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Abstract

The neutron moisture meter when calibrated with a particular mineral soil,
accurately measures soil moisture content by employing the neutron
scariering technigue. A neutron moisture meter was calibrated with a sandy
loam soil locared in the Faculty of Agriculture Teaching and Research
Farm, University of Maiduguri, Borno State. An average calibration curve
was obtained for the soil from a linear relationship berween probe count
ratio and soil moisture content at various depths. The neutron scatiering
probe can be used 1o measure soil moisture contenl with an appreciable
degree of accuracy with the aid of the calibration curve. The model
equation so obtained could also be useful for other similar soils, elsewhere.

Intreduction

In mineral soils where hydrogen atoms originate primarily from the dissociation of water molecules, the
neutron moisture meter (neutron probe) when calibrated with a given soil, measures soil water content
accurately by employing the neutron scattering techmigue (Brady and Weil, 1999). The neutron scattering
probe which contains a source of fast newtrons and a slow neutron detector is lowered into the soil
through a previously installed access tube. The source, which could consist of a comhination of radium or
amercium and beryllium, emits neutrons 4t a very high speed. When these fast neutrons collide with
hydrogen atoms from waler. the neutrans loss some energy, slow down and scatter. The probe reading
represents the number of slow neutrons counted by the detector, which in turn is proportional 1o the
amount of water in the soil.

Soil water content affects both the behaviour and productivity of the soil. Soil moisture is a major
component of soil solution together with the dissolved nutrients. Therefore, soil moisture must be
available within the profile in relatively large amounts to first meel evapotranspiration requirements of
crops. To ensure that adequate amount of moisture is stored within the soal profile and made available to
crops when they need it, regular and accurate profile moisture monitoring by on effective means is very
cssential.

Soil water can be measured by direct and indirect methods, In some cases, more than one method may be
required to cover the entire range of soil moisture conditions as may be desired. The indirect methods
include the use of electrical resistance blocks, tensiometers, thermocouple psychrometer and pressure
membrane apparatus, The gravimetric, me domain reflectometry and neutron scattering techmgues
constitute the direct methods of soil water measurement.

The neutron moisture meter is quite expensive and is not effective in soils high in organic matter. The
neutrons emitted from the source can possibly activate other materials and render their atoms radioactive.
Therefore, a protective shield or covering for the operator and a radiation permit is needed. Also, the
operator must be safety- conscious. However, the neutron probe has wide application in agriculiure and
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Materials and Methods
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lot was ponded with w
i-l:ifmladc I*E :‘dl‘d With Water for 7days. On the s day, an access tube (3.8¢m in diameter and 1.7m
ong ©im aluminum wye nstalled in the center of the plot with the aid of a bucket auger w'tlh
diameter 51rn:]_:1r to that of the aceess tube. The access tube was installed 1o 3 depth of 120em i-; bn:mn:
was S‘i#!‘i‘d using waterproof Polythene material 1o Prevent water entering the access lube f;un; below
Following the nstallation of the Access tube, ponding continued until the 7* day. Thereafier pn:rhr.
readings or counts commenced. |

The neutron moisture meter (Hydroprobe, Model 503) was mounted on the access tube protruding about
30cm above the soil surface. The probe was lowered into the soil through the access tube. Three shield
counts were first taken, followed by probe neutron counts at 0 - 10cm, 20 - 40cm, 40 - 60cm, 60 - 80cm,
and 80 - 100cm soil depths for about 3 weeks on a daily basis. Along with the duplicate probe readings,
soil samples were collected from the vanous depths for gravimetric moisture conient dclerm:in.'lli_nn
(Singh, 1989). Soil samples were also collected at the various depths and analyzed for Mk density
(Singh, 1989), particle size distribution, organic matter content (ITTA. 1979) and Total porosity (Brady

and Weil, 1999).
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count ratin values (x - axis) at the various soil depths 10 obtain the calibra p ned as the
{model :;lion -rﬁ-::n in the form. ¥ = a + bx. Volumetric moisture content #::'-d ﬂ:]?:i'::in :nsfrhc
L = = ¥ 4
prod % :] LE a imetric moisture content and bulk density. Count ratio was determined as
uct of gras :

field test count to the shield count.
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233

Scanned with CamScanner



Table 1: Selected soil properties of the experimental site nt the University of Ml!dﬂl.’l‘-lﬂ-
Faculty of Agriculture Teaching and Research Farm (2007)

Depth Bulk Organic Total Sand Silt Clay
{cm) densit matter porosily () (%) (%)
{gcm™) content (%) (%)
0-10 1.49 (63 4177 72.85 21.25 5.90
0-20 1.36 0.1 48.68 65.15 19.45 15.40
20 - 40 1.36 0.09 48.68 68.90 15.70 15.40
40 = 6D .28 007 70 71.40) 1445 14.15
60 - 80 1.32 0.08 50.19 71.40 15.70 12.90
80 - 100 1.36) 0.06 4868 73.940 13.20 12.90
Mean 136 0.21 48.62 70.60 16.62 12.78

* estimated assuming particle density of 2.65pc m”

Table 2 shows regression equations and correlation coefficients of neotron count tatio with volumetric
moisture content at 0 = [0cm. 20 — 40cm. 40 - 60cm. 60 - E0em. and 80 - 100cm soil depths for the
experimental site. The correlation coefficiem were generally very low (between 0.003 and 0.302)
probably because volumetnic moisture content and count ratio remained almost constant, with only a
slight change at the various depths over a given period of time. This result could thus, be due (o the very
slow movement of water in the soil, and the inherent sampling problem associated with gravimetric
moisture determination. Babalola (1978) attributed these observations to spatial variabiliy of soil
hydraulic properties. It may, therefore, be necessary to extend the sampling interval to once or twice a
week rather than on daily basis, so as to observe an appreciable change in soil moisture conditions over a
given period of time,

Table 2: Regression cquations and correlation coefficients for count ratio and volumeltric moisture
content at various soil depths

Depth No of data pomnrs Repression equations Correlation coefficients

{cm)

0-10 10 8, = 0.0004x +0.0001 0.249

0-20 18 B, =-00002x + 00153 0.017

20 - 40 18 B, =-00121x +0.5063 0.110

40 - 60 18 8, =-0.0036x + 0.5765 0.025

60 - 80 18 B8, =-00024x +0.5204 0.006
80 — 100 18 8, =-0.0017x +0.5281 0.003
Averape 100 0, = 00666y +0.0717 0302
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Fig. I: Average calibration curve for the experimental site

Conclusion and Recommendations

Volumetric moisture content (B,) was regressed against count ratio (x) at the various soil depths o obtain
a calibration curve and a model equation for the soil of the experimental site. The average model equation
is 8, = 0.0666x + 0.0717 with correlation coefficient of 0.30.

The correlation coefficient obtained for the different depths were generally low. This could be attributed
the soil. inherent sampling problem associated with gravimetric
y of soil properties. Despite the low correlation coefficient,
but also for similar soils elsewhere,

to very slow movement of water in the s
moisture determination and spatial variabilit mpptries.
the mode! equation could be useful not only for the soil under study

for water balance studies and irmigation scheduling.
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