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ABSTRACT

Tensiometers are instruments that analytically used to measure the en-
ergy status (or potential) of soil water. That measurement very useful
because it direct relation the ability of plants to extract water from soil.
Based on this experiment, irrometer tensiometer and watermark sensors
are the methods that are used reading soil water tension. Tensiometer is
the only one that has direct measurement, which means it actually reads
the physical forces at work in the soil while watermark sensor isindirect
method of measurement soil water tension. Irrometer soil moisture mea-
surement is equipment that is used to optimize irrigation and maximize
conservation especially in agriculture sector. Irrigators often use tensiom-
etersfor irrigation scheduling because they provide direct measurements
of soil moisture status and they are easily managed. In addition, tensiom-
eters can be automated to control irrigation water applications when the
soil water potential decreasesto apredetermined critical value.
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INTRODUCTION

The evidence of the Almighty of Allah could be
seenviaHiscreationssuch astrees, mountains, animals
and the earth. InAl-Quran, eighty three verse were
mentioned about agricultureand it could beakind of
our worship to the creator of all creators; Allah
Subhanahuwataal a and refer to Imam Nawawi on
Kitab Sahih, the best work or effort for the human
being is agrculture™. In agriculture, usually soil is
measured by tensiometer which indicated soil water
suction (negative pressure), whichisusualy expressed

astension. Thissuction isequivalent totheforceor
energy that aplant must exert to extract water from
the soil. Theinstrument must beinstalled properly so
that the poroustip isin good contact with the sail,
ensuring that the soil-water suctionisin equilibrium
with thewater suctioninthetip. Thesuctionforcein
theporoustip istransmitted through thewater column
inside the tube and displayed as atension reading on
the vacuum gauge. Soil-water tension iscommonly
expressed in units of bars or centibars. One bar is
equal to 100 centibars (cb). Thehigher thereadingis
in cb (kPa), the drier your soil?. Unsaturated soil
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mechanicsisoften applied to geotechnical problems
such asembankments, dams, pavements, foundations,

landfills, dopes, nuclear waste digposals, etc. Analyzing
such problemsrequiresinformation about soil suction
variations. Thisexplainswhy significant effort hasbeen
madefromal over theworld on suction measurement
techniquesunder field conditiong®4. presented severa

devicesand techniquesthat are used for in engineering
measurement. Jet fill tensiometer and small-tip
tensiometer are often used to instrument soil slopes™
7 used small-tip tensiometer to observethedesiccation
of sensitiveclay infield. In general, the soil suction
range of thesetensiometersisbelow 100 kPa.® used
thermal conductivity sensor to measure higher suctions
in an unsaturated swelling soil slope. The highest
suction recorded reached 900 kPa. Although the
suction rangewasenlarged using therma conductivity
sensor, hysteresis phenomenon and long time for
stabilization are till the drawbacks of thistechnique®

and hasreported field datafrom threetest steswhere
soil suction was measured using thermocouple
psychrometer. Thesuction rangefor theinvolved soils
varied from 100 kPato 10 MPa. According to, the
monitoring of soil suctionwith psychrometer technique
inthe near surface zone (lessthan 0.4 m depth) could
be affected by the temperature variations. However,
as'¥ reported, in practice only the suctionin the near
surface zone variessignificantly under soil-atmosphere
interaction. Miniature measurement device has been
widely employedinlaboratory teststo measure such
materia™. It has been observed that theinitia good
saturation of tensiometer is essential to obtain a
maxi mum measured suction; otherwise, the cavitation
phenomenon can occur beforethereal soil suctionis
captured. Two techniques are often used to ensure a
satisfactory saturation?: i) initial water percolation
under vacuum, ii) cyclic pre-pressurization (high
pressure gpplication and cavitation under high suction).

METHODOLOGY

The instrument that we used is called [rrometer
Tensometer. Itisonly reflectsif thereisany physica forces
inthesail. Itisact asplant root whichthemoigureinteract
through the ceramictips. Thesoil water tension outside
theinstrument forcesthewater insdetoremovefromit
thus createtensionins dethetube. Dueto thetension,

readingsaregppeared throughthemechanicd gauge. This
indrument isvery senditive, whichtheceramictip canbe
broken of push too hard into the soil. Besidesthat, they
must keep dry beforewant to usethem, if not let them
dry for aday.

Soil water tensonisbest monitored inthefield by
tendometersor esimated indirectly by theuseof dectricd
resi stance sensors (blocks) that are placed in the soil
profileat variousdepths. A tensometer hasavacuum-
pressuregaugemounted to thewaterfilled tubeto observe
thesoil tendonmeasurement a any time. Theunit requires
thetubeto befilled withwater and serviced toremove
any entrapped air beforeingdlaionintothesoil. Below
isgenerd guiddinein operatingirrometer whichvisualy
indicated asinfigure 1,

e (0-10Centibars= Saturated soil

e 10-30Centibars=Soil is adequately wet (except
coarse sands, which are beginning to losewater)

e 30-60 Centibars= Usual range for irrigation (most
0ilg)

e 60-100 Centibars = Usual range for irrigation in
heavy clay

e 100-200 Centibars=Soil is becoming dangerously
dry for maximum production. Proceed with caution!

Experimental set-up

Figure 2,3,4 and 5 showsthe experimental set-up
for thisstudy. Thedetail oeration asper following steps;
A holeisdroveintheground with the standard /2
inches pipe. The standard 5 inches pipe will make a
holefor an exact fit. Theirrometer’s is inserted in the
hole, leaving at least 1 inches of the space between
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Figurel: Operatingirrometer guidefor measurement!2.
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bottom of the gauge and ground surface.

Theirrometer isfilled with adiluted solution of
irrometer fluid. Fill tothecircleof reservoir. Tap top of
theirrometer with your pamto removeany air lock.
Take the vacuum pump and extract air from the
instruments by pulling avacuum of 80to 85kPa.

The pump is left on the instrument for 10 to 15
secondsto allow air to rise and then release vacuum
gently.Refill thefluidif necessary and replace cap until
stopper comesin contact with bottom of thereservoair,
then, continuetighteningfor Y4 turn only. The reading is
taken every 10 minutesfor 3 hours.

RESULTSAND DISCUSSION

TABLE 1 and 2 showstheresult of soil moisture
on two different reading. Based on this experiment,
irrometer tensiometer and watermark sensor arethe
methods that are used reading soil water tension.

Tensiometer istheonly onethat hasdirect measurement,
which meansit actualy readsthe physica forcesat work
inthe soil whilewatermark sensor isindirect method of
measurement soil water tension. Irrometer soil moisture
measurement is equipment that is used to optimize
irrigation and maximize conservation especially in
agriculture sector. Tensiometric measurement isthe
physica forceactualy holdingwater inthesoil, messured

Figure2: Thelocation of measur eof moistureat kuszafarm
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oo

Figure 3: Makeaholetoinsert irrometer using specific
puncher (asindicated)

Figure4: Vacuum (asindicated) thebubbleto avoid air lock

in Centribars (or kPa) of soil water tension. Irrometer
s0il moisture measurement isbased onthetensiometric
method, because of thefact that the amount of water is
not asimportant as how difficultitisfor the plant to
extract it fromthe soil. Soil water tension (or metric
potential) hasto be overcome for the plant to move
water intoitsroot system.
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Figure5: Then left and take reading of soil moisture for
every 10 minutes.

Moreover, based onthereading recorded asinfigure
6, thesoil isstated asclay whichitisintherangeof fidd
capacity. Field capacity meansthat thegravity haspulled
al thewater fromthelargest pores. Thesmallest pores
hold thewater against gravity, whilethelarger pores
arefilledwithair. Thisistheoptima conditionfor crop
devdopment whichisthewater isheld at aforcethat is
easily overcome by the uptake power of the roots,
whereasa thesametimethesoil issufficiently ventil ated

TABLE 1: Irrometer reading (kPa) against time taken
(minutes)

Time (min) Irrometer reading (kPa)
10 0.0
20 2.0
30 2.0
40 2.0
50 2.0
60 20
70 3.0
80 35
90 35

100 3.7
110 38
120 38
130 38
140 38
150 38

TABLE 2 : Second irrometer reading (kPa) against time
taken (minutes)

Minutes Reading, kPa
10 20
20 20
30 20
40 20
50 18
60 18
70 18
80 18
90 > 120 18

Irrometer reading (kPa) against time taken

—— Irrimeter reading (kPa)

10 20 30 40 50 60 70 80 90 100110120130140150
Time taken (min)
Figure 6 : Irrometer reading (kPa) against time taken
(minutes)

to enabletherootsto breath.

Watermark sensor isanother method for reading the
soil water tension but it needsto calibrate first. The
watermark isdesigned to beapermanent sensor, placed
in the soil to be monitored and “read” as often as
necessary with aportableor stationary device. Internaly
instaled gypsum provides somebuffering for the effect
of sdinity levelsnormaly foundinirrigated agricultura
cropsandlands A graph of readingsover timeisplotting
to makes it easier to see the trends, thereby making
interpretation smpler. A dow increase meansthesoil is
drying out dowly but abigjump meansthesoil islosing

water very rapidly. By anayzing such trends in the
readings, it will determinewhentoirrigate. Theresult

from thegraph shown that theirrometer readingisat 0O—
10 kPaandincreasing againgt timewhich meanthat soil
issaturated soil and plant root extracting thewater with
the time but there is an error occurred during the
experiment. Thisisdueto, beforeexperiment, thesoil is
irMgatewithwater and il wet during experiment occurred.
Thewet soil will affect thereading of theirrometer dueto
thereare present high amount of water inthe soil and
surrounding plant root®9, Thus, theirrometer tensometer
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measuring of soil tensontdlshow forceful water isbeing
pulled out fromthesensor tothesoi ™. Theseinstruments
alsotell how hard plant rootsto draw adequate water
from the soil. By using 2-3 different depths at each
monitoring station gives acomplete picture of water
movement and locationinthesoils.

The shallow sensor shows a rapidly increasing
reading, but the deep sensor shows adequate moisture.
Thisshowsthat themoistureisdifferentinsoil profile. If
the degp sensor d so showsadry condition, thenalonger
irrigation cycleisneeded to fully re-wet theentire root
zone. Thereadingsthat aretaken after anirrigation or
rainfdl eventwill show theexactly how effectivethat water
goplicationwas.

CONCLUSION

As the conclusion, the moisture content can be
determined by irrometer tensiometer which also gives
preciseresults. Theresults can bein short timewhich
can makethework easier. Based on above, thesoil is
clay typewhichisvery suitablefor certaintypeof crops
which can stand in soil that can retain water in long
time. Different depth of sensor will tell thesoil moisture
a differentleve insoil profile. Thus, thereadingwill tell
how fast the crop isextractingwater (how fast the soil
is drying out) and warn in advance of needed of
irrigations.
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