulic head in piezometers can be determined by meanuring the

depth of the water levell since at the flat air-water interface the

pressure potentisl is zero.
777777T77T #oil surface

0.5m

'1r - _151'

0.3 m

¥

— Eround water level

!
)

Figure 6. A piezometer in a moil profile.
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Figure 6 shows = piezpmetar in & soll profile in which the
water ia at static equilibrium. The reference point z = O is taken at the
s0il surface. In the piezometer at the water level H= h + z = O — 0,58 =
- 0,5m. Thus at point A, Hmust also be ~ 0,5 m (H=h + gz =
0,30 m -0,80m= = 0,5 a}.

The hydrostatic pressure potential sxpressed per unit weight of
water at sny point in the soil under the weter tsble is the distance
between the point und the water level in the plezometer tube.

The water level in s plezometer tube is at the level of the
groundwater table in a situation of static equilibrium, independent of the
depth of the lower end.

2. Matric potential — Tensiometer.

Piezometers cannot be used to measure negative pressure
potentials becauss in unsaturated condit:ons, water flows out af the tube
into the soil leaving the tube dry. The negative pressure or matric
potential cun be measured with the sc-called tensiometer.

The tensiometer consists of a liquid filled porous cup, mostly
of ceramic materisl snd connected to a pressure measuring device such as a

mercury manometer or vacuum gauge via a liquid-filled tube (Figure 7).

Figure 7. Tensiometers with & vacuum gauge,
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If the ceramic cup is embedded in eoil, the soil solution can
flow into or out of the tensiometer through the very small pores in the
ceramic cup. Analogously to the situation discussed for piezometer, this
Tlow continues until the {negative) pressurs potential of the liquid in the
cup has become squal to the (negutive) pressure potential of the soil water
around the cup. Thus the (negstive) pressure potential called matric
potential gm of soil water can be measured with g tenniometer, and is
therefore also often called tensiometer pressurs potential,

3. Principle of the tensiometer,

When the cup is placed in a water reserveir (figure 8), the
water inside the cup comes into hydrsulic contact with the water in the
reservoir through the water-filled snall pores in the ceramic walls. The
water level in the tube will indicate the level of the water in the
reservoir,

water———1 .

A
ﬂ(':,'_
[ Bersvs cup

rigggg 8. Porous cup connected with a piezometer tube for measuring
Pressure potentials under the water table.

The pressure is given by the height h of the water level above
the middle of the porous cup and the pressure PA eguale:

Plgpulh

where: CI density of water
£ = acceleration due to gravity

- 17 -
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If we piace—nou the porous cup, connected with a U-shaps water
filled tube in & mo0il than the bulk water inside the cup will come in
hydraulic contact with the liquid phase in the moil. When initially placed
in the soll, the water in the tensiometer is at atmospheric pressure. Soil
water in unsaturated soil has a negative pressure and therefore exercices a
suction which drawn out s certain amount of water from the rigid and
air-tight tensiometer, causing & drop in the water level at the open end of
the U-tube (figure 9),

soul surlface
;;777 ;FA:.;;;;
- ﬁj_‘;_';——-ﬂGl'Dlll tup
h
| ——water
.7
At

Figure 9. Tensiometer for measuring pressure potentials in soils,

The drier the soil, the higher the suction and the lower the
water level at equilibrium in the U-tube. The height h of the liquid
column that hag moved into (“sucked into") the soil in figure 9 i=
therefore an index of the magnitude of the potential, or:

PA-*-Dwﬂh

As h is measured downwards the minus sign im {ntroduced mo that
PA gives & negative pressure,

This type of tensiometer im very simple and useful to
illustrate the bagic principles involved. Practical applications often do
not allow the use of the water menometer because the U-tube extends below
the level of the tenajometer cup and measurements thue requires
inconvenient, deap pits. Therefors open manometers, filled with immiscible
liquids of different densities such as mercury are uged go that thess
problems do not arise {figure 10).
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water ___
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i1 If ! £ porous cup

Figure 10. Tensiometer with mercury manometer,

Using mercury implies that a relatively short height indicated
B relatively large pressure difference in the manometer (1 cm of mercury
corresponds to 13.55 cm of water), Besides the simple water or mercury

mancmeter s vacuum gauge or an electrical tranaducer ig alsc used.

4. How to calculate the soil water pressurs head h and the hydralic head K.

Let x be the height of the mercury in the msnometer (in cm) and
z the vertical axis. At the interface water-mercury in the manometer, the
pressure is the game in water and tn mercury (being PB). The repartition
of the pressure is hydrostatic in the water column between peint B and the
tensiometer cup (point A}, but alsc between point B and the free surface of
the mercury in the reservoir [point C).

T

57%5‘ raterencs -|.'.I
::7//'/ /, ’

mercury

LN

Figure 11. Tensiometer installation with the mercury level in the
regervoir at the soil surface being the reference level.
- 19 -



Using the hydrodtnt1? law for liquide in equilibrium one
obtains per unit weight of liquid the following hydraulic head equation:

z + P/pg constant

where: z » gravitational head,
P/eg  pressure head,

From figure 11 one obtains:

~ in water:

Because soil surface is tiken as reference level for the
gravitational potential, and peint A is located below that level, the
gravitational head is negative (- zA).

PA - zA’u‘ - PB * zanwg

Fa=Fo* %08+ 208 =Py v 0g(z + zp)
= in mercury:

Py N P
nﬂa 8

+

p

because: zo = O reference level

Pc = atmospheric pressure = 0

the equation becomen:

or:

P.=«p

)

{2)

(2) in (1) gives:

AL TlugB%
p, & L ] A B

-3
Since; ng = 13600 kgm

B, « 1000 kg m >

{3) becomas:

hA = = 13,6 zg + T, ¢+ sa

hA = - 12.6 T+ I,

hA = = 12.6 x » z,

Normally the free surface of the mercury in the reservoir

(point C) im located y cm above the soil surface (reference level)

{figure 12),

Equation (4) becomas:

hA 2= 12.6x + ¥+ z,

water

—
Hg \d

T T AT reforance level

e {:‘.
lqjgiJ‘ .

Figure 12. Tensiometer installation with the mercury reservoir ycm

above scil surface.

(3}

(£)

(5)



The hydraulic head H, being the sum of the pressure head h and
the gravitational head z, (H = h + z), becomes:

He =126 x + y + z, + (-z,)
H==126x+y (6)

Example

Given: The porous cup of a tensiometer with mercury manometer iz installed
0.3 m under the soil surface. The height of the mercury in the
manometer is 0.31 m. The level of the mercury reservoir is located

0.4 m above the soil surface. Refersanca level 1a the moil surface.

Calculate: - soll water pressure head h
-~ hydreulic head H

Solution:
h=(-12.6x0.31 + 0.4 + 0.3) m=-3.20m
H= (-12.6 x 0.31 + 0.4} m = - 3.0 m

5. Some characteristics of the tensiometer.

= cup conductance;

AV

L]
R' = 3¢t an

being the volume of water passing through the cupwall under a unit
pressure difference per unit time (m° s~ ' Pa-ll

- senaitivity of the manometer:

Ah
5:3-‘7

being the change in manometer reading per unit volume change of water
-3
{(Pa m ™)
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= response time of the system:

1
Ta " %75

i a measure of the over-all resﬁonafveneua of the instrument to a change
of soll-water potential at the cup surface (n)

6. Practices and limitations of tensiometers.

The purpose of the measurements with tensiometers is to
characterize the exiating preseure potential of the soil water,

Water within the tensiometer should be continuous throughout
the system to allow a correct transfer of pressure from the goil to the
mercury. Occurence of gas bubbles disrupts this continuity and makes the
system inoperative. The fine porous cup has the function of not allowing
penetration of air from the unsaturated soil into the water-filled
tensiometer tube, even though water can and should move through §t. The
fine pores inside the wall of the ceramic cup have a high air-entry value
which im the pressure needed to remove the water from the pores in the cup
replacing it by air. Even with s high air entry value breakdown of the
system qgccurs due to entrapped sir within the tensiometer tube or to air
coming out of solution at reduced pressure,

Due to the fact that the manometer measures s partial vacuum
relative to the external atmospheric pressure, measurements by tensiometry
are generally limited to about — BS0 cm of water. Uss of tenaiometers in
the field is therefore oniy possible when pressures do not fall below this
value, However, the limited range of pressure measursble by the
tensiometers is not as secinus as i <y seen at firat sight., In many
agricultural soils the tensiometer range accounts for more than 50 %X of the
amount of soll water taken up by the planta. To what extend the available
water range expressed e.g. as a percentege of the water between pF 2 and pF
4.2, is covered by the tensiometer depends on the shape of the moisture

characteristic curve (pF-curve) as shown for three goil types in figure 13.
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Figure 13. Part of the available moisture range covered by tensiometers,
depending on soil type
1. Sand S0 X of available moisture
2. Loam 75 % of available moisture
3. Clay 25 % of available moisture

Thus whers s0il management (particularly in irrigation) s
aimed at maintaining high pressure potentisl conditions which are mostly
faverable for plant growth, tensiometers are definitely useful.

Air diffusion through the porous cup into the system requires
frequent purging with deaired water. Tensiometars are also sensitive to
temperature gradients betwean their various parts.  Hence the above—ground
parts should preferably be shielded from direct exposure to the sun.
Therefore it is also suggested to meke readings always at the same time of
the day (e.g. at 08.00 a.m.).

When installing a tensiometer it is laportant for proper
functioning that good contact be made between the porous cup and the
furrounding soil. Generally the porous cup is pushed into a hole with a
slightly emaller diameter to ensure good contect. If the soil is injtially
rather dry and hard, prewetting of the hole may be necegsary. In a stony
soil a small excavation should be made and filled with very fine sand into
uhiéh the tensiometer can be placed,
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With mercury manometers, even when emall diameter nylon tubing
(¢+/- 2 mm} 18 used, often a considerable volume of water must be sdsorbed
by the soil (during water uptake or drying process) or by the POrous cup
(reploninhinx by reinfall or irrigation} before the potential that really
exiats can be read off correctly. A very convenient modern device, the
slectronic transducer can be used which reacts to very small changes in
presaure and converts these changes in a small electrical current which can
be registered and amplified by a voltweter. This aystem is very eccurate
but also very sensitive to the occurence of amall air bubbles in the

tenslometer system. Morsover is it rather expsnsive,

Since the porous cup walls of the tensiometer sre permeabla to
both water and solutes, the water insids the tensiometer tends to assume
the same wolute composition and concentration as soil water, and the

instrument does not indicate the osmotic potential of soil water.

7. Applications of wmeasurements.

By the use of several tensiometers at different depths the
direction and magnitude of water movement can sasily be as certained.



EXANPLES

1. Determination of the direction of water flow at different levels in the

Boil profile (Figure 14).

The concept of the water potential is well Buited for the

analysis of water flow {n soils, since all flow i8 A consequence of

potentiel gradients.

saturated flow only, was extended to unsaturated flow,

Darcy's law, though originally conceived for

with the provision

that the conductivity ia a function of moil water content ®,

For a vertical one dimensional water f{low Darcy's equation can

be written as follows:

q = - K(#)

where: q = flux
K{®} = hydraulie conductivity
H = hydraulic head

dH

(7}

=h + z with h = soil water pressure head

Z = gravitational head

The minus sign in the equation indicates that the flow is in
the direction of decrsasing potential.

This means mlso that if we have two

tensiometers located at depths z, and z, (z <z, ):

= q will be negative (upward flow — evaporation) if H > H H

the rime of

mercury in manometer n* 2 ix lower than in manometer n° 1

- q will be positive {downward fiow - percalation) if H2 < Hl:

opposite situation is observed

= 4 will be zero {plane of zero flux) at a

the

& certain depth z when the curve

H(z) will show » maximum or the rise of the mercury a minimum because

dH/dz = O,
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A graphical example is presented in figure 14.
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~ Mumerical exsmple.

Reference level being the soil surface.
tensiometer z, - 50 cm x = 10.7 cm ¥y =20 cm
tensiometer z, = 75 cm X = 13,8 cm Y = 20 ¢cm

H1--12.5!+y=-1.05l
Hz 2= 12.6XxX+yx+1,54n

In this situation downward flow cccura since flow ig towards
the position with the loweat water potential,

2. Flux _control at a certain depth.

From agricultural point of view it could be of interest to know
if there is a recharge of the water table or capillary rise. Therefors
only 2 tensiometers are needed with a depth distance of Bay 25 cm in the
control zone. A simple reading of the rime of mercury in the manometer
will indicate the flow direction.

Knowing the molsture content # at the depth between z, and zZ,,
the K{(¢) relation of that soi] and the hydraulic head gradient dH/dz, one
cah calculate the inatantaneous water flow q (see equation 7).

3. Determination of the 8011 water charscteristic curve (or retentivity
curve),

The h-g relation (retentivity curve) of a moil layer in situ
can be established:

- hnowing the soil water pressure head (h) using tenajometers (mee
equation $})

- knowing the soil water content (8) using the neutron moisture meter,
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4, Schedulin‘ irrigation.

The root zone for most agricultural plants im limited to the
unsaturated part of the profile becsuse the plant roots do not proliferate
in a saturated soil where aeration is limiting. Consequently in m
non-saline scil the plant behaviour is largely determined by the matric
potential of the soil water. Moreover the plart does not depend as much on
the quantity of water present as it does on the water potential.

Water should be applied to the soil when the matric potential
is still high enough that the soil can and does supply water fast enocugh to
meot the atmopsheric demands without Placing the plant under a stress that
will reduce yield or quality of the harvested erop.

Although the tensiometers function over only a limited part of
the available water range (0 to - 800 cm water) it (s usually in thie range
that plants should be irrigated.

From practical point of view tensiometors are installed at
minimum 2 locations. One unit should be placed in the zone of maximum root
sctivity and another near the bottom of the active rootzone.

The time to irrigate is determined by following the matric
potential resdings in the zone of the greatest rcot activity. The exact
valus of the matric potential at which water should be spplied is not the
sane for every crop. A good approximation of that metric potential is
available for many common crops {(table 1). For most crope it is time to
irrigste when ths top tan;ioneter reads - 300 to — SO0 cm water and the
bottom tensiometer begine to indicate drying.



¢ 111, SOIL WATER CONTENT.

1. Tntroduction
Table 1. Matri tentinl st which water should be spplied for meximum The wate: content it & measure of the amount of water per uniit soil mass or s0i volume. The moisture
L] s Matric poten "
= ylelds gf various cropg grown in deep, well-drained soi{l that im . content can be expressed
fertilized and otherwime managed for maximum production. Where
two values are given, the higher value is used when svaporative
demand is high and the lower value when it is low; intermediate
values are used when the atmospheric demand for evapotrans- ] ond -
piration ie intermediate. (The values are subject to revislon as Ty mass .
additional experimental data become available). " ¥
{TAYLOR and ASHCRIFT, 1972). - » ;1. MM-1)
whete! mp = manof water
my = massof dry soll (afier drying at 105°C)
Crop Matric potential
(em) on volume basis “'6"
M 19
] _ [ R
Vegetative crops - S { )
Alfalfa - 1500 . where: ¥V, » volumeof water In ssmple
Beans - ;g :0 - 330 ¥y = bulk wlume of soll sample
Cabbage - 0 ~
Canning peas = 300 to -~ 500 The moisture content is also frequently expressed as:
Celery - 200 to - 300 —1 percentage of the dry mass of sail (w . 100)
Grass - 300 to - 1000 —a percentage of the bulk volume of soil (8 . 100)
Lettuce ’ - 400 to - 600

The foMowing reference methods of measuring the warer content of & soil will be described:
I. Gravimetric method
2. Neutron-scaitering method
Rootcrops 3. Gamma-ray aticountion method

Sugar beeta T 0 - 20 2. Gravimetnc method
Potatoes - © 550 Fs the simplest and most widely used method. ttisfrequently used for the calibration of other indirect
Carrots ~ 550 to - methiods as it remains the only direct way of meaturing soil water.
Cauliflowar - 600 to - 700
Princigle:
Disturbed or undisturbed wey samples are wrighed, dried 10 constant weight in an oven at 105°C and
Fruitcrops ' reweighed. From the difTerem weight messurements the water conient on dry mass basis can be
Lemons - 400 caleulared,
Oranges - 200 to -~ 1000 Alternatively by multiplying bf the bulk density the resuhs may be expreased on & volume basis.
Advocaden - 500
Strawberries - 200 to - 300 Equipment:
Tomatoes - 800 to - 1500 Sampling material (shovel, spade, auger, soil cores), soil containers with tighi-finting lids, oven
Bananas - 300 to - 1500 desiccalor with active desiccant, balance,
Procedure:
Place the sample of sail in weighing metal cans with tight-firting lids. Weigh the samples immediately
ot store them in such a way that evaporation is prevented, Pisce the sample in 2 drying oven{105°C})
with the lid off and dry it to constant weight. Remove the sample from the oven,replacing the cover,
and place it in a desiccaior contsining active desiccant until cool. Weigh it again and also determine
the tare weight of the sample container. Compute the water conten,
Calcalation:
The water content is calculated as follows:
—on dry mass basis: :
Mysw =~ My
W e — (kgkg-1)
m,
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whers: m,, = man of wet yoil (kg)
m, = masof dry mil (kg)



~on volume basis:
¢ = M (m? -—3)
LAY

whate: p, = demity of water (1000 kg m-Y)
Vy - = bulk volume of soll sampi¢ (m?)

Knowing the bulk density of the soil (7, ). the water content on volume basis can be cakculated ma
follows:

Y
v - oW
L]

Time required: .
Apart from sampling and iransportation time the water content determination lakes & period of st
least one day since 24 br is normally necessaty for complete oven drying.

Cost:
Equipment and funning costs are low,

Acx H

It ismecl and reproducable measurement. The aven drying at 105°C is itself arbitrary. Some clays
may slill contain apprecisble smounts of adsorbed water even at 103°C. On the other hand, some 503
OIganic matter may oxidize and decompose at this temperature 5o that the weight loss tay wol be due
entirely to the evaporation of water.

Advaniages:

The main advantage of the direct gravimetric method is its simplicity. Moreover it is cheap and no
particuiar skills are required a1 any stage of the process. It is used a3 2 reference merhod for the
calibration of other water ¢ dererminati thods.

Disadvantages: )
The main dissdvantage of this direct method wems from the impossibility of repeating

It requires a great deal of physical effort and time to collect and 15t samplcs and fo calcmlate the
WALE! cunient.

Relerences:

Gardner, W H., (1965). Warer content. Jn: Methods of Soil Analysis, 1: (Ed.C. A, Black) 82—127.
Agsonomy No. 9, Am. Soc. Agron., Madison, Wisconsin.

Reynolds, 8. G., (1970). The gravimeiric method of 30il moisture dererminstion. 1. Jowrnal of
Hydrology, 258—273.

-). Newtron scatiering

Principle:

The neutron-scatiering method is based on the fack that fast moving neutrons emitied dy a radio-
i5010p¢ Deutron source are Howed down or moderated by collisions with the nuclei of the soil snd can
be counted by & detector.
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Because the maderation ability of the s0il nuclei is small compared withhat of hydrogen snd since
the amount of hydrogen associated with water in the soil is enesally much greaier than they
associated with clay, organic matter of other soil particles, the Nlux of slow neulrons is propontional
10 the amount of waier in & bulk volume of soil, .

Equipment:
The poriable neutron moisture gauge consists of » probe unit, which s stored in & special shield co
protect the user against both neutrons and gamma rays, and a scaies,

The probe unit containg a fast newtron source, a slow neutron detecior and an electronic device.
The detector count rate is indicated on » scaler or Tatemeier,

Access tubes, in which she probe can be lowered during the measurements and which are lefi in
position as long as measurements are required,

Auger 10 insert the access tube vertically into the soil.

Procedure:
Before the probe is lowered into the access lube & measurement must be done with 1he probe unit in
the special proteciion shield or by using water in a container a3 reference.

Alter deiermining the susndard counl, readings are taken ot successive depih intervals. At the end
of & seric- of readings in the access tube & new standard count is made.

Each reading is divided by the mean dard 1eading 10 obiain & coun ratio and referred 10 the
calibration curve 1o obtain, volumetrically, the water content.

Calculation:
The calibration of the neutron maisture gauge can be carried out in & number of ways viz. by:
gravimetric in sty sampling:
I is accomplished by paring many field measurements by the neuiron gauge with
#ravimetric analysis of representative samples taken from the field sijes.
preparation of synthetic sampies (containers):
A number of soil containers are filled as uniformly as possible with one soil containing various

known amounts of water covering the range of waler content that will be encountered in the
field.

mathematicel models:
This consists essentially of devising or accepting & model of the newtron gauge response which

can be used 16 describe the Bauge response over the entire range of waiet contents, soil minerals
and dry densities encountered.

Time required:
The measutements can be carried out in & relatively shon time. Little calculation is necessary o
obuain the waier contents once the galibration is availabile.

Cont:
The equipment is expensive. Costs are increased dus 10 the need for a well 1rained operator,

Accuracy:

As it is an indirect method, 1he accuracy will largely be associated with the calibration curve viy
facasurement of mass basis water content
bulk density

and also the counting device,

Advantsger:

Vinually ihe same s0il sample is capable of being d repeatedly for changes in water contem
(non-destruciive method).

The time required fog measurement is relatively short.
The results of measurement in Yerms of values of soit Waler content sre immediately svailable.

The relatively large volume monitored more ruly sepresents the field soil than very much smaller
samples taken for the gravimetric medsurement of soil waler content in water balance Studies,
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Dasdvantages:
The neutron moisture meter is unsuitable for the delection of water content profile discontinuities
and measurements close 1o the surface.

‘The gauge responds to totsl hydrogen content. In actual situstions spprecisble amount of
hydrogen are present in clay and, particularly, in organic matter.

The calibration has to be obusined for each soil and soil layer.

The equipment is quite expensive and strict observance of safety rules is necessary.

Remarkse:

The water content of the surface layer can be measured by specially sdapted equipment. A surface
neutron scatiering unit is available when the probe is placed on the soil surface and the fast neutrons
radiated downwards into the soil. The backscavier of slow neutrons is measured by a detector in the
probe. It is imporiant that the probe has intimate contact with the soil surface.

To obtain the water content volumetrically the bulk density of the soil in the vicinity of the acceys
tube has to be known. Therefore different probes are now available containing simulianeously a fast
heutron source for the water content determination and a gamma source alfowing the determination
of the bulk density together with their sensitive detector.

Referemces:

Bell, 1. P, (1976). Neurron Probe Practice, Report No. 19. Nav. Env. Res. Council lnst. of
Hydralogy. Crowmarch Gifford, Wallingford, OXON, England.

Gardner, W. H.,(1965). Soil Moisture. fa: “Merhods of Soil Analysis™, 1. (E4 C. A. Black), 82—127.
Agronomy No. 9, Am. Soc. Agron., Madison, Wisconsin.

1AEA, (1970). Neutron Moisture Gauges. Technical Reporty Series, No. 112, 1—95.

TAEA, {1976). Trace Manual on Crops and Soils. Technical Reports Series No. 171, 1—=277,

Wilson, R. G., (1970). Methods of measuring s0il moisture. Intecnationa) field year for the Great
Liakes. Technical Manuat Series, No. |.

A Gamma-ray altenwation

The gamma-ray attenuation method is used mostly in the laboratory although the method has also
been adapted for field use.

A, Laborstory

Principle:
A radioactive source ~mostly "Cs— whose emitied gamma-rays are collimated into & thin beam, is
placed over one side of 8 soit colurm and a scimtillstion counter is located directly opposite.
The degree 1o which the beam of monocnergetic gamma-rays is sttenuaied in passing through a
s0il depends upen the overall density of the material theough which it passes.
The changes in attenuation will anly represent changes in waier content if the density of the soil
remains constant and only the waler contem changes.

Equipment:
A ay an ion app consists mainly of two spatially separated units:
—1 source of gamma-rays, with & lead shield (for exposure protection) of proper size and a
collimator
—-1 gamma sensitive detector, e.g. & scintillation counter with eollimator, connected 10 & scaler or
rate mever,
Also required is a soil container, a mechanise for positioning the container in the beam and &
mechanical scanning system which allows the frame, on which source and detec1o1 are fixed, to lower
or raise alohg 1he soil container. A preset timer is desirable,

Procedwce:

The soil column is fixed in the gamma-attenuation equipttient. Then scanned step by siep at each
measuring position, The values are used for subsequent computations of water content.

Calculation:

1f the soil container has been filled with oven dry soil, the water content on volume basis () can, afier
wanning, be calculated uting the following equation:

log (N, /Ng)
04343y, . d . p,

LI m

where: Ny = the adiation flux transmitted through the containe and oven dry soli
N, = the radistion flux itted through the iner and wet sail
My ™ the mass stienustion coefMicient of water
4 = the thickness of soil through which the collimated amma beamn passes
Py = the density of water

IT the soil container has been filled with & soil at a uhiform water coment {e.g. air dry) other than
oven dry the soil water content on volume basis can be calcuisted using the following equation:

0 =0 ki 2
"' 03I, . d .o, @

where. 8.4 = the initial water conient of the soil determined gravimetrically (e 3 air dry)
Nyg = the ndiation flux transmitted through the container and air dry soil.

To solve equation (1) or (2):

—the mass atlenuation coefficient of water can be determined experimentally or & reasonable
estimale can be made from tables for panicular gAMMA-TaY encrgies.

—thickness of the soil column has 10 be measured at each measuring point.

Time required:
The measuring time is very short () minute or less) and the water content can easily be calculated.

Cost:

Very expensive. The setting-up of the experiment and the measurements have 1o be catried om bya
well trained operator.

AtTuracy:
The accuracy of the methnd apptars fo be about 0.5 10 1.0% by volume.

Advantages:

It is an casy method for MOnitoTing transient water content distributions in soil columns.
Naon-desiructive, fast and reproducible method

Dhsadhantages

Expensive. Strict atiention has 1o be paid to a1l safety rules. Can not be used for soils with impotunt
changes in bulk densities during wetling or drying processes.

B. Fleld

The double-probe gamma-ray method has akso been adapied 1o field use. Two aceess jubes, one for

the source and the second for the scintillation counter, are placed in the soil so that they remain
equidistant a1 sl depths,

Source and detecior are both held in an sccens twbe by a rod calibrated for depth and connected 1o

- # frame 30 that they are at the same depth.

For the rest see “Laboratory method™.
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" Discontinuities between profile tayers as well as movement of wetting fronts and conditions
Pprevailing near the soil surface can be detected.

However, this field device is somewhal cumbersome for gencral usage due to problems refated to:
- installation and slig; of the two dccess tubes which mysg be strictly parallel

The technique can also be used for the in situ determination of the bulk density (see “Measurement
of Soil Density in Sitg by Gamma-ray Attenuation™),

References:

Gardner, W. H., (1965). Water content. In: “Methods of Soil Analysin,” | (Ed. C. A, Black),
Agronomy No. 9, Am. Soc. Agron., Madison, Wisconsin.

TAEA, (1976). Tracer Manual on Crops and Soils. Technical Reports, Series No. 171,

Reginata, J. R. and C. H. M. Van Bavel, {1964). Soil water measurement with gamma atienuation,
Soif Sci. Soc. Am., Vol 23, No. 6, 721—124.

Ryhiner, A. H. and J. Pan Kow, (1969). Soil moisture Measurement by the gamma transmission
method. Journa) of Hydrology 9, 194-.208.

Wilson, R. G., (1970), Methol of measuring soil moisture. Internationa) field year for the Great
Lakes. Technical Manual Series, No. t.

IV. SOIL WATER RETENTION PROPERTIRS,

-1 Tstroduction
As o sanisfactory theory exists for the prediction of the matric potential versus soil water cosntent
velationship from basic soil properties, the relstionship has 10 be determined experimentally. The

PF equals the Miog of the Regative of the mairic potential when the latier is expressed Per unit weighy
of water and having as dimension cm,

In genecal the relationship is extablished by equilibrating a saturated soil sample at a succession of
known matric polentials and t cach time determining th: smount of water that is retained. Plotling
the equilibrium water conteny against the corresponding marric Ppotential gives what is known as the
561l water charactetistic curve,

Bss imperative to use unditiurbed soil samples for the high matric potential range (0 to -1 bar},
since the structuse is ofinfluence on the water Tetaining properties, For the lower marric potential (<
= 1 bar of < — 10'hPa or < —10 m water head or >pF 3 disturbed tamples (<2 mm) may
generally be used.

Ifthe soit air is kepr at Amospheric pressure and the pressure difference across the porous medium
is controlled either by a hanging water column or by vacuum the minimum value is limited 1o —1 bas

Method 1, 2 and 3).

Matric potentials considerably lower than — ) bar can be obtained by increasing the pressure of

the air (Methog .

The sail warer characteristic Curve, or & more descriptive name for it, the soil warer retentivity
curve, is used uy follows: *

—o deiermine the drainable Pofe space for drainage design.

1o check changes in the structure of 8.30il {e.g. caused by titlage, sddition of organic matier or
synthelic soil condiioners),

—io ascenain the relationship between the Falric potential and other soil Physical properties {e.g.
hydeaulic conductivity, thermal conductivity).

10 give 8 general assessment of pore sire distribution.

his recommended that in pnpaﬁ‘n. water characteristic curves, the smount of soi! water related to
some standard values of the matric potentist should always be included viz. at:

Matric poteatial

114 bar a(had) ¥ 8

[ -o01 - 03 - 0
1.1 ~6.08 - 06 -
2 -0.1 - 18 - 100
13 T - 34 - M
3 -1 - 103 - 1000
41 T -153 -15.193

Descriptive information sbout the soil pore sysicm—equivalent port size distribution—can be
obtained using the law of capillary rise:

2ycos . 8

hs ———

o

= height of water risz in » capillary tube (m)

radius of the capillary tube (m)

surface tension of the liquid (kg o=7)

density of the liquid (kg m-3)

accekeration due 1o gravity (m3-?)

confact sngle between water and the material compoting the capillary and
sssumed 1o be 2er0,

DR % g
[ I I ]

fTIOneous ¢.§. in clayey soils ducho shrinkage. )
If au adequate fming of the measurement points (b — & relationship) js possible 1he pore size
distribution can be obtained by mathematical integration, )
However storage, availability and transport of soil solwion and soil air largely depend on how the
total pore space is partitioned and thercfore are sometimes classified m:
—MmAcropores (or drainage pores): they affect seration and drainsge. ]
—~miCIopores(or waier holding pores): the Temaining potes in which the soil solution is retained or
moves very slowly and can be 1aken NP by ibe plan roots.

As the boundary limits for macro- and micropores could be different from case 10 cane 0o limiw

are proposed. However if a distinction is made between macro- snd micropores the limits thould be
stated.

2 Temslon methed
P;incbl: . .
Undisturbed soil samples are saturaied with water and successively brought into equilibrivm m!h
the applied negative Pressure 10 2 waler saturated porous medium on which the samples are placed in

close conmact. At equilibrium the water content is measured by weighing and related 1o the applicd
Begative pressurs or matric potential,

- 37 -



Shunea 4 of Nexible 1ubing,
i Bichner funnels coanccted to an overflow sysiem by means ¢ ;
:::I:Iei:.'cl;l.i.ndm. on::n a:d balance. The plate in the funnel should be of sulliciently fine porosity

to preclude ait-eniry over the range of negative pressure of concern.

Procedure:
Place undisturbed soil sample on the saturated sintered gian and ensure good contact betwm:l !Iu
sample and the porous medium. The soil is then fulty wetted (saturated) from underneath by raising
the :oinl of outflow of the flexible water hanging column. After uufruicm, cover the Bl.l::hne: fu.nn:l
1o prevent evaporation and lower the point of outflow umti! the d matric po is

At each equilibrium, when water flow through the outflow tube of the hanging column ceases,
determine the water content gravimetrically,

. 'ht ) Py age >
g:l::a.ﬂ the mass of oven-dry (105°C) 30il from the mass of wet s0i] thus Eving the equilibrium value
“w" of water content per unit mass of oven dry soif at each matric potential fevel,

Myw ~ My
=

where: m,,, = man of wet soil (kg)
m, = musof oven dry wil {kg)

Ogig-1)

The water content can be converted to volume basis (6), knowing the bulk density of the soil
sample, using the following relstion:

8 = -:'1 (m? m-%)
Pu

where: gy, = bulk denstiy of Lhe soll (kg m~ )
Py = density of water (1000 kg m-3)

Time requived: ‘ )
Depu::i':g on the composition and sire of the sample and the applied negative pressure, Tn general it
requires from 2 10 14 days 1o reach equilibrium,

Cont: . ) ’
Material costs are low. Running of samples in Iaboratory is not expensive. Highly qualified personnel
are not needed.

g:;.::ce the matric potential and water contemt are directly and sccurately dclenmned The
accuracy of the water content by volume depends on the accuracy of the bulk density value.

Advantager: ] ) .
Technically simple, inexpensive and well suited for routine analysis.

Disadvant PN
Only one :::::k can be tresied per Blichner funnel. 1t is # desorption curve and the range is limited
between saturation and & negat p lated 10 the air-entry value of the sintered glass
-{approximately—0.5 bar or — 500 cm H,;0 column).

Remarks: .
Inutead of a sintered glass plate sand can be used asa potous medium. The laboratory set-up consints
of a sandbox with & drainage system, connected with an sdjustable Sevelling dottle 16 realize 1he
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desited negative pressure. A Areat number of samples can be treated at the same time. The range is
limited between saturation and & negative pressure of —0.1 bar,

1M the porous medium consists of'a mixture of sand and kaolin clay the range can be mended-uplo
—0.5 bar.

References: :
Stackman, W, P, G. V, Valk, and G. G. Van der Harst, (1969). Determination of 50i! moisture

fetention curves ). Sandbox apparstus. Range pF 0 10 pF 2.7, ICW, Wageningen, The
Netheriands.

Vomocil, J. A.( 1965). Porosity. In: *“Methods of Soil Anatysis”, 1.(Ed. C. A Biack). Agronomy No,
9, Am. Soc. Agron., Maditon, Wiscomin.

West-European Mecthads for Soil Structure Determination, (1967). Determination of the moisturc
Pelention curve up to PF 2.7 with the sandbox method. V, 53, Ghem, Belgium.

-3 Gas pressare method

Principle:
Soil samples on  p medium (membrane) are saturated with water and successively brought

into equilibrium with an applied positive pressure. At equilibrium the waler content is derermined
and related 1o the applied positive pressure or matric potentinl

Equipment: i
The pressure apparatus, contists ofa pulssure chamber containing a porous ceramic membranc or 3
cellulose scetate membrane, a water delivery tube, sn sir pressure connection, a regulated source of
compressed sir. Balance snd oven, X
Procedure; !
The measurement procedure begins with saturating the porous membrane, then the soll samplesare
Placed on it, saturated with water and allowed 10 stand. Connect the membrane 10 the outflow
system. Close the Jid of the extractor. Compressed air or nitrogen is introduced into the chamber st
the required pressure, causing water to flow from the soil through the porous membrane uniit
equilibrivm i reached,

Onee equilibrium is rucbed—wl;n readings on the outllow burete indicate that liquid eater
outflow has ceased—release the pressure is the chamber, open the chamber and transfer the samples
in metal cans for gravimetrie water content deie rmination.

Calculstion:

. See method J,

Time required: ‘

The time necessary for establishing equilibrium iy dependent upon the sample size, 30l type and
applied pressure (2-— |4 dayy), ‘

Cost: -
The price is reasomable taking into account the number of samples which can be treated and the low
costs for personnel.

Accuracy:
Ghod.
Advsaiages:

Can be used over a wide range of mattic potential (0 bar — 20 bat), using cither endisturbed or sieved
s0il samples.



Disadvaniagex )
Due to entrapped air the actusl matric potential can be less than that sssumed to be applied. Even
small sir leaks can result in s continuous loss of vapour,

Remarks:
The limit of spplied gas pressure is determined by the design of the chamber (i-e. its safe warking
pressure) and by the maximal air-pressure difTerence the saturaied porous membrane can bear
without aliowing air to bubble through its pores. Ceramic plates generaily do not hold pressures
greater than 20 bar, bul ceflutose scetaie membranes can be wsed with pressures exceeding 100 bar.
I the pressure apparatus is constructed for only one sample, then the air pressure can be increased
sepwise. At each siep the extracted water is collected and measured. After equilibrium has been
reached at the final pressure, the sample is removed from the pressure cell and it water content
determined gravimetrically. The water content al various Ppressure levels can then be calculated by
faking into account the amount of outflow at each siep.

References:

Chahal, R. 5. and R. N. Yong, {1963). Validity of the s0il water characteristics determined with the
pressurized apparatus. Soil Sci. 99: 98—101.

Hillel, D., (1980). Fundamentals of Soil Physics. Academic Press, 1—413.

Richards, L. A_, (1949). Mcthods of measuring soil moisture tension. Soil Sci. 68: 95—112.

Richards, L. A, {1963). Physicat condition of water in soil. In: Methods of Soil Analysis |.(Ed.C. A.
Black) 128~152. Agronomy Na. 9, Am. Soc. Agron., Madison, Wisconsin,

Stackman, W. P, C. V. Valk, and G. G. Van der Hart, ( 1969). Determination of soil moisture
retention curves 1. Pressure membrane apparatus. pF 2.7 to 4.2 ICW, Wageningen.

West-European Methods for Soil Structure Determination, (1967). Determination of the moisture
characteristic in the range pF 3—4.3 by means of the Pressure apparatus sccording to Richards.
V, 62, Ghent, Belgium.

West-European Methods for Soil Siructure Determination, (1967). Determination of the moisture
characteristic up 1o pF 3 by means of pressure plate spparatus according to Richards. V, 66,
Ghent, Belgium.

"Wilson, R. C., (1970). Meihods of measusing soil moisturs, Internationsl field year for the Great
Lakes. Technical Manual Series No. 1, 1—19.

A Vapowr pressure meibod

Principle:
Itis based on the relation between the soil water polential=—being the sum of the solute or osmotic
potential (ho) and the mairic potential (hm)}—and the water vapous pressure (relative humidity) of
the sussounding aimotphere. The sample under investigation is allowed to reach moisture
equilibnium with sn stmosphere of a known humidity, transfer of water taking place in the vapour
phase. The water content of the sample at equilibrium is determined by weighing.

For non-saline soils the vapour pressure method can be used 10 establish the retation between the
waler content and the low matric potential (—10 bar 1o = |0 bar).

Equipment: :
Humidity chamber {desiccater), water bath. Saturated saht solutions. Balance. Oven. Waterjer pump
Of vacuum pump,

Procedure:
A {wet) sample is pul in & separaie wire basket and suspended inside & desiccator containing &
- saturated salt solution. The desiccator is pul in & water bath (20°C) and evacuated with & waterjel
pump or vacuum pump.
Afier thiee days the basket with soil is removed, weighed quickly snd replaced inside the
desiccator. The weighings are repeated ot 24 hour intervals uniil a constani weight is obuained.
The water contens m equilibrivm is determined gravimetrically and converied 10 volume basis
using the bulk denaity.
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Calculstion: .
The value of the s0il water potential for which the water content st equilibrivm bas been determined
<an be calculated using the following tquation: :
RT
by thy, = — InPPo L0)
Mg

5

F= E-mgm

maitic potential (m)

oumotic potential (m)

universal gas constant (8.3 § mol- | K-1)

absolute temperature {K)

molecular weight of water (0.018 kg moi~1)

ccelerstion due 1o gravity (9.8 ms-1)

sctual vapous pressure of soil air (sny unit)

apowr pressure of satursted al {any unit i same lemperature)

P/Po is the relative vapour pressure of (P/Po). 100 being the relative humidity of the stmosphere
expressed as percentage.

For mon-saline soil the camotic potential ho may be neglecied and the matric potential hun can be
calculated from equation (1).

The equation (1) can be transformed in such a way that the following relstion can be obiained:

pF = 6.502 + log (24:; RH)

whete: RH. = relative bumidity.

Time required:
It requires a long time before equilibrium is reached (5-~15 days).

Cost:
Equipment and running coss are cheap.

Accwracy: -
Good since the matric potential can be calculated accuraiely.
Advamtages: ‘
Direct measurement and cheap.

Dhadvantager

Accurate temperature control is needed, since humidity conditions are dependent on temperature.
Lang Lime is required before data are obiained. Condensation of water vapour on the soil ssmple
could occur due 1o temperature fluciustions. Wreighing should be carried aut as fast as possibie 10
svoid possible water loss by cvaporation.

References:

Sinckman, W. P.,(1963). Bepaling van vochlspanning en vochigehalie van gronden door middel van
dampspanningsevenwichien. Meded. J11. ICW, Wageningen, The Netherlands,

Stackman, W. P., (1974). Mcasuring soil moisture, Ia: Drainage principles and Applications. 111,

Surveys and Investig International Instituie for Land Reclamation and Improvement,
W ingen, The Netherland

I’eﬂ-Eu-lopcln Methods for Soil Siructure Determination, {1977). Determination of soil moisture
percentages in the pF range 4.2 10 6.0 accotding 16 the vapout pressure method with controlled
relative humidiry, V, 81, Gent, Belgium,
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.5 Iu site determination

Principle:

The relation between the matric potential and the watercontentis obisined in situ using tensiomerers
and the neutron scattering method or gravimetric method respectively. The soil water characteristic
curve is obtained for the range 0 10 —0.8 bar,

Equipment:

Tensiometers and neutron moisture gauge or auger and soil containers with right fiting Tids.
Procedwre:

Tensi are installed in the field at different depths to estimate the matric potential.

Simultaneously the matric potentiz] from tensiometer readings and the water content {see methods
for soil water content determination) using the neutron moisture #auge({non-destructive method) or
pravimetrically (destructive method) are estimated.

Caleula.ion:
The mainc potentials are obtained from tensiometer readings while the water contents depend on the
method used (see methods for soil water content determination).

Time required:

After installation of the equipment wait until the tensiometers are in equikibrium with the
surrounding 30il water. It takes a long time (several weeks) before a soil water characteristic curve in
the field is obtained.

Cost:
Variable, depending on the method used for water contenl determination.

Acturacy;
The matric potential can be determined aceurately. The accuracy of the water content will depend on
the method used (see methods for water content determination).

Advaniagex

The measurements are done in sty and consequently are more representative than laboratory
measurements. The soil water characteristic curve s obtained from the same soil volume,

Disadvantages:

The obtained relationship (h — 8) will be diffesent if it s obisined during a wetting or drying cycle
due 10 hysteresis effect,

Due 1o possible entrapped uir, the water conteats obuained from direct field measurements will be
mostly lower than those from leboratory determination.

Reference: :

Vachaud, G., C, Dancette, 8. Soko, and J. L. Thony, (1978). Méthodes de caractérisation

" hydrodynamique in situ d*un 3ol non saturé. Application & deux types de sol du Sénégal en vue
de la détermination des termes de bilan hydrique. Ann. Agron., 2 (1) 136,
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1+ rubiber stopper

T = Buchnar funnel

3 = poil sample

4 = porous plate

8= rubber asbing

¥ = Tygon tubing

T = weteriovsl in burere
0= gracuated buryti

Schematic diegram of an apparatus for soil water retention
measurements at high matric potential (tension method).
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1 = sty pressure release vaive B « s0il sanple
2= axtractor B = necprens disphragm
2 = gutflow tube 7+ presure reguistor

4 = potous ceramic platg ‘Be COMmpresor

Schematic laboratory set-up of a pressure plate extractor for soil

water retention measurements at low matric potential (gae pressure method).
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Indicative soil moisture characteristic curves.



