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In many parts of the world, inadequate water is
the most important constraint in agricultural produc-
tion. In general practice farmers have tha tendency of
applying more irrigation water than 11t s actually
needed because they think "if little is good, more must
ba better”. However excess irrigation evsntually
causes soil salinity 3f appropriate pPrecautions are not
taken to prevent rising of ground water table 1n farm
lands. The measurement and manegement of so0i1l watar
1S therefora of great importance 1n meeting the demands
of tood for ever increasing human population. Methods
used to measure £oil water content are discussed in the
following sections.

METHODS TO MEASURE SOIL WATER CONTENT

Direct Measuring Methods

This i€ =imply based on gravimetric s=sampling. It

requires sample containers, a weighing devica, balan-
ce, oven or some other means of drying equipment. It
is very simple and maassuresments are preciss; howsver,
it 1¢ quite laborious and resuylts can only be avallable
in the next day. Additionally, number of samples and
Lheir associated locations influence on accuracy of
field mean values.

Indirect Measuring Methods
1. Tensjiometers

They can measure directly soil water capillary
head. Ona can als=o msBasure s0i)l water content
indirectly if spil water charecteric curves are
available (Fig.1).

2. Resistance and Capacitance Blocks

They are simply based on resistanca or capacttance
measurements made between two metal conductors imbedead
1nto a porous material either mada of nylon or gypsum.
The blocks are placed at different s0il depths and
measuring sites of intermst. An equiblirium exists
batween watar precent within tha porous blocks and
water in soil.If so1l in the wvicinity of tha blocks is
ary, water within the blocks tends to 90 out of blocks
and a néw equilibrium is eztablishad. Ona ocan

1ndirectly meacsure so1l water content with tha=s
porous blocks using calibration curves relating water
content. to evther resjistance Or rapacitance measured in
the blocks (Fiq.2).

3. Time-domain Reflactomatry

The method 1s essentially based on measurement of
Propagation wvelocity of an electrical wvolatage stap
impnsed between two btransmission l1nes 1nserted 1into
the 01l where measurement 1%  needad. The method
directly gives dielectric constant of =o1l. It has been
shown that a wunigue rejation exists between volunetria:
<011 water content and dielectric constant of =011 and
1t 15 not influsnced by different Lypes of soils (12).

4. Nuclear Methoas

There are assantially two nuclear methods uced 1n
5011 water studiec: {1} Neautron scattering (or therma-
li1zation), (2} gamma ray attenuation and back
scattering. Following sections separately are devotad
to the nuclear mathods.

NEUTRON SCATTERING METHOD

Neutrons are uncharged particles of mass 1.008982,
slightly higher than that of protons, They dacay into
proton and electron with a half 1life of 12.8 minutes.
They are classied based on their kinstic anargy leveis
(Table 1)
Table 1. Energy levels of neutrons

Fast neutrons of high *

anerqgy........ Vreaa sy > 10 Mav

Fast neutrons......... ++s 10 MaV - 10 Kay
Intermediate...,....... v. 10 Kev - 100 av
Slow neutrons.......... .. 100 &V - 0,03 ay

Epithermal neutrons.. 1 eV
Thermal nevtrons.. G.025 eV

Neutron 1nteractions with matter are rather com-
plax. Calculation of neutron fluxes involves
probability and diffusion theories. For simple
practical engineering applications, howaver,ons can
simplify these interactione "ac following:

1. inelastic scattering
i1, elastic scattering
1l11. absorption 't



clay lay

log,, h(pF)

san

Figure 1, Spil water charecteristic curve.
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Inelastic ecattering i1nvalves transformation of
kinetic anmray to some other form of energy and it 1<
tmpor tant for fast neutroncs. Interactions i1ntereast us

‘are elastic scattering and absorption (capture).In tha

absoroptrion,neutrons end thair exictance as a result of
a nuclear reaction which is often used as a ba=sis for
dateckion of neutrons. Scattering oncurs as a result of

princible anteractions of fact neutrons, whereas ,
absorption owccurs as a resuit of 1nteractions of <)ow
neutrons, The scattering of fast nautrons resulte =low
neytrons The =low neutron< are simply the end re=ult
of alastic ccattering of fazt neytrons through
interactione with nucle; of surrounding atom=s present
1n the media. Probability of various means of
interactions of neutrons with other slsments 1=
measured With what 1s called "crose sections“. Tabla 2

gives nsutron cross section of various =o)l eslements.
At 1t can be seen from the table, probability of
interactions of fast neutrons with common solil
elements 1is approxXimately <ama. Howaver, when low
kinetic enpergiec are reachaed through succesive mlastic
scatterings, scattering cross cection of hydrogen
inoreasss  about 40 fold.And similarly cross sactions
for oxygen, clorins and iron increase significantly.
Gardnar and Kirkham ()) pointed out that welght of
atomic nucleus also influance on scattering proceses as
much as crose sectional arsas.The enargy lose through
elastic scattering 1is greeter the lighter is the
nucleus of 1nteracting slement. It can be oconcludad
thersfore that hydrogen it the primary slement causing
scattering and slowing down of fast neutrons in moist
soils. Multible scatterings owing to slastic
collisions of nautrons with nucleus of aslaments resuylt
reduction of neutron energies to tha point whers thay
are 1n thermal equilibrium with a gas at 20 degrees C.
Neutrons reached to this leavel of energy may gain as
much energy ac they lose through farther collisions.
They are considered slow neutrons of thermal energy
state.The element H requires the least number of
collisions to slow d®Wn neutrons to thermal anargy
state (Table 2). It is this condition which is used as
a base to measure o1l water content with neuvtron
scattering technique with the AsStumption that all the
H atoms stem from water molecules. However ona should
not ignore secondary effects of chlorine and iron on
the slowing down of neutrons 1f they are in high
quantities.

Neutron Water Gauges

In neutron water gauges, neutrons are usyally
produced through (of,n), (B.n) or (¥,n) reactions. As
an axample, neutrons ars produced based on following
nuclear reaction in some neutron gauges:

IBmof,n)12C
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Neutrons produced by thi<® reaction have i spactrum of Table 2. Neutron cross sections of i1mportant soll ele-
anergives from O Lo 10 MeV with an average value of 4.5 mants 1n  barns pear atom (10£-24 cmlper
meav . The 12C 15 leaft 1n excited state which in turn atom)+
produces a photon of energy 1 ~ 10 meV and qoes down to
ground sate. e, T e e e e e
Elemant. Scattering Secattering Absarption
What neultren maisture gauges mea=ure 1c simpiy fast neut. slow neut. S1ow neut.
number of <law neutrons (n). Because of the following 2.5 Mey 0.025 ev 0.02% av collisione
rRlabiens LTI T e Do ey s
cEm = fin) H 2.5 Bl1.S 013 19.0
nosog(h) a 7.5 755 109,72
H : s(4), (o] |3 5.5 3.2 120. 4
N 1.0 11.4 1.9 139.5%
ang <can demonstrate that ganarally a Jlinear relation O 1.5 4.2 0.00 158.5
exi1sts béatwean neutron count ratm (cpm) and volumetric Na 2.6 3.4 0.5 224.9
o1l water content.if one has such a calibratien Mg 2.0 3.7 63.0 237 .4
relation constracted previously and valid for his own Al 2.5 1.5 0.23 262.8
conditions, soil]l water statuys of plant root zone can be S5i 3.2 2.4 0.12 273.3
continously, nondestructively and easily monltored. cl 2.7 16.0 3l1.6 343.3
K 3.8 2.2 1.97 378.0
Ca 4.9 3.2 0.43 387.3
' Fe 3.0 11.8 2.53 537.2

¥ Adapted from van Bavel(2)
Calibration

Neutron gauges give only measuramant of siow
neutrons. One neads a calibration curve to convert slow
neytron count: to water content. Because it is not aasy
to calculate the relation between slow neutron counting
rates and o1l water content, an amplrical approach 1=
usually used.However emprical relations are only valaid
for a given =oi) typse that they are derived for. So1l
chemical compositen and so1l density have =ignificant
influence on calibration curves of neutron gauges.
Therafore users of thece Lypa of gauges must be aware
of various sources of errors involved i1n their calibra-
tion. .

1. Field Calibration

Usually a simple linear relation 1s fitted to the
calibration data of the neutron gauges (Fig.4}.
Field calibration 15 carried out by installing access
tubes in patural field soils. First neutron count
rates are moasured at differant =oil depths known to
vary 1n chemical compoasition and bulk density,covering
complata pilant rooting depth.Then, wvolumatric e=o:1l
samples are taken from the same soil depths  where
neutron count rates are measzured. Volumeric €01l sam-
ples takean should be at close as possible to the
neutron gauge access tubs =o that the cample represents
a wvolume of soil which in fact comes from sphere of
influence of =low neutrons {(Fig. 3). It is recommended
that one should take a couple samples circling the
access tube from the sams soii depth. Mean volumetrie
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Figure 3. Basis of soil water content measurement with
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=011 water conteny of the ﬁamples. measurad gravimat -
rically 12 later related to neutron count rate it khat

spacific soil depth, In actua)l practijce howsver,
neutron count rate ratios, not the count rates, ara
usred. For this propotces, neutron count rate s firet

measured 10 a standard medium which 15 usyally water
befora one slarts field measurements.Neutron count rate
ratios (R) are caleulated by simply dividing neutron
ceunt  rates obtained 1n the field with the nedtron
count rate of the standard medium,

Measurement wmade 10 one Ste during the field
calibration provides only a =1ingie powint (1.m. aone
volumetly 1c  water content correspending to one nautron
count rate ratto. M™ors points can be obtained at other
randomly scattered measuring sifes of tha field.
Optimum number of points 1n the calibration procedure
varles depending on tielda variability.The calibration
relation should cover complets ranga of change 1n so11
water contentL. For th1s purpose, aeither the field 1=
partially 1irrigated or measurements are mada in both
when the o1l is dry and wet. The calibration relation
produced 1n this way covers rather wide ranga of varia-
tion of field 201l water content, which is desirable 1in
calibration curves.

In some cases, usars prefer tc calibrate their
equipmant as a supplementary Wwork to their field
experiments., In other words, thaey immediately start up
field rezsparch work before thay calibrate theyr
equipment. In this case, they install the access tubes
right in the experimental plots whora, most likaely,
they have crope growlng. Because they do not want to
spoll the experimental plots, they can not take so11}
core samples very closa to the access tubes. In this
case, neutron count rates taken right 1in the
exparimental plots are regressed to water content
measurements made with =01l core samples taken outside
of the plots. In some cases, =01l water content 1=
measured wusing disturbed so1il samples where one canp
measure <011 water content on welight basis which 1s
later corrected to volume fraction by simply
multiplying with =01l bulk dansity, measured 1n the
expearimental plots at the end of the expariment. This
method of calibration Provides more data than when soil
samples are taken directly next to the access tubes.
However hare, =01l density and chamical composition of
the sites whare gravimetric «oil samples are taken may
be significanly different than the sites where tha
access tubes stand, in the center of tha axparimesntal
plots. Future recearch work cshould evaluate if oalib-
ratyon of the gaugas using so1l samples taken at larger
distances away from the accests tubas gives significant-
ly different results. Many Préevicusly published works
used this later method of calibration; howeaver, to our
knowledge, no one has yet compared the two diffaerent
approaches=, taking soil samples very closs to the ac-
cess Lubes or at some distance away from the tubes,

Correlation cosfficients of the calibration curves
made using field data may sometime bes  very low
bacause of field hetercgenelty. Users should not ne
discouraged wWillh low carrelation coefficients as long
4c error of estimate ;< within Lhe range of anceptabie
limits which <hould also change depending upon sperific
ubjectivas of the user.

Fiald calibration relations carries comp ) pad
ervors ariced from field oyl heterngenesty and compac-
tion of valumetric =oi] camples, Fnllowings are varinus
tources of arror< n field calibration procedurea:

(1) So1l water content measured by direct £011 sanpling
doas nat necessarily repra<ent <01l water content
within the sphere of 1nfluence of neutron gauqe,

(2) volumetric =oc1) samples naaded 1n calibration may
be compacted at some level but the user has no meanc
of measuring or astimating resulting arror,

(3) Tt 1= known that the fiseld calibratien relation 1s
influenced by =01l horizones of different chemical
composition and so1l bulk density (3).

2. Laboratory Calibration

Van Bavel (2) suggssts using homogeneous volumes
of =oil in laboratory conditions to calibrate neutron
jJauges. However 1t has bean shown that soil containers
have to bs sufficiently larga size so that neutron
count rates are i1ndependent of the =011 voluma (4).7¢
has been indicated that | m3 of =oil sample was about
minumum volume (2.4) for low =01l water content. S1ze
constraint may not be very critical for water contents
over 20 % veolume fraction (2}. The following steps
should ba taken in ths laboratory calibration proce-
dure:

(1) The sample <=houl be preparesd at homogensus a<
possible with regard to both 201l water content and
bulk density,

{(2) Soil water content measuremant should bs based on
whole volume of the soil tample, or large sub samples
must be usaed,

{3) Separats samples should be praparad for esach point
of measurement for the calibration relation.

3. Calibration by Simulation

In laboratory calibrations, large =01} =camplec are
required and the work i1nvolved is too laborou=s. As a
result relatively more permanent and @asily constructed
standards made =1ther from neutron moderators or combl-~
nation of moderators and apsorbersfare suggestad. Tha
followings ara <come example mixtures used for this



proposes: b |

(1) Mixiure of alum and sand 1n large barrels to cor-
razpond to certain known o1l water content (S),

(2) Paraffin and sand mixtures (6),

(3) liguid s=tandards containing ey ther boric acid or
cadmium  chioride (4).

Howaver one has Lo note Ithat calibration with
simulation <tandards can only bs used as a supplament
Lo known calibraltion relation 1n soils. Thus they can
nat substitute the actual calibration relation and only
help to mvaluate the behavior of the aguipment 1n  long
run. Calibration with simulation <standards alsd
provides valuable data for interchange of cal:bration
curves developed for a given type of probs. This 1is
very ucseful whah a user buys a new gauge and hea wants
to adapt the calibration curve of his old gauge for the
new one. This 1< only possible if the user haa
calibrated his old eguipment both in the fimld and

usi1ng simulation standards. Ona can Bstimate
coefficients of the calibration curve for the new probe
with measurements made only 1n the simulation

standards. Nakayama and Reginato (16) used plastic
blocks to estimate field water equivalence of neutron
counts  of a given gauge with two calibration curves of
an other gauge, one for the field and tha other
supplementary calibration made 1n tha plastic blocks,

4. Theoretioal Calibration

This 1is wec=entially based on a numerical mode]
calculating neutron diffusion in the 01l of 1nterest
from laboratory measurements of neutron diffusion croes
saection areas of the =oil sample. So it simply 1n=-
volves measursmant of neutron diffuszion and absorption
crose  =zactions of the field soil.Howevaer neutron dif-
fusion and absorption cross section of fimld =01l can
only be measured 1nh specific laboratories. At the
final stage of calibration calculation, one again Has
to rely on a referance calibration curve praparad for a
cipecific probe. The method seams to be promicsing;
however ,furthar affort should be continued to improve
and simplify measurement of fjield £01) nautronic
diffusion and absorption croes =mection armsas,

Issues Dealing with the Uss of Nuclear Gauges
1. Calibration in Gravelly Soils

So1l water content measured with nautron gauges is
an average valums integrated over a spherical voluma of
the <01l which i€ callad "zone of influence” of tha
Qauge. Thae measurement gives volumea fraction of water
existing 1n the so0il, If soite= doalt with contain high
amount of gravel, water content mAacuraments ars not

necres-atily what plant rootks are exposed to. HPlant
roots would normally sente availabie water 1n soi)
fraclion, excluding gravel. Therefore one has to cor-
rect catibration curves 1f he 1s to measurs watar only
as  fraction of fine so1l particles. Figure § shows
calibration curves for 3 level of gravel conten.. The
calibration data was for the experimental field of the
IAEA Seibersdort laboratory, where soi1l 15 classified
aw  Typir: Eittrocrephls with coarse nlay loam Jlexture

This <01l contayns rather high portion of qgravels of
ize 95 to 10 o The figure shows thal calibration
curvae for 9% 1o 30 % gravel are nnt signifircanl by
different, Howevar, {1ha ntercept of the calibration

decreacses 1f the gravel contnent 1¢ higher than 40 %.
It appears Gthal slope of the calitbration remains to
ba the same. This 1mplies that if one 12 meraly inte-
rested 1N relative chayeds of water content, not Lthe
absolute quantity, then Lhere 1= no need to concarn
with so1l gravel conient. Figure & compares calibration
curves with or without correction for so01]l gravel
content .

Iin field calibration of tha neutron gauges, s=o11l
cores are used. If the s011 contains gravels of size S
to 1D om, then core s1z# of 100 cu. cm will not
suffice for the work, In this case, one should either
use larger size of core sampler, or find other means of
measuring soil bulk density. One can uce paraffin
method to measure bulk density of undisturbed =011l
olods {14) as an aiternative technique to the so01l core
sampling. In the paraffin method, wvolume of tha
irregularly shaped =c1l clods can be estimated very
simply. First, the <01l clod specimen it coated with
paraffin, then volume of water displaced by paratfin
coated sample 1< measured. Sample volume 1= simply
squal to the volume of the displaced water with
appropraiate correction for the paraffin coat. Thus one
can measaure socl1l bulk density with parrafin method
wWwhich 1= used to convert water content measurements of
wai1ght basis (i.8., W) to volume fraction (i.m.,0). One
can find other alternative approaches to measure <oil
bulk density in gravely scils. For example, one can
can simply take disturbed e€oil camples for the
calibration of the gauges, and volume of the samples
can be estimated by filling the void, laft after the
sample, with well granulated sand. The later method is
known as “sand cone method” and extansively used to
control the compaction of earth filled embankments 1n
civil engineering works. The voluma of the sample can
aiso be estimated by simply filling the sample void
with water, wilh necessary precautions taken to pravent
percolation, a thin plastic film can be used for this
PUrpose. Table 3 compares calibration data obtained
with tha later three methods, paraffin, sand-cone and
water meathods, with standard core sampling tachnique
where a core Ssi1zm of 400 cu. o©om was used. Both
Intarcepts and slopes of the calibration curves found
with tha later three methods were not statistically
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1 fFferent than those for rl,s core sampling  techniqoe,
Therefere, paraffin, sand-cone and water methods nan ba
alternatively u<sed 1n fireld calibration of the peutron
gauges, particularily 1n gravely coils wherms =01l corm
campling may ba difficull.,

Table 3. Comparison of different methods 1n calibration
ot neulton gauyes. The data 1= for CPN  S0O30R

gauge,
Mathod A B r Err, ast N
Core =9.370 2.3 0.A42 2.759 40
Paraffin -3.65 1i9.6 D.763 3. 302 3
Water -3.06 18.5 0.667 3:873 38
Sand =1.7% 1s.7 4}

2. Influence of s=o0il craoking on nsutron gauge
measuremants

Some soi1ls crack due to chrinkage upon drying. in
such 1nstances, the neutron access tubes are axposed
to air i1n the measuring sites. Therefore, the usars of
the gauges are concern if the measursments would be
eroneocus unger such conditions. During the calibration
work, 1f the rangs of field £o01] water content covers
axtreme dry conditione, when the =oil contains cracks,
the user should not worry for srror of measuraments.

3. Number of Measuring Sites for Neutron Gauges

If one has prior knowledge of sjte variability as
standard deviation of estimated water storage wilh the
nuclear gauges, it 15 very simple to calculate number
mHasuring sitecs npeeded to attain a given level of
accuracy in tha mesasurements using the proceduyre
described by Johns et al.{1 ). If the measurements
are assumed tno feollow a normal probability distribu-
tion, then one can write

a_a, 2
N = tPS /D

where N 1% the numbar of the meéasuring sites, t the

tabulated value of t for tha probability level p, sé

the variance of the measurements and D i< the spacifijed
deviation from the true mean whioh is to be astimated.
Az  an example, for 9% % probability, using an
approximate t value of 2.0, for S = 1O mm and D = £ 5
mm

N z 4x100/25 : 16 =1tas.

In general practice, tha aim of =01l water =tudies
1S to aompare different treatments. Tharefore, user

10

wanis to estimate how many MAAZUring sites he needs,
1n each treatment, to achieve a <specified lmast c1a-
mficance differmnce (L.S.D.) petween the treatments .
Aqa1n following the procedure deecribed by Johne et al.
{t14) one can write

: 2 i
N = PtP So/(L.5.Db)
Whatre (1.5, 0, ) IS the 5 % lea<t significant di1fteran-
. As  an example, for 5§ : 10 mm, Lo achive a 5 Lo

L.3.D of 10 mm, une would need
N = 2x2x100/)100 = 4 neasuring sites.
Acccess Tubs Installation

Aluminum, alumipum alloy, brass and <tainlecs
steal tubes are among the most commonly uced material
for neutron access tubaes, Calas (7) gives a complete
discuss1on  in  all aspecte of access tubes and their
installation. This section is prepared bassd on hi<
WOrk,

The following factors affects on the choice of
the tubing material:

(1) So11 chemistry,
(2) burability of tubing material,
(3) Depth of access tube installation.

Aluminum is the most transparent material to ther-
mal neutrons; brass may reduce the count rate slight-~
ly, however it is less corrodible in =odium affected
soils. Stainless steel tubms are tha most durable mate-
rial; howevar, neutron count rates are raduced €1gni -
ficantly owing to their iarge absorption cross-sec-
tions.

Bottom end of the accese tubes chould 1deally be
closed by a tapared plug of the came material when they
are in=ttalled.Top of the tube must be also closed by
eithar using a rubbar bang or soma othar appropriate
cap.

For installation of access tubes, hand operated
%0il augers should be used. Motor powered mechanical
augers may cause drastic disturbance of the <=oil
structure awing to churning with caught-up stones,
comprassion, over si1zing atc. The following aquipments
ars neadsd for an ideal installation of access tubes:

(1) Atuminum plate,

(2) Guiding tube made of steel with cutting adge,
(3) Hand auger,

(4) Tube extractor,

(5) Accesx tubes.

il



The following
tube i1nstallation:

Lo/
4
4

1

=teps ate taken for the accaese

(1) Placa the aliminum plate on the

site =a8lected tor i1nstallation of

the accees tubs,

(2) Working through the hole at the
center of the aliminum plate, go 12
to 15 cm with hand augar,

(3) After the auger is withdrawn,
insert the steel guiding tube to a
depth same as the auger hacs just
reached. Make sure that the tube 1s
placed vertically,

(4) With hand auger, once again qo
for an other 12 to 15 cm deep.
withdraw the auger and hammer down
the guiding tube to the bottom of
the augered saction,

(5) The 1lonse =oil can be taken
out with auger through the guide
tube,

(6) Continue this procedure until
tha required depth is reachead,

(7) After insertion of the guiding
tube to the requireqa depth, it 1s
withdrawn back with cara to pre-
vant widening of the avger hole,

12

I (B) TInsert the permanent accease

tute by ramming gantly to qet 1t
a down .

() The top of thm acce<s tube -
cut off At the desiradg height.

The «gquide tube can be somatimes mas) ly removea oy
twisting and pulling with a tommy bar.But i1n =one
cases 1l must be hauled out with block and tackle. It
1% essential to rotate tha tube particulariy to with-
araw from wat and heavy clay soi1lz.The whole objactive
behind all these procedure=s i€ to avoird enlargemant. of
the access tube hole.

Prebble at al.(16) summarized difterent procadureas
used 1n accesc tube 1nstaliation, which would normally
vary depending on nature of tha work and =o3} typecs.

GAMMA RADIATION

Gamma radiation is elsctromagnatic radiation and
as a result, it has more penstrating effsct than other
type of radiation of =ame energy. Absorption of gamma
Fays 1n matter depends mainly on (1) photon anarqgy, (2)
proton number and (3) density of absorbing material.
Various types of absorption are described below:

i. Photoelecotrio absorbtion

This 15 mainly for relatively Jow e&nergy gamma
radiation and absorbing materials of high 7. Gamnma
rays (photons) i1ntera®t with K or L elactron of absor-
bing atom.wWwhile gamma ray is complately absorbed, an
electron 1= ejected with enesrgy slightly less than that
of the absorbed gamma ray (Figq. 7a). The enargy diffe-
rence is equal to binding snergy of the elactron.

ii. Compton effact

It 1is interaction of gamma photon with an outer
electron of the absorber atom.Part of the energy 1s
absorbed (trancferred to the electron) and the photon
1s scattersd off in a new direction.After multible
scatterings, the photon goes through photo slectric
absorption (Fig.7b). '
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iii. Pair-production : )

Thie can only occurse when gamma photons have at
least 1nitial energies of 1.02 HeV, Hera Qamma photons
interact with positive fi1mld of nucleus of abgorbing
atom. Its energy 15 completely used up in producing a
positron and electiron pair. The energy 1.07 MeV 1< Lhe
treshnld enarqy for pair production. Both positron and
nlectron cause 1ontzation along their respective paths
(Fta. 7c).

Gamma Radiation Probs

Based on known interaction of gamma ray< with
orbital electrons of so1l constituents, onm can measure
WAt %orl density. Gamma photons with enarqgy jess than |
meV 1nteract with surrounding electrons with so called
"compton affect” and/or photo aeleciric absorbtion.as
number of alectrons i1ncreases per unit volume of so1l,
that is to say with i1ncrease of s01) density, tha
compton scattering power of the madium increases pro-
portionally.Thus a= the slectron dentity itncrecses | n
the medium,probability of muitiple scattaring wil!
incrmase.This condition 1mplies that probability of
photoelectric absorption will also 1nerease and thus
causing reductlon of gamma photons reaching to detec-
tor. Gamma probes comercially available work on mainly
two princibles which are discussed below:

i. Gamma-ray Atenuation Technique

When monoenergetic and collimated gamma rays pass
through a given material, intensity of i1ncident bsam 1
i1s attenuated owing to interaction of gamma photons
With the material. The attenuated fraction of gamma
rays (di/1) 1s directly proportional to tickness of the
material X, as described below:

d1/1 = - kX

In thie relation, k 15 refered as linsar attenvation
coafficisnt which is sum of several attenuation coaffi-
cients representing individually occurring attenuation
processes {(11):

where subscripts ¢, a and p reprecsent compton, photo-
elaectric and pair prodution effacts.The sum of thecs
coafficients 1ndicates the total probability of atte-
nuation of gamma rays of specific energy during
trasmission through a given material of some specifioc
chemical composition.

Gamma ray attenuation coefficients can al«o ba

exprecz=ed as mass attenuation coefflclent.)A which is
=imply the linear coefficient (k) deavided by dencity of
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Figure 7. Different maode of interactions of gamma rays,
a) Fhotoelectric absorption, b) Compton effect,
c)Pair prodt:tion.,



material yﬂ). .

Altenuation of gamma ravs 1s described with follo-
Wing relations:

d1/1 = -f‘fx
la (1150 = ;,u/bx or

/1,5 expt mpx)

Fiald <=o1ls are composed of =gl partictles, -
quid water and air space.lft one i1gnares attenuation by
S01l air, then we can writa

Vi = oxpl- (8 + A pgxi

In practice americium-241, cesium-137 or cobalt-60
1% uveed as a gamma source 1n laboratory gamma attanua-
tion set-ups.Approximate gamma attenuation coeffi-
cirents of water and =oil tor monoenargatic radiation
from these mentioned sources are given 1n Tabla.4.

Table 4. Approximate gamma attenution coefficients of
water and soi1l.

Source Energy w )
Am-241 60 key D.200 0.25 - 0.42
Cs-137 662 haV 0.085% 0.077
Co-~-60 1173

1332 kev - -

Followings can ba measured with laboratory gamma
attenvation set-ups:

(1) Water content 1f ons knows 011 bulk density and
ALs .
(2) Soi1l bulk density 1f ons knows watar content and

/u,u.
(3) Change of 01l water content under non-swelling
conditions wusing the relation
ae =(l/}l~X).1h [(1 /I,)_‘/(I /1.)3]

where subscripts 1 and 2 are for 1nitial and later
stage of gamma attenuation measuremants,

{(4) One can measurs =01l water content and the density
cimulteneocusly 1¥ he uses dual gamma sourcs
(10).

ii. Gamma Back Scattering

Gamma ravs from monnensrqetic gainma  sourecec  go
through <ucce=tive scdat.tering= bafore they reach a
datector (k1. &).Praimary 1nteractions ot gamma raye 1n
this type of probes are compLon scattering and photo
alecLric  absorption.ine can obtain dirently wat <ot}
density with thig type cf eauipment using saimple
BRI rIcal calibration ralation of the type <shown 1n
Filgura 8. )

Gamma probes which ara pre<ently 1n use are coup-
led with neutron probes to maasure soil dry density and
volumatric waler content simulianeously,

USE OF NUCLEAR METHDDS IN SOIL WATER STUDIES

The nuclear methods namely neutron moisture and
gamma density probas have rather wide area of appl:-
cations 1n agricultural re=earch. They are nondestruc-
tive msthods.Once they are calibrated, they are very
easy to use.For certain type of work, they can be uued
directly, without any need for calibration relations.
They are fast responding equipment, Following section
deals with thei1r various usee 1ph agricultural research.

Plant Root Zcone Water Storagse

Information on plant root Zone water storage can
be used 1n many areas. Decision on differant typa of
cropping systems which can be used 1n a given region
should be bazed on s@agonal change of plant root zone
water storage.Etfective rainfall at the end of a rawny
season can be easily ascecsced with again change of
water storage before and after the rains. Water reten-
tion ‘capacity of soile influencing on water ava)l-
abillity to plants can be calculated 1f one knows change
of water s=torage n plant root zone before and after
irrigation.

One needs so1l water content distribution profiles
within the plant root zone to calculate the s0il water

storage. Thie can be easily assessed with neutron mois-
ture probes using tha relations.
(N

S(t) = Jeaz
/
s(e) *Zaaz

whare right si1de of the ratation is simply area under
S0l watar profila curve (Fig.9).

Plant Rooting Habits
Plant rooting habits can be uzed in plant breeding

studies.It 1s generally accepted that plant cultivars

le
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having deep roots are known Lo be drought  resistant .
Thus plant ronting habit can be used at ecriteria 1n
selaction of droughl resistant cul tivars,

Information on pilant rooting habits 11 a gnod
assel for rrrigation management practices and ferty)) -
zer application.For instance, 1rriqgation angLneers use
4 concept called "eftective rooting depth” 1n 1rriea-
tion syctem de<ians, which i1 the maximum =01l depth
providing A0 % of waler usesd by plante. Tha effeclive
rocting depth 15 neaded te calculatm irrigation water
requirement . Adequacy of Jrrigation water application
can oa best avaluated 1f one knows the eaffactive plant
rooting depth.

Rooting habite of field crops can be easily detmr-
mined with neutron moirture 9auges . For this purposae,
all one has to do is caleculation of watear depletion
during a prescribed time period (Fig.10).

Measuring Soil Hydraulio Properties

Accurate calculation of sclute and water fluxes
in fisld soile is only possible 1f one has good data on
hydraulic conducvity.Many computer =imulation modelc
on plant root zonm so0il water status, leaching of
fertilizers and other agrochemicals, waste disposal and
pollutant transfer problems 1n soils nead information
on unsaturated hydraulic conductivity of soils.Soms
type of experimental work on plant watar consumption
&lso necesitates data on hydraulic conductivity mmasu-
remente . Hydraulic conductivity of field soils 1% very
important physical property which influances on water
infiltration charectericstios of soils.In drainage work
of wet lands, one also naesds hydraulic charectsristics
of =pils,

There are number of methods exist for in =ity
measurement of soil hydraulic conductivity.In genaral,
all the methods raqui®e a fairly uniform water content
distribution within a given depth of soil profils. This
condition can be obtained if one covers field soil
surface right after irrigation with basin method,
Partial differential equation dascribing transient
water flow carn then be solved for the unsaturated
hydraulic conductivity. There are two main ApPproaches
that one can use to caloulate hydraulic conductivity.
The firet approach it that described by Nislsan at
al.(B) and necesitates =oil water tension measuremeants
in addition to rate of soi1l water contant decrease
Wwithin the =oil profile (Fig.11). Tha following rela-
tione can then be used to calculate the hydraulic
conductivity: ’

K(8) = [L(d8/dt)]/(dH/dz)
whers dH/dz is the hydraulic gradient mesured at %011

depth L using tensiometers.
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The =acond approach%s more simple and does not
require  tensiometer measurements. Jones and  Wagenet
() reviewed and compared several simplified methods
for weaturing soil hydraulic conductivity. One of ths
methade tested was that described by | itard: et
Aal.{(1L). In this approach, K(B) was of the form

KiB) = Kgexpl@(f, - 8)}

whetras 815 constant and K, and 8, are the values of K
and A al saturation, reepectively., The values ofJS and
K are to be calculated using the field data as sean
i the Figure (11) and the ralation

In{z(ua/dt| = -/5(3‘ =~ B) + 1nK,

A semi-loy plot of Lhe absulute valua of [z(dO/ot )]
against (8, - @) gives and 1nKg from the slope and
Lntercept, respactivaly.

Plant Water Consumption Studies

In piant water consumption studies, watmer balance
approach 15 the s=implest method one can uyce. Figure
(12) describes malnh componsnte involved in estimation
of plant water requirsment. wWater balance in the plant
root zone L can be described by

1+8~-(D+E )= Fas

whare T and R 1rrigation and rainfall which can be
easily measured, S change of plant root zone soil
water content storage which can be measured with npeut-
ron molsture gauge; D and E drainage and
evapntranspiration, respesctively, Drainage water D can
be estimated if one has tensiometer data 1in addition }..
to changes of so1l water storage. Howsver one may have i

I =0; R =0; D=0 ' . (;r

during cartain perjods of plant growing season. In thas

case, plant water consumption (1.e. evapotranspira- water Bﬂlance
tion) 15 £i1mply

E =-4S [+ R-(D+E)=1aS

Water Use Efficiency Studies T
In arid and semiarid regions, well being of far- Figure 12. Water balance approach to estimate plant

mers 1s very much influenced by availability of water water requirement.

resources. Irrigation water ie not always availlable.

Thut dry farming practices are commanly used. Crop

cultivars with higher water usa efficimncy (WUE) have

prime 1importance for optimum use of available water

resources. Hence research work to =elact crop variastias

with high WUE has i1mmediate practical application. For

18b 18b
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swtimation of WUE . al| one ﬂeedﬁ 1S e op water oconsump-

Ltion during the growing season, whlch can be easily
avrecseAd WILh neulron moi=ture Jauges  aw deaescr ) bead
above . The following relation 15 used to  calculale
WUE @

WUE : Yield / walter consumption
= {K9/ha)/mm watar

= K ha

Irrigation Scheduling

Tt 12 Usual practice tn use avalLlable o) water
content  as a eriteria to decide 1 f \rrigation 1%
needed. Soil watar content profalas based on measure-
ments made with nRutron moisture gauges (F19.15) ecan
describe depletion of avallable €01l water content
rather accurately. Although 1t may vary depanding on
di ffarent type of crops, tha usual practice i1 such
that Lthe rrigation 1% started whan avallable water
content 1w decrsased down Lo S0 %.
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