PN TR RN ATEONAL AT WO M B ENUEH®R G Y A 9 ENOY
CNTTED NATIONS RDUCATIONATL, RULIENTIFIC AND CULTUIIAT, OHOANIZATION

NTERNATIONAL CENTRE FOR THRORETICAT, PPIIY ST
$000 URIFESTRNAOTALYY - 7.0 R, 688 - MIKAMARYE - STRADA COSTIRRA LI - TELEEPIONES: 242812000 o0
CABLE- CENTRATOM - TELEX A480392-F

s ‘ SMR/104-20

COLLEGE ON 30IL PHYSICS

19 September — 7 October 1983

GUESTIONS AND ANSWERS ABOUT TENSIOMETERS

R. HARTMANN

Department of Soil Physics
Faculty of Agricultural Sciences
State University of Ghent
900C Ghent

Belgium

¢y relwminary lecture notes, intended only for distribution to participant .

caten coples nre available from Keoom 230,






uestions and Answers

about

NSIOWMIETTER

Division of Agricultural Sciences
UNIVERSITY OF CALIFORNIA

FRNTED may 1973

COOPERATIVE EXTENSION UNIVERSITY OF CALIFORNiA

This information is prowaed by Cooperanve Extension, an edugational agency af the Univeruty of
Califormia and the United States Department ot Agricuiture.

Support for Cooperative Extension is supolied by federal, state, and county governments. Coaperative
Extension provices the people of Califormia with the fatest swientilic information in agrculture and
family consamer sciences. 10 also sponsers the 4-M Youth Program

Coaperatve Extension represeniatives, serving 56 counties in Caiifarnia, are kngwn as farm, home o
youth advisors. Their offices usually are located in the county seat. They wili be nappy 1o provide you
with information i their fiekds of work,

The author is Albert W Marsh Extension Irngation and Soils Specialist,
Riverside.

an of AXT-52

The University of Catifernia’s Cooperative Extension programs are
availabla 1o 8fl, withoul regard to rece, color, or national wrigin,

vssued n iuriherance of Cooperarve Eatenuan work, 3cts of May 8 and June 30 1914, 1n cogperanon wirn the Unied
States Deparvmeat of Ggrcwfture George B Alcorn, Direcior, Cooperative Eatenston Universiey ot Caliorma




Many Caiifornia growers are
using tensiometers to inform
themseives about the soil-

water status in the roct zones
and of growing crops and as a
guide for regulating irrigation
practices. Other growers have
ANSWERS fuestions they would like
questions frequently asked
and the answers that most
ABOUT often apply.

answered befare trying tensi-
amc Their Usse

ometers. This leaflet presents

1. HOW DO TENSIOMETERS WCRK?

The tensiormeter is a closed tube tiled with water. A hollow
ceramic tip is sealed t0 the bottom, and a stopper closes the
other end. A gauge or device for measuring vacuum is
attached nexti to the siopper. The tube is instalfed in soil with
the ceramic tip placed where a soil-water measurerrent is
desired. The tube is usually long enough far the stopper and
gauge to remain above ground for servicing and reading,

As the soil dries, it sucks water out through the porows wail X
of the ceramic tip, creating a partial vacuum inside the tensi-
ometer that can be read on the vacuum gauge. This power of i
the soil (sol! suction) 1¢ withdraw water from the tensiom- =y
eter increases as the soil dries and the gauge reading rises. @

When the scil is irrigated, soil suction Js reduced and water is
drawn back into the tensiometer by the vacuum. This reduces
the vacuum and the gauge reading is lowered,

C

A tensiometer.

2. WHAT DO THE READINGS MEAN?

reasdings show the relative weraess of the
A high rezding is caused by a dry soil
Faving a high suction) and a low reading By a
setsoib theving a fow suctlicn)

Vit tenroTmieter gauges are calibrated with
cadeatiors from O 1o 100 calle centibars.
hundred centibars equal org bar—a unit

sressore used by meterclogists, that is
a5l eguel o @ standard atmoesphere. A
iometes can operate within z range of O to
senbears,

% resding of O indicates a saturated soil in
wkich plant roots wilt suffer for lack of oxy-
From O to 9 is toc wet Tor /most crops.
*z3dings in the 10 to 26 range represent ideal
er and agratian condinicns, As readings go
: than 25, water d:ficiency may occur

2 slents or plants having shallow
inctuding potted plants or

oot

plants growmng in coarse-textured sails, Most
field plants having root systems 18 inches
dezp or more will not suffer for Jack of water
before readings reach the 40 to 50 range. in
medium-textured so1ls, plants having good
root systems 2% feet deep or more usuaily
will not suffer shortage of water before read-
ings reach 70. In medium to moderately fine-
textured soils, plants having well-developed
deep rool systems may not need irrigating for
several days after readings pass 70,

A reading of 80 represents a soit-water condi-
tion dry enough to werrant irrigation under
most conditions, even thaugh the plants show
no symptoms of stress.

These interpretations apply 1o readings ob-
tained at about the midpoint of the principal
root mass.

3. ARE TENSIOMETERS ACCURATE?

vithin their warking range, 1onsiometr!s are
more accurate than any ather means of evalu-
aung relative weiness of soil (son-water condi-
2~l As with any mecharnzs! device, mal-

TUMCtIOn oan aCTur,

& malfusctionsg instrument does not give
curate readings: but malfunction is usually
easy 10 deiect {se2 question 181, 50 that you
aeed no: be misted. Frecuesidy, a reading
sh o after rngas aten wie soil
s sanT sue g mistakenly
sinheter matuncton, Many
tuations showed thal the irri-
.d not peneirsted is deeply as

2

4, HOW LONG AFTEM INSERTION CAN A READING 8E OBTAINED?

Twenty-four hoos is wsually enoagh ime to
obtaim 3 relianie reading after inetallation. If
e soii s dry at instaflation:, an irrigation is
mecessary pefore satisfactery readings are ob-
tained. Unger favorable soil conditions, a
sorrect reading may be obtained in 15 to 30

expected, and the instrument was giving an
accurate reading of the soil-water condition at
its tip.

Some coarsa-textured soils ¢reate poor condi-
tions for accurate tensiometer responsz. Root
distribution and capitlary movement of water
in such soils are poor. As a result, the soil
immediately surrounding each roctlet may be-
come drier than the soil not tourhed by root-
lets. The tensiometer can biruistz only the
averzae moisture conaitzn of all the soil 1t
touches. Growers coranensate for this by irri-
gating coarse soiis a7 lcwer readings.

minutes with a new tensiometer. Specialty
tensiometers having rapid cup resction will
provide a suitable reading in 1 or 2 minutes if
tha soil is not dry. They are limited to soil
depths of abaut 3 foot.



5. CAN THEY BE MOVED FROM PLACE TO PLACE?

Tensiometers ¢an be moved when they have
served their purpose at the origina} location,
For annual crops, they should be removed
before harvest. For perennial crops, they are
seldom moved, but perhaps should be rels-
cated every 2 or 3 years because the instru.
ment may slightly influence the root pattern
or the plant and roots may grow enough that

€. HOW MANY TENSIOMETERS DO | NEED?

Na definite per-acre figure can be given be-
cause cenditions vary, There should be at
least one, and preferably two, tensiometer
locations for each area of the field that differs
in soil texture and depth, kind of crop ar
cover, stope, method of irrigation, time of irri-
gation (by more than 2 or 3 days), and ease or
problems of irrigation.

At each location, tensiometers at different
depths may be needed. The number will
depend on sofl and rogt depth. Usually, only
one depth will be naeded for plants rooung
less than 15 inches. Two should be used for
plants having sctive roots deeper than 15
inches. For plants rooting deeper than 4 feet,
it is desirable to have instruments at three dif-
ferent depths.

a new location is more representative. With
each move, 1he ceramic tip loses some poros-
ity from crystallization of salts as the surface
dries, 50 a large number of moves is not advis-
able. The standard tensiometer is not an
instrument 1o be carried from place to place
1o give readings a minute or two after
insertion.

In a large uniform field irrigated as a unit, or
in several sets over 1 to 3 days, one location
per 10 acres may be sufficient, In a 10-acre
orchard on rolling ground irrigated by differ-
ent sprinkler tines, one grower used six tensi-
ometer locations with two instrurnents at
each location. The average is somewhere be-
tween these two examples.

it's 8 good idea to start with a few. Install
them at two or more locations per area, but
limit the number of areas until you gain some
experience. Ask for technical assistance, if
needed. After a trial period, it is easier to
determine total number needed.

7. HOW MUCH WILL THEY COST?

At present, several makes of tensiometers are
available, The range in price has a ratio ot
about 2:1. Assuming you need an average of
one tensiometer for each 2% acres, the cost
will be $1.2% to $2 per acre per year, for the
expected life of the instrument, depending on
number purchased at one time. It i1s common
for growers using tensiometers to save one or

more irrigations per year. While irrigation
costs vary widely, you can compute the

- savings this mignt mean for you, Further gains

that may be balanced against the cost are
improved health and vigor of plants, as well as
quantity and quaiity of production. Some
growers claim production gains at S50 to
S500 per acre.

8. WHERE SHOULD THEY BE PLACED?

Install a tensiometer so that the
fip is in the active Toot zone, in
good contact with soil, and in a
position where irrigation water is
sure to wet the soil. Observe the
active-root-zone concentration
and depth by digging near an
adjacent plant, bur mnot right
where the tensiometer is to be
installed.

in new orchards, place the tip in
the root ball since soil texture in
the ball may differ from that in
the field, and water transfer
could be impeded. After several
weeks the tensiometer can be re-
installed near the drip iing of the
growing tree, Subsequent moves
may occur annually during the
rapid growth period, less fre-
guently thereafter.

With furrow irrigation, place the
instruments near enough to the
furrow so that water will be
certain to reach them. With maost
row creps, they are placed in the
plant row. WWith sprinkler irri-
gation, place tensiometers where
they can *‘see’’ the sprinkler; that
is, where water from the sprink-
ler is nat blocked by a post, tree
trunk, branch, leaves, vines, elc.
With drip irrigation, piace them
12 to 13 inches from sn emitter,

For some crops, you may place
the instruments in critical or
problem lgcations wherg you
especially want knowledge of the
soil water. These locations may
be difficult to wet, may dry out
quickly, or remain excessively
wet. Tensiometers are very useful
for identifying and helping to

ln new srehards, place 1ip in raot bell.

With furranw irrigation, e tip thould be in the wened zons. With non-
. nllage, the vertical position i best: but with tiltage, the slanted poston
solve irrigation or soil-water interferes less. (Dotted lines show the soread of water B succesive imes
problems. duning an irrigation.}



9. HOW SHOULD THEY BE INSTALLED?

For a good installation, insert the cer-
amic tip into a prepared hole with a
glave-tight fit so that the walls of the
tip are in close contact with undis-
turbed soil and roots. For depths tc 4
feet, prepare the hole by driving &
salid rod having a tapered driving
point, or a hollow tube with a sharp
cutting edge, to the depth desired.
Carefully remove the rod or tube so
that the hole remains round and uni-
form. Use a rod or tube having the
same diameter as the tensiometer.
Various makes of tensiometers differ
slightly in diameter. Push the tensiom-
eter to the bottom of the hole. being
careful not to push on the gauge. 7ress
the soil around the tensiormeter at the
surface, and pile it slightly o water
will ot collect and seep down alung
the tube of the tensiometer,

Installations deeper than 4 feet are not frequent,
but are sometimes necessary. They require special
installing tools and techniques, and probably the
assistance of a qualified person like your farm advi-
sor or Soil Conservatian Service technician.

£ ¢ better prutection, install in che rove. I the bed wets completely
and easily with sach irngation, a vert:cal postion s good. If water
does not always wel ac s the bed, the slanted ooition shown here
is useful,
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10. WH.L THEY BE IN THE WAY?

You can usually choose a location where the

tensiometers will not be in the way of the
normal field operations. Sometimes you may
have to place them where they are partly in
the way of certain operations. If properly pro-

tected and markad, they can be avoided with
anly minar incenvenience. Or they may be
instzlled with the tip placed where needed
and the top emerging from the ground at a
more protected position (see diagrams), When
installed in & submerged box with a hinged lid
(see diagram), tensiometers are out of the way
and protected from all but plowing and disk-
ing operations, This method is particularly
useful in sprinkler irrigated turf, hay, and for-

Outionsl positions for buried installation. The bax i1 placed
age. in position after tensiometsrs are inszalled.

11. ARE THEY SUBJECT TO DAMAGE?

Yes. Tensiometers can be broken if struck a hard
blow, and the gauge can be ruined if exposed to
freezing temperatures.

degrees. Where lower temperatures are
likely, protection by covering is un-
certain, and the tensiometers should be
removed from the ground, emptied,
cleaned, and stored in a8 warm place.

Tensiometers must be protected from damage. Te :
Water is difficult to remove from inside

protect against accidental striking by tools, ma-
chinery, or feet, bracket the instruments with the gauge; it can still freeze even when
bright-colored stout stakes (plain stake carrying a the body of the tensiometer has been
colored flag will dol: caver them with 2 box, tile, emptied.

steel pipe, or similar protective device; or bury
them in a box.

To protect zgainst freezing, cover the instrumens:s
during the frost season. Buriap sacks, blarkets, a
mound of soil, or @ hox full of sawdust gives pra-
ection for snost-time temperatures as low as 20

LN
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A tensiomuter protectad by box and insylared

A tenyiometer protected by bright colored stokes.
woth burlop.




12. WHEN AND HOW OFTEN SHOULD INSTRUMENTS BE READ?

For most purposes, an early-marning reading
is desirable. Water movement in plants and
soil at that time has almost stopped—a condi-
tion near equilibrium exists. It is a good prac-
tice always to read at about 15e same time of
day.

Frequency of reading depends on the rate of
water used in relation to the supplying capac-
ity of the root-zone soil, A minimum of three

13. AT WHAT READINGS SHOULD | IRRIGATE?

This depends on crop, soil, climate and irriga-
tion method. It is best determined by each
user 1o fit his conditions—a not too ditficult

task. Experience and research have provided .

some useful general guides to start a program.

With full-coverage irrigation, do not irrigate
when readings are in the O to 10 range. The
s0il is already too wet and plant roots may
suffer a lack of oxygen. in most field condi-
tions, irrigation is not needed in the 1010 25
range. With few exceptions, do not delay irri-
gations much after teadings reach 75 to 80.
The soil has became guite dry, and its ability
to supply water rapidly to ptants during peri-
ods of rapid use is poor.

Here are suggestions for irrigation readings
that can be used as 2 guide for some crops

readings should be made between irrigations.
Take readings frequently enough so that the
thange from one reading to the next is not
greater than 10 to 15 centibars. Many users
take readings three times a week, If irrigation
is oftener than once a weak, take daily read-
ings. If irrigation s monthly, twice a week is
adequate. During winter, weekly readings
suffica.

irrigated by fuil-coverage methods. They can
be adjusted to fit individual needs:

Deciduous fruit trees 70 — 80
Citrus 50 - 70
Avocados 40 — 50
Grapes 40 — 60
Tomatoes 60 - 70
Lettuce 40 - Lo
Strawberries 25 — 235
Celery 20 — 30
Melons, carrots 50 — 80
Turt fexcept putting

greens) 20 — 30

With frequent part-coverags irrigation such as
drip or trickle, the aim is to maintain readings
within the 10 to 25 range Dy contreling tre
amount of water applied.

14, DOINEED TO RECORD READINGS?

Fuli benefit from use of tensiometers is ob-
tained by recording readings and, preferably,
by siothing them on a chart. The chart lines
show what has hzppened in the past; by
extending them anead you have advance
intication of what you can expect in 2 few

days. This information helps you plan and
prepare for the next irrigation, to see if a
previous irrigation failed to penetrate ade-
guately, and to {earn why the soil became dry
sooner than expected.

USEFULNESS OF PLOTTED READINGS

A, Shortty after a good wi-igaton

B.  From this point it is gosibie . by exiend-

g ling AB, 10 Dredict whan an irrigatian
will be needea,

T, dust belore irrigavion

fe /S

D.  Attes an wrigguon which did net pena-
rate adequetely

\

€ Sul dred sooner becavse of inadeguate
wnganon,

F Raflegts an adeguats rrigation foltewing
13
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5. DO TENSIOMETEARSNEED ATTENTION O

Oceasionaily, tensicimeizrs need 1o be refilled
whh water. At each read.ng, check the water
tevel. If it fails more than T or 2 inches beiow

16, WHY DO THEY NEED WATER ADDITIONS?

Viee soil suction remains iow, very litile
water i5 |ost from a tensiometer. When soil
becomes dry, its suction draws water out of
the instrument, creating a high vacuum
against which it is diffizult 10 prevent minor
air feakage. At high sucdons, the pores of the
tip allcw some air 1o pass into the instrument.
When the soil is irrigated, water is drawn back

DAYS

THER THAN READINGS?

the stcpper, add water. All tensicmeters
should be tested three or four times a.vear
with a test pump

inside the tensiometer, but not enough 1o fill
it if air has entered. The best time to add
water is after an irrigation when the natural
refill has done part of the job, the vacuum is
low, and the stopper can be removed easily. !f
considerable water is added, use a vacuum
pump to withdraw air bubbles,

10.



17. DO TENSIOMETERS FAIL IN LUUSE?

Sometimes, though not often. |f one has been
damaged, it will not perform. A gauge may
rust and stick if water gets under the glass, or
it may be frozen ang fail. A ieak in the
stopper, body connections, or gauge may
admit air. A stopper may crack from the
action of sunlight or air pollution, 1f the
stopper is released suddenly when the reading
is high, the gavge hand may strike the zero
pin with enough force to slip the friction
mounting of the hand so that an incorrect
reading will be obtained. In rare cases, &
crystalline deposit accurs in the neck of the
gauge, blocking its action. Remove the depos-
it by poking with a short piece of wire.

The pores of the ceramic tip are fitled gradu-
ally as dissplvea materials from the soilt solu-
tion crystallize, This slows the water transfer
through the tip and increases the time re-
quired for the tensiometer to respond to
changing soil-water conditions. Some slowing

18. HOW DO | KNOW WHEN A TENSIOMETER 1S NOT WORKING?

An instrument out of water, or leaking, wiil
remain at zero. TwG OF MOre SUCCESSIVE 280
readings on the same tensiometer are a sign of
malfunction and should not be accepted as
true readings. In most cases, the trouble is
easily corrected ‘see question 18}, If the
gauge has rusted or has a crystaliine deposit in
its neck, it will stick at one reading even when
the stopper is removed. A frozen gauge may

does no harm, but if the response ume be-
comes too stow for satisfactory use, a new 1p
should be instaited. The response rate can be
partly recovered by sanding the tip exterior
with sandpaper.

The tength of time taken to reach this condi-
tion depends on the soil and manner of use. 1f
tensiometers are feft in the ground, the tip
poresity remains satisfactory for several years
in most soils.

Each time the instrument is removed from the
soil, its tip life is reduced, especially if the
soil is calcarecus and saline. I'n extremne cases,
where tensiometers are installed and removed
severzl times, the tip porosity may become
unsatisfactory in 1 year. To minimize darnage
the tip of a tensiometer that has just been
removed from the soil should be protected
from dry air untit the instrument has been
smptiad, cleaned, and dried.

or may not respond as the soil dries, but even
if it responds, it wi'l be incorrect. If you sus-
pect a reading is incerrect, check the gauge
with a test pump. Readings higher than
expected, especialty after an irrigation, are
generally not tensiometer failure but failure
of the irrigation water to penetrate to the
depth of the tensiometer tip.

19 WHAT CaN BE DONE TO CORRECT A FAILURE?

it the gauge rernains at 2ero refill with water
ard use a ftest pump. The instrument may
have been emply because of dry soil. With
test pump at a high reading, watch for bub-
ties, |F the tip was dry, fine bubbles will rise
rooadby for several minutes but eventually
. If larger bubbles rise and continue, 2
< is indicated. Determine the source. If the
subbles rise from the bottom, remove the
tensiometer and send it in for repair—possibly
a new tip. 1 bubbles rise from the gauge, the
gauge may leak or the threaded connection
may need resealing. If no large bubbles arise,
it may be that the stooper is cracked or was
not sealed properiy.

‘.
@

20. CAN TENSIOMETERS HELP AUTOMATE IRRIGATION?

Tensiometers are available with electric con-
tact points that can be set at any soil suction
teading desired. When the soil dries to the
walected suction, an electric circuit is closed in
e tensiometer gauge. The circuit generally
inciuces an irrigation programmer connectled
ts remate comiral vatees, The remote control
valves are in a water supply line and can start
or stop irrigation as signalled.

j# the gauge sticks and appears rusted, re-
maove, disassemble, and dry it out if it is still
wet. Apply fust-removing oil to all moving
parts and surfaces.

A day of two after ciling, wipe carefully to
remave rust, and flex the movement carefully
by hand. Apply a thin coating of very light oil
and reassemble. Check with a test pump for
operation and accuracy.

\f readings considerably ditferent from the
test pump show that the gauge has been fro-
zen, then remove it and replace with a new
gauge. Some frozen gauges can be restored to
accuracy, but the job is tedious and the
¢chances for success are limited.

A variety of arrangements are possible per-
mitting the tensiometer signai to initiate and
stop irrigations directly or to be stored in the
programmer until a preselected time has bean
reached. The programmer avoids irrigations at
undesireble times even when the tensiometer
has signalied for it. Likewise, the programmer
cannat initiate irrigation until a signal has
heen received from the tensiometer. The
result is the most complete irrigation auto-
mation possible.

12,
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Soilmotsture Equtpment Corp.

About Qur Tensiometers

Tensiometers are the omly acturate, [nexpensive instruments capabie
cf continuousty monitoring sci! meoisture for irrigation control
purpeses. We provide the greatest variety and the most advanced
Tensiometers available,

Enclosed is our sales llterature on cur tensiometers, together with
adoitional background erticles and Instructions, which we feel will
give you full Information on the features of our instruments,
togethar with detail!s of ins*atlation and operation,

Our Model 2725 Jet Fill Tersiometer, pictured and descritbed on the
smal)] pocket-size brochure, is the most agdvancea tensiometer on The
market today for fixed instailation for irrigation control purposes.
The unlgue Jet Fill featyre and the high flow cersmic tip assure
accuracy of reading and minimum of maintenance in all fypes of soils.

The brochure on cur Model 2710 Solimolsture Tensiometer carries on
+he reverse side placement intormation for fixec tenrsiometers as
they are conventicnally usad for irrigation contrcl purposes,

Our Mode) 2900 "Cuick Oraw" Soilmofsture Probe is a portatle tensiometer
that is zvailable in 12" anc 18" sizes, The same Type of instrument,
our Mode! 2950 Scilmoisture Turt-Frobe, is alsc available for use at
shallow depths in turt, These are the only portable tensiometers on

the market tocay, and they are pictured on one of the erclosed Srocnhures.
Incigental ly, t*hese instru~ents are now supplied wi*h a Z" diameter

dial gauge for improved reacapility. In contrast *c elecvrical probtes
on the market which do not give correct, meaningful measurements of

spil moisture, our Soilmoisture Probes reac cut accurately in cenvibars
of soil suction, and car be continuously maintained for incefinite
length of service,

Qur Mogels Z711 and 2726 Switching TensiomeTers, cescribed on Procuct
Sultetin -A19, are used for automaticaliy Turning on znd off the
frrigation system in orcer "o maintain pre-se® soil moisture vatues,

Jne of the fliers ercloseo gives a rether detailec explaration ¢f how
Tensiometars work and the meaning ot “scil sucztion”, ! you are
serioysly interested in the correct measyrement aof scil moisture, you
shoutd reag this expianation cerefully, so &5 to Dest wungdersvanc The
meisture measuring preblems in soils,

ve have also enclosed copies of several articles pertaining to the use
of tensiometers which wifl give you additional information on treir
application, and which you may tind interesting to read through, One
chart gives typiczl plant feeder root depths for varicus crops which
can be used as a guide for the placement of tersiometers. [T is

13,

14,

customary to place one fensicmeter so that the sansing tip is
one-quartar of the way down Into the active root zone, and ancther
adjacent tensiometer so that the sensing tip Is three-quarters of
the way down into the active root zore, This procedure glve§ 2
gocd reading of moisture conditions throughout the whele active
root zone, |t is ditficult to meke completely firm recommengations
about placement of tensiometers in the root zone, since rooting .
depths vary considerably, depending upon the seil profile, the soil
type, and the irrigation practice,

The soil moisturae gauge readings at which irrigation shouls be started
are referred to in seme of the enclosed articles, However, it has
been determined In recent years that it Is better to keep soils some-
what more moist than was originally practiced in order to get *h? best
water penetration when Irrigating and alsoc to provide the he?ifhnssf
envircnment for optimum crop production, The best thinking in Thl§
regard at the present time Is to keep soll suction values at a maximum
of 40 to 50 centibars and to arrange irrigaticn so that you do nct
create a saturated condition (0 te 10 centibars ot soll suction) for
any length cf time in the feeder root zone, Where you are working
with sandy soils which have extremely |imited water $+orage cap§CiTy,
irrigation is started at kower soll suction velues, frequen+(y.|n.1he
range of 20 to 30 cenfibars, Wnere you are working uiTh arip irri-
gaticn systems and the tensiometer is installed approxlmafe!y I? to
18" away trom the emitter, tensiometer readings are zlsa maunfaune?

at a relatively low value {usuaily in the range from 10 to 25 centij-
bars, degencing upon scil type).

The enclosed instruction information will also give you further cetails
on the installation anc use of our Tensiomaters,

$ Soilmoisture Equipment Corp. PO. Box 30025, Sanle Barbara, Calif 93105 U SA.



SUPPLIED FOR YOUR INFORMATION
% BY Soilmoisture Equipment Corp.

PRIMAIPLES IIVOLVED IN THE QPERATIOM OF
A TEMSIOETER TYPE MEASURIMNG INSTRUMENT

Remeovohle Cop

Vacuum Gauge

Seil Sutface

/

Poreus Cup
s

7
Waier Film

FIG, 1

Fla, 1 shows 2 sectlon view of 2
tanglometer 1n place In the solt, A tensi=
cmeter conslsts essentlaliy of 2 tubdbe,
sesl=d at ome end by & porous ceramlc cup
which 1s In contact wlth the soll, The
other end of +he tute ls zhove ground ard Is
cmnagctnd to a vacuum Gauze, This end of
+he tyhe I5 seale? wlth 3 revovabie <2p
after the *uhe has heegn fllied zompletely
wlth water,

The !nsert in Flg, 1 shows a magnltied view
of tha porous cun In contact wlth the soll
sartlelas, The sneclal thing about the
porous ceramle !s the slza of the pores,

Tra pores are reasonrably unltorm ang of
controlied maximum stye, When the porous
ceranle | wetted and the pores fllled with
water, the surface tersfon of the water at
+the alre=wster Interfaca, ar each of tre
pores, seels the pores. water can flow
+hrounh the pores but the =ater flinm at e=ch
pore asts jlke a thin rubter dlaphragm and
wili not let tree alr pass, throughout the
workling rare of the temsiometer,

i5.

ART &

The Insert In Fig, 1 aiso shows the water
fIlm which surrounds each soil particle.
These f1ims of water ara bound to each of
the soll particies by strong molecular
forees. As solil drles out, these water
$+1Ims become thinner and morm fightly bound.
Tha "tenslon" thus produced within these
water tl!ms causes water to ba sucked from
the tenslometer threough the pores In the
ceramle cup. These same strong melecular
torces make [t Increasingly difflcult tor
plants to suck molsture from the soll as tha
solb dries out,

As water ls sucked from the tensfometer

by the soll, & partlal vacoum 1s crestad In
the tenstometer since the unlt Is completely
sealed except for the porous cup. As more
water ls remaved, the vacuum inside the unlt
becomes higher, The amount of the vacuum (s
reaistered on the vacuum dlal gauge. Water
ls sucked from the tenslomgter by tha soll
untl] such time as the vecuum created Inslde
the tenslometer |s Just sufflclent to overs
come the suction of the soli, At this polnt
an equl!Torium |s reached and water ceases
to flow from the cup, The tenslometer then
reads directly the amount of "scll suctlon",
As the soll motstura 1s further depleted
through evaporation, dralnage or the actles
of ptant rosts, the soll suetlon Ingreases.
tore water is then sucked from the tensl=
omater untll the vacuum In the unlt is
Increasecd and a new egqulllbrium point
reached.

wWhen water |s adced *o the soil from
ralnfaltl or lrrigatlon, the soll suction Is
reduced, Then the high vacuum in tre
tenslcmeter causes sol! meisture o be drawn
trom the sol{ through the walls of the
sorous cun into the unlt,  This flow of
water tack into the terslometer reduces The
vacuum, The ftow contlnues until the vacuum
In the tenslometer drops to the value where
It Is just talanced by the so!l suctien. If
watar Is acded to tha soll untli the sell ls
corplateiy saturated, then the vacuum dlal
jauge cr *tne tenslometer will drop untld 4
reads zero.

As outllned above, a tensloreter always ls

ralatalning a batance wlth the sol! suctlen
ard the vacuum gauge on the unlt Indlcatas

the valus ot the 50!l suctlon at The porous
cup.

A .
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@ SINGLE MANOMETER KIT MODEL 23C0 The Modei 2300 Single Manometer Kit

provides a simplified manometer assembly
q for use In a tensicmeter measuring system,
. particutariy in conjunction with the Model
NYLON MANCOMETER TUBE———/-Q 2325 Cup -Tubes, It includes parts as
B FT. LONG / indlcated in the assembly drawlng, and
" makes use of a single, transparent,
TENSION SLEEVES | Fy plastic tube that servas both as the
TENS [ON SPR!NG-—-'// manometer measuring tube as well as the
‘ connacting !ink between the manometer
NEGPRENE RETA INING BAND/ assembly and the tensiometer Cup Tube.
The wnit is supplied with a stes! stake
for mounting in the ground. It may also
be mounted on other apparatus for use In
|aboratory expariments, The manometer
=5 scale is graduated In millibars of soil
| suction,which is the standard of measure-
i ment accepted throughout the world. All
of the parts required for the complete
assembly are supplied in the kit. The
only tools required are a sharp knlfe
and a screwdriver.

ALUMENUM SUPPORT ANGLE ~— f

c
'
o

MANOMETER SCALE

NOTE :

The Cup Tube Kit, Mogel 2325,1s necessary
to make a complete mercury mancmeter
tensiometer system.

©

— 1a

SINGLE MANOMETER .

RESERVQIR CAF MODEL 23C0

el

i

LARGE LOCKWASHER

TENSION SLEEVES ———/ :

CUP TuBE
MODEL 2325

NENPRENE RETAINING a.wa/ i

MERCURY RESERVOIR BOTTLE }_J
:. Q\: ;Zyaf
P
8-32 X 3/8" LONG SCREW ‘ |
AND #8 LOCHKWASHER Fo 1
STAKE R Typical assembly of *he Madel 2300

¢ Single Manometer and the Mode! 2325

Cup Tube to make a tensiometer measuring
system,

30 Grams or .07 ibs. of mercury required
per unit,
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§ MULTIPLE MANOMETER KIT MODEL 2310

NTLON MANOMETER TUBE o
45 FT. LONS, UNCJT v

TENSH N SLEFVES (5)————-—#-%\-__,:'.

TENTIOH SEEINGS (5

MANCMETER TUBE REAR GUIDE
t2 HOLES)

R-Z72 ¥ 3/8" LONS SCREW
AND #2 L OCKWASHER

MANIMETER TUBE TOP GUIDE
(6 HNLES)

ALLPALIUM SUPPCRT ANGLE

MANAMETER SCALE ‘
i
RETA INFR SLIDE OLIPS ‘m——""""1 | +

MERCURY RESERVCIZ CLAMC W([TH it
532 X 3/E" LOMG SCZEW AND 1
£8 LOCKWASWER

ME RLURY \
RESERVOIR CAP A
MANIMETER TUBE C_AwS 2ASS N

AND THO 256 X 1/4% LONG : il
SCREWS (INSINE CaF) :
MEECURY RESERVQIR BGTTLE —

[

STAKE g
-

MANOMETER TUBE REAR BUIDE —— 7
{2 HOLES) - /ﬂ

B8-32 ¥ 3/8" LONG 5¢RTWS AwD Y :

#3 LOCKWASHERS £2) -
150 Grams or .33 tbs. of mercury reauired
per unit.

The Mode! 2310 Mu'tiple Manometer Kit
provides a simple manometer assermbly for
simyitanecus use with as many as flve
Model 2325 Cup Tubes for use as a
Multiple tensiometer measuring system,
Since each of the five manometer tubes
are measurad wlth the same manometer

scaie, it provides direct comparison of
the soil suction vaiuves in sach of the
Cup Tubes.

Tre Model 2310 Multiple Manometer Kit
includes parts, as indicated in the
Assembly Drawing, and makes vse of trans-
parent plastic tubing that serves both as
the manometer measuring tube, as well as
the connecting link betwesn the manometer
assembly and the tensiometer Cup Tubes,
The kit is suppiied with 43 ¥, ¢t *he
nylon manometer tubing for cornecticn tco
+he Mode! 2325 Cup Tubes, AddiTicnal
tubing should be ordered in the svent The
Cup Tubes are to be placed at a substar-
tial distance from the mancmeter asserbly.
A steel stake is provided as part of the
Myitiple Manometer Kit for mountinz in

the ground. The manometer ray also be
mounted on other zcparatus for use in
other laboratory experiments, he
manometer scale is graduated in millibars
ot sall sugtion,which is the standard of
measurement accepted throughout the worid.
All of the parts reauired for the complete
assembly are supptied in the kit. The
only tools required for assemiling are a
sharp knife ard a screwdrivaer.

NCTE ;

The Cup Tube Xit, Mocel 2325, is necessary
to make 2 complete mercury marometer
tensiometer syste~,

i i

CUP Tubk —-—|-

MODEL 2325

FIvE ASSORTED

LENGTHS

o bV,

A1 ZRZ

U

NMULTIPLE
MANCHMETER
MODEL 2310

v

e 0t I le Marcmeter Tenslometer lends

fg o mexsuring the soil suction
a atvar gepth in five separate

PRI S

[+ % s o it can be used to measure
w5t ot un vales at five weparate
der tw oc asseifizlly the same location
tn - v osies loveiviag the measurement of
b gradisst Inoscils.
#: SE < T MIDEL 2345 1
/////’ s
ST T RTTECET 1"‘€_}}

Lok RANOMETER TBE —
UPFLIED wiTH CuP o

TLmE T -
.//-
P e ppaue aeapiey <
'_/ e
s i -
e “l
. i
R mEgn o o

TTAgETG TTICL TOREW
LOMHAASHES AND LT
mUEOTURD DAY -

-

ELPRENE SFALING SLEE

PP TUBE —— e e
CLAMP PAD
CROSS=SECTION VIEW
OF CUP TURE CLAMP
BESEMELY

e Kits are used In conjunctlon

the Mode! 2330 Single Manometer Kit
Modet 2310 Multiple Mancemeter Kit

e up inexpersive, versatile tensi-

systems for the messurement of

it ozootion.  Trey are sultable for field
mitation as well 2s setups within the

cratory, or for demonstration purposes

Pao e olassemom,

R

The Model 2329 Cup Tube It includes the
varlous parts, as indicated in the
assembly drawing. The assembly process
is simple and requires cnly the use of

a screwdriver.

The Cup Tube Is available in €, 12",
247, 36", 48", and 60" lengths.

A hole is cored in the soil to accent
the Cup Tuce. Qur Model 241 Inserticn
Tool is desicned to core a hele fer a
precise fit to the Model 2325 Cun Tubes.
For proper operation, it is essantial
that the porous cup be in tignht contact
with the surrounding soil, Affer coring
a hole, the Cup Tube is pushed down fo
the reauired denth znd the top 27 or 3"
of s0ll are packed tig-tly arcund the
Cup Tube *- prevent irrigation water
from movina Jdirectiv to the cup.

MODEL DESCRISTION

2300 Single Manometer Kit

2310 Multiple Mangmeter Kit

232516 Cus Tube Kit &" Size

2325012 Cun Tube Kit 127 Zize

2325124 Cup Tube Kit 24" Zize

Z325L3€ Cun Tute Kit 33" Zigze

2325048 Cup Tute Xit 48" Size

2325160 Cup Tube Kit 60" Size

221139 3/4" Insertion Tool,
20" Size

241054 3/4" Insertion Too!,
54" Size

241L73 LAY Insertion Toot,
78" Size

2326 Cup Tube Clamp Assembiy

2091 Manometer Scale, Fiber-

nlass Q-850 Milli-
bars

Nylon Manometer Tubing
3/32" 0.0, X /64"
wall

Mercury Required:
30 Grams or .07 Ibs
far Model 2300

150 Grams or .33
ibs for Mode! 2310

SEE SEPARATE PRJCE LIST FOR CURRENT PRICES.

6o -
‘?\z' Foglesisiure Kquipment Corp. PO. Bor 30025, Santa Barbara, Calif 93105 U.S.A.
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1 BAR #ROUS CERAMIC CUPS

riizture

A variety of standard slze cups, llsved telow, suitable for many scil
measuriig ard control uses are avallable for shiprert froT stezk,  Troco cups

are falricated from ! bar porous ceranic rmaterial, The btonslins sressora oF o
entry wiue for this materia!, when it hzs boen co—.,ﬂe shy wettel wltn water, i3
greater than 1 bar (15 psi). When cast it the form ot cups this value is usually
about 2bars {30 psi), TI‘B’WSHISSIOH rate ot water through a 1/1€" watl is usu-
ally greater than 10 ml/cr2/hr/bar of prassure ciffersnce acrcss *ne cus well.

Cups as listed, are "as cast"., We can cut These cups to make snerter cups or the
closed ends can be cut off to make cylinders., Clarme*ers can be ~agchirs? *o or
vide stmiders or speciat dimensiors. We can aiso make un at mocest cosT,
cur roral manufacture, special cups to meet your specific roguire~c-*:. =
porcus cups fabricated from 3 bar or 15 bar porous cera~ic cen alsc Se sroviced,
tor special cups write for further information giving corpleTe ci~arsic-zi re-
quiremar*s and guantities desired.

STRAIT WALL PCROUS CuP WALL THICKAESS — —
v i

|,.____ LENSTH —— ]

i

CAT. M. § LENCTH Eu;SéEER Thl':é:..tzss :jffc:f ' T
2133 k5w e 1 e RO Cmx |
21331 4.0 C1 & -, 1 mm ROING ! ::z‘—‘
205t 172 N, -1/ L1716 1N, | RO TR
12553-% {1-1/8 1N, [378 iNL {1716 In. RC NG "
2ise |10 o4 1 Ca 2 o ROUNE e
2035 Dz N, 17z . /16 1. FLAT TR |
2605-1 [2-3/8 IN.[7/8 \N. |3/32 In. | ROcD | wa
1 1=

NECK TP POROVS CuP WALL THICKNESS — o r'.zcrc LEnTe l—f'";LTJE:_
o, @
‘m
____ LEHSGTY ‘L MECK DlAvETE=

CAT. NO.[ LENGTH  |OUTSIDE | waLL TYPE OF | KECK LESK oritE |
DIAMETER | THICKNESS | BOTTOM | DIAMETER| LewTw | 7 iCE

213 2-3/4 IN.|7/8 IN. | 3/32 IN. | RounD 9716 b2 L g

219¢ 2=7/8 IN,{1-7/8 K] 1/8 IN. ROUND 1-3/4 INJ7/06 1K, Fosd
T 1
' i

o

WALL B ~—HNECH TSinE
o [=¢ P THICKNESS — i 5T -
TAFEAED TP FORUS bel Jv—!-—T PRSI \\ DiAYETER
R D)
L\_nmm_,j
—LEGTH — ANGLE
: . CUTSIDE WALL TYPL OF " RECK .
- i , - NGL - <CE
ST NOLLLENGTR o e ter ITeicrnEss | soTiod | LEMSTH
2132 2-3/4 AN, {34 INL 0 [3/32 N ROLMD 10¢ 15 N, L
A —
L i
L
-

434 prices are In M.5, Dollars, F.C.8, San'ra Barbara, ‘and subject %o change with-
aut novice.

Solimolsture Egqulpment Corp.
P, O, Box 30025
Santa Barbara, Callf, 93105

4ddreszs mli orders and correspondenca toi
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NOTE

A NEW SOLID-STATE DEVICE FOR READING TENSIOMETERS!

F. LESLIE LONG
USDA, Auburn University, Alabama 36849

Received for publication 1 April 1981; revised 1 June 1981

ABSTRACT

A solid-state device that has recently become available provides a means for easily
and very accurately measuring the vacuwm created in soil tensiometers, making gauges
and mercury manometers obsolete. It is a backward-gauge-type transducer that is

compatible with water, screws directly into the tensiometer, has in_tgmal_l_ voltage

regulation, temperature compensation, and signal condi

5 sutable fo feld

use.

Ceramic porous cup tensiometers, as devel-
oped by Richards and his associates (1936, 1937,
1942), hare been the most widely used method
for determining soil water potential. Tensiome-
ters cover the range of soil water potential be-
tween M and 0.85 bar. This range includes nearly
80% of the available water in sandy soils (Haise

1455) common to the southeastern United
States

Foole - al tensiometers are normally read man-
ual'. « 1 ovacvoum gauges (Perrier and Evans
1ue. T with attached Tercury manomieters,
Mamy o ws these reading- afv not as accurate
as dewir o for field research Also, such manual
reading  are awkward and time-consuming.
When + .ny tensiometers are mstalled 1n feld
experin .- nts, the time required for reading dis-
courage- -eading more than once per day. Such
infreque: ' readings preclude any detailed study
of water ‘novement in the field. Pressure trans-

ducers have alse been used to read tensiometers,
but these too have been cumbersome, because
they were usually not directly attachable to the
tensiometers {Rice 1969, Long and Huck 1980).

A pressure transducer recently developed is
ideal for measuring the vacuum created in soil
tensiometers {Fig. 1), The transducer is a
#LX1804GB. made by National Semiconductor
Corporation,” and has a range of —15 to +15
psig. This transducer has %4-in. male pipe threads

'Contribution from Science and Education Admin-
istration, U.S. Department of Agriculture, and De-
partment of Agronomy and Soils, Auburn University
{Alabama) Agricultural Experiment Station, Alabama
36849,

that, together with & %- to %-in, reducing bush-
ing, can be screwed directly into the commer-
cially available tensiometers. It is housed in
either zinc metal or nylon. It is a backward-
gauge type transducer, meaning that the pres-
sure or vacuurn is applied to the back side of the
sensor, allowing compatibility with water. The
low internal volume of the transducer and the
angle at which the transducer screws into the
tensiometer prevent trapped air from accumu-
lating in the transducer.

Each device has voltage regulation, tempera-
ture compensation, and full signa! conditioning
by an operational amplifier. Typical excitation
voltage is 15 V DC, with a 10-V DC output over
the range of the transducer (—15 to +15 psig).
The refationship of output voltage to vacuum is
linear within the general working range of ten-h

|
i
i

stormieters, Le, 0to 0 85 bar, or 010 867 cm water.
In this range, the output voltage change is 4.89

mV per cm water. The equation for caleulating }

the water potential is V

cm water = 1553.539 — 204 .662 {volts)

A high-quality millivolt meter can easily read to
the nearesi millivolt, or, in this case, the eguiv-
alent of 0.2 cm water, This is much more precise
than can be read visually with a mercury ma-
nometer and more than adequate for most field
research needs.

? Mention of a trademark or a proprietary product
does not constitule a guarantee or warranty of the
produet by the U.S. Department of Agriculture and
does not imply approval of the product to the exclusion
of other products that may also be suitable.

LA

F1c. 1. Transducer attached to tensiometer.

The transducer has automatic internal tem-
perature compensation. Because the water in
the tensiometer is in direct contact with the
transducer, the two are essentially at the same
temperature. There are only three electrical con-
nections to the transducer; input, cutput, and 2
common ground. A receptacle built into the
transducer accepts a standard Waldom/Molex®
plug. A tensiometer reading is obtained by sim-
ply applying the excitation voltage, reading the
output with a millivolt meter, and calculating
the potential using the equation. Where several
tensiometers are installed in close proximity, a
rotary switch arrangement can be used for mak-
ing the readings more rapidly.

Using this transducer, one can assermble a
fully automated field system that will automat-

ically turn on the excitation voltage, scan all the
tensiometers at preselected intervals, record the
readings and time on some nonvolatile medium,
such as a cassette tape, and turn itself off. The
cassette tape would be picked up every few days
and, through a suitable interface, the data would
be put on computer tape for further processing.
The cost of the transducer is approximately $70.
Considering that almost continuous water po-
tential measurements can be obtained, however,
the cost of one transducer is less than the labor
cost for one day of manual reading to get the
same amount of information.

The measuring device 1s a great improvement
over the mercury manometers and vacuum
gauges normally used and should be of benefit
to those interested in measurements of soif water
potential in their field soils research.
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