SOIL MOISTURE TECHNOLOGY

WASTING WATER - WASTING PROFITS

Gopher®

soil moisture profiling system

Version 9.2
Windows 95/98/2000/NT/XP

NOW
INCLUDES AN
ULTRA SIMPLE

PERCENTAGE
CALIBRATION

e
7 .
% ={
- r—

“ANOTHER NEW DAY HAS DAWNED ON
|IRRIGATION MANAGEMENT” ™

SOIL MOISTURE TECHNOLOGY Pty Ltd
Post Office Box 93
COOROY 4563 Queensland AUSTRALIA
Technical support line 1300 301 362 (AUSTRALIA)
Phone +61 7 5442 5833 Fax +61 7 5442 6913
Email odysseydataflow@optusnet.com.au
Web site www.soilmoisture.com.au




GOPHER ®

Pat.Appln.No.PO2915
Pat.Appln.No.PO7004

TECHNI CAL HANDBOOK

SOILSAND WATER ... e e e e e 1
PROFITABLE IRRIGATION . ...t e e e e 1
THEORY OF OPERATION ... e e e e e e e 2
EQUIPMENT DESCRIPTION ... et 2
Gopher Sensor Head . ... ... o 3
Measuring Staff . ... e 3
GOPHER ACCESS TUBE INSTALLATION ...t e 4
DRILL FIRSTAND THENPUSHPIPEIN . ... ... 4
CLAY 0r SILTY SOILS ..ot e e e e e 5
SLURRY METHOD . ... e e e e et 5
HARD SILTY or CLAY SOILS ... e e 5
STONEY or GRAVELY SOILS ... e e 5
ASSEMBLY OF ACCESSTUBE SOIL CUTTER ... 6
MICRO-GOPHER . . . .o e e s 7
MICRO-GOPHER ACCESS TUBE INSTALLATIONKIT ................... 7
ASSEMBLETHEAUGER . ........ . e e 8
DRILLING THEMICRO-GOPHERHOLE ......... ... . . 8
INSTALLING THEACCESSTUBE IN THEDRILLEDHOLE ................ 8
Field Capacity or FULLPOINT delay . ... 9
PUNCHING ACCESS TUBE HOLE for MICRO-GOPHER .. ................. 9
SOIL MOISTURE TEXTURE GUIDE . . . ... e e i 10
Gopher Accesstubelengthexample ....... ... ... . i 11
Micro-Gopher Accesstubelengthexample .. ............ ... ... o L. 11
Standard 50mm Gopher Accesstubestesting. ........... ... . . 12
Micro-Gopher Accesstubetesting . .. ... e 12
SITE TESTING FOR GOPHER and MICRO-GOPHER .. ................... 13
CALIBRATION OFSOIL AND SENSOR . . ..ot 15
Down holesingle point calibration ............. ... .. .. .. . ... 16

Down holemulti point calibration . .......... ... i 16



DIFFERENT FULLAND REFILL VALUES . .. ... .. . 16

NEW PERCENTAGE CALIBRATION . ...t 16

VEY SHCKY Clays . .o e 17

GOPHER & MICRO-GOPHER CALIBRATION . ... i 19

six (6) magjor soil texture classifications .............. ... i 19

percentage calibrationvalue. . . ... 19

CALIBRATION PROCEDURE . ... . it et 19

54 soil moisture moNItoriNg SIteS . . .. ..ot 19

UPTO 4B Profiles . ..o 19

up to 15 soil moisturereadingsineach profile ............ .. ... .. ... ... .... 19

root zonedepth . ... ... e 19

Profile POINtS . ..o 19

SENSOr Off St . . oo 20

threedifferent typesof SenNsors ... 20

read program for the Ferret hasbeenchanged . ............ ... ... .. ... ..... 20

CALIBRATION METHOD . . .ottt e e e e e 21

NEW PERCENTAGE CALIBRATION . ...t 21

VOLUMETRIC CALIBRATION ... e 21

major advantage in using percentage calibration . .......... ... ... oL 21

calibration can be edited onyour computer .. ........ . 21

Volumetric calibration to Percentage calibration. . ................ ... ... .... 21

re-calibratethe siteinthe Percentagemode. . . ........... ... .. 21

allow you to re-calibratein the Percentagemode . .......................... 21

erasetheexistingcalibrationdata ............. ... .. .. i 21

re-cdibrated usngthe percentage .............. ... i 22
Percentage calibration does not require soil analysis and gves you a high degree of

BCCUMBCY ottt et e e e e e e e e e e 25

DETERMINING THETEXTUREOFA SOIL . ... e 26

SANAS .. 27

Loamy Sands .. ... 27

FineSandy Loam . ... e 27

LOaMS . . . 27

Sty LOamS ..o 27

Clay Loams ... e 27

= 27

SOIL FIELD CAPACITY DETERMINATION ... .o e 27

BULK SAMPLEMETHOD . ... e e 29

CORED SAMPLEMETHOD . ... e 31

INFILTRATION RATEMETHOD ... ... e 34

GOPHER OPERATION ..ttt e e et e e 35

DATEAND TIMECHANGES. . ... .. e 35

SENSOR ERROR . ... e e e e 35

PLACING THE GOPHER SENSORIN AN ACCESSTUBE ................. 35



ensure that moisture has not condensad on thetubewall ..................... 35

MENU PROGRAMS . . . e 36
BATTERY VOLTAGE . ...t e e e 37
NUMBER ENTRY FROM KEYBOARD . . . ..ot 37

steand profileselection . ........ .. . 37

numbers areentered viathekeypad . .. ... ... 37
REAL TIMECLOCK SETTING ... e e e 37
READ SENSOR DIRECT . .ottt e e e e e 38

"look" attheprofile .. ... ... 38

water volume figureinmillimetres . .......... .. .. . 38

percentage Calibration ... ........ .. 38
LOG PROFILE . .. e e e e 38
GRAPH DA T A 40

GRAPH SOIL PROFILE . . ... e 41

HISTOGRAPHS . . e 41

HISTOGRAPH SLICE . ... e e 41

HISTOGRAPH SUM . .. e 41
WATER BALANCE CALCULATION .. 42
ERASE PROFILE DAT A e 42

ERASE CAL. ONLY .. e 42

ERASEALL PROFILES . . ... e 42

ERASEONEPROFILE . . ... e 42

ERASEENTIRE SITE . ... e 42
TIMED RECORDING . . . .ottt 43
KEYPAD - Key DeSCription .. ...ttt e et e e et e e 45
SENSOR HEAD AND MEASUREMENT STAFF ... ... i 45
BATTERIES . ... 46
UNDERSTANDING SOIL MOISTURE MANAGEMENT ... 46

EVAPORATION . . e e e e e 46

TRANSPIRATION .. e 46

EVAPOTRANSPIRATION . . .o e 47
EXPLANATION OF TERMS . . ..o e 48

SATURATION .. e 48

FIELD CAPACITY or FULL POINT ... e 49

REFILL POINT .o s 49



WILT POINT . 49

PERMANENT WILTING POINT . ..o e 49
AVAILABLEWATER ... e 49
MAXIMUM AVAILABLEWATER ... e 49
READILY AVAILABLEWATER (RAW) . ... . e 49
SOIL WATER .. e e 49
WATERLOGGED . ... . e e e e e e e 49
INFILTRATION RATE . ..o e e e e e 49
PORE SPACE ... 50
EVAPOTRANSPIRATION . . .ot 50
GRAVIMETRICWATER CONTENT . ... e 50
SOIL BULK DENSITY .ot 50
VOLUMETRICWATER CONTENT . ..o 50
SOIL AERATION .. e e e e 50
SOIL TEXTURE . .ot 50
SOIL MOISTURE CHARACTERISTIC ... .. e 50
SOIL TEXTURE GROUP . . ... e et et e 51
PC PROGRAM VERSION 9.2 .. .. e e e e e 52
PROGRAM INSTALLATION ... e e 52
MENU OPTIONS DETAILS . ... e e 53
CREATENEW siteheader ............ e 53
DATA DIRECTORY SELECTION . ... it 54
Get GOPHER data . . .. ..ot e 55
BAD DATA DETECTION ... e e e e 55
PRINT SITE DA T A o e e e e e e 55
ENTER SITEPRECIPITATION .. ... e e e 57
SITEGRAPH PROGRAM ... e e 57
SITEPROFILEFORA SELECTED SITE .. .. ..o 57
POINT EDITING . ..ot e e e e e e e 59
changeindividual soil moisturecalibration .. .............................. 59
fleld capacity ... 59
FEfill ValUBS . . . . 59
simultaneous changingof all points. . ........ ... .. i 59
dider bar at theleftof thegraph ........ ... ... ... .. 59
must be transferred back tothe Gopherrecorder . ........................... 59
changeswill beoverwritten . ....... ... ... .. . 59
IFgaliON LM, . .o e e 59
printagraph . ... e 59
exporting of filestodisk ......... ..o 59
GRAPH BIT MAP FORM AT ..o e e e e e 60
MULTI-PROFILEWATERUSE ... ... ... 60
SITEPROFILE 3D ... e e e e e e e 61
apictorial view of thesoil moisture. . .......... ... .. i, 61
MULTI DEPTH HISTOGRAPHSLICE . . ... .. e 62

SUMMED HISTOGRAPH . .. e 63



prediction for thenext irrigationdate ................... .. ... ..... 63

zoominto aspecificareaonthegraph . ........... ... ... ... .. .. ..., 63

scroll through theentiremagnifiedgraph ........... ... ... .. .. .. ... .... 63
TIMED RECORDING GRAPH ... e 64
CONCATENATION ..o e e e e 64
CALIBRATION CALCULATION ..ttt e 65
SITEERASURE . ... e e 65
WHEN DOWE WATER ... e e e e 66
Gopher AUXILIARY PROGRAMS ... e e 68
EDIT SIte DA T A 68
UPDATE GOPHER firmMWare . . .....o.i e 69
percentage calibration . ............ .. .. 69
RESTORE datafromdiskette . ....... ... 69
UPDATE sitedatain GOPHER . ....... ... ... ..t 69
START NEW SEASONON SITES . ... .o 69
REPLACEMENT SENSOR ... .. e e e e 70
new sensor will haveadifferent OFFSET ........ ... ... .. ... 70
Clickon START NEW SEASONONSITES .. ...t 70
ENTER NEW SENSOR OFFSET VALUE ....... ... .. i 70
COMPUTER DATA BACKUPandRESTORE . ... 70

copy backup data files from another computer to you computer . ............... 70

WARRANTY CONDITIONS



SOILSAND WATER
PROFITABLE IRRIGATION

Soils are composed of five main components:

Mineral particles The inorganic fraction of the soil derived mainly from rocks
by weathering.

Organic materials Theseare composed of dead and decaying plants, animds
and animal produds.

Water The soil solution in which the nutrient elements for plants are
dissolved.

Air Fillsthe voids between soil particles that are not filled by water.
Living organisms Theserange in size from microscopic to small animals.

Soils are different from each other because they have different proportions of these
components, because the components are arranged in different ways and because the particles
in their inorganic fractions have been affected to different degrees by weathering. They
therefore havedifferent size ranges and are made up of different minerals.

R Because of these variations, the different types
5 of soils hold different amounts of water that
plants can use, and also require different
watering techniques depending on the
°| infiltration rate of water into the soil and the
| crop type being irrigated.

| To grow, plantsin soil need to have.

1) Wat er

2) Air

3) Nutrients
4) Sun |i ght

The application of irrigation water at the correct time and in the correct amount will improve
the economic viahility of an irrigated crop and ensure maximum economic yidd. Thiswill
also ensure the dfective use of our limited water resources.

The soil moisture profiler deveoped and manufactured by Soil Moisture T echnology has
been designed to give the irrigation farmer a measurement tool that will economically provide
soil moisture measurement information to enable him to schedule hisirrigation system
optimally.
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The aimof correct irrigation managenent is not only to be
able to determ ne when to water but also to know how nmuch
water to apply. The Gopher enables you to do this by
measuring the conplete soil noisture profile every 100mm from
the soil surface to bel ow the root zone.

THEORY OF OPERATION

The Gopher Soil Moisture Profiler uses the proven and sensitive technique of measurement
of the dielectric constant of the soil plus water to determine the moisture content of the soil.
Asthe water content of the soil increases, the resutant measured did ectric constant increases.

The dielectric constant of amaterial is defined asthe ratio of the dectric flux density
produced in the material to that produced in free space (i.e. a vacuum) by the same electric
force. Thedielectric constant of air is normally taken as one (1). Thus the dielectric constant
of a substance is the ratio in which the capacitance between two electrodes is incressed when
the space between them isfilled with some other medium instead of air. In the case of the
soil moisture measurement it is soil and water.

The dielectric constant of dry soil istypically four (4), and that of water iseighty (80). The
measurement of the combined dielectric constant of the soil and water offers avery sensitive
determination of il moisture contert. Variationsin dectrical conductivity of thesoil
moisture due to dissolved salts have very little affect on the measurement because the
measuring frequency used is very high.

It has been shown, for an irrigated crop, that production per unit volume of water can in most
cases be improved dramatically with accurate management of irrigation water. To do this, the
moisture content of the soil in the root zone must be known. The Gopher Soil Moisture
Profiler provides alow cost means to acquire this information.

EQUIPMENT DESCRIPTION

Introduction

The Gopher Soil Moisture Profiler isamicroprocessor controlled measurement system with
an LCD dot matrix display, for display of graphs and information, and a 16-key keypad for
operator interface.

WARNI NG !

The Gopher Soil Moisture Profiler and the soil npisture
sensor are not conpl etely waterproof and shoul d never be
handl ed with wet hands or |eft exposed to the weather or
irrigation sprinklers. The equipnment is robust, however
It should al ways be handled with care. The sensor staff
cabl e shoul d never be used to pull the staff fromthe
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access tube. The 9-way connector nust always be

unpl ugged by hol ding the body of the plug. Never renpbve
the plug by pulling the cable as this will eventually
darmage t he cabl e.

The Gopher or the sensor should never be |eft unprotected

in full sunlight. This will cause an excessive
tenperature rise and nmay damage the LCD display in the
Gopher. If the sensor is left out in the sun, |arge

tenperature increases in the sensor can produce unstable
readi ngs because of expansion of the PVC housing.

Power for the microprocessor and sensor head is derived from four super heavy duty batteries
located under the battery case lid on the underside of the Gopher.

Gopher Sensor Head

When shipped, the sensor head is unplugged from the measurement rod. To assemble, plug
the sensor head into the 3-pin connector at the end of the measurement rod. Slide the locking
ring over the socket and turn the ring approximately 1/3 of a turn dockwise (looking down at
the sensor). Do not force the plug and socket, visually check the connector alignment before
mating the plug and socket. The locking ring should be easy to twist to the locked position.
Using force will damage the locking ring key lugs and will make the connector unserviceable.
They should be easy to plug together and lock. If not, then the connector may have been
damaged and should be returned for service to Soil Moisture Technology.

A small length of self sealing tape is provided with the sensor to tape over thelodking ring
and body of the connector to secure it and ensure that the sensar head cannot beaccidentally
disconnected from the measurement staff when it isin the access tube.

The tape should be applied by stretching it asit isapplied. The length should increase by
approximately three times when goplied correctly. The tape should be applied ina clockwise
direction and extend over the bottom of the staff, the locking ring and onto the socket in the
sensor body. If thistape needs to be replaced and a supply of the self sealing tape cannot be
located then standard PV C insulation tape can be used.

The sensor head should always have the small piece of 50mm pipe that it was shipped in,
placed over it for protection when being transported to lessen the chances of damage.

REMEMBER, the sensor head is fragile and shoul d always be treated with care. High
temperatures can occur within the sensor if it isldtin the full sun. This can cause errorsin
the measured soil moisture data due to expansion of the housing and temperature difference
between the sensor and the PV C access tube. If the sensor temperaure is well above the
shade temperature, it should be placed in the access tube or in the shade for approximately 10
minutes before recording a profile.

Measuring Staff
The sensor measuring rod is calibrated in 200mm (10cm) increments. This distanceisthe
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interval between measurements when recording a soil moisture profile.

The 9-pin 'D' connector on the end of the sensor cable mates with the 9-pin socket on the
Gopher Soil Moisture Profiler.

GOPHER ACCESS TUBE INSTALLATION

Different soilsrequire different installation techniques.

Soil Moisture Technology havedeveloped alow cost simple soil drilling system for access
tube installation in most soil types. This system will be supplied with all new Gopher orders.
The kit consists of asteel drilling tube, a12mm ‘T’ bar and an access tube insert and ‘U’ bolt
clamp.

DRILL FIRST AND THEN PUH PIPE IN

The ssimplest method for access tube installation in most soilsisto drill aslightly undersized
hole and then use the access tube itself to ream the hole to the exact size of the PV C access
tube.

For most soils the inverted 40mm PV C end cap is adequate to reinforce the bottom of the
PV C accesstube. In very heavy clay soils the access tube |eading edge may require
reinforcing with a steel insert so that it is effective in acting as a cutter to ream the hole to the
exact size of the PVC pipe asit istwisted and pushed into the hole. A dimensioned drawing
is available from Soil Moisture Technology if thisinsert is required.

When using this method to install the access tube, the hole must be drilled approximately
20% deeper than the access tube insertion depth. This allows room at the bottom of the hole
for the soil that is reamed from the wdl of the drilled hde. For example a one metre access
tube hole should bedrilled to approximaely 1.2 metres.

The method of inserting the access tube into the hole should be a combination of pushing and
twisting. The twisting action helps to cut the extra soil from the side of the access tube hole.
In soils containing clay the wall of the hole should be wet with water before access tube
insertion to make the access tube insertion practical. If thisisnot done the amount of force
reguired may damage the access tube. The waer makes the clay “plastic’ and ensures easy
insertion of the access tube.

The 12mm steel bar isused asa ‘T’ bar for the access tube insert. The PV C insert is pushed
into the top of the PVC access tube up tothe ridge in thecentre of the insert. Theclampis
then placed over the PV C pipe so that the ‘U’ bolt is positioned approximately 12mm from
the top of the PVC pipe. The nuts are then tightened until the PVC insert is held firmly.

WARNING!! do not over tighten the clamp as this will permanently damage the top of the

PV C accesstube. The 12mm diameter steel rod is then inserted through the two holesin the
top part of the PVC insert. Thisrod isthen used to twist and push the pipe into the soil.
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When the access tube has been pushed into the soil to the correct depth, the clamp and insert
can be removed and the PV C cap placed on top of the access tube.

Very light sandy soils that are dry will require wetting before attempting to drill the access
tube hole. If thisis not done, the walls of the hole may collapse and make the installation
impossible.

CLAY or SILTY SOILS

In clay or silty soilsa small amount of water should poured into the hole asit is being drilled,
this helps soften the soil if itisdry. If the soil isvery dry it is recommended that the soil be
soaked with water prior to attempting the installation of the access tube.

SLURRY METHOD

If the holeisdrilled to the same size as the PV C pipe (60.5mm) or very dlightly larger aslurry
of the soil removed from the access tube hole is placed in the hole to act as agap filler asthe
access tube is pushed into the hole. The excess clay slurry isforced out of the hole between
the soil and the PV C pipe asthe pipeis pushed into the hole. NOTE. If the soil texture
changes significantly over the access tube depth, this slurry method should not be used as the
clay that is ameared onto the side walls of the hde from the slurry will change the soil
moisture reading.

HARD SILTY or CLAY SOILS

Silty or clay soils that are very hard whendry will require wetting before attempting to install
the accesstube. If thisisnot done thereisahigh risk that the above install ation techniques
will not work as the soil will be too hard and may damage the PV C pipe when it isinserted
into the hole or make it impossible to drill the hole.

It is recommended that these soils be wet thoroughly before attempting to carry out an access
tube installation. The water will soften the soil and make the installation in this type of soil a
lot easier. The water should either be applied to the soil the day beforeinstallation is to take
place or asmall amount of water can be poured into the hole asit is being drilled.

STONEY or GRAVELY SOILS

Stoney or gravely soils requirean oversized hole to be drilled and the stones removed from
the soil and the soil is then re-packed into the hole in the same order asit wasremoved. The
access tube isthen installed into the center of the re-packed soil using the standard
installation method.

Care must be taken that the soil is also tamped down very firmly to ensure that the original
soil density isretained. If thisis not carried out correctly then the measured soil moisture will
be different from the surrounding soil because of dther air voids in the re-packed sail

column, changesin density of the soil or a different soil texture to the surrounding sall.
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ASSEMBLY OF ACCESSTUBE SOIL CUTTER

The access tube cutter comes in five parts, the steel cutter already has a piece of oneinch (1")
PV C pipe mounted in the top of the cutter. This pipe has a PV C socket for the second long
piece of pipeto begluedinto. The'T’ top to the cutter handle consists of a PV C tee and two
short handles that have to be glued into the sides of thetee. All pipe joints should be cleaned
with PV C pipe cleaner before they are glued together. The PV C solvent cement requires
about 4 to 6 hoursto set. It ispreferable to leave the cutter for 24 hours once it is glued
together.

The DRILL FIRST and THEN PUSH access tube installation technique using the standard
soil cutter isthe preferred and S mplest installation method and is suitable for most soils. 1t
prevents the possibility of contamination from different textured soils in the profile as the
access tube reams a clean cut holeas it is pushed into the hole that has been drilled. It dso
does not disturb the soil surrounding the access tube. Because of this the access tube
installation is successful every time.
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MICRO-GOPHER

The Micro-Gopher sensor head is supplied taped to theside of the Gopher staff. To install
the sensor onto theend of the staff the following procedure should becarried out.

1 Carefully remove the protective packing from the sensor head.

2 Loosen the grey cablegland at the top of the staff until the cable can be moved freely
through the gland.

3 Screw the sensor head onto the end of the staff by rotating the staff clockwise. DO
NOT ROTATE the Micro-Gopher sensor as this action may cause the cableto janin
the staff.

4 Re-tighten the cable gland at the top of the staff once the sensor has been sarewed
onto the staff. Do not pull the cable as this may damage the sensor .

The new Micro-Gopher sensor is very robust, however the sensor and staff should always be
treated with care. It isagood ideato transport the sensor inserted into a short length of

15mm PV C pipe, thiswill protect the sensor surface from physical damage. Rough handling
will eventually damage the sensor housing and make it impossible to insert the sensor into the
access tube.

The length of the staff between the depth markings and the centre of the sensor has been

lengthened so that the length of access tube above the ground is now 10cm instead of the
7cm as was the case for the 50mm GOPHER access tube.

MICRO-GOPHER ACCESSTUBE INSTALLATIONKIT

An access tube auger installation kit is included with the Micro-Gopher. This kit consists of
the following itams:-

1 One 19mm auger hit with threaded brass coupling on the top of the auger shaft.

2 One 1.2 metre aluminium auger shaft extension.

3 Two pieces of PVC pipe for attaching to the PV C tee on the top of the aluminium
auger shaft extension.

4 Two 15mm class 15 PV C access tubes complete with sealed bottoms and top PVC
caps.

5 One nylon plug for driving the access tube into the drilled hole.
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ASSEMBLE THE AUGER
Screw the auger into the threaded socket at the end of the aluminium tube. Then glue the two
short handles into the tee piece at the top of the aluminium auger shaft extension.

DRILLING THE MICRO-GOPHER HOLE

Select the site for the access tube installation and start drilling the hole by rotating the auger.
The soil that is on theauger flight must be emptied every 5to 7 cm tha is drilled, thiswill
ensure that a clean straight hole is drilled and that the auger flight is not overloaded with soil.
If this happens the auger will be very difficult to extract from the hole. Care should be taken
when drilli ng the hole that the auger shaft isadways straight and in the centre of the hole. If
thisis not done then the drilled hole may not be straght and this will cause problemsin
installing the PV C access tube. The gandard access tube supplied with the Micro-Gopher is
1.13 metres long.

The hole that is drilled for the access tube is dlightly smaller than the diameter of the PVC
pipe. Theinstallaion procedure reams the hole to the exact size of the PVC pipe. This
ensures that the access tube and soil contact is perfect every time. Because of this reaming
action the hole must be drilled slightly deeper than the final depth of the access tube.

This alows room at the bottom of the holefor the soil that isshaved of the walls as the access
tube isdriven into position. Approximately 10% deeper than the length of the access tube
that will beinstalled in the soil is adequate for most soils. Even if the hole is not drilled quite
deep enough, you will find that the access tube can be driven into the correct depth in most
soils. Thisis another advantage of the small size of the Micro-Gopher.

INSTALLING THE ACCESSTUBE INTHE DRILLED HOLE

If your soil contains clay or silt, then the holeshould be filled with water before attempting to
install the access tube into the hole. The addition of water in the hole ensures that the clay
becomes di ppery and plastic and makesthe i nsta lation of the accesstube pipevery easy. If
thisis not done the pipe may jam in the hole and make the complete installation impossible.

In sandy soils the addition of water after drillingis not necessary as the access tube can
generaly be pushed into the hole with very little resistance. If the soil has aclay layer at the
bottom and you have drilled into this, then some water should be added to the hole before
attempting to instdl the access tube In these sandy duplex or triplex soils the water should
be very carefully poured into the centre of the hole, otherwise sand may be washed from the
top of the hole and fill the clay region and make installing the access tube impossible.

Very sandy soil s should be thoroughly wet before attempti ng to drill the accesstube hole. If
thisis not done the sand may dlide into the hole and make it impossible to drill. Very hard
clay or silty soils should also be wet before the holeis drilled. The amount of water required
to wet the soil from the surface to the bottom of the hole to be drilled is approximately 20
litres.
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The bottom of the access tube isfitted with a pointed PV C plug. This helpsto guide the
access tube straight down the drilled hole when the pipe is being driven into the hole. The
black nylon accesstube driving plug should be placed in thetop of the PVC accesstube
The pipe should then be pushed into thehole by hand as far asit will go. After it reachesa
point where you can not push it any further by hand, it should then be driven inusing a
hammer. The length of pipe left standing above the ground should be 10cm.

After the pipeisinstalled the sensor should be inserted into the access tube to test for any
possi ble damage that may occur if too much force is used when the pipe is hammered into the
hole. If the sensor moves smoothly over the entire access tube length then the installation is
now complete. The calibration of the sensor to the soil should now be carried out. The
calibration of the sensor should be carried out after the soil has reached FULL POINT. The
time for the water in the soil to reach FULL POINT is covered in the table below.

Field Capacity or FULL POINT del ay.

SAND LIGHT SANDY LOAM CLAY CLAY
SANDY LOAM LOAM
LOAM
STABILISE | 1to2 2to4 3t06 8to 12 24 hours 24 t0 48
TIME hours hours hours hours hours

If the siteis to be re-calibrated then the soil must be brought up to Field Capacity before the
calibration is caried out. To achieve thisthe soil must be watered with enough water to
bring the entire profile depth up to Field Capacity. If the soil at the 10cm depth has dried out
more than the deeper depths, this can be adjusted in your computer after the next irrigation..
This change in calibration must be transferred back to your Gopher recorder. 1f youdo not,
the change will be over written when you down load the next data from that site.

PUNCHING ACCESS TUBE HOLE for MICRO-GOPHER

In very heavy clay sail or light sandy soils, punching ahole into the soil with a steel rod and
then driving the access tube in often works better than drilling a hole with the auger. The
outside diameter of the steel rod should be 19mm.

For the Micro-Gopher, because of the very small size of the tube hole, or in the case of the
punched hole where no soil is removed from the hole, and the soil texture is not known it
would be helpful todrill aseparatelarger hole sothat the soil textureover the entire profile
can be examined and recorded into the site header.
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SOIL MOISTURE TEXTURE GUIDE

The following table isafield guide to soil moisture content. The values in the left column are
a percentage of field capacity. The approximate Field capacity values are in millimetres of
water per 100mm of soil.

Per cent moisture L oamy sands and Very fine sandy Silty clay loams
remaining from sandy loams loam and silt loam and clay loams
field capacity approx FC = 30mm
approx FC =15mm | (Medium texture) | approx FC =43mm
(Coarsetexture) (Finetexture)
0to 25% Dry, loose, flows Powdery, sometimes | Hard, baked,
through fingers dlightly crusted, but | cracked; difficult to
easily broken down | break downinto a
into a powdery powdery condition
condition
25 to 50% Appears to bedry, Somewhat crumbly, | Somewhat pliable,
will not form aball | but holds together balls under pressure
with pressure with pressure
50 to 75% Tendsto ball under | Formsaball, Forms aball,
pressure, but seldom | somewhat plastic, ribbons out between
holds together when | sticks slightly with | thumb and
bounced inthe hand | pressure forefinger, has a
dlick feeling
75 to 100% Forms aweak bdl, Formsavery pliable | Easily ribbons out
breaks easily when | ball, sticks readly between thumb and
bounced in hand, forefinger, has slick
will not dlick feeling
100% Upon squeezingno | Same as sandy loam | Same as sandy loam
Field capacity free water appears
on soil, but wet
outline of ball isleft
on hand; soil sticks
to thumb when
rolled between
thumb and
forefinger
Saturated Free water appears | Same as sandy loam | Same as sandy loam
on soil when
squeezed
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The importance of writing this soil log cannot be over-emphasized. Future interpretation of
soil moisture values require that the soil type be known. Failure to record thisinformation
can result in aguessing game if a problem with the recorded soil moisture values becomes
evident sometimein the future. If datais sent to Soil Moisture Technology for evaluation
this soil log must be included. The soil types recorded in this soil logmust also be entered in
the log header when the siteis being set up in the Gopher program in your computer.

If large objects such as tree roots or stones are evident that cannot be easily removed when
the holeisbeing drilled then it is generally better to start anew hole Do not drill another
hole within approximately 300mm from the previous one.

The depth of measurement should be equal to the expected root zone of the plants being
irrigated plus 200 to 300mm. This allows the measurement of the moisture profile beyond
the root zone so that you can be sure that you are not over watering. Without this additional
measurement depth you can not accurately measure the total water penetration depth into the
soil.

Gopher Accesstube length example:
PIPE TYPE 50mm class 6

1) M oisture measurements to 1500mm
Access tube length = 1500 + 40 + 70 = 1610mm

2) M oisture measurement to 2000mm
Access tube length = 1000 + 40 + 70 =1110mm

3) M oisture measurement to 400mm
Access tube length = 400 + 40 + 70 =510mm

Micro-Gopher Accesstube length example:
PIPE 15mm Class 15

1) Moi sture measurements to 1500mm
Access tube length = 1500 + 30 + 100 = 1630mm

2) M oisture measurement to 1000mm
Access tube length = 1000 + 30 + 100=1130mm

3) M oisture measurament to 400mm
Access tube length = 400 + 30 + 100 =530mm

The height of the sensitive area of the sensor head is approximately 50mm for the Gopher and
70mm for the Micro-Gopher. The above calculations are based on the sensor being centred in
the 100mm section of the profile being measured. The first measurement covers the first
100mm of soil from thesurface. Although measurements can be made doser to the soil
surface, it is not recommended due to the variable bulk density at this shallow depth.
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Once the hole hasbeen drilled and the soil samples taken the PV C accesstube can be cut to
the correct length and placed in the hole.

Standard 50mm Gopher Accesstubestesting.

If additional access tubes are required they must be cut to the correct length and sealed with a
40mm PV C end cap. The size uniformity and water tightness of all access tubes must be
tested before they are installed into the ground. Failure to carry out these tests may result in
damage to the sensor and also result in erroneous data collection. Use the sensor to test the
size uniformity of the accesstube. The pipe size must be such that the sensor can be pushed
freely over the entire length of the acoess tube. If this can not be done the pipe should not be
used. The water tightness of the end cap seal should be tested by filling the pipe with water
and allowing it to stand full of water for at least 5 minutes. Check that there is no water
leaking from the end cap. After thistest dry the inside of the pipe thoroughly with paper
towel wrapped around the end of a piece of wooden dowel or fencingwire.

The 40mm PV C end cap isaloose fit in the 50mm PV C pipe. Theinside of the pipe and the
outside of the end cap need to be coated with PV C pipe cement and allowed to dry
(approximately 5 minutes). Re-coat the inside of the pipe aswell as the end cap and push the
end cap into the pipe - the rounded end of the cap outwards. Another method isto apply PVC
insulation tape to the wall of the end cap to fill in the excess gap between the fitting and the
pipe. Apply as many turns of the tape to gve a snug fit between the pipe and the end cap.
Then glue the fitting as detailed above.

IMPORTANT NOTE

The inside of the PV C pipe should only be painted with the solvent cement to a depth of
30mm. At no time should the pi pe be placed with the sol vent cement coati ng uppermost. If
thisis done the glue may run down the inside of the pipe and make it impossible to insert the
sensor head without damaging it. After the end cgo has been inserted into the pipeit shoud
be stood vertically with the end cap downwards until the solvent cement has started to harden
(approximately 15 minutes).

Use a sharp knife or file to clean and chamfer the top inner and outer edge of the PV C pipe.

Note - do not use a standard 50mm end cap for the top cap on the access tube. The end caps
supplied in the Gopher kit by Soil Moisture Technology Pty Ltd have had the internal
diameter enlarged. This will prevent the end cap becoming stuck on the end of the pipe. It
will aso prevent water from being sucked into the tube during irrigation or rainfall events.
These are available from Soil Moisture Technology. The Micao-Gopher top cap is made from
a20mm PV C end cap and a short piece of 20mm PV C pipe. A piece of plastic foamis
placed in the end cap to prevent insects from getting into the access tube.

Micro-Gopher Accesstube testing.

The Micro-Gopher access tube should be tested in the same way as the standard Gopher
access tube. Water leaks or non-standard pipe sizes will mean the time taken to install the
access tube will be wasted.
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SI TE TESTI NG FOR GOPHER and M CRO- GOPHER

Testing of the access tube must be carried out after installation to ensure that it has been
installed correctly.

Thefirst test isto check the access tube for physical deformation. Thiswill only normally
occur if to much forceis used to drive or twist the access tube into the hole.

Place the sensor head into the access tube and secure the guide cap onto the top of the access
tube. Rotate the guide cap as you push it onto the access tube to ensure tha it is seated
correctly. Make sure the gland on the guidecap is not done up too tight as thiswill make
inserting the sensor into the access tube difficult and will give you the wrong impression of
the condition of the access tube.

Push the sensor slowly from the top to the bottom of the access tube. The physical resistance
between the sensor head and the access tube should be constant over the entire length of the
pipe. If the sensor head becomes tight in the access tube, then the access tube has been
deformed and must be re-installed using a new PV C access pipe. If this deformation of the
access tubeis not eliminated it will eventually cause damage to the sensor head and will also
produce errorsin the measured il moisture levels.

If the access tube installation passes this physical test the next procedure isto check the
uniformity of contact between the access tube and the soil. The soil profile logthat was
recorded during drilling of the access tube hole will give an indication of the soil moisture
variation that should be expected over the soil profile. If water has been used to aid the
insertion of the access tube in clay soils then the profile should be fairly even.

Adjust the staff position so that the horizontal bar under the number 1 on thestaff is just
visible.

Plug the cable from the sensor into the Gopher profiler.

Pressthe 'ON' key. TheGopher will turn onand display:

SOIL MOISTURE
TECHNOLOGY
Version 9.0 Sn2xxxx

Pressthe'ENT' key. The
Battery 6.200 volts display will show:
Time 14: 35:56
Dat e 03:02: 2003
Key ENT for next
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The battery voltage should bewithin the rangeof 5.4 to approximately 6.2 volts. The date
and time should indicate the current real time and date. If thisis not correct, refer to the
section for setting up the real time clock.

Pressthe'ENT key. Thedisplay will show theread sensor direct menu entry.

MAIN MENU
KEY TO SELECT

Pressthe'ENT’ key. The site number and calibration detals will be shown. If the site has
been used before then the previous calibration data must be erased before attempting to
calibrate the site.

SI TE SELECTI ON

Site nunber xx
SI TE UNCALI BRATED

The Gopher data storage memory is organised to store 48 profiles from 54 different sites.
Each site should be identified by writing the site number on the access tube cap usng a
waterproof pen.

Depressthe INC or DEC key until the site number shown is the number of the site that has
just been installed.

Pressthe'ENT' key. The display will show:

SELECT SENSOR TY PE
1 GOPHER
2 Micro-Gopher 2

The Micro Gopher will have a2 or 1 depending on the when the sensor was manufactured
and the number tha you entered when the Gopher firmware was up-dated, this numbe is
marked on the staff.

Key 1, 2 or 3 depending on the sensor type that is being used.

Pressthe 'ENT' key. For an un-cdibrated site the display will show:
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PROBE BAR GRAPH

XXXXPr obe NOT CAL

The horizontal bar graph displays graphically the moisture levels read by the probe.

The sensor must be connected to the Gopher recorder before entering this program, if thisis
not done an alarm will sound that warns that the sensor is not connected.

Move the sensor from the 100mm mark slowly to the bottom of the hole, observing the bar
graph asyou do. The movement of the bar will beindicative of the soil moisture and should
agree with the physical observations of the soil moisture when the access tube hole was being
drilled.

Variations from the ex pected soil moisture | evels could be caused by any of the following:

1) Air pockets in the sil, caused by problems during the drilling of theaccess
tube hole or during the insertion of the access tube.

2) Large stones or tree roots adjacent to hole.
3) Clay layersin the soil may cause readings to increase.

4) Gravel or sandy layersin the soil profile will cause readingsto decrease. The
amount that the reading decreases will depend on the degree of texture change
in the soil.

Any largeunexpected variaion would indicatea problem due to dther of the firsttwo items
onthislist. Anomaliesof only afew percent arewithin the estimation accuracy of the field
determination of the soil moisture.

Clay layersif they are wetter thanthe soil above will cause the readng to increase Thisis
expected and normal.

If you added water to the access tube holebefore the access tube was instdled then the soil
moisture profile should be fairly even, the only major variations should be due to texture
changesin the soil.

CALIBRATION OF SOIL AND SENSOR

The sensor output varies with the soil type. Thisislargely due to particle size variation and
particle size distribution in the soil. The sensor must be calibrated to match the soil that is
being measured. Soils of similar texture will generally produce similar calibraion results.
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The most accurate method to calibrate the sensor isin the soil that isto be measured. To
achieve this an automatic down-hole calibration program has been developed for the Gopher .
This allows the sensor to be calibrated to your soil type Theinitial calibration usesthe
estimated moisture content value that was recorded when the access tube hole was being
drilled or the known Full Point or Field Capacity for your soil if the calibration is being
carried out after an irrigation.

The two options that can be selected when calibrating the sensor to the soil being measured
through the access tube are:

1) Down hole single point calibration.

2) Down hole multi point calibration.

DIFFERENT FULL AND REFILL VALUES

If the soil textureis similar over the depth that is being calibrated then a single point
calibration is thesimplest and easiest way to cary out the calibration. If your soil profileis
considerably different over the depth of the profile being measured then in order to accurately
calibrate the sensor for each soil type, the soil characteristics must be known. |f the NEW
PERCENTAGE CALIBRATION isused, thisinformation isnot required. Thismakes
accur ate calibration extremely simple. If the soil profile has clay below the root zone of
your plants then the calibration for this depth is easily changed in your computer and the
changed calibration transferred back to your Gopher.

The soil characteristics can be determined using the SOIL FIELD CAPACITY
DETERMINATION method described later in the handbook.

If these values are not known then the best method isto do asingle point calibration for a
single textured soil and then after the next irrigation the moisture prafile can be examined to
determine the moigure storage capacity of the soil over the depth being measured. Small
variations in the measured soil moisture can be due to dlight changesin the bulk density of
the soil, stones or plant roots close to the access tube.

These anomalieswi ll cause the measured soil moi sure to vary slightly from point to point.
If you change the Full and Refill Point value, you must have tested valuesfor the soil at
these depths. If you do na have accurate values for these pointsin the profile thiswill
cause errorsin the summed soil moisture valuesfor the depth of the profile. Thisis
because the changed Full and Refill values will not reflect the actual true soil
characteristics adjacent to the access tube.

There are two sdutions to this variaion in the soil moisture profile:-

1 Take a soil sample approximately 30 to 50cm away from the access tube and at the
same depth that the variation is evident. Then measure the actual Full Point for the
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soil using the SOIL FIELD CAPACITY DETERMINATION. Thismethod is
described later in this handbook. This procedure will also give you avdue for the
actual soil moisture content at this depth, this value can be used to trim the
calibration.

2 If the Field Capacity (Full Point) is different from the soil above and below this point
then the Field Capacity and Refill point should be changed to match thisvalue. If the
soil Field Capacity results are very similar to the soil above or below this point, then
the changes are due to something physical in the soil. To improve the accuracy of the
average soil moisture value for the soil at this depth, the slope or calibration value
should be changed to make the measured val ue recorded with your Gopher agree with
the calibration value generated from the soil sample.

If the measured soil moisture value goes down by a large percentage or even close to zero,
while the other pointsin the profile are up at the known Full point for the soil, then it is not
possible to change the sensor calibration to make the reading accurate. This sort of variation
in the soil moisture reading is generally caused by stone or air pockets and generally requires
re-installation of the accesstube If it is caused by stones then you can dther ignore thedip in
the soil moisture value or drill alarger hole and remove the stones. Then the soil is re-packed
into the oversized hole and the access tube reinstalled. Thisis described in the access tube
installation section.

In some clay soils, one other problem can occur. If the clay is sticky a hole can occur
adjacent to the access tube. This generally only occursin very sticky clays. Thishole will fill
with water after an irrigation. Thiswill cause the measured value to go very high. Asthe
water drains away the value will then move down towards zero. If this problem is below the
root zone of your plants then the easiest answer isto ignore the anomaly. This can only be
doneif the plant root zone does not go down to this depth. If the plant has feeder roots at this
depth and the depth is also included inthe summed readily available water, then the access
tube should be re-installed.

The following profile graphs show examples of soil moisture variation in the same textured
soil.
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The graph above shows a decrease in soil moisture 10 20 and 30cm. The results of a soil
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sample indicated that this changewas in fact not true. The calibraion for these two points
was then changed after the soil at these two depths had been tested. The calibration change
was based on soil samples that were tested for Field Capacity and current moisture vaues.
This change in calibration will now give accurate results for this site.
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GOPHER & MICRO-GOPHER CALIBRATION

The calibration procedure on the Gopher has been ssimplified to make the process of
calibration morestraight forward. (eliminates key strokes,) The program now displays a
selection of six (6) mgjor soil texture classifications that you can choose from and then asks
for the approximate soil moisture content at the point in the profile that is being calibrated.
The process of setting the calibraion constant (SLOPE) in the Gopher is now automatic. All
values can still beedited to adjust for variations from the basic six (6) mgor soil
classifications. The soil calibration can now also be entered as a percentage calibration value.
That isthe Full Point is entered as 100% and the refill as anomina 60%. Thisremoves the
necessity to determine the actual Full Point and Refill Point in actual millimetres.

CALIBRATION PROCEDURE

Select CALIBRATION ENTRY from the menu. Key <ENT> the display will show:

SITE SELECTION

Site Number XX

The program provides storagefor 54 soil moisturemonitoring sites. Each site can have up to
48 profiles with up to 15 soil moisture readings in each profile.

Select the site number to be calibrated by using the INC or DEC keys on the keyboard. Key
<ENT> to select the site number. The last line on the display will show if the site has already
been calibrated. If it has the program will go into a preview mode and show the previous
calibration datafor the site. To enter new calibraion datainto a previously calibrated site
you must first erase the existing calibration datausing the ERASE program.

NOTE: The site access tube or cap should be physically numbered with awater proof
marking pen to avoid later possible confusion in remembering the site number when you
arrive at the site to record a profile.

CALIBRATION SITE XX
Root zonemm 500
Profile points 10

First the root zone depth for the summed data calculation is entered in millimetres. This
number must be in multiples of 100mm, the default shown in the display is500. Next the
number of profile points that are to be measured is entered, the maximum number that can be
entered is 15, the default that is shown in the display is 10.
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Remember the profile measured depth must be greater than the root zone depth that
you enter.

The screen will then prompt for you to enter the sensor offset. This number is marked on the
label on the Gopher sensor. The Micro-Gopher or Ferret sensor have the Off set marked at the
top of the staff. This number isthe un-calibrated value that the sensor will read in soil with
zero soil moisture.

Because there are now three different types of sensors that can be attached to the Gopher the
calibration program now prompts you to enter the type of sensor your are using for the site
that is being calibrated. The list thet is displayed is as follows:-

SELECT SENSOR TYPE
1 ORIGINAL GOPHER
2 Micro-Gopher 2

3 FERRET

Key the number that corresponds to the sensor type that you are using. This selection sets up
the sensor reading program so that the results are similar irrespective of the sensor type.
Once a site has been calibrated ugng the new version 9.0 this sensor type informéaion is
stored in the calibration data for that site.

The sensor read program for the Ferret has been changed to increase the sensitivity of the
Ferret reading. This change will require that the site you use for your Ferret will have to be
re-calibrated. The offset value of the Ferret also has to be re-measured so that the readings
are correct with the new program. This can be done by placing some oven dried soil in a
container. Placethe Ferret probe into the soil and read the probe RAW data value. The depth
of soil must be sufficient to cover the top of the Ferret sensor by about 50mm. The READ
SENSOR DIRECT mode is used for this measurement.

This sensor prompt will also appear when you enter either the READ SENSOR DIRECT,
RECORD PROFILE or TIMED RECORDING program for sites that have been calibrated
using earlier versions of the Gopher program.

The PC software now enables you to define the sensor you are using for each site that has
aready been calibrated, to do this you enter the ‘EDIT EXISTING site header’ and make sure
the sensor type option that is displayed in the SENSOR TY PE list is the sensor type that you
areusing for that site.  The standard Gopher sensor will be selected by default. To change
the sensor type simply click on the option button. This information must then be transferred
back to the GOPHER and will be stored in the calibration information for that site. To do
thisyou select * SEND site datato GOPHER’ from the main menu on your PC software and
transfer the edited site data back to your Gopher. This makes the sensor type selection
permanent in the Gopher and you will not be prompted for thisinformation for this edited site

again.
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CALIBRATION METHOD

Select ether the NEW PERCENTAGE CALIBRATION or
VOLUMETRIC CALIBRATION.

CALIBRATE SITE xx

1 PERCENT CALIBRATE
2VOLUME CALIBRATE.
KEY 1lor?2

The New percentage calibration is based on the Full Point or Field Capacity being
automatically set at 100% when you do the cdibration. Full Point or Field Capacity isthe
maximum amount of water that the soil will hold agai ngt gravity.

The major advantage in using percentage cdibration is that you do not have to do asoil
analysis to get accurate results, because the percentage calibration removes the requirement
for detailed soil testing over the total profile depth. When the soil is at Full Point the
calibration is set automatically to 100%. If after thecalibration you find that the soil was not
exactly at Field Capacity the calibraion can be edited on your computer and transferred back
to the Gopher.

With most soils the Refill Point or the end of the Readily Available Water in the majority of
soils is approximately 60%. When the soil moisture goes below thislimit the plants can not
easlly extract the moisture from the soil. Clays have less available water because of the large
percentage of extremely fine particlesin the soil.

To change asite from Volumetric calibration to Percentage calibration. Thesitein the
computer must be first be selected for a new season in your computer. Thiswill archive the
existing data so that you can always go back and look at the old data. The computer will then
transfer the existing calibration to the Gopher. This existing calibration must be erased in the
Gopher before you re-cali brate the site in the Percentage mode. Enter ERA SE PROFILE
DATA then select 1 ERASE CAL. ONLY. Thiswill erase the existing calibration and dlow
you to re-calibrate in the Percentage mode.

If you only have afew profilesin each site and want to change to percentage calibration and
leave the existing profilesin the Gopher. Then select ERASE PROFILE DATA inthe
Gopher. When the erase options aredisplayed, select 1 ERASE CAL. ONLY. Thiswill
erase the existing calibration data and alow you to re-calibrae in the Percentage mode. The
existing data will now be displayed as Percentage on the Gopher and your computer.
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SAND LIGHT SANDY LOAM CLAY CLAY

SANDY LOAM LOAM

LOAM
FC 12 18 27 32 42 45
Refill 7 11 16 19 30 36
RAW smm 7mm 11mm 13mm 12mm 9mm
Full % 100% 100% 100% 100% 100% 100%
Refill % | 58% 60% 59% 59% 69% 79%
% RAW | 42% 40% 41% 41% 31% 21%

If the access tube installationis a new site then the easiest way to install the accesstubeisto
saturate the soil beforeinstallation. Thisisvery important in clay soils. Dry clay can be very
hard and also sticky. Thiswill make the access tube installation very difficult. However if
the clay soil has been saturaed then the installation of the access tube will be essy because
clay when it iswet is very dippery.
One simple way to achievethisisto
either, place a piece of PV C pipe on the
point where the access tube is going to be
installed or form a soil dam around the
site. Then fill the soil dam or container
with water. The water must be allowed
' to drain away before you refill the
' container. The dam or PV C pipe must be
& filled anumber of times to ensure that the
=" soil iswet al the way down to the depth
3g& that the access tube is to be installed.

After the installaion the soil must be It until the moisturecontent has ceased moving and is
at Field Capacity. Thetable gives aguide asto how long it will take for the water in the soil
to become stable and suitable for calibration.

SAND LIGHT SANDY LOAM CLAY CLAY
SANDY LOAM LOAM
LOAM
STABILISE | 1to2 2to4 3t06 8to 12 24 hours 2410 48
TIME hours hours hours hours hours

If the access tube is existing and you want to re-calibrated using the percentage calibration
then the soil must also be brought up to Field Capacity before the new cdibration is carried
out. To achieve thisthe soil must be watered or irrigated with enough water to bring the
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entire profile depth up to Fie d Capecity.

The method of calibration must be selected next. The display shows a selection of:-

CALIBRATE SITE xx
1 SINGLE POINT CAL.
2 MULTI-POINT CAL.

The single point calibration can be chosen if the soil texture does not change very much
over the depth that is to be measured. Multi-point calibration for volumetric calibration
requires detailed knowledge of the soil texture at each 10cm interval in the measured profile.

With the NEW percentage calibration method the soil detailsare
not required. Thismakesthe calibration extremely simple. If the
soil texture changes over the depth to be measured, then multi-
point must be used.

L et us assume that single point calibration has been selected. With the Volumetric calibration
the screen now shows alist of 6 different soil types. Thisisnot shown for the percentage
calibration, because the method of calibration for the percentage does not requirethe soil

type.

1 Sand 4 Loam
2 LS Loam 5Cl Loam
3 SaLoam 6 Clay

LS Loam isan abbreviation for Light Sandy Loam, Sa Loam is an abbreviation for Sandy
Loam and Cl Loam is an abbreviation for Clay Loam.

Key the number that best fits the soil texture of the site being calibrated. Then key ENTER
to move on. The display will now show the description of the selected soil on the top line.
The standard value for Fi eld Capacity and Refill pointsison the third line. If percentage
calibration has been selected then the Field Capacity valuewill be 100% and the Refill value
will be 60%. The Refill value can be edited if you know that the soil Refill valueis either a
higher or lower percentage. The Field Capacity value of 100% should not be changed
because the method of calibration automatically sets the calibration to 100%.

For Volumetric calibration you can change Feld Capacity and the Refill if you know that the
value is different from the standard values. Line two instructs you to ‘EDIT Field Capacity’.
The bottom line has an arrow under the Field Capacity value indicating that thisis the
number that can now be edited. The reason that this editing facility has been included is that
even though soilscan be classified into broad categories, there will be differences within
those categories for actual sals. The only way to accurately deermine the actud Field
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Capacity of your soil isto d@ther have a soilslaboratory sample your soil or use the Soil
Moisture Technology Field Capacity soil testing method to determine the actual value of the
moisture content of your soil & Field Capacity. If you do not have actud values for your soil
then the default values should be used as a starting point. These values can always be edited
later in your computer and transferred back to your Gopher.

Either accept the default or enter the value that you or a soils laboratory have measured.

After enteringthe value key ENTER. The second line of the display will now prompt you to
EDIT the Refill value. The arrow will move below the Refill value. The Refill valueisthe
number of millimetres of water that remain in the soil at the target point for irrigation. That is
when the soil moisture reachesthispaint itistimetoirrigate. The valuethet isdisplayedisa
value that is 50% of the soil moisture range between wilting point and Field Capacity. This
value of 50% is the nominally accepted target value to start irrigation. Different crop types
can tolerate, and in some cases benefit, from the Refill Point being either higher or lower than
this nominal 50% value.

The display will now prompt you to key ENTER if you are satisfied with the values
displayed. If you want to go back and change either of these values then pressthe CLEAR
key. If thisis done the program will return to thesoil selection frame.

Y ou are now prompted to enter the gpproximate value of soil moisture at thedepth that is
being calibrated. If the calibration is being carried out just after an irrigation then the number
that is displayed (FIELD CAPACITY) should be accepted as the soil will be very close to the
Field Capacity value. If you know that the soil is drier than the Field Capacity value, then
enter the value that you estimate is the current soil moisture value. If you are unsure of the
soil moisture value there are two ways to go.

1 Tip approximately 10 litres of water around the acoess tube and after allowing time
for the water to drain into the soil and reach Field Capacity do the calibration.

2 Make as close a guess as you can and then trim the value in your computer after
recording a profile after the next irrigation.

Key enter to move on.

In single point calibrations the sensor should be placed at either the 20 or 30cm point, (2 or 3
on the staff) asthe soil at this depth will generally be closer to the estimated moisture
content, based on either time sincethe last irrigaion or the estimate made when the access
tube hole was being drilled, assuming the calibration isbeing carried out immediately after
installation of the access tube.

The Gopher will now display the raw data value from the sensor and prompts you to key
ENTER when the prabe is set in the acoess tube and the reading is stable When ENTER is
depressed the display will show the soil calibration constant or SLOPE. If the soil selection
or entered values makes it impossible to calibrate the sensor to the soil values that have been
entered, then awarning message will be displayed that the calibration can not be carried out.
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Key ENTER and the program will return to the CALIBRATION menu item.

The displayed SL OPE can be modified if you know from past experience that it should be
different for the soil that you are calibrating.

WARNING!! Do not change the slope unless you know from past experience wha the
value should be for the soil being calibrated. The value of the calcul ated slope will range
from approximately 25 to 35 for heavy soilsand approximately 40 to 50 for very light sandy
soils. For the percentage calibration it may vary from 40 to 150.

The siteisnow calibrated if asingle point calibration was selected. If MULTI-POINT
calibration was selected then the process is repeated for each point in the soil profile.

At the end of the calibration process you will now be prompted to store the calibration in
memory YES/NO. If you key 2 for NO then the calibration data will be abandoned, if you
key 1 for YES then the datais saved in memory and the program returns to the menu entry
point.

Single point calibration is normally the most practicd method of field cdibration. Multi
point calibration requires soil samples to be cored at each 100mm point in the soil profile.
Analysis for soil moisture and bulk density determinations has to be carried out on each
sample. Percentage calibration does not require soil analysis and gives you a high degree of
accuracy.

The cost of such measurements would be prohibitive, as these measurements should be done
for each access tube location or where there is a soil texture variation from siteto site. The
Improvement in accuracy is generally not required in soil moisture measurements that are
used as an aid to irrigation management. The only time the extra cost and effort would be
warranted isin research where a high degreeof accuracy is required.

The actual point by point calibration can always be chedked after an irrigation and adjusted in
your computer. This adjustment is then transferred back to your Gopher to make the change
permanent.

REMEMBER THE OVERALL Al M AND PURPOSE OF MEASURI NG THE
SO L MJ STURE PRCKFI LE | S:

1) To neasure the soil noisture profile fromthe surface
t hrough the root feeding zone and bel ow the root zone to
ensure that adequate water is being applied during irrigation.

2) To be able to neasure and see graphically the
effectiveness of the irrigation schedule. The effect of under
watering wll be obvious fromthe recorded profil e because the
soil moisture in the root feeder zone will not be brought up
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to field capacity. The resulting profile fromover watering
wi |l also be obvious in that soil noisture levels well bel ow
the root zone will increase after irrigation cycles.

From the data recorded with the Gopher you will be able to determine the effectiveness of
your irrigation management program. You will also be able to see graphically evidence of
under watering and over watering. Y ou can then adjust your irrigation times so that the
amount of water gppliedis sufficient enough to bring the root zone depth up to fid d capacity.

To determine depth of infiltration of the irrigation water and to a0 verify thevalue of field
capacity it isimportant that a profile be recorded shortly after anirrigation cycle Thetime
allowed for the water to penetrate into the soil before you record a profile will depend on the
soil type. Sandy soils show a high rate of water movement and water drainage and
equilibrium is reached in generally less than one day. Heavy soils have a much lower rate of
water movement and may take 24 to 48 hours before water movement into the soil has
reached equilibrium. Recordingseveral profiles after an irrigation cyclewill show the rate
that the water is penetrating into the soil.

Calibration data must be entered before the Gopher can be used to record a site profile and
calculate water balance.

Different soil types are capable of storing different amounts of soil water for plant use. The
moisture gorage characteristic is related to the properties of particle 9ze, particle size
distribution, structure and texture. The relationship between soil type and moisture content at
field capacity is at best empirical and can vary even within the same soil type.

Published data has been produced from extensive field testing of the soil typesfoundin a
large number of agricultural regions or locations. Y our local Agriculture or Primary
Industries department will havethe soil classification and field cgpacity datafor most soil
types and agricultural areasin Australia.

DETERMINING THE TEXTURE OF A SOIL

Soils may be classified into the various textures by the following method:

1) Take asmall sample of soil sufficient to comfortably fit in the palm of your hand.
Discard any stones from the sample.

2) Moisten the soil with water, alittle at atime, and knead it until there is no apparent
change in the feel of the ball. The moisture content should be such that the ball just
failsto stick to your fingers.

3) Inspect the sample to seeif sand isvisible; if not, it may still be felt asthe sampleis
worked.

4) Next, squeeze the sample hard to see whether it will form a cast, and if so, whether it
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isdurable or fd s apart readily.

5) Finally, squeeze it out between the thumb and forefinger with a sliding motion and
note the length of self supporting ribbon that can be formed.

Sands No coherence; cannot be moulded; single grains gick to
fingers.
Loany Sands Form fragile casts that just bear handling; give short (6

mm)ribbons that break easily; discolours fingers.

Fi ne Sandy Loam Form casts that will just stand handling; fine sand can be felt,
and Loams otherwise feel smooth, may fed greasy if much
organic matter is present; will form ribbons 15 to 25mm long.

Silty Loans Coherent but will crumble; very smooth and silky; will form
ribbons 25mm long.

Cl ay Loans Form coherent casts with arather spongy feel; plastic when
squeezed between thumb and forefinger; smooth to manipul ate;
will form ribbons 40 to 80mm long.

d ays Smooth, plastic casts; some resistance to manipul ation
(toughness); form ribbons at least 80mm long depending on
heaviness of the clay. Sand grainscan befeltin someclays
which form ribbons 40 to 50mm long.

The range of soil types described in literature can be quite large, some soil classification
charts have alarge number of different soil types listed, but the lists are so long that they can
become very confusing.

SOIL FIELD CAPACITY DETERMINATION

The determination of the Upper Storage Limit or Field Capacity value for a particular soil
type using the texture of the soil as the guide, does not necessarily mean the soil will conform
to the standard value for that particular soil type. The Field Capadty or water-holding
capacity of asoil isthe amount of water the soil can retain after drainage. It is dependent on
the number of small poresin the soil. Hence, fine textured soils tend to have a higher water-
holding or Field Capacity than coarse soils.

The accuracy of any soil maisture measuring device is dependent on the calibration that is
applied for the soil that is being measured.
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A simple method has been devel oped
by Soil Moisture Technol ogy, using a
standard 1 litre measuring jug. This
measurement method gives far more
accurate results than estimating the
Field Capacity value based on visual
soil texture classifications, as the
particlesize range and particle size

| distribution with the soil can vary from
| siteto site and is difficult to estimate
accurately by visual inspection.
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The measuremert jug has five 10mm
holes drilled in the bottom to allow the
excess water to drain away when the
Field Capacity determination isin
progress.

ADDITIONAL EQUIPMENT

REQUIRED

4) A fan forced oven capable of
maintaining 105°C or a
microwave oven isrequired to
dry the soil sample.

5) Oven or microwave tray capable
of holding the 2K g soil sample
when it isbeing dried.

6) Kitchen scaleswith afull scale
weight of 3 or 5 Kg.

The Gopher PC program version 9.0 now contains a section that is designed to do all the

calculations from the soil moisture measurement dataand then print a hard copy and also

store the data on disk file on your computer. The saving of data on your computer enables
previous soil datato be recalled and displayed from any site that has been measured.

Two different methods can be used in the PC program to determine the sal characteristics:-

1 Bulk soil sampling.
2 Cored soil samplingusing a coringtool.

The bulk soil sampling method calculates boththe soil moisture content of the sample
when it was taken and also the bulk density and Field Capacity or Upper Storage Limit of the
soil sample.

The cored sample method using a soil sample corer determines the actual soil moisture of
the sample when it was taken and also the bulk density of the soil to be cdculated. This
method is very useful in determining the compaction status that may be occurring in soil due
to either naturd causes or the passage of farm machinery or human traffic. The Field

NEW GOPHER® VERSION 9.2 Technical Handbook Page 28




Capacity or Upper Storage Limit of the soil camot be determined using this method.

BULK SAMPLE METHOD

The soil sample of approximately 2-3Kg should be taken from the depth where you require
the Field Capacity determination. The sample should be within the same watering zone
where the Gophe access tube is located, but not so close to the access tube that it will cause
the soil drainage pattern to change. If theirrigation method is“under tree” or “over head”
sprinklers then the soil sample could be taken from near an adjacent tree or vine.

Verification that the soil texture from the sample site is the same as the site where the Gopher
accesstubeisindalled is essentid to ensure accuracy and usefulness of calibration of the soil
in relation to the actual Gopher access tube site. To enable the results to be used to set the
Field capacity and verify the calibration accuracy of the Gopher, aprofile should be recorded
at the same time as the sampleis taken.

The soil sample should be immediately placed in a sealed container to prevent loss of
moisture during the time of transport from the field to the location of the drying oven where
the measurements are to be made.

Note. The results can be entered directly into your computer if you are using version 8.4 or
higher. The data can also be saved or printed at any stage of the calibration process and then
re-loaded when you have more datato enter. Each soil sample isidentified by the Gopher
site number and thedepth in centimetres that the samplewas taken from.

First weigh theempty oven or microwave tray and record this weight. Then the moist soil
sample should be placed into the oven tray and thetray and soil weighed together. Thiswill
be used to determine the actual soil moisture value at the site from which the soil sample was
taken.

The soil in the tray should now be placed into the oven with the temperature set to 105°C. To
ensure that the soil sampleisdry it should be left in the oven for 24 hours. At the end of this
time the oven should be turned off and the soil Ieft in theoven until it iscool. Thiswill help
to prevent re-absorption of moisture asthe soil cools.

If a microwave oven isto be usad the rate of hegting of the soil will be very high, care must
be taken that the s0il sample is not overheated as this will eventually burn any organic
material in the soil and change theresulting textureof the soil. The soil should be heated in
the microwave for no more than 3 minutes and then allowed to cool and then weighed before
heating again.

At the end of each heating burst the sample should either be removed from the microwave, or
the microwave door opened to allow evaporating water to escape from the soil. If thisis not
done condensation may form on the roof of the microwave and drip back into the soil sample.

When the weight of the soil sample does not change it can be assumed to bedry. Asthe il
dries the time of each heating burst in the microwave should be reduced to avoid overheating
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Any clumps of soil should be broken up as the soil isdried, doing this after each heating burst
in the microwave reduces the problem of very hard lumps formingin clay or silty soils.

When the soil is dry any remaining clumpsin the soil must be broken down by using a piece
of wood to pound the soil. The soil and container should now be weighed and the weight
recorded in the table.

. A\ The measuring jug should have a single sheet
' of paper towel placed in the bottom of the jug
, ‘f / to cover the water drainage holes. The jug
& o \ with the paper towel in place should now be
‘ weighed and the weight recorded. A typical

| ) | : ' weight for the Decor one litre measuring jug
;. \ ! ‘ and paper towel is approximately 83gms.
~ A\ | Now thedried soil should be added to the jug

until the soil level isin line with the 1 litre
mark. The soil should now be shaken down
by lifting the jug and tapping it on the surface
of abench top. This action should be repeated
until the soil height does not change any more.
The soil level should then be topped up to the one litre mark again and the shaking down
process repeged. This should be repeated until thesoil level does not change. The dry soil
and container should now be weighed and the weight recorded.

The remainder of the dried soil sample will be used to absorb the excess water from the
bottom of the soil container until the weight of the soil in the container reaches a constant
value. Thisiswhenall moisture movement within the soil has ceased and thesoil isat Field

Capacity.

Water should now be added to the soil. For very light sands add approximately 290mL. For
loams add approximately 330mL and clays gpproximately 450mL. The heavy soilswill
require the water to be added in several lots as the space |eft at the top of the jug is not
sufficient for the volume of water that the soil will absorb. Before the water is added the
measuring jug should be placed in a container
to collect the excess water that freely drains
out of the bottom of the jug. Leavethejugin
this container for about 1 hour. If water does
not drain from the bottom of the jug then
more water should be added to the top of the
jug after the water has soaked into the soil.

The movement of the water down through the
soil can be observed through the walls of the
jug. Thewater will move down through sands
at avery fast rate, sandy loams will be slower
and clay or silty soilswill beveryslow. The
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rate at which thewater moves through the soil is an indication of the soil’ s hydraulic
conductivity or its ability to transmit water.

When all free water has drained from the soil, that is the water is no longer dripping from the
bottom of the contaner, the container should be placed on top of the remaining dried soil
sample. The soil should be piled up into a heap to improve the natural drainage from the
drain holesin the container into the dry soil below.

The surface of the soil in the jug should now be smoothed and levelled using a small spoon or
knife, any soil that adheres to the smoothing tool should be scraped from the tool and
returned to the jug so that the weight of the soil in the jug is not altered.. The soil volume
should now be read from the graduated scale on theside of the jug. This valueisthe cubic
volume of the soil and will be used to deermine the bulk density of thesoil. Record this
volume in the table in your computer.

A cover should now be placed over the jug to prevent evaporation from the surface. A
auitable material for thisisplastic food wrap or aplastic lunch bag. Approximatey every 1
to 2 hoursfor light soils and 4 to 6 hours for heavy soils, the soil container should be
removed from the soil drain mound and weighed. Any soil sticking to the base of the jug
should be carefully brushed off before weighing. This process should be repeated until the
weight does not change between successive we ght measurements. Thisiswhen thesoil in
the container has reached Field Capacity and dl drainage has ceased.

Sands will reach Field Capacity in a couple of hours, sandy loams may take up to 24 hours
and heavy loams and clays may take one to two days. When the weightis constant the plastic
cover on the jug should be removed and the soil and jug final weight recorded. After entering
the last weight depress the enter key to cause the program to do the final calculation and
display the resultsin the table in your computer.

This data should be saved to file and also a hard copy should be printed. The soil texture
name can be changed after starting the calibration by clicking on the soil texture display
panel. You will be prompted to enter a texture name for the soil. Thiswill then be displayed
in the soil texture display panel and saved with the other calibration data when saved to file.

CORED SAMPLE METHOD

To change the PC etup to the table that has been set up for core sampling, click the mouse
pointer on the panel that displays BULK SAMPLE. The caption in this panel will change to
CORED SAMPLE and the heading in the table on the computer screen will also changeto a
format suitable for cored sample bulk density analysis.

Before the soil coring sampler is used the weight of the coring cylinder should be measured
and recorded so that it can be entered into the Soil calculator when a soil sampleis being
measured. The volume as stated by the manufacturer should also be noted.

Note. Core samples should not be taken in very wet or very dry soils.
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The soil sample should be taken according to the manufacturer’ s recommendationsif a
commercialy produced core sampler isused. If the corer has been manufactured locally, then
the following procedure should be used. The core sampler should have avolume of
approximately 700 to 1000 cubic centimetres.

1 Prepare aflat surface in a sampling pit (either vertical or horizontal).
2 Press or hammer the core sampler into the soil.
3 Remove the core with the sample from the site, cut the soil flush with a sharp knife at

both ends, cut off any roots with a pair of scisors.
4 Put the core and sampleinto a plastic bag and seal it. Keep the samplein acool place,
to prevent evaporation from the sample during transportation.
The procedure of coring soil samples does have some inherent problems due to soil
crumbling or compressing during the sample taking process. For thisreasonitis
recommended tha a commercial coring unit be purchased, if this method of determining bulk
density isto be used.

Note. Core sampling in gravelly or stony soilsis not recommended. A replacement method
is more suitable for this type of soil structure. Thistechnique isnot ssmple and should be
carried out by either the Department of Agriculture or acommercia consulting company.

The method for determining the soil moisture value and bulk density is as follows.

Remove the soil sample from the plastic bag and weigh the corer and soil sample together.
Record this weight in the computer dhart.

Noteif the corer is not suitable for use in an oven or if amicrowaveisto be used for drying
the sampl e then the sample should be removed from the corer and placed into a suitable tray.
The tray should be weighed before the soil is placed into it. This weight should be entered
into the table in cell one instead of the corer weight. The tray and soil sample should now be
weighed and theweight entered into the chart.

The soil sample should now be dried either in an oven at 105 degrees for 24 hoursor in a
microwave using the same technique as is used for the bulk soil sampling technique described
above. When the soil isdry the final weight of the soil plus container should be entered into
the table.

The results from the calibration will now be displayed. These show the bulk density of the
soil sample and both the gravimetric and volumetric soil moisture content of the soil at the
time the soil sample was taken. These can be saved to disk file and also printed out to obtain
ahard copy.
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SOIL CALIBRATION

Weight of zoil drying container, in grams. ...

Weight of diving container + BULK. moist soil, ingrams..__._.____._..__. 177
Weight of container + BULK dry soil, ingrams.__._._____._____._____.___. 3460
Weight of emplty measuring jug + paper towel filter, in grams._._..._.__. 82
Weight of measuning jug + diy soil, iIngrams. ... 1196
Yolume of zoil after smoothing surface, in milliLitres [cc). ... 1010

Weight of jug + zoil after constant weight reached, in grams____________ 1656

RESULTS FROM MEASUREMENTS

Weight of moist soil sample, mgrams. ...

Weight of zoil zample after diying, ingrams_____.._._.__._...._.__._..

Weight of diy zoil in meazurement jug. ingrams________________________

Bulk Denszity, in grams per cubic centimetre. ...
Gravimetric zoil moisture as percent of soill weight_ ... __.
Yolumetric moisture & Field Capacity, mm per 10cm zoil depth._._._.___.
Gravimetric soil moisture of BULK, zample az percent of soil weight. ...
Yolumetric soil moisture of BULK zample. mm per 10cm soil depth_.__.__.

SOIL CALIBRATION

Weight of zoil CORE sampler or oven drying tray, in grams_______________
Yolume of soil CORE sampler, cubic centimeties. ... a50
Weight of zampler or oven diving tray + moizt soil, in grams__________.. 1176
Weight of sampler or oven diying tray + dry soil, ingrams_..._.___.____

RESULTS FROM MEASUREMENTS

Weight of CORED moizt soil zample, ingrams._._......_.__._._.__._......
Weight of CORED soil sample after diyving, ingrams...._._.._._.__._._...

Bulk Density, in grams per cubic centimetre ... __.
Gravimetric zoil moisture as percent of zoil weight____________________.
Yolumetnc moisture, mm per 10cm soill depth. ... ... __

Note. Any of the daathat has been saved to disk can berecalled by clicking the mouse
pointer on the file namein the list at the left of the PC screen. The data can then be edited
and re-saved and also printed. If you do not want to save the changes then click on the EXIT
NO SAVE button.
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INFILTRATION RATE METHOD
In this method the depth of infiltration of a measured volume of water into a column of oven
dried soil is used to calculate the Full Point or Field Capacity of the soil sample.

This picture shows five (5) different soil types being
tested. The container for the soil is 25mm Acrylic
tube. Thistube can be purchased from Soil Moisture
Technol ogy.

The dried soil is poured into the tube and then
shaken down until the soil does not compress any
more in the tube.

The 10 millilitres of water is added to the column.
The time taken for the water to amost stop
penetration into the soil will depend on the soil type.
Sand will come to equilibrium in 4 to 6 hours.
Loams and Clay and Silty Loams will take up to 24

] hours.

To determine when the vertical movement of water
in the soil has amost stoped the depth should be
measured at 2 hour intervals. If the water movement
over thistimeislessthan 2 millimetres and the
elapsed timeisin the order of the times stated above
then the soil can be assumed to havereached Field
Capacity o Full Point.

The depth of water penetration should now be
measured and entered into the cdculator in the PC
program. The program mathematics uses metric
measurements.

— The depth of water penetration in the samples
= . shown to the left has been marked with a black line.

Enter the CALIBRATION CALCULATOR by
clicking on the option button from the main menu.
Then when you enter the program click on the SOIL
COLUMN button at the top left of the screen.

The depth value and diameter of the tube being used
are now entered into the calculaor in the Gopher PC
program. Key enter after the depth value has been entered.

The program will then calculate and display the Field Capecity of the soil being tested.
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SOIL COLUMN ON | SOIL CALIBRATION
|

1_10.CAL Item | Meazurement For site 44 Depth 60 cm |‘I.I"alue
12_30.CAL 1| Diameter of Tube in milli-metres_ ... 22.3]
E UIHEAL 2| Volume of water added in mili Litre. ..o ooooeeeeoeeeeee... T 10
21_30.CAL ks = 4 =ik
30 10.CAL 3| Depth of water penitration in milli-metres__________________________ 105
32 S50.CAL 4
33 FOO.CAL [
40 300.CAL 5
41_30.CAL
41_3200_CAL ¥
1| Yolumetric soill moisture in mm per 10cm depth of soal ... ___ 2438
2
3
r
5
[
7
8
PRINT RESULTS | SAVE and EXIT | EXIT NO SAVE |

GOPHER OPERATION

DATE AND TIME CHANGES

When the Gopher bateries are changed or the Firmware has just been updated, the Red Time
clock in the Gopher may change. The program now displays the current Date and Time after
either of these operati ons and BEEPS until you verify that the time and date are correct. If
the time or date are wrong then key 2 for NO. The program will go to the TIME and DATE
set up procedure where you can enter the correct values. This avoids the problem of
accidentally missing an incorrect date or time setting &ter a battery change.

SENSOR ERROR

A faulty sensor or cable not fully connected can cause bad values to be recorded in a soil
moisture profile. Even though the PC and Gopher software corrects this problem, we have
now added an alarm to the Gopher program that is sounded if the reading from the sensor
falls outside the normal range that should occur from normal soil moisture measurements.
The advantage of thisis that the operator is made aware of any problem immediately. The
cause of bad sensor readings may be due to waer in the access tube or the plug becoming
disconnected from the Gopher or the sensor. If aprofileis being recorded then the recording
isaborted. Inthe READ PROBE DIRECT MODE the program also soundsthe aarm. In
both cases after the ENT key is depressed the Gopher program returns to the MENU.

PLACI NG THE GOPHER SENSOR I N AN ACCESS TWBE

Remove the top cap from the accesstube. Insped the inside walls of the access tube to
ensure that moisture has not condensed on the tube wall. 1f moisture is present on the tube
wall it must be dried using a piece of paper towel wrapped around the 10mm dowel that was
used to tamp the soil into the access tube hole. A small nail or screw inserted into the dowel
at the end will hold the paper towel inplace. Failure to remove any moisture in the access
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tube will result in the recording of datathat isfalse If the sensor becomes wet dueto thisit
will also cause errorsin any ather profile that is recorded while it is wet.

Carefully insert the sensor into the access tube, taking care that the sensor body does not rub
against the top edge of the tube as it is pushed into the tube. If this happens the coveringon
the sensor may be damaged and could eventually cause failure of the sensor.

NOTE: The Gland locking nut on the sensor guide cap should be adjusted so that sensor staff
moves smoothly through the gland.

Place the sensor guide that is on the sensor staff over the top of the access tube, rotating it as
you push the cap onto the tube. Push the cap firmly home.

Set the sensor height so that the bar under the number one(1) on the measuring rod isin line
with the top of the gland on the sensor guide cap that has been placed onto the access tube.

NOTE: If the covering on the sensor head becomes damaged the sensor should be returned
for service. Donot attempt to repar a damaged head, as this may cause the sensor head to
produce erroneous results.

The Gopher Soil Moisture Profiler is menu driven.

MENU PROGRAMS

READ SENSOR DIRECT

RECORD PROFILE

GRAPH SOIL PROFILE <Profilefor site - selected profile
HISTOGRAPH SLICE <Histograph for site at selected depth
HISTOGRAPH SUM <Summed soil moisture value to selected root zone

WATER BALANCE CALC <Calculated to sdected root zone depth
CALIBRATION ENTRY

RESET TIME CLOCK

ERASE PROFILE DATA

TIMED RECORDING

When the Gopher isturned on by pressing the ON key on the key pad the current version of
the Gopher program version and the serial number will be displayed.
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BATTERY VOLTAGE The second page of the display shows the battery voltage and the
date and time stored i n the real time clock. With new extra heavy duty batteries the vol tage
should be approximately 6.200 volts. When the battery voltage has fallen to 5.5 volts or
lower the batteries should be replaced. After the batteries have been replaced the time and
date should be checked when the Gopher isturned on. If either isincorrect they must be
reset. Datarecorded with an incorrect date setting will cause errors in the water use values
when they are calculated. Displayed Histographs will dso have errors.

If the battery voltage is allowed to fdl below approximately 5.3 volts awarning will be
displayed that the batteries are flat and must be replaced.

NUMBER ENTRY FROM KEYBOARD

There are two modes used in the program. Thefirst is number selection by using the INC and
DEC keysto activate a counter to count up or down. If the INC or DEC keys are held down
during site and profile selection, the numbers will change rapidly. The ENT will select the
displayed number - the EXIT/OFF will return to the main menu.

The second is where numbers are entered viathe keypad. If anincorrect entry is made the
CLEAR key will erase the last digit or as many digits as required to correct the entry. Key
ENT when the entry is complete. Where a number has a default or is to be repeated, then that
number is displayed when the input is prompted. To accept the displayed number, key ENT.
To change the number, key the new number andthen key ENT.

REAL TIME CLOCK SETTING

Before the Gopher is used for the first time the internd clock hasto be s&. Failureto do this
will result in errors in the graphing and water use calculations. As mentioned at the start of
the Gopher operation description the Gopher program now includes an alarm that is sounded
whenever the batteries are changed or the Gopher program is up-dated. This aarm requires
that you check the date and time and verify that they are correct.

Power up the Gopher by pressing the ON key. Move through the menu using the <INC> key
until the menu item RESET TIME CLOCK is shown.

Key ENT to select the menu item. Thisdisplay will show:

RESET TI ME CLOCK
YEAR YYYY XXXX
Month in year XX
Day in nonth XX

The display will first prompt for the current year as a4 digit number.
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Key ENT to moveto the next month inthe year entry.
Enter the month in the year.

Key ENT to moveto the day in the month entry.
Enter the day in the month.

Key ENT to moveto the time entry.

RESET TI ME CLOCK
Hour s XX

M nut es XX

ENT TO START CLOCK

Enter the current hour of the day, the clock format is a 24 hour system, so the hours must be
entered in that format. Then the minute of the hour.

The display will prompt you to key ENT to start clock. This enables the clock to be started
when the secondsare zero. To use this feature set the minutes to the next minute and wait
until the seconds are zero. Then key ENT.

For example, if thetimeis 11:12:15 set the clock to 11:13 and wait until the second on your
watch or time source is zero, then key ENT.

Thereal time clock is displayed each time the power is turned on to the Gopher. It should be
checked to ensureit is set correctly.

READ SENSOR DIRECT

The site number is selected first by using the INC and DEC keys. Key ENT to select the site.
The bar graph for the soil water will now be displayed.

This program is used when a"look" at the profile is required without logging any values.

If calibration data has not been entered for the site number seleded, NOT CAL will be
displayed under the bar graph. If calibration is present then the water volume figurein
millimetres per 100 millimetres depth of soil is calculated from calibration data entered for
the first 2700mm profile point.

If the site has been calibrated as a percentage calibration then the soil moisture will be shown
as a percentage.

LOG PROFILE
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This program records a profile of the soil moisture over the depth that has been selected in the
CALIBRATION ENTRY progam. Note: Each consecutive point in the profile must be
recorded every time aprofileislogged. The memory used in the Gopher profiler is NON-
VOLATILE flash memory. Thistype of memory cannot be changed once data has been
recorded, without first erasing data for a site usng the erase program.

Torecord aprofilefirst select the site number. The
bottom line of the display will tell you if asite has CAL DATA NOT IN
calibration data entered: ENTER CALIBRATION

If you slect a site numbe that has not been set up with
calibration data the soil moisture profile cannot be
recorded. The program will prompt:

Note: The program will advance direct to the calibration entry if there was no calibration
data found.

The next available profile number is selected automatically. The display will show:

Sitexx Profxx Logxx If the site has been calibrated in the Percentage modethe
FCxx Refilxx RAW +xx values will be displayed as percentages.

The bar graph represents the moisture in the soil based on
the calibration that has been entered.

The top line of the dsplay shows
site number, profile number and the current log number that has been recorded. The
log number will be blank until the first profile point has been recorded.

The second line of the display shows:
The field capacity value that has been entered in the calibration data in millimetres of
water per 100mm of soil depth for the depth being measured.

Therefill point that has been entered in the calibration data. Thisisaso in mm of
water per 100mm of soil depth.

The last figure is the amount of water or soil solution that is |eft above the refill point
at the depth being measured.

The next line is the bar graph. This graph is calibrated to read to the maximum soil water
values anticipated from the entered calibration data.

The bottom line of the display shows:

The amount of soil water (in mm per 100mm of soil) at the depth being measured and
the amount of water that has been used from the field capacity value.
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To record aprofile, first install the sensor in the access tube as desaribed previouslyin this
handbook. Set the sensor height so that the bar under the number one (1) on the measuring
rod isin line with the top of the gland on the PV C guide cap on the top of the access tube.

To record the first (next) value depress the LOG key on the keypad. Release when the
Gopher sounder beeps. The value will be recorded and the LOG counter will advance to 01.

Lower the sensor to position 2 and depress the LOG key. Repeat for all profile points.

To avoid accidental erroneous recording of a profile, the dataisfirst stored within the
microprocessor. Once all the points in the profile have been recorded you will be prompted
to store or discard the profile. It isimportant the you look at the data critically asit is being
recorded. Datathat has errorsinit will cost time and money to rectify.

STORE THISDATA If you key 1 for Y ES the data will be stored in memory.
If you key 2 for NO the program reverts back to the
KEY 1YES 2NO head of the LOG PROFILE and isready to record a

new profile without saving the previous profile.

After al the data has been recorded it will be displayed as a vertical bar graph over the entire
profile.

The height of the vertical barsis proportional to moisture content of soil from just under the
refill value to jug above field capacity. Thedepth of the access hole increases from left to
right. Each bar represents 100mm of the moisture profile.

Key ENT to clear the graph. Thewater balance calculation will di spl ay:

Thisisfor the depth that has been selected for the root
Depth XXXX zone in the calibration. The INC and DEC keys can be
Field XXX used to increase or decrease the summed depth for the
Water XXX Refil XXX water balance calculation.

If the site has been calibrated in the percentage mode.
PERCENT will be displayed above the Refill value.

Key ENT to return to MAIN MENU.

GRAPH DATA

The graphing program in the Gopher provides three different grgohing routines:
1 Graph soil Profile

2 Histograph Slice
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3 Histograph Sum

GRAPH SOIL PROFILE

Select the site number, the last recorded profile number will be displayed after the site
number is selected. You can seledt adifferent profile number if required. If you select a
profile log that is empty you will be prompted to select again.

The bar graph vertical scale coversfrom just bdow refill point to just above the field capacity
value that was entered in the calibration data. Profile depth is on the horizontal axis. Each
vertical bar represents the moisture value for that 100mm section of the profile. The INC and
DEC key may be used to scroll through al the profiles that have been recorded for that site.

Incorrect calibration of a site can cause apparent problems in the graphing programsin the
Gopher . Because the screen has limited vertical resolution the data has been displayed so as
to give maximum resolution of the soil moisture data. If the calibration has not been carried
out correctly you may end up with either a blank screen or a screen that istotally bladked out.
Thisindicates that the soil moisture vdues are either below the refill point or above field
capacity. If thisisthe case you can change the calibration in the PC program after visual
examination of the data. It can then be transferred back to your Gopher to adjust the
calibration values in the Gopher’s memory. Thisis covered fully in the section in this book
on the PC program.

HISTOGRAPHS

As each successive profileis recorded, atime progression is being built up of the rate of
depletion of water from the soil at the various depthswithin the profile Thisis similar to
placing ten (10) sensors in a one metre deep access tube at 100mm intervals and recording the
available water with respect to time.

The Histographs are used to estimate the time interval before the next irrigation cycle and
also to display the usage pattern from different depths in the soil by the plants being irrigated.

Thisis one of the most attractive and powerful features of the Gopher Soil Moisture Profiler.
For example, with twenty (20) access tubes, a single Gopher becomes the equivalent of a
datalogging system with 200 sensors - at a fraction of the price of any other soil moisture
recording system.

HISTOGRAPH SLICE

The Histograph slice provides adice through dl the profiles recorded for a sdected site at a
selected depth. The INC and DEC keys can be used to move the slice up or down the hole.
This gives apictorial view of water use trends at different depths in the soil profile.

HISTOGRAPH SUM

The Histograph sum provides a summed graph down to the root zone depth. The depth of
this summation can be changed as the program is entered. The value that isin the calibration
fileisdisplayed. To accept this value key ENT, to change the value enter a new depth value
from the key pad.
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WATER BALANCE CALCULATION

Select the site that you require. The last recorded profile number will be displayed. This can
be changed before entering the program by depressing theINC and DEC keys. If you select a
log that is empty you will be prompted to select gain.

The water balance data will be displayed to the root zone depth that was entered in the
calibration. If the site has been calibrated in the NEW percentage calibration mode then
PERCENT will be displayed. All the valueswill be as percentages. To recdculate the water
balance to a different depth in the profile depth, depress the INC or DEC key. The data will
be recalculated for the new depth.

Depth XXXX The number at thetop right hand carner is the depth in

Field XXX millimetres that is being used for the calculation. The
Water XXX Refil XXX total field capecity of the il to the depth selected is
USED XXX RAW XXX shown on the next line. The actual measured water

content tothe root zone depth is displayed on the next
line. The bottom lineisequal to the amount of water
that has been used. Thisisthe valuethat isrequired in millimetres of irrigation precipitation
to bring the soil back up to field capacity.

The right hand side of the display shows firstly the summed refill capacity. Thisisthe
amount of water that would be in the soil if the moisture levels were at refill point for the
entire depth being displayed.

The last number is the amount of water left in the soil over the displayed depth that is above
the refill point; tha is, the amount of available water above refill tha the plant can use This
water is also commonly called Readily Availade Water (RAW).

ERASE PROFILE DATA

The memory of the Gopher Soil Moisture Profiler is capable of storing an enormous amount
of data. However eventually the memory space allocated for a site will become full or you
may wish to change the calibration data. If the memory space allocated for a site becomes
full you will not be able to store any more databefore erasing the site.

If you want to keep the daathat has already been recorded (this is recommended) then it
should be transferred to a PC before the memory for that siteis erased. The section on the PC
program handbook describes how thisis done.

The site erasure program provides three options
1 ERASE CAL. ONLY when selecting a site for erasure:
2 ERASE ALL PROFILES
3 ERASE ONE PROFILE Opt i on 1 erasesthe data stored in the calibration
4 ERASEENTIRE SITE section of the site only. Thisalows asiteto be re-

NEW GOPHER® VERSION 9.2 Technical Handbook Page 42




calibrated without erasing existing profile data.
Opti on 2 erasesall of recorded profile data. The calibration datais retained.

Opti on 3 erasesone profile only. If abad profile has been recorded and stored in memory
it can be erased. The remaining profilesin the site are then re-packed into the vacant position
in memory.

Opt i on 4 erasesthe entire site, calibration data as well as all recorded profile data.

If you wish to retain the current data in the Gopher, but still wish to record more data for the
same site after the available memory for tha site has been filled, a new site could be set up to
continue the recording for this site without havingto erase the old daa. Or the directory in
your PC can be changed, and future profile datawill be save in the new directory.

The PC program vasion 9.0 now contans a new season program that provides an easy way to
carry out this operation.

In version 9.0 of the PC program the EDIT SITE header also allows multiple directories to be
set up for datafrom each site. Thisallows archiving of data from sites and restarting the log
using the same site number. Data archived in thisway in the PC can be recalled at any time
and displayed graphically or as numeric values through the print site program. Archived files
can also be concatenated or joined together in the graphing program. Several seasons can be
joined together and graphically displayed.

To erase either calibration or profile data or both for a site, after first saving thedatain your
PC, select ERASE PROFILE DATA from the menu. Datathat has been accidentally erased
can always be restored into your Gopher if it has been saved into your PC.

Select the site number to erase. Then key CLEAR to confirm that you wish to continue the
erase program. Any other key will abort the erase program. The program will prompt you
with afour option menu as mentioned above. Depress akey (1 to 4) to seled the required
option.

The erasure will then proceed. The display will prompt when it is completed. Key ENT to
return to the MAIN MENU.

TIMED RECORDING

There are occasions when continuous timed recording is required to enable determination of
rate of water penetration or water use on a continuous timed basis over several days.

To enable the Gopher to provide facilities to carry out this measurement, a TIMED

RECORDING mode can be selected from the Gopher operating program (graphing and
printing facilities for this mode are available from within the PC program).
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The sensor is placed in the access tube at the required depth. The gland nut on the access
tube cap is then tightened to ensure that no water can enter the access tube through the gland.
It isonly necessary to tighten this gland with your hand. Do not use a spanner as this may
damage the gland and is not necessary. TheGopher must be placed in a waterproof
container if itis to beleft outinthefield during anirrigation cycleor if rain isexpected. If
neither of these events are expected then it may be adequate to wrap the Gopher inglad
wrap or placeit in aplastic bag. Thiswill offer protection againg dew. If the gteisin full
sunlight a sun shield should be placed over the Gopher to ensureit isnot in direct sunlight
as this may cause damage to the LCD display.

To set up the timed recording, select the program from the menu (after erase profile data).
Any site number can be used for this facility and it is recommended that an unused site
number beyond those that arenormally used for profile recording be used. Remember the site
number must have calibration data entered before it isused. If you have previously used that
site for timed recording then the program will prompt you that the datahas to be erased

before new data can be recorded. Key CLEAR to erasethe data. Select the erase mode
(normally 2). The datawill now be erased.

Enter the depth a& which the recording is to be made for example, 400. This depth entryis
important as the Gopher 1ooks up the calibration data for that depth and uses this datato
calculate the water content of the soil. 1t isalso required for reference when the datais being
processed in your PC.

Enter the sensor scan time in minutes. Normally the default of 15 minutes is adequate.

The maximum time span that can be recorded will depend on the scan interval that is entered
in the setup. The number of readings that can be recorded is 858. If a15 minute scan timeis
selected (default) the recording will cover a maximum time of 8.9 days. If 30 minutesis set
then the recording will cover a maximum time of 17.8 days.

The display will now show the number of millimetres of water at the sensor depth before the
recording starts.

Depressthe LOG key to start the log.

To terminate the log prior to downloading the data to your PC, pressthe ON key. The
Gopher beeper will sound and the display will show;

LOG TERM NATED.
The Gopher can now be unplugged from the sensor and taken to your PC for dow nloading.
The downloading procedure is the same as for normal profile recording with one exception.

The program has the facility to concatenate several blockstogether. If data already exists for
the sitein the PC, then you will be prompted to either:
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1) add the data onto the end of the existing file;
or
2) write over the existing data.

If you use the add-on facility it enables you to view the data as an event progresses, and then
continue recording another block of data with the Gopher.

NOTE The datain the Gopher must be erased before a new block can be started.

To graph the data in the PC program, select Timed Recording graph from the GOPHER
GRAPH menu.

KEYPAD - Key Description

0to9 keys for number entries

decimal point reserved for future use

ENT terminates a number entry or selects a menu item.

INC increments a number on the LCD display, a graph or depth.

DEC decrements a number on the LCD display, a graph or depth.

LOG records a valuefrom the sensor in the profile log mode or calibrate

mode. Startsthe timed log program.

CLEAR Erases a digit entry when the Gopher isin the number entry
mode.

EXIT/OFF will exit aprogram and/or power down the Gopher.

ON will turn on the Gopher power. Thisisthe only key that is active once

the Gopher has been powered down.

SENSOR HEAD AND MEASUREMENT STAFF

The standard Gopher sensor head has two black centering spacers at the top and bottom of the
sensor element. These are designed to keep the sensor central in the 50mm PV C access pipe.
If the spacers become damaged they should be replaced. Spares are avalable from Soil
Moisture Technology. The spacers have an adhesive backing and can be replaced in the field.

The sensor area between the two spacers is robust, but the sensor should always be treated
with care. A small piece of 50mm PV C pipe was used to pratect the sensor in shipment to
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you. Thisshould be used to protect the sensor while it is being transported from site to site.

The measurement rod has a PV C end cap and gland mounted onit. Thisend cap and gland
are designed to keep the measurement rod vertical. It must be placed over the top of the
50mm PV C access pipe while a profile is being measured.

The Micro-Gopher sensor is more robust than the Gopher sensor, however it still should be
treated with care, to avoid damage.

BATTERIES

The Gopher uses 4 x AA size extra heavy duty batteries. When the profiler is powered up
the battery voltage is displayed dong with the time and date. The batteries should be
replaced when the voltage falls below 5.4 volts. A battery fla warning will bedisplayed if
the battery voltage is allowed to fall below this voltage.

Under normal use the batteries will last for many months. When the batteries are changed the
time and date should be checked to make sure they are still correct. THISISIMPORTANT
as data recorded with an incorrect date will cause graphing and water use errors when the data
isdisplayedin your PC.

UNDERSTANDING SOIL MOISTURE
MANAGEMENT

A complete reference on soil moisture, plant usage and irrigation management is beyond the
scope of this handbook. There are many publications that provide detailed irrigation
management and planning information.

If you require assistance with setting up or managing your irrigation system, Soil Moisture
Technology are available to supply you with technicd assistance or if you requireon site
assistance, can supply the name of a qualified consultant in your district.

The amount of available water in the soil will vary from soil to soil and also with different
plant types and weather condtions.

Water islost from thesoil in two ways:
1. EVAPORATION:  Moisture evaporated from the soil surface.

2. TRANSPIRATION: Water lost from the plants mainly during daylight through
stomata which are openingsin thear leaves.

The combination of evaporation and transpiration is called

NEW GOPHER® VERSION 9.2 Technical Handbook Page 46




EVAPOTRANSPIRATION
When water is transpired from a plant a deficiency of water is created insideit. This causes
the plant to raise more water from the roots. The waer comes from the soil.

Plants have very little difficulty extracting wate from the soil when the soil moistureis at
field capacity. However as more water is removed from the soil theremaining water is held
in smaller capillaries so the plant isless able to extract it from the soil. Also the rate at which
the plant can extract the water decreases as the amount of water hdd in the soil decreases.

Eventually the plant is unable to extract enough water from the soil to make up for
transpiration losses and as the water in the cells of the leaves becomes depleted they will
become floppy and wilt.

The point at which this happensin terms of available water in the soil will depend on
prevailing weather conditions which determine the rate of water usage by the plant.

Plants grow most vigorously when they are never short of nutrients, water and oxygen in the
soil.

When plants have less water than they require they are said to be under water stress Plants
grow less when they are subject to water stress because they tend to shut down to retain the
water they have. Thisin turn reduces the rate of photosynthesis and consequently the rate of
plant growth.

Water stress causes permanent damage to the plants and reduces their rate of growth and
production and hence the financial return for the farmer.

The other extreme is over-watering to ensure plants never suffer water stress. The continuous
maintenance of high soil water levels will restrict the oxygen supply to the plant roots, leach
nutrients below the root growth area and eventually aggravate pollution by leaching fertilisers
into the ground water so that over-watering is aso financially counter-productive.

To achieve MAXI MUM ECONOM C YI ELD theirrigation management schedule must be set
so that the moisture level in the soil is always cycled between and maintained within the
range of refill and field capacity. Thiswill ensure optimum growth and consequently the
most profit for the grower.

The minimum soil moisture level that must be maintained will vary according to the type of
crop that is being grown, the irrigation strategy, the soil type, the aspect of the land and the
current weather conditions.

It is generally accepted that for optimum growth the soil water depletion should not be
allowed to exceed about 50-60% of the available water between field capacity and wilting
point for most crops. This figure may be varied to suit or tailor the growth and character of
the fruit being produced.
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The point at which adecision to irrigate is made will depend on evaluation of the amount of
water left in the soil at the different depths of the soil profile. For young plants the top few
hundred millimetres are all that is important so that irrigation timing and the amount of water
will be based on what is left in the soil to this depth and the rate it is being used.

The Gopher provides you with a measurement of the amount of water that isin the soil over
the entire (or part) of the measured profile.

The amount of irrigation water that is required to bring the soil back to field capacity can now
be obtained from the displayed information. Theamount of water that isrequired is
displayed aswater used. Remember to set the depth indicator to the depth of the root zone
of the plants being irrigated before reading the required water from the water used
calculation.

Asaprofile library is built up for a particular site and crop, thepoint at which irrigation is
started may be varied to achieve optimum results.

To enable irrigation times to be calculated the rate of precipitation from the sprinklers being
used must be known. This can be measured by placing either asmall plastic rain gauge or
metal tin such as a soft drink can or fruit tin to collect the water from the sprinklers over a
known time, for example 30 minutes. The height of the water in the can is measured with a
measuring tape Thisisthe number of millimetres of water that the irrigation sprinkle is
spraying onto the soil. If the measurement was 30 minutes then the number of millimetres
must be multiplied by two (2) to give millimetres per hour.

The spray pattern of the sprinkler should be carefully observed to ensure that placement of the
measuring tin or gauge istypical of the entiresprinkler distribution pattern. If the sprinkler
has a very low angle of spray then you should dig a hde in the soil and pogtion the can so
that the top lip isonly afew millimetres above the soil surface.

This procedure should be carried out at several sitesin theirrigated area to ensure that the
value used presents atrue average of the area beingirrigated. Theirrigation time can then be
trandated direct from the precipitation requi red.

The precipitation required is read from the USED value on the water balance calaulation
screen.
e.g. Precipitation rate from sprinklers = 12mm per hour

Required precipitation to restorefield capacity = 89mm

Irrigation time = 89/12 = 7.4 hours

EXPLANATION OF TERMS

SATURATION
Saturation iswhen all air voidsin the soil have been filled with water. Any additional water
applied to the soil will form ponds on the soil surface.
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FIELD CAPACITY or FULL POINT

Field Capacity is the maximum amount of water a soil can retain against gravity and drainage.
It istherefore the 'full’ point to be aimed at in irrigation. To determine the field capacity of a
soil, the soil should be saturated and then alowed to drain. Thiswill take several hoursin
sandy soil and up to several daysin loamy or clay soils.

REFILL POINT

Refill Point isthat point between Field Capacity and Wilt Point (nominal 50%) that isto be
used as the indicator as to when irrigation should be commenced. Refill Point is also defined
asthe level to which available water can be allowed to decline before significant stressis
beginning to be experienced by the crop.

WILT POINT

Wilt Point is the amount of soil moisture which isinsufficient to maintain the plant's water
requirement, the plant will be stressed and start to wilt. With the addition of water to the soil
the plant will recover although it will suffer damage.

PERMANENT WILTING POINT
Permanent Wilting Point is that point at which the plant wilts and will not recover; it begins
to wither and die.

AVAILABLE WATER

That part of the water in the soil that can be absorbed by plant roots. Available Water is the
difference between the amount of water held at Feld Capacity and water remaning in the soil
when the plant starts to wilt.

MAXIMUM AVAILABLE WATER
Maximum Available Water is the difference between the amount of water held in a soil at
Field Capacity and water remaning when plants reach permanent wilting point.

READILY AVAILABLE WATER (RAW)
Readily Avalable Water is the difference beween the amount of water held in asoil at Field
Capacity and water remaining in the soil whenthe soil moisture has reached refill point.

SOIL WATER
Water contained in, or in transit by drainage through, the soil.

WATER LOGGED
The condition of asoil which is saturaed with water and in which most or dl of the soil air
has been replaced. This condition is detrimental to plant growth.

INFILTRATION RATE
The rate at which water moves downward into the soil .
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PORE SPACE

The fraction of the bulk volume or total space within salsthat is not occupied by solid
particles.

EVAPOTRANSPIRATION

Evapotranspiration is that collective term for water lost from the soil surface by evaporation
and the water used by the plant. Most of this transpired water is lost through stomata which
are openings in the leaves that allow carbon dioxide to enter the plant and oxygen to leave.

GRAVIMETRIC WATER CONTENT

Gravimetric Water Content is water content of a soil sample expressed as a percentage of the
oven dry weight of the soil. A sample of soil is collected and stored in an air tight container.
The soil isthen weighed before drying in an oven far 24 hours at 105 degrees. The soil is
then weighed when dry. The soil moisture content can then be cdculated and the gravimetric
soil water calculated as a percentage.

SOIL BULK DENSITY

Soil Bulk Density isthe apparent density of soil. The bulk density is expressed as the weight
of the oven-dried soil per cubic centimetre of volume The bulk density is useful in
evaluating the pore space and density of the soil. The bulk density value can be used to
generate the volumetric water content of the soil by multiplying the gravimetric water content
by the bulk density.

VOLUMETRIC WATER CONTENT

Volumetric Water Content is the volume of water per known volume of soil. Thisisthe
water volume we relate to in terms of irrigation precipitation. The Volumetric water content
of the sail isthe gravimetric val ue multiplied by the bulk density.

SOIL AERATION

The process by which air in the soil is replenished by air from the atmosphere. In awell
aerated soil, the soil air is similar in composition to the atmosphere above the ground. The
rate of aeration is dependent on the change of the volume of water in the soil. It isimportant
to ensure that the dynamics of water content movement in the soil are as large as possible.
That is, the cycling of water content between fidd capacity and refill point will ensure good
aeration of the 0il.

SOIL TEXTURE

The coarsenessor fineness of soil material asit affects the behaviour of a moist ball of soil
when pressed between the thumb and forefinger. It is generally related to the proportion of
soil particles of differing sizes (sand, silt clay and gravd) in asoil, but is also influenced by
organic matter content, clay type and degree of structural developmert of the soil.

SOIL MOISTURE CHARACTERISTIC
The Graphical relationship between soil water content and soil water potential for agiven
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soil. It may vary widely, depending on the texture, structure and pore size distribution of the
soil. Therelationship is used to indicae the ease or difficulty of removing water from the soil
at different soil water contents and can therefore be important in relation to soil structure and
plant growth studies.

SOIL TEXTURE GROUP
A magjor category of soil texture as set out in the following table:

Texture Groups Texture Grades

Sands sand; loamy sand; clayey sand;

Sandy Loams sandy |oam; fine sandy lcam; light sandy clay loam;
Loams fine sandy loam; silt loam; sandy clay loam

Clay Loans clay loam; silty clay loam,; fine sandy clay loam;
Light Clays sandy clay; silty clay; light clay; light medium clay;
Medium-Heavy Clays medium clay; heavy cl ay.
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Gopher®
PC PROGRAM VERSION 9.2

PROGRAM INSTALLATION
If you are re-installing either the same version or a new version from 3 disks then the previous
version must be removed. To do this click on the START buttonfrom the Windows desk top then
move the mouse pointer up to settings, then click on Control Panel. When the Control panel is
loaded click onthe ICON, ADD/REMOVE PROGRAMS. A list of programs will be displayed,
scroll down until you find the GOPHER program. Click on this and then click on the button
ADD/REMOVE. The current version of the Gopher program will now be removed. If thisis not
done the new version or resinstallation will not be correct.

Thisremoving of the program does not eraseany data filesin the Gophea program.

Click on start from the task bar in Windows, then click RUN. Type A:\\SETUP in the command box
and click on OK.

If the software ison a CD type the drive letter for your CD, then type :\GopherQ\SETUPIn the
command box and click on OK.

SETUP will start the installation in the default directory Gopher. It is recommended that you do not
change the default directory from the default of Program Files\ Gopher asthiswill cause
problems when data is being transferred from a previous version.

Insert each of the numbered dsks when prompted if you are using diskettes.

To run the program click on the Gopher icon in the Programs menu.
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2000305.KEY
PRINT zite data EXI‘I' ]
Enter site PRECIPITATION

2000306.KEY
Site GRAPH program

2000307 KEY
2000308.KEY
CALIBRATION CALCULATOR

2000310.KEY
2000311.KEY
2000312 KEY
200031 3.KEY
2000314 KEY
2000315 KEY

:2000316.KEY

@ @ 9 @ 9 @

MO SITE HAME

DIRECTORIES
DATA

EDIT site DATA

RESTORE data from diskette T~ UDATE GOPHER FIRMWARE
TRAMSFER site data to GOPHER
START NEW SEASDHN ON SITES

2 @ @ @

MENU OPTIONSDETAILS

CREATE NEW site header

Each site has a site header. This header contains all the information relating to each site. This can be
set up before adatais transferred from theGopher or the program will set up a default header when
thefirst datafileis transferred to your PC. Some of the entries must beset up after the first block of
data has been transferred fromyour Gopher .

A typical siteis shown below. The top section of the data base has the following entries.

Site name Thisis adescriptive namefor the site

Program directory Default GOPHER directory for GOPHER program
Current DATA directory The data directory where data from thissiteis stored
Gopher serial number The Gopher serial number

Gopher site number The site number that is used in the Gopher

Number of profile points Number of profile points in the recorded profile
Root feeder zone (mm) Depth of the root zone of the plantsbeing irrigated
Irrigation/Rain FILE name Name of thefilein which irrigation will be entered
Irrigation rate mm/hour Precipitation rate for the irrigation system + rain

The Irrigation/Rain FILE name is the name of the filethat isto be used to enter irrigation/rain and
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growth ratesfor this site. Thisfile can beshared between several or all of your dtes. Thiswill
depend on whether the irrigation volumes and times are the same for each site. If they are not then a
separate file name must be used for each irrigation area.

| SETUP or EDIT

SITE SETUP DETAILS DIRECTORY LIST SENSOR TYFPE
Site name TEST SITE 2 DATA

Program directory GOPHER DATAZ2000 . GOPHER
Current DATA directory DATAZ000

Gopher zerial number 20302 i Micro-Gopher
Gopher zite number 2

NHumber of profile points 10 = Ferret

Hoot feeder zone [mm] 500

Irrigation/H ain FILE name YEAR 2000

Irrigation rate mmshour [ EDIT EXIT |

Depth |Offzet [Slope |Field cap. |Hefill Soil type -
100 1500 35 34 23 CLAY LDAM
200 1500 35 34 23 CLAY LDAM
300 1500 35 34 23 CLAY LDAM
400 1500 35 34 23 CLAY LDAM
500 1500 35 34 23 CLAY LDAM
600 1500 35 34 23 CLAY LDAM
700 1500 35 34 23 CLAY LDAM
800 1500 35 34 23 CLAY LDAM
900 1500 35 34 23 CLAY LDAM
1000 | 1500 35 34 23 CLAY LDAM
|

The lower data base is the calibration data that is cortained in the data file from theGopher . This
data can be edited by clicking on a cell and then entering a new value. This should only be carried
out if you have calibrated data from soil samples. Guessing at values to make graphslook better will
produce meaningless data. The soil lag that was recorded when the accesstube was drilled must be
entered in the right hand column.

On the top right is the directory database. Data can be archived by changing the name of the
directory that is to be used to save incoming data from theGopher . If for example you change the
directory name to DATA99. Click onthe‘Current DATA directory’ cell, then type the new directory
name then key <Enter>. The directory name will appear in thedata base list on the right side of the
screen. Take care when typing directory nhames as they will be created on your hard disk when the
program exits.

To delete awrongly entered name before you exit the program, click on the EDIT cell then on the
directory nameto be deleted. Thenclick on the correct directory name before you exit this program

DATA DIRECTORY SELECTION

The previous data in different directories can now be selected from any of the datadisplay sections of
the program. The directory selectionistemporary and does not change the current directory that has
been selected for data downloads. Thiswill eliminate the possibi lity of accidentally overwriting a
previous seasons data by downloading data fromyour Gapher intothe wrong directory. TheSITE
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name is now also displayed above the directory list. To enable this feature all existing data files must
be recalculated. There are two ways to dothisthefirst isto load the data from your Gopher to your
PC. Thisautomatically causes a recalculation of existing data or you can enter the ‘ Edit existing ste
header’ program. When the dataisdisplayed click on any cell inthe top left hand data block and
then re-enter the existing valuein the selected cell. Then click exit, thiswill cause the data to be
recalculated if you click on Y ES to update the data files .

NOT E with either method the site namemust have been entered in the second cell in the data block
before the update is initiated.

WARNI NG I f you change the directory selection while in the
EDI T EXI STI NG site header, renenber to change the directory
back to the current one before you input data from your
Gopher. If you don't, the file in the selected directory wll
be overwitten by the data comng in fromthe Gopher. Wen a
new directory nane is added to a site the old data MJST al ways
be backed up on diskette to guard agai nst such a catastrophe.
Do this before the new directory is created.

The EDIT EXISTING site header menu option displays previously saved data when entered asis
shown in the above example.

Get GOPHER data

This option will retrieve datafrom any Gopher that is connected to the serial port of your computer.
When the Gopher program is used to retrieve datafrom aGopher for thefirst time you will be
asked to nominate the serial port thatis to be used for data transfer.

The display will show 48 check boxes. Click on the sites you wish to download then click on the box
under the check boxesto start the dataretrieval process. Y ou will first be prompted to indicate if you
want to write over any existing datathat may exid. Thisisablanketyes to overwriting all existing
datafiles. If you select NOyou will be prompted at theend of each file transfer to write over an
existing datafileif it exists If the site does not exist you will be prompted to enter the directory
where the data will be saved.

If the datafileis atimed recordingand afile already exists for that site, you will be prompted to add
on to the existing file or overwrite the existing data. Click on therequired button. Normally you will
add on if the datais from the same monitoring session.

When the data transfer is completed, remove the serial cable from theGopher. THISIS
IMPORTANT. If thisisnot done the batteries will be fl attened prematurely.

BAD DATA DETECTION

The program now checks theincoming data from the Gopher. If a bad value hasbeen recorded due
to water in the sensor head, sensor failure or thewrong number of profile pointshas been entered
during re-calibration, the programwill now display a warning message and assign a zero moigure
value to that bad or missing profile pant.

PRINT SITE DATA

The site print program allows printing o site data to the screen or printer. A diagnostic printoutis
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also available. Thisis usedwhen raw datais requested for problem olving by Soil Moisture

Technology.
The site selected is shown on the top left side of thescreen. This can be changed by clicking on

I SITE = DATAMNZ030206

CHANGE SITE or
DIRECTORY

SELECT WHERE TO

I~ PRINTER print file

1 SITE PRINT |

[T DIAGHOSTIC print

ROOT ZOHE DEPTH
SEITE FILE HAME

2030206

DISK FILE CEEATED AT 13:40:20 OH 02-02-2000
GOPFHER. SERTAL. HUMBER 20302

Site number 6
500 PROFILE POIHTS 10

S5ITE HAME HO SITE HAME

e00D 12 T2 7 42 22.5 126.2 15.5 84.0 —54.2 2.74 14.17
F0o0 12 84 T 49 22.4 148.6 15.4 99 .3 —-6d4.6 2 .84 17.01
s00 12 96 i a6 21.9 170.5 14.9 114.1 —74.5 2.31 19.32
o000 12 108 7 63 22.1 192.6 15.1 129.2 -—84.6 0.66 19.98
1000 12 120 T 70 22.4 215.0 15.4 144.5 -95.0 —0o.0o7 19.91

RECORDED OH DAY 0270272000 Click this to print profile

Time in day 12:52: 56 Profile mumber 4

Ll Total Total Total Total Total Total

Deep F.C. F.C. Ref Ref Water Water RO RAYW VUsed mnSday mnfday
100 12 12 7 7 oo. &6 0D.6-06.4 —06.4 11.4 —0o.47 —0O.47
200 12 24 i 13 o6.1 &.7-01.0 —-07.4 17.3 —0O. 52 —0.99
300 12 36 7 21 0o7.8 14.5 00.8 -06.6 21.5 —-0.51 —-1.50
400 12 48 7 28 og.9 23.4 01.8 —-04.9 24 .6 —0.46 —1.96
S00 12 (1] i 35 10.5 33.92 03.5 —-01.5 26.1 —0O.41 —2.37
(111 12 T2 7 42 11.1 45.0 04.1 oz2.5 27.0 -0.39 -2.76
F0o0 12 g4 7 49 10.7 55.7 03.7 oG .2 28.3 —0O.40 —3.16
s00 12 o6 i a6 10.1 65.8 03.1 o9 .2 30.1 —0O.40 —3.56
200 12 108 7 63 10.2 6.0 03.1 12.2 32.0 -0.41 -3.97
1000 12 120 7 70 10.5 86.5 03.5 15.7 33.5 —0O.40 —4 .37

this to send selected profiles printer

SELECT SITE. A sitelist will bedisplayed. To select asite, point with themouse and click on the
required site.

If ahard copy isto be sentto the printer, click on the PRINTER check button under WHERE TO on
the right side of the screen.
To scroll through the data on the screen, drag the scroll bar on the right hand side of the display or
click on the UP or DOWN arrows at either end of the scrdl bar.

If you only require to print selected profiles to your printer, click on the first line at the head of the
profile where the message ‘ Click thisto print profile’ is printed. When you have selected al the
profiles you wish to print then scroll to thelast line and click on * Click this to send selected profiles
to printer.’

The datain the display shows all the information that has been retrieved from the Gopher . Thelast
two columns show the water use per day. If two profiles arerecorded with only a short interval
between them and the soil masture increases as aresult of an irrigation thenthe water use figures
will be enormous. The program cal cul ates the water use per day sothat is the profiles are 2 hours
apart and the soil moisture increases by say 10mm then thewater use per day will be calculated as

24/2 * 10 = 120mm per day. The example in the video tape is even larger than this.

The water use data shows how muchwater is being used per day at each point in the measured
profile. Thisgivesavery detailed picture of the water use at each levd in the soil. The water use
figures will decrease as theavailable waer in the soil decreases and the plant has to work harder to

extract the moisture fromthe soil.

Click on EXIT to return to the main menu.
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ENTER SITE PRECIPITATION

The precipitation data base has provision for four data entries. The date of the event, irrigation water

w. GOPHER Yer 8 51 = ES

GOPHER PROFILER

dd/mmAyypypy | Flainl Irrigat. | D ata | Comments :l

22/10/1997 25 =

02/11/1997 5
20003.RAN 08/11/1997 25

16/11/1997 g 6

21/11/1997 22

04/12/1997 15

23/12/1997 g

20/12/1997 18 e

15/01./1998 15

28/01/1998 12

09/02/1998 22 a

24/02/1998 19

07/03/1998 17 10

20/03./1998 20

i

gRstant| | & A ||[= GOPHER ver 8.51 [E30 2R P = E 5. 10194M

volumes, rainfall events and aphysical measurement such as fruit size. These are graphed in the
summed Histograph for tha site.

Click on the first next empty cell. Enter the date in the format shown in the cell header then the
irrigation /rainfall or measurement parameters.

The Precipitation data base now also includes a comment column. This alows entry of weather
conditions and notes regarding the currert irrigation or crop condition. Provision has also been
added to allow the data baseto be printed out. The print out also includes a monthly tally of rainfall
and irrigation volumes as well as total values for ranfall and irrigation volumes for the entire data
base. When a precipitation data base is opened far the first time with the new program, there may be
some rubbish printed in the comments fields. To remove these simply click on the cell and then
depress the space bar on your key board. Thiswill remove the unwanted text from the screen and the
file when you exit the program.

SITE GRAPH PROGRAM

The site graph program now has a manual scale feaure. This enable the verticd scaleto be hdd
constant. If this feature isturned off or on for a site then thisis remembered, sothat when thissiteis
selected again it will be turned off or on depending on the mode last seleced.

SITEPROFILEFORA SELECTED SITE
The graph page contains the following information.
The abbreviation (RZ) used in the tablesis for Root Zone.
@ Soil moisture levels over the entire profile depth and root zone depth.
@ Field Capacity values that were entered in the Gopher.
(b) Refill soil moisture values that wereentered in the Gopher.
(c) Water Deficit. The amount of water that has been used by the plants or lost through
evaporation. The deficit for the entire prdfile and the roat zone. The root zone defidt
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is the volume of water that must be added to the soil to bring theroot zone profile up
to field capacity.
(d) Readily Available Water (RAW) for theentire profile and a so the root zone.

| CALIBRATION DATA ¥ Rawni ONIOFF Tat Moisture | 254.7 | BZ Moisture [ 104.7 | Roat zone EXIT
Slope [Ful  [Refil | Profile ¥ SOIL WALUES — [TgtFC 340 |RZFC 170 | UP [ FRIMT Color
35 34 23 sy ' FovYYALUES:  |Tot Deficit | 85.2 | RZ Deficit |65.2 | 500 PRIMT hono
100% | 100% | 100% 9 [T MULTI-PROFILE ot R  |24.7 |FZ Btwd | -10.3 | DOwWH EXPORT

= GOPHER Profile 9 Site "TEST SITE 2°

1
1
1
1 1 1 1 1 i I 1 1
= 100 200 300 400 s00 00 Foo so0 00 1,000
MO IRRIGATION BATE ENTERED Depth mm Manual Scale ON
[mFc. | refil [ Soilvwater] w R2W, |

Data source \DATAZ00042030202 Date 01/10/2000 Time 09:59

The calculation for the root zone soil moisture can be changed by clicking on the root zone depth UP
or DOWN cells.

Four check boxes in the centre of the page allow for the following to be turned onor off.

RAW ON/OFF This turns on or off the trace on the graph for the readily available
water.

SOIL VALUES Displays the actual water volume values for each profile point in the
graph.

RAW VALUES Displays the actual water volume values for each point in the profile.

MULTI-PROFILE Allows selection of up to six(6) profiles to bedisplayed on the one
graph. This gives visual comparison of profiles for WATER USE
evaluation. If you dick the chedk box it will return to the profile
graph. If the wrong graph is accidentally selected, click on this
graph in thelist of selected graphs and it will be removed fromthe
list.

The grid display on the left side of the sareen is used to change the site calibration parameters or
scroll through all the recorded profiles. The display shows the Slope Full(Field Capacity) and Refill
points. The values can be changed on the graph by clicking on the column you want to change and
then drag the gl ider on the left of the graph to increase or decrease the value. The percentage change
is shown under the actual value.

When a soil profile has different soil textures over the depth of the access tube. It isprobable that the
field capacity values will also be different over the depth of the accesstube. If this difference islarge
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enough to cause errors in the recorded soil moisture data then the calibration can beedited while the
PROFILE graph is displayed.

POINT EDITING

The Gopher profile graphing software inversion 9.0 has a point editing program that can be used
when the soil moisture PROFILE graph isdisplayed. The program now provides the fadlities to
change individual soil moisture calibration, field capacity or refill values onthe graph as well as the
simultaneous changing of al points for the profile that is displayed.

To change asingle point on the graph, click the left mouse buttonwhile the pointer is over the marker
on the graph line. The selected function will change to red on the grid at thetop left of the screen an
EDIT marker will also became visible at the left side of the graph displaying the edit depth of the
selected point.

To change the selected point on the graph, either key the new value from the keyboard and then key
<ENTER> or Click on the buttons on the slider bar at theleft of the graph. The top button will
increase the value and the bottom button will decrease the value. The dlider can aso be used to make
large changes to the value by dragging the slider button with the mouse poi nter while holding down
the left mouse button.

When you exit the profile graph you will be prompted to save the changes. If points and overall
value were changed you will be prompted twice. Thefirst will be for the points changed and the
second for the when all pointsin a profile werechanged.

Individud calibration paints can also be changed by entering the program EDIT EXISTING site
header function from the main menu. Values that you wish to change are typed into the cell for that
function and depth in the profile. When exitingthe edit program you will be prompted to save or
abandon the changes made. Any changes you have made must be transferred back to the Gopher
recorder. If you do notdo thisthe changes will beoverwritten the next timeyou down load data to
your Computer.

It is extremely important that the first soil moisture profile measured after the access tube has been
installed does reflect the soil moisture and textural changes that were logged when the access tube
hole was drilled. Changing the calibration to rectify a poor installaion will cause serious errorswith
soil moisturecalculations as the measurements produced will not accurately represent the actual soil
moisture values.

The fourth colum in this gridis the profile that is currently displayed When the prdfile graph is
entered the lag recorded graph will be theone that is displayed. To change the prdfile that is
displayed click on the column, then drag the slider or click onthe UP DOWN arrows. The selected
profile will be displayed.

Theirrigation time that has been calculated fromthe irrigation rate in the Irrigation data base will be
displayed at the bottom |eft of the graph. This box also shows the total water volume that will be
applied during theirrigation cycle.

To print agraph in either color or black and white click on PRINT Color or PRINT Mono. The

program also allows exparting of filesto disk. Click on EXPORT. The graphwill be saved as a bit
map (.BMP) file in the same directary asthe data. The file name will have an extra digit as a suffix.
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Profile graphs will have a 2 addedto the file number, 3D graphs will have 3 added, Histograph slices
will have 4 added, multi profile water use graphs will have a 5 added, summed Histographs will have
6 added and timed graphs will have 7 added. Site 2000309 profile graph will be saved as
20003092.BMP.

GRAPH BIT MAP FORMAT

When graphs are saved to a bit map file on disk they can now be in either color (default) or
monochrome. The selection of monochrome makes thefile much smaller and also prints better on

| CALIBRATIOMN DATA EXIT
Slope | Full Fefil | Profile [ SOl WaLUES PRIMT Color
EL] 34 23 [ Raw wALUES PRIMT Mono
100% | 100%  100% | MIULTI ¥ MULTI-PROFILE EXPORT

o ——— — —
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some monochrome printers.

MULTI-PROFILE WATER USE

The multi profil e graph al lows direct comparison of water use between different profiles for the same
site. Thisgivesavisual indication of the depth of water use and how much water is being used by
your plants & each profile point.
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SITE PROFILE 3D
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Data Source A\DATA2000%2030202 First profile =1 on 205092000 Last profile =11 on 02/1052000

Thisisathree dmensional representation of all profiles for asite, apicorial view of the sail
moi sture movement inthe soil.

The start and end profile number can be changed by draggingthe sliders at the top of the graph. The
profile numbers and dates will be displayed in the text boxes abovethe sliders. The soil depth
direction can be reversed by clicking on the check box at the top left of the graph.

The history of the dynamics of soil water movement is easy to see with thisgraph form. The site
depth is plotted on the X-Axis, soil moisture on the Y-Axis and profilenumber on the Z-Axis. The
Z-Axisislinear with profile number not profile date. The printing and exporting is the same as the
profile graph.
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MULTI DEPTH HISTOGRAPH SLICE

This graph displays a slice at the selected depth for all the site profiles for a selected site. The graph
when first displayed has the 100mm check box turned on. Other depths can beturned on or off
simply by clicking on the check boxes. The last selected depths are remembered for each site, so that
when the siteis next selected the last combinations of slices will be displayed.

The water use and amount of water recharge at different depths in the soil profile can be seenfrom

PRINT Mono

e

this graph.

(Il Manual S5cale ON

NEW GOPHER® VERSION 9.2 Technical Handbook Page 62




SUMMED HISTOGRAPH
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This graph displays the sum of the profile points down to the nominaed root zone for all the profiles
for aselected site. The depth of the

summed soil moisture can be changed by clicking on the * Root Zone depth INCREMENT’ or Root
Zone depth DECREMENT.

The RAW trace can be turned ON or OFF by dicking onthe RAW ON/OFF check box. Actual soil
moisture and RAW values can be displayed on the graph by clicking on the SOIL VALUES or RAW
VALUES check boxes.

The summed Histograph can also display the data base information for irri gation, rain and size
measurements that have been entered in the Preci pitation file for this site. Click on the data base ON
check box.

If the last recorded profiles are of decreasing value, then the program will extend the soil moisture
profile line as a prediction for the next irrigation dete. Thisline will be shown in RED onthe graph.

All the graphsin version 8 also have afeature which allows the user to zoom into a specific area of
the graph and then to scroll the magnified graph. To zoominto a specific area on the graph, placethe
mouse cursor at thet op | eft hand position that is to be the start of the magnified zone. Depress
the left mouse button and drag the mouse cursor until the displayed rectangle covers the area you
wish to magnify. Releasethe mouse button. The programwill now zoom into the areain the
rectangle. You can also scroll through the entire magnified graph by holding down the right mouse
button dragging the displayed image in the direction required. To revert to the normal graphdisplay
hold down the left mouse button and create a rectangle to the left of the starting point. The graph
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will now return to the original formwhen the mouse button is released.

TIMED RECORDING GRAPH

Select atimed recording site and then click on Option 5 for display of the timed recording graph.
Note: If asiteis selected that is not atimed recording, a messagebox will appear to inform you thet
the site you have sdlected is not atimed recording.

| CALIBRATION DT [ R&wW OMAOFF EET
Slope | Full Fefil | Timed araph ~ PRIMT Calar |
72 30 22 0E/04/1999 PRIMT kono
100%  100%  100%  14:20:22 EHPORT
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Timed recording can be used to provide detailed recording of water use against time. The graph
illustrated was used to measure the field capecity of the soil when drainage had ceased. Water use,
recharge rates and wetting fronts can be measured and viewed withthis graphing mode.

CONCATENATION

Data that has been archived at the end of an irrigation season can be retrieved and concatenated into a
singlefile. That file will have afile name with an 8 as the most significant digit. Remember to select
thefilesin chronological order. Each filewill have the same file namebut it will be located in a
different directory.

First select thedirectory from the directory list box where the oldest data exists. Then select the site
from the sitefile list box. Select the next directory where the current data exists. Then select the dte
name again from the site filelist box. Click the DONE bax when finished.

For example Directory DATA97, file 2000309
Directory DATA9S, file 2000309
Directory DATA99, file 2000309

The concatenated file is only atemporary creation of a composite file. When thegraphing program
exits the file will be removed.
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If the time span of the concatenated data is too great the graphswill be hard to read. If thisisthe
case it would be better to print out each of the graphs required and pastethem together.

NOTE
Sample datais included on the distributiondisk. The site nameis 2000316. Thiswill be set up as
the selected site when the software is run for thefirst time.

CALIBRATION CALCULATION

The use of thi s calculator is cover in a previous section of this handbook.

SITE ERASURE
A new methad for site erasure has now been included inthe program. If youwant to deleteasite this
method ensures that all data from all site directories i s removed from your hard disk.

Before deleting a site it is recommended that you back up the data on a diskete, in case sometimein
the future you want to re-install the data that you are goingto erase from your hard drive. First select
the site by positioning the mouse pointer over the site in the site file box, click the left mouse button
to select the site, the selected site will now be highlighted. Now click the right mouse button while
the mouse painter is over the selected site. A message box will ask you to confirm that you wish to
remove the site. If you click on the yes button in response to both prompts then the site will be
completely erased.
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WHEN DO WE WATER

The decision asto when to waer must be based on the interpretation of the soil moisture data
recorded with the Gopher. Asdescribed in the summed Histograph program, the PC program now
extrapolates the summed data graph. If the moisture level is decreasing it will project a RED line that

[ SURMMED SOIL MOISTURE DERTH [ Rty ORICFF EXIT
Root Zone depth INCRIMERMT [T SO0 waLUES PRINT Color
500 ™ Rawy wALLES PRIMT hono
Root Zone depth DECRIMEMT [ Data baze ON EXPORT

GOPHER b500mm Summed histograph Site 'TEST SITE 16°

70 O o- -
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_____ T
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[mFc. [ & Retil [ Soil viater |
Data source \DATAVDDD316 ROOT ZOMNE = 500mm
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gyl

will cross the Refill line at the expected irrigation date.

This date is based on the SUMMED values over the selected root zone depth. The datafrom the
summed Histograph should never be used as the sole determining factor in setting the next irrigation
date.

Variations of sail moisture a individual depths of the summed Histograph depth can producea result
that does not indicate the nead to water. However, examination of the soil moisture profile may tell a
different story.

The soil moisture valuesin this graph show that thereisno READILY AVAILABLE WATER
ABOVE 400mm, even though the available soil moisture over the entire root zone is 136.3mm.

The summed Histograph for this site predicts watering is requiredin two weeks. The soil moisture
profile graph displayed above shows that the soil moisture values at 100, 200, 300 and 400mm are
below refill. 1f the summed Histograph is used to predict irrigation without reference to the actual
profile, serious damage could be caused to the plants - particularly young plants were the root system
is predominately in the first few hundred millimetres.

By carefully observing theactual current soil moisture profile and the summed histograph, an
intelligent decision can be made as towhen irrigation is required by you plants.
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In hot dry conditions it is often wise toirrigate for ashort time, often. This enaures that the top soil
always has enough water for theplants, but does not waste water as the depth of water penetration
would only bein the first few 100 millimetres.
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Gopher AUXILIARY PROGRAMS

Five menu items in the main menu have been separated from the normal menu items.

EDIT site DATA
RESTORE datafrom diskete
UPDATE site datain GOPHER

START NEW SEASON FOR SITES UPDATE GOPHER firmwae

EDIT site DATA

The editing of site calibration, recording dates, times and data vdues has now been modifiedto
provide a quicker and easer method of data editing. The entire site datais now displayed in asingle
spread sheet. Site calibration, dates, times and data paints can be edited by clicking on the cdl
containing the data that you want to change and then typingin the new value. A message box just
above the topleft hand corner of the gridwill display a prompt asto the cell and datatype tha isto
be edited. The date and time format must be the same as is dsplayed on the screen. Each entry that
is edited will change color as avisual indicator as to the entries that have been edited.

™ ; ;
SIS EDIT SITE DATA =0
IEnter new DATE for profile 1 PRINT |
Prafile] Date]  Time| 10cm|  20em|  30cm|  40cm|  S0cm|  60cm|  70cm|  80cm|  90cm| 100cm] -
Offset 1560 1560 1560 1560 15600 1560 15600 1560/ 15600 1560 [
Slope 4z 4z 4z a2 4z 4z 4z 4z 4z 4z
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s

A profile recording can be deleted by clidking the mouse pointer on the profile number in theleft
most column. A prompt will be displayed requesting that the DELETE button at the top left hand
corner of the display be clicked to start the deletion process. After the DELETE button has been
clicked the prompt will ask you to click it a second time. This second action will prevent accidental
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erasing of aprofile. The profile datawill then be deleted and a red bar will appear instead of the
profile data.

The data from the entire site can also be printed on your printer by clickingon the PRINT button at
the top right of the desktop.

To exit the edit program and update the datafile, click on the EXIT button Y ou will then be
prompted to update the file or abort the changes. If you click Y ES then the changes will be written to
the datafile. To make the changes permanent the modified data must now be transferred back to
your Gopher. If the datais not sent back to the Gopher, the next time you load data from the Gopher
the edit changes you have mede will be overwritten.

UPDATE GOPHER firmware

This program is used to up-Date the firmware programin your Gopher. This allow customers to keep
up top date with new improvaments in the Gopher program A NEW addition to the Gopher program
allows you to calibrate using a percentage calibration value for Full and Refill.

RESTORE data from diskette
This option allows backed up data to be restored back toyour computer. This may be necessary if a
site data file has become damaged on you computer.

The program aso allows you to copy other users Gopher data onto your computer. Simply insert the
disk and follow the prompts onthe screen.

UPDATE sitedatain GOPHER

Data that has been edited in your computer must be transferred back toyour Gopher. If thisis nat
done then the next time you load data from your Gopher to your Computer the edit changes you have
made will be over written. That isthe data will revert back to the orignal values before you carried
out the editi ng.

The site data transfer now allows for multiple sitetransfers at the onetime. This speed upthe
operation of edting data and transferring the files back to your Gopher. Y ou simply click onthe site
numbers that you have edited and want to transfer back to your Gopher.

START NEW SEASON ON SITES

The process of archiving the current seasonsdata and starting the new season in your Gopher has now
been included in the Computer program. The sites towish to re-start for the next season are Smply
selected fromthe check baxes displayed and then a new directory name is entered in each site before
the sites in the Gopher are erased. A default directory nameis offered, this name includes the current
month and year so that thedirectories can be identifiedin the future by the date tha is appended to
the directory name. If you want to change the directory name simply key in a name of your choice
when the directory set up is displayed

The current calibration datais transferred back to the Gopher ready for the first recording inthe new
season.
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REPLACEMENT SENSOR

If your sensor is damaged beyond repair, then the new sensar will have adifferent OFFSET. Thisis
the value that the sensor reads in cormpletely dry soil.

To use the NEW sensor you must start a NEW SEASON, because the new offset value cannot be
changed in the same profile recordings that have been recorded with the old sensor.

Click on START NEW SEASON ON SITES. After selecting all the current sites you are using.
Click on thecheck box ENTER NEW SENSOR OFFSET VALUE. The display will prompt you to
enter the new offset value that is marked on the sensor. Y ou will also be prompted to verify tha the
number you have entered is correct.

COMPUTER DATA BACKUP and RESTORE

With the increasing popularity of storage systems other than the 3.5" d skette the PC program now
allows selection of adifferent drive for badkup and restoration of datafiles, other than the standard
default of <a> drive. Thisalows the useof high density magnetic disks, external hard drives or
CD’s.

Each time you exit theGopher program you are asked if you want to backup your data. Data backup
asks for the directory that isto be backed up.

It is essential that you use a separate disk for each directory that you are backing up. Thiswill avoid
confusion in the future if thedata has to berestored to your hard disk. Make sure each disk is
labelled accuraely. Indude the date and time of backup on the label and any notations that will help
to simplify the identification of the data at a later date.

Version 9.0 writesthe .KEY fileto theroot directary of the backup disk. Datafiles are copied to a
directory with the same name as the source. Thiswill makeit easier to copy files from one computer
to another.

The precipitation data base files can also be backed up to a diskette. When the program prompts if
you wish to backup these files click YES or NO if you do nat want to backup at thistime. If you
select YES it is advisable to use a separatedisk for this backup. Thiswill avoid possible confusion
and keeps all the precipitation data base files together.

To restore data back into your computer, if the data on your hard disk becomes corrupt, simply select
the RESTORE option from the main menu.

To copy backup data files from another computer toyou computer, simply place the back up disk in
your computer and select the RESTORE option from the MAIN MENU. The program will aeate the
directory name that was used in the original computer, if it does na exist on your computer. The
program will then copy the files into this di rectory.
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Gopher

Soil Moisture Profiling System

Dateof Purchase .,
Head Seriadl NO e
Gopher recorder Serial NO ....ococvveeeves e,

WARRANTY CONDI Tl ONS
1 Thiswarranty is not transferable and protects only the original purchaser of the Gopher or
Micro-Gopher Soil Mai sture Profiling System.

2. The Company shall be under no obligation in any case in which:

@ The defect or the condition of the Gopher or any part thereof is due in any way to
undue wear and tear, misuse, incorrect installation or operation, neglect, accident or
other similar cause including water ingress.

(b) The Gopher has been altered or repaired by a person other than Soil Moisture
Technology Pty Ltd.

(©) The serial numbers or warranty vaid seal have been altered, defaced or removed.

3. The Company will not in any event be liable for any consequenti a loss or damage
whatsoever, direct or indirect.

Soil Moisture Technology Pty Ltd (hereinafter called the Company) warrants this Gopher Soil
Moisture Profiling System for oneyear against original factory imperfectionsin material and
workmanship. Such service as may be necessary asaresult of accident or abuseis not included. The
one year warranty covers all parts and labour that may become faulty as a result of manufacturing
imperfection. Casings, cables or plugs that are damaged, broken or lost as a result of mis-use,
neglect, wear and tear or general usage are not covered under thiswarranty. The Gopher must be
returned to Sail Moisture Technology for repair.

WARRANTY SERVI CE ARRANGEMENTS
Should any defect in the Gopher become apparent within the period of the warranty, the purchaser
should immediately contact the Company. Transportation and freight costs involved in the sending
the Gopher to the Manufacturer is the responsibility of the purchaser. Return freight charges are the
responsibility of Soil Moisture Technology Pty Ltd.

SO L MO STURE TECHNOLOGY Pty Ltd
PO Box 93
COOROY, Qld, AUSTRALIA, 4563

Phone 07 5442 5833 Fax 07 5442 6913
Email odysseydataflow@optusnet.com.au
Web Site www.soilmoisture.com.au
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