OPERATING INSTRUCTIONS

Contents
L A Tl ettt 2
2 SANADOX A TH ettt R a e e e e AR a e et e s e a et aenaeneas 2
B U 71E M A ettt R Rt 2
A SANADOX TR ettt sttt ettt a et e st enaesaees 4
A1 SANADOX AI K| T et se e st e e s e e e s e easeeeeesses e e s eeasesesasees e seee e eeaeeeaeseeeeseaeeeeeeaerens 4
4.2 SANADOX AD K| oo ee e e e st e e e s et e et s e aseasssesesssesessssssessssseaessseseeasssesaesaesaseassassassassassasssssaseasaneasees 6
D SANADOX OO 7| ettt e st s e st s et et e st s s s s s e sssseasssasessssassassssassasssssssasassassasens 11
B TTH T 7| B Hocceceerieeriesseseessee sttt SRRt 15
T AT TITh ettt S AR st 16
8 SUCTION TaADIEO, S R gttt st s sttt sassesessasasseesssseassnassaeeas 17
R OO T O T OT oD F T E O TP OO U EOOTE O TP T O PE TP EEOOT OO T OO TP TP T OOT OO T OO P T PP OPT OO OO PP PR ROTOPTOO 18
B L KE R sttt ettt R AR SR S R R R R R R S s S ARt te 25

© June 2005 Page 1 of 24 M1.0801E



O AFEEICEH Zefe] #EH2

BP0 HEX AAEE & RUALCH

of
=

=

o

pF 0 (Z3}) oA pF 2.0 (-100 hPa) 7}X|

0| Sandbox+=
(-100 hPa). R 2= Hf

1 274

0
KH

o[

EZXL2 0| 7|AH0 A0f 2|7} stiff porous plate=Ct O L}

—

—

K 3}C} Sand/Kaolin box

|
=

Z+O
HA

51 €2

=]

0f|, Pressure Membrane Apparatus= pF 3.00| A 4.277}X| 9]
OF

2 -15,000 hPaQ]

2.0 (-100hPa) Of|A{ 2.7 (-500hPa)7tX|2| pF
2

Zk

HA

b

Ul

Ar

OF
o

C}.

—

—
o

Ef 2o S

=

I

©)

2 g Bz AIAH0| ULt Of
Al =+t

O A QICt Suction regulator?t E

1L

I3 He= &

27} ojo] =glx|o| AUCtH ME 5
FCE 00| Al —100cm

a4l

IC}. BEAO| HFEFO PVC-IIO
=

3

Ho} (Hysteresis)Of SA[0 SESHA| g7 = O[L}.
L=

2. Sandbox A4t
‘Hanging Water Principle’

Al

ol

T

(o] =
H =

Suction regulator= £7

A==

4

o

e
(s}

4



Faure 1: Assembled Sandbox with numbered components
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3. Box lid .
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Figure 12; Air-bubbles released through Tap D

Figure 16; Let some water out of Tap C.
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Appendix 1: General Information

The pF-curves plotted below will be used to illustrate the soil physical characteristics that can be
deduced from pF-curves. The example soil contains three different soil horizons (each of which has a

known pF-Curve). These curves are referred to in Table 3.

7 7
6 5 6

5 A horizont 5 B horizont 5 C horizont

4 4 4

3 3 3

2 9 2

] . 1

0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 1020 30 40 50 60

volume % volume %

Table 3: Determining soil characteristics from pF-Curves

Physical Characteristic Definition and how to determine

Volume fraction of water filled pores at a certain matric

potential.

Moisture content For example, at a matric potential of 1000 hPa (1 bar, pF
3.0), the A horizon has a volumetric moisture content of
20 %.

Moisture content at pF 2
Field capacity (FC) The A horizon has a moisture content of 35 % at FC and
the C horizon 24 %.

- , Moisture content at pF 4.2
Permanent wilting point

(PWP)

The A horizon has a moisture content of 8 % at PWP and
the C horizon 4 %.

In a sandy soil, all pores are filled with water at saturation
(pF0),and empty when oven-dry (pF 7). Therefore, the
volume percentage between pF 0 and pF 7 is equal to the
porosity in a sandy soil. In a clay soil porosity, or total pore
volume, depends upon moisture content, due to swelling
Porosity and shrinking. Therefore, for clay soil porosity cannot be
determined from the pF -curve.

The example soil is a loamy sand soil, and allows
estimating porosity:

At saturation, the A horizon has a volumetric moisture

content of 50 %, when the soil is oven dry the moisture




content is 0 %, therefore, 50 % of the soil volume is pore

space, filled with water and air, and porosity is 50 %.

Volume fraction solid

matter

Total volume fraction minus porosity.

Since porosity of the A horizon is 50 %, the volume
fraction of pores is 0.5 and volume fraction of solid
matter in the A horizon is 1 - 0.5 = 0.5

Aeration status

Volume of available air: porosity minus moisture content.
Depending on crop type, a certain ratio between water
and air supply is required for optimal crop growth.

In the example soil, (A horizon) at a moisture potential of
1000 hPa (pF 3), moisture content is 20%, total pore

space is 50 %, so the volume of available air is 30 %.

Pore size distribution

Shape of pF curve: Pores of similar size will be emptied at
the same matric potential. The more homogenous the
pore size distribution, the faster the drop in soil moisture
content upon a small decrease in matric potential, and
the flatter the slope of the pF curve. The steeper the
slope, the more gradual the emptying of soil pores, the
more heterogeneous the pore size distribution.

In general, a heterogeneous pore size distribution is
preferable for agricultural applications, since these soils
have a higher water holding capacity.

The example soil illustrates the effect of organic matter
presence and biological activity in the A horizon. In the A
horizon, the slope of the pF-curve is more gradual than in
the C horizon, meaning that pores are emptied more
gradually in the A horizon, corresponding to a
heterogeneous pore size distribution. The C horizon
contains a relatively large amount of pores of similar size,
which are all drained around a matric potential of - 100
hPa (pF 2). A slight increase in the suction will lead to a

change in moisture content of almost 10 %.

Capillary conductivity

The rate of capillary conductivity depends upon the
amount and size of water filled pores involved in water
flow. This depends upon the moisture potential of the
soil.

A decrease of the water potential (an increase in suction

level) corresponds with a decrease in moisture content.




Because water is forced to flow through narrow pores
with a high friction, this consequently leads to a reduction
in the capillary motion.

Permeability rate depends on the distribution and amount

of macro-pores.

Storage capacity

Storage capacity of a soil at a specific ground water level
corresponds to the air volume present. Storage capability
is expressed in mm water per decimetre of soil (1 mm
water per 10 cm °1 volume percent).

For the example soil, the storage capacity of the C
horizon at a moisture tension of 100 hPa (pF2) is
calculated as total pore space (40 %) - moisture content
(25 %) = volume of air (15 %). A volumetric air content
of 15 % corresponds to a storage capacity of 15 mm of

water per decimetre of C horizon.

Plant available soil water

The amount of water between FC and PWP in volume
percentage. This value should be used with caution. First,
plants will start wilting with subsequent yield losses well
before the permanent wilting point. Secondly, plant
available soil water is replenished by capillary rise, rainfall
and irrigation water.

Eg: A fine sandy soil, rich in loam has a rooting depth of
about 40 cm.

« The A horizon has a depth of 20 cm.

e The B horizon has a depth of 30 cm.

Calculation of the amount of plant available soil water:
At field capacity, pF2.0, the A horizon will contain 35
volume % of water. At the permanent wilting point,
pF4.2, the A horizon will contain 8 volume % of water.
As 1 volume % corresponds to 1 mm water per 10 cm of
soil, the amount of available soil water in the A horizon is
calculated as the volume % of water multiplied with the
rooted depth of the soil horizon:

A horizon: 35 - 8 = 27 volume % water x 20 cm soil
depth 27 x 2 dm soil depth = 54 mm

For the B horizon the calculation is similar. Notice that
rooting depth is 40 cm, so roots will be present only in

the upper 20 cm of the B horizon. At field capacity 27 %




of water will be available, at the permanent wilting point
only 6%.

B horizon: 27 - 6 = 21 volume % of water * 20 cm
rooted soil depth © 21 * 2 = 42 mm water

In total, 54 + 42 = 96 mm of water is available to plant

growth in this particular soil.




Appendix 2: Description of different pF-sets

To determine the soil moisture retention characteristic, the desired pF-set(s) is/are required. A balance with an
accuracy of 0.01g, and a ventilated electrical drying oven (105 °C), are also necessary. Eijkelkamp supplies the

following:
A universal drying-oven with temperature range 30 -220 °C, 220 V- 50 Hz
A Sandbox for pF determination (pFO -2.0). The Standard set for about 40 samples includes:

°e Sandbox
°e Containers with sand, particle size + 73 mm, 12.5 kg each
°e Filter cloth, 140 - 150 mm

°e Set of 65 o-rings, diameter 49 mm: suitable for 5 cm diameter core rings
A Sand / kaolin box for pF determination (pF2.0 - 2.7). The Standard set for about 40 samples includes:

°e Sand / kaolin box

°e Vacuum pump and automatic suction level control system, 220 V
°e Containers with synthetic sand, particle size + 73 mm, 12.5 kg each
°e Filter cloth, 140 - 150 mm

°e Kaolin clay, container 2.5 kg

°e Set of 65 o-rings for 5 cm diameter core rings
Pressure Membrane Apparatus (pF3.0 — 4.2). The standard set for about 15 samples includes:

°e Pressure membrane extractor
°e Cellophane membrane

°e Soil sample retaining rings
°e Filter cloth 140 - 150 mm
°e Compressor 20 bar

°e Air filter with support and hose



Appendix 3: Conversion factors

100 hPa = 100 cm pressure head

100 cm water column

0.1 bar

0.01 Pa

0.01 N/m?

1.45 PSI

10
pF (" 10og100)=2.0

pF value Matric Potential in hPa Pressure in bar
0 1 - 0.001

0.4 25 - 0.0025

1.0 10 - 0.01

15 316 - 0.0316

138 63.1 - 0.0631

2.0 100 - 01

23 200 - 02

27 500 - 05



Appendix 4: Soil sampling

To determine the moisture retention characteristic or the pF-curve of a specific soil, undisturbed core samples must
be collected. This is because of the major influences of both pore size distribution and soil structure on moisture

retention, especially at the high matrix potentials of the operating range of suction tables.

There is no explicit prescription in literature for recommended sample sizes. Optimal sizes for core rings are
determined by the size of structural elements in the soil. To obtain representative data, sample sizes should be large
with respect to the size of soil aggregates, cracks, root channels or animal holes. From a practical point of view,
sample diameters should not be too large as not to reduce the amount of simultaneously analysable samples, and
sample height should be constrained to several centimeters; so that equilibrium conditions are reached in a
reasonable period of time. According to the Dutch NEN 5787 standard, samples with a volume between100 and 300
cm? are usually used for the suction tables, while samples with a height of more than 5 ¢cm are discouraged,
because the time needed to establish equilibrium will be long, and the accuracy of determination of pF-values near
saturation will be low. In the procedures for soil analyses of the International Soil Reference and Information Centre
(ISRIC), sample rings with a diameter of 5 cm and a volume of 100 cm3? are recommended, while in other

publications heights of 2 or 3 cm are preferred.

Eijkelkamp Agrisearch Equipment recommends the use of a 100 cm? volume core ring, with an inner diameter of 50

mm (outer diameter 53 mm) and a height of 51 mm.

When pressing the core rings into the soil, care should be taken not to disturb the original setting of the soil and to
completely fill the ring. Sampling conditions are best when the soil is approximately at field capacity. Ring holders
may be used to facilitate insertion, especially in the subsoil. After insertion to the desired depth, the rings are

carefully dug out (e.g. using the spatula provided with the Eijkelkamp sample ring set), at some centimeters below
the ring itself. The surplus of soil is reduced to a fewmillimeters, trimming it carefully with a fine iron saw, and the
caps are placed on the ring for protection and to minimise evaporation losses. The remaining surplus of soil will
protect the sample during transport and will be removed in the laboratory, prior to analysis. Transport the core rings

in a protective case.

Since soil structure and pore size distribution have significant influence on soil water retention, several replicate
samples are needed to obtain a representative pF-value. Depending on natural variability of the study area, three to

six replicate samples per unit are advised.

In case the samples cannot be analysed on short notice, store the samples in a refrigerator to reduce microbial

activity which might cause non-representative changes in soil structure.

® Do not freeze the samples because soil structure will be influenced.
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