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Review of comments with explanation of acceptance or rejection

Item # Comments/Observation
1
Submit 20 or 23 units
2

3.

Table 1 shows 3 test specimens
for sub-clauses 6.2.1 & 6.2.2
while 6.2.1 states prepare two
boxes.
Are the required testing facilities
available?

4.

If a larger box is required will it
dry out in a manner similar to
the smaller box?

5.

How will the test results be
affected by the moisture
gradients in the box as it dries
out?

Accept Reject Explanation
A 3-sensor sample will be taken
from a lot of 20.
X
Sub-clause 6.2.1 was in error and
should show three boxes prepared.
No. Developing the testing
protocol is the first step. Funding
will be required to add facilities
when the full workload can be
scoped.
The box cross-section is meant to
represent a section of root zone
drying by surface evaporation and
sub-surface drainage. Varying box
length should have a minor affect.
In any case, the sensor is being
tested to see if it provides
consistent predictable results when
subjected to standardized
environments. Comparison
between emitters is not the
objective of the tests. An attempt
will be made to guarantee the reproductability of the standardized
environments.
The box is meant to represent a
section of root zone in a turf plot.
The sensor will be located
spatially as it would be in the field.
In making comparisons between
test runs then, moisture gradients
within the box should not affect
results.

File: 1000-8 (SEN/03) – Reviewers Comments 2nd Draft October, 2003

1

6.

Will the sensor effectively
integrate the moisture gradient
affects?

7.

Doesn’t the moisture content in
the box need to be
homogeneously distributed?

8.

How much will the sensor
evaluation cost?
Need to see the application side
of soil moisture sensors.

9.

X

X

10.

Need a test for sensor useful
life.

X

11.

Should not soil compaction be
considered in the protocol?

X

Phase 1 of the protocol is only
concerned with the sensor’s ability
to provide consistent results. The
usefulness of the sensor must still
be demonstrated in Phase 2 when
it controls the irrigation on turf.
Obviously if the sensor is sensitive
to other than changing moisture
conditions, e.g. fertilizers, it could
have limited effectiveness.
We don’t think so. The protocol is
not meant to establish an absolute
relationship between sensor
readings and soil moisture content.
The protocol tests the ability of the
sensor to provide consistent results
when installed as required for turf
irrigation and subjected to
standardized environments
representing a range of field
conditions which incidentally
includes the presence of moisture
gradients. The depth of sensor
placement has been selected to
correspond with the location of the
most active portion of the root
zone.
To be established after there is
agreement on the protocol.
Phase 2 has been visualized where
the sensor will be combined with a
controller and used to grow a plot
of turf grass.
Phase 2 extended to say 5 years.
Could provide information on life.
Need to give thought to
developing an accelerated life test.
The protocol will control and
quantify the bulk density in the
boxes. Is it reasonable to expect
that the consistency of the reading
being tested for will be a function
of bulk density? Open for
scientific discussion.
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12.

The feedback needs to be open
for public view.

13.

Need to specify the clauses that
apply to relative soil moisture
sensors.

14.

Consider soil composition and
hence buffering capability when
selecting soils, as it will affect
the ultimate soil conductivity
that the sensor will “see”.
Need to define the soil source
and particle size distribution so
that it is easier to replicate tests
if required.
How is the design bulk density
value to be determined?

X

Non-uniform moisture
distribution on drying could be
reacted to differently by
different sensors.

-

15.

16.
17.

X

X

A digest of the feedback with
actions taken was provided with
the 1st revision. A list of those
providing feedback will be
included with the second revision.
While some relative soil moisture
sensors may concede an
inconsistency of results between
sensors and with some
standardized environments, it
seems desirable to document the
inconsistencies to avoid confusion
over specific sensor capabilities.
Good comment. To be considered
when selecting soils.

X

Good comment. To be considered
when characterizing soils.

X

Representative of local soils.
Prototype testing gave minimal
change to soil surface elevation.
The protocol is meant to measure
the reaction of specific sensors
when exposed to a range of
controlled environments. The
range of reactions will be
quantified and related to the
usefulness of the sensor. In this
sense then the sensor is competing
with itself.

-
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18.

What considerations determined
the size of the containment box?

-

-

19.

Why was accuracy of
measurement ignored and
repeatability stressed?

-

-

20.

How will compaction affect the
use of the sensors?

-

-

The box is meant to represent a
section of root zone in a turf plot
and allow for a placement of the
sensor at the ideal depth for turf
management (say 3-4 in. below the
surface). The proximity of the
walls, ends, and floor were
determined to be remote enough so
as not to interfere with the sensor’s
normal function. The
manufacturer of the prototype
sensor helped in these judgments.
Other sensors could require a
modification to these dimensions.
Overly large boxes could be heavy
enough to require a mechanical
assist for moving in and out of the
environmental chamber and on to
scales.
We feel that they are interrelated.
The accuracy with which the
calibration is repeated will
ultimately be reflected in the
ability to maintain good quality
turf. The value for the “relative
soil moisture sensor” will be
minimal if the repeatability is not
good and the settings must be
frequently adjusted. That’s why
we emphasize repeatability.
Compaction will affect root zone
stress and water availability. We
would expect that threshold
control setting would have to be
changed as areas experience
compaction.
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21.

Will sensors that do not perform
as well be included in Phase 2?

-

-

22.

What will be the criteria for
evaluating sensors involved in
Phase 2 testing?

-

-

23.

Have hand held sensors been
considered for similar testing?

-

-

24.

6.2.1 may need to define more
closely the point at which free
drainage ceases.

25.

6.2.1 should define the
minimum number of reading
and required to adequately
define the shape of the
calibration curve.
6.2.1 Define by what method the
regression curve will be
developed.
6.2.1 Suggest more accurately
defining the texture of the soil
types used.

26.
27.

X

X

X
X

We visualize that Phase 2 will be
quite expensive with the cost born
primarily by the manufacturer.
They may not be willing to do this
with a marginal sensor. Marginal
will be defined as poor
repeatability. The manufacturer
may have a difficult time selling
the concept if it needs to be
custom adjusted too frequently.
Topic open for committee
discussion.
System water use and quality of
turf produced. Some thought
needs to be given to describing
other operating features.
To date no thought has been given
to hand held sensors. The program
has assumed that a high degree of
automation is required, generally
removing day-to-day monitoring
from the responsibility of the
homeowner.
We are not trying to define “field
capacity.” We only need relative
stability for our measurement of
average sensor reading and
average moisture content.
Added a minimum of two readings
per day and a minimum of 16
readings over the period of the
test.
Using a commercially available
curve fit program. Will have to
research the mathematical basis.
The soil textural classification will
correspond to USDA definitions.
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28.

6.2.1 In the absence of roots,
some sensors may take longer
than normal to respond to
changes in moisture content.

X

29.

General: Sensor manufacturers
should be involved in selecting
and operating this controller in
the Phase 2 field study.

X

30.

6.1 What determines the box
size? Consider establishing a
maximum box size to
accommodate the largest
required volume and using it for
all sensors.

31.

6.1 Box must be large enough to
accommodate the soil
temperature probe.
6.21 Will the box give edge
effects?

X

6.21 Suggest that 2 sensors
selected at random is not
statistically adequate.

X

32.

33.

X

X

An effort will be made when
creating the controlled root zone
environment to also control the
rate at which the soil box dries out
between individual runs.
Presumably then, individual
sensors will be exposed to nearly
identical environments that should
cancel out the effects of varying
sensor reaction times.
We expect the sensor
manufacturer to be involved in the
controller selection to insure
compatibility. In this case, the
controller will have primarily time
clock features and react to sensor
input.
Remember that the study is meant
to cover soil moisture sensors
suitable for monitoring turf grass
growing conditions. As such then,
it must fit the geometry of that
situation. That is, to monitor soil
moisture extraction defined by the
grasses physiology. This is
interpreted to mean sensor
placement at 3-4 in. with
maximum rooting depth not over
8 in. The box has been designed
with these considerations in mind.
The probe is thermocouple based.
It is a thin metal rod
approximately 1/8 in. in diameter.
Presence of the walls probably
affects moisture and temperature
gradients in the box. The purpose
of the test is to expose the sensor
to a controlled repeatable
environment. The dynamic of
how the box dries out is not
important to the test as long as it is
consistent between runs.
Based on general comments like
yours, we have increased the
number to 3. We will be in a
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34.

6.11 Suggest that the sensors be
set at depth of 6.0 in.

35.

How will third party
organizations be qualified?
What is this budget for Phase 1
and 2?
6.2.1 Will a “standard” sensor
be installed in the box for
comparison with the sensor
being tested?

36.
37.

X

-

-

X

38.

6.2.1 How can you be sure the
moisture will drain uniformly
around the sensor?

X

39.

Was the intent of developing the
protocol limited to use by CIT
or for broad use?

-

40.

For screening purposes this
protocol is probably adequate.
For comparison purposes
between laboratories, more
complete specification of soils,
pH and salinity would be
required.

X

-

better position to judge the
adequacy after conducting some
sensor evaluations.
Extensive field measurements
show the average rooting depth of
sod to be 3-4 in. in southern
California. We will use the 3 in.
sensor placement depth unless the
manufacturer specifies something
different. This is not a test, the
objective of which is to alter the
science of water management. It
is instead a test to see if the
individual sensors are capable of
giving dependable consistent
results.
Yet to be specified by the IA Ad
Hoc Committee.
To be determined after the
protocols have been agreed upon.
No. The average moisture content
in the box will be determined
gravimetrically. The wording
“with moisture and temperature
sensors” refers to the moisture
sensor under test.
The sensor’s performance will be
judged by comparing calibration
curves or set point results when
exposed to controlled root zone
environments. We are concerned
with the consistency of the results,
not an ability to measure absolute
moisture content.
The intent was to develop a
broadly-based protocol suitable for
use by manufacturers in product
development for example.
Good comment. As the effort
matures, we should get more
details in the protocol specifics
particularly as relates to soil and
water specifications.
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41.

42.
43.
44.
45.
46.
47.
48.
49.

If this is a screening test as
advertised, the same definition
of “acceptable performance” is
required.
1.0 The protocol appears to be
set up to cover sensors used in
turf applications.
1.1 “Healthy and Safety” should
be added.

X

A paragraph 7.5 “definition of
acceptable results” has been
added.

X

3.3 “Bulk density” suggest kg/L
to be consistant with 6.1.1
3.6 “Field Capacity”
3.7 “Fine texture” combine with
3.14 “Soil Texture”
Definitions using mass and
volumetric-harmonize.

X

Added wording indicating that the
protocol address turf applications
primarily.
Will ask the committee to discuss
the desirability of adding the
section. Not a technical issue.
Added kg/L as units.

X
X

Delete “away”.
Change made.

3.10 “Oven dried” add soil to
heading.
3.11 “Permanent wilting point”.
Question definition.

50.

Delete 3.1 and 3.12 Absolute
and Relative Soil Moisture
Sensors.

51.

3.13 “Siemens” change to
electrical conductance and add
note on inverse of electrical
resistance.
3.14 “Soil Texture.” Expand the
definition.

52.
53.
54.

3.15 “Soil water potential”
indicates relationship to soil
“suction.”
3.18 “Water salinity
level”…that can affect soil
moisture sensor readings.

X

Using definitions from Miller and
Gardiner, “Soils in Our
Environment.”
Change made.

X

Using definitions from Miller and
Gardiner, “Soils in Our
Environment.”
These definitions have major
commercial significance.
Important in our attempts to make
practical distinctions.
Added note on electrical
resistance.

X

X

X

X

X
X
X

Will use the USDA textural
classification and define the soil
separates percentages.
Unable to find a sanctioned
definition of soil “suction.”
May or may not affect soil
moisture sensor readings. I like
our definition better as we use
sensor reading to anticipate the
affect on plants.
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55.

Add 3.19 pH. Some sensors are
affected by pH.

-

56.

4.0 “Symbols” add other
common symbols.
5.1 “Sampling.” Why are 20
units required?

X

Tables 6.2.1 thru 6.3.3 indicate
writing with OdS/m water.
6.1.1 sensor sensing element
must be centered.
6.2 sensors may require
conditioning.

X

57.

58.
59.
60.
61.

6.21 Design bulk density?

62.

6.2.1,6.2.2, & 6.2.3 remove box
cover during the drying cycle to
reduce drying time.
6.3 Set soil temperature not
chamber temperature.

63.

64.
65.

6.3.3 testing for the affect of
exposing the sensor to a freezing
environment.
6.4 What chemicals will be used
to provide the salinity effect?

-

-

-

-

-

X

X
X

X
-

-

66.

6.4 Shouldn’t the salinity be
measured in the drainage water?

X

67.

6.5 Not needed unless there is a
significant dependent
association between salinity and
soil texture.
8.0 Drawing. Please add metric
dimensional equivalents.

X

68.

X

We intend to measure pH during
the tests but not attempt to control
it. Will discuss the desirability of
screening for pH sensitivity.
Added reference to ASAE
engineering practice No. EP285.7.
A manufacturing lot of at least 20
units must be available from which
the laboratory selects the 3-4 units
required for the testing procedures.
Good clarifying thought “OdS/m
water” added to table.
That’s the intent of the wording.
Add comment emphasizing
conditioning per manufacturer’s
recommendations.
All tests to be run with a bulk
density of 1.2-1.4 kg/L.
This was the intention right along.
Added some wording to be sure it
is understood.
We are after determining how the
sensor reacts to a range of ambient
temperatures. Not sure how soil
temperatures would index to
ambient temperatures.
Not exactly sure how to frame this
test. Will follow the protocol and
make observations on the results.
A standard saline irrigation water
will be used and made up to
represent some commonly
encountered chemistry.
We are looking for the affect on
the sensor of irrigating with saline
water. Not sure how that relates to
drainage water salinity.
Will consider eliminating the
section if initial test results
warrant.
OK
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