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e
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,
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b
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e
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u
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y
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3
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C
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B
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b

li
c

G
S

3O
u

t(
3
))

o
r
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m

or
e

p
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p
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E
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l

C
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n

d
u
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E
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l
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n

d
u

ct
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y
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C
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e
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it
y
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a
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b
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n

d
u
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ec
tr
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y
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n
b
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u
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d
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e
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C
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b
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d
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,
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d
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ea

su
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n
g
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e

re
si

st
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n

ce
b

et
w

ee
n
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.
C

on
d

u
ct
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it

y
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ef
er

re
d
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“b
u
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el
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tr
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al
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u
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b
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f
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e
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b
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ra
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e
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e
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a
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d
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b
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lk
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b
e
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te
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S
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.
T

h
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ra
n

ge
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eq

u
at
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fo

r
m

os
t
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n
h

ou
se

an
d

n
u

rs
er
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ap

p
li

ca
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on
s.
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ow

ev
er

,
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m
e
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l

ap
p
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h
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h
ly
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n
e

su
b
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te
s
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q
u

ir
e
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re
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b
u
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E

C
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te

r
th
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.
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p
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u
lk

E
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u
t

u
se

r
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li
b

ra
ti
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is

re
q
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ir
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e
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.

A
d

d
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n
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,
E

C
m

ea
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re
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en
ts

a
b

ov
e

10
d

S
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ve
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se
n

si
ti

ve
to
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n
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m
in

at
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n
of
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e
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o
d

es
b
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B

e
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re
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e

se
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so
r
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ea

n
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n
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e
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f
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e
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u
p
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m
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e
E

C
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C
o
n
v
e
rt

in
g

B
u

lk
E

C
to

P
o
re

E
C

F
or

m
an

y
ap

p
li

ca
ti

on
s,
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is
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va

n
ta

ge
ou

s
to

k
n

ow
th

e
el

ec
tr

ic
al

co
n

-
d

u
ct

iv
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y
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e
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n
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e
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p
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es
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p
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w
h
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a

go
o
d

in
d

ic
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o
f

th
e
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te
co

n
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tr

at
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in
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e
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.
T
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σ
p
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b
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ed
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y
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n
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e
w
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er
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e
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il
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d

m
ea
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n
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σ
p
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b
o
r

in
te

n
si

v
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e
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b
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b
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e
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.
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b
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h
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ad
va

n
ta

ge
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e
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ea
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re
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ti
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sh

ip
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et
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ee
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e

so
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b
u
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d

ie
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er
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an
d
σ
b
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ra
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n
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h
e
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σ
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trem

ely
low

p
ow

er
sen

sor;
w

h
en

con
tin

u
ou

sly
p

ow
-

ered
,
b

u
t

n
ot

m
ak

in
g

a
m

easu
rem

en
t

or
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R
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b
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b
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p
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a
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n
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a
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p
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u
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o
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d
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n

d
E

C
.
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h

e
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q
u
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p
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d

d
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e
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it

w
h
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w
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t
it
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d

o
|en

d
w

ith
a
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F
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a
m

p
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d

d
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s
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g
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|en

d
th
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b
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o
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e
G

S
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b
y

con
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g
D
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A
d

d
itio

n
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p
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D
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T
H

E
O
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Y

th
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w
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to
th

is
m

eth
o
d

.

T
h

e
p

ore
w

ater
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d
u

ctiv
ity

can
b

e
d

eterm
in

ed
from

(see
H

ilh
o
rst,

2
000

for
d

erivation
):

σ
p

=
ε
p σ
b

ε
b −

ε
σ
b=

0
(1)

w
h

ere
σ
p

is
th

e
p

ore
w

ater
electrical

con
d

u
ctiv

ity
(d

S
/
m

);
ε
P

is
th

e
real

p
ortion

of
th

e
d

ielectric
p

erm
ittiv

ity
o
f

th
e

soil
p

ore
w

a-
ter

(u
n

itless);
σ
b

is
th

e
b

u
lk

electrical
con

d
u

ctiv
ity,

(d
S

/m
),

w
h

ich
is

m
easu

red
d

irectly
b
y

th
e

G
S

3;
ε
b

is
th

e
real

p
ortion

of
th

e
d

ielectric
p

erm
ittiv

ity
of

th
e

b
u

lk
soil

(u
n

itless);
ε
σ
b=

0
is

th
e

real
p

ortio
n

o
f

th
e

d
ielectric

p
erm

ittiv
ity

of
th

e
soil

w
h

en
b

u
lk

electrical
con

d
u

ctiv
ity

is
0

(u
n

itless).
ε

can
b

e
calcu

lated
from

soil
tem

p
eratu

re
u

sin
g
:

ε
p

=
80.3−

0.37∗
(T
so
il −

20)
(2)

w
h

ere
T
so
il

is
th

e
soil

tem
p

eratu
re

( ◦C
)

m
easu

red
b
y

th
e

G
S

3.

F
in

ally,
ε
σ
b=

0
is

an
off

set
term

lo
osely

rep
resen

tin
g

th
e

d
ielectric

p
er-

m
ittiv

ity
of

th
e

d
ry

soil.
H

ilh
orst

(2000)
recom

m
en

d
ed

th
at
ε
σ
b=

0
=

4.1
b

e
u

sed
as

a
gen

eric
off

set.
H

ow
ever,

ou
r

research
in

sev
era

l
agri-

cu
ltu

ral
soils,

organ
ic,

an
d

in
organ

ic
grow

th
m

ed
ia

in
d

icates
th

a
t

ε
σ
b=

0
=

6
resu

lts
in

m
ore
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rate

d
eterm

in
ation

s
of
σ
p .

H
ilh

orst
(2000)
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ers

a
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p
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d
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m
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o
d
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d
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g
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d
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-

u
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w
h
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w

ill
im
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e
th
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th
e
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σ
p

in
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ses.

O
u

r
testin

g
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th
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th
e
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m
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o
d

for
calcu

latin
g
σ
p

resu
lts

in
go

o
d

accu
racy

(±
20%

)
in

m
oist

soils
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d
oth

er
grow

th
m

ed
ia.

In
d

ry
soils

w
h

ere
V

W
C

is
less

th
an

ab
ou

t
0.10

m
3/m

3,
th

e
d

en
om

i-
n

ator
of

eq
u

ation
1

b
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es
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sm
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lead
in

g
to

la
rg

e
p

o
ten

tia
l

errors.
W

e
recom

m
en

d
th

at
p

n
ot

b
e

calcu
lated

in
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w
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V
W

C
<
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m

3

m
3
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g
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m
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o
d

.
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b
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p
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b
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p
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.

5
.3

S
e
n

so
r

B
u

s

T
h

e
S

D
I-

12
p

ro
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p
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se
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b
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T
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ir
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th
at

al
l

se
n

so
r
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p
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al
l

d
ig

it
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ou
t

(r
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d
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ge

th
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d
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l
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w
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n
n
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ge
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er
.

S
h

ar
in

g
th

es
e

w
ir

es
is

of
te

n
ca

ll
ed

a
“b

u
s,

”
w

h
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h
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w
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at
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n
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r
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ak
e

a
m

ea
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