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Laboratory and field calibrations of a neutron moisture meter were carried out
separately for a sandy loam soil in a special drum and in the field respectively. The
drum calibration was made by monitoring the neutron counts at preselected depths
after packing the soil in the drum layer by layer with stepwise increase in soil water
content from natural dry soil to saturated state. The field calibrations were performed
by measuring the neutron counts at preselected depths after saturating the soil by
flooding and subsequent drying by gravity draining. Soil samples collected were
analysed for gravimetric water content (8g) and bulk density of soil (p,,). Calihration
relations of volumetric water contents (Bv) & 8g with count rate ratio (n) & corrected
count ratio (n') for density were studied by fitting linear regressions at the preselected
depths in the drum and field. Generally the bulk density correction did not improve
the slope of regression and coefficient of determination significantly, both In drum
and field. Results reveal that a separate calibration is required for surface routine
field/and or drum calibrations. Application of some of the regressions in the field
indicate that drum calibrations converted for field use after corrections for soil
constitutional hydrogen content and p" estimate the soil water with minimum error
compared with field calibrations.

INTRODUCTION

In arid and semi-arid region or areas of
low and erratic rainfall, sustainable food
cannot be obtained if the agricultural practices
do not address the effective use of most
precious resource, water. Irrigation is one of
the means available for maintaining optimum
levels of soil water in plant root zone. In
Pakistan as a result of inadequate water
management both at farm and irrigation
networks, much less area was often irrigated
than actually planned (Ahmad, 1983). The
efficient utilization of available water both in
irrigated and rainfed areas can increase the
area under cultivation as well as crop

productivity. The measurement and
management of soil water are pre-requisites for
maximizing the use of soil water available for
plant growth.

Neutron Moisture Probes are popular for
measuring soil water contents, monitoring its
changes with time, and for irrigation
scheduling. The manufacturer of neutron
moisture probe usually provides the users
calibration curves that can only be used for
monitoring soil moisture changes with time.
Three calibration methods commonly used are:
I. Theoretical calibration (Olgaard, 1965) 2. In
situ calibration (Bell, 1976) 3. Drum ancl Field
calibration (Greacen et al., 1981). Theoretical
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calibration requires an analysis 0 about 20
chemical elements present in the soil.

Vertical and horizontal soil variability is
very common in agricultural soils. The use of
any single calibration will provide data with
considerable error (Olgaard, 1965; McHenry
and Gill 1967). The bulk density of soils has a
significant effect on neutron counts (Lal, 1974;
Rahii and Shih, 1981). Similarly, Greacen and
Schrale (1976) and Holmes (1966) have
suggested the method of correction in
calibration due to bulk density changes. Nagy
and Vertes (1968) proposed a theoretical
method for bulk density correction. These
methods are difficult to perform and are useful
for organic soils. Greacen et al. (1981) has
described in detail the techniques to carry out
the drum and field calibration of neutron
moisture probe in different soils and has
proposed the techniques for correction in
calibration due to density and constitutional
hydrogen present in soils.

The objective of the study is to prepare an
error free calibration curve for a specific area
by comparing drum and field calibrations at
different depths to take into account the
vertical soil heterogeneity.

MATERIALS AND METHODS

In the study, a 50 mci, 503 hydrogprobc
(ePN, USA) was used with ten second
counting time for each measurement.
Drum Calibration:

Approximately one cubic meter of the soil
was excavated from three locations of
Biosaline Research substation (BSRS) of
NIAB at Pacca Anna. The soil was air dried,
passed through a 2 mm sieve, thorough mixed,
and was packed into an iron drum with mean
diameter of 80cm and depth of 100cm. the
drum was open at the both ends and was
divided down the sides so that it could be split
into two halves to enable easy removal of
packed soil. During packing two halves were
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held together by bolts and following procedure
was performed stepwise.
A. The soil was added into the drum in lots of

15 kg and was spread evenly and
smoothed after each addition. After filling
the drum to top, neutron access tube was
installed in the centre of the drum. About
50g soil samples were collected with
15cm interval for water content
determination. three readings of neutron
counts at depths of 12, 25, 36, 60, 70 and
84cm and in standard shield were
recorded.

B. The drum was unpacked, soil was spread
out on the concrete 1100r to a depth of
100mm. The known amount of water was
added from a fine watering can evenly
over the full area of spread soil. Soil was
thoroughly mixed by pilling up and
turning the soil three times. The soil was
covered with polythene sheet overnight
and was turned twice before packing into
the drum. Steps in A were repeated.
Procedures given above in B and A were
repeated by adding more known amount
of water until the soil becomes too wet to
work with.

FIELD CALIBRATION:
Six plots of (2m x 2m) were prepared with

dikes at randomly selected sites at BSRS of
Pacca Anna. Two neutron access tubes were
installed in each plot up to 2m depth at a
distance of one meter from each other. Plots
were flooded with irrigation water and water
was kept standing for few days to ensure that
soil has become saturated below one meter
depth. Standing water was drained away and
plots were covered with polythene sheets to
avoid evaporation and soil was allowed to dry
by draining only. After about three days the
soil attained the field capacity and neutron
counts were recorded at 12, 36, 60 and 84 cm
depths with the neutron moisture probe along
with standard counts. One end of each tube
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was sampled close to access tube with bulk
density sampler from the preselected depths.

The plots were allowed to dry for a long
time and neutron counts were monitored after a
15 days interval. The driest end was achieved
after about three months, when the neutron
counts attained approximately a constant value
at preselected depths. Soil samples were again
collected with bulk density samplers at
preselected depths and were analysed for water
content gravimetrically. The bulk density of
each layer in all drum packs were determined
and used to convert gravimetric water content
to volumetric water contents. Saturated soil
paste extracts and irrigation water were
analysed for pH and EC using standard
methods (US Salinity Lab. Staff, 1954). Soil
texture was determined by he pipette method
(Gee and Bauder, 1986).

After the completion of calibration
relations soil samples were collected in bulk
density sampler randomly from 20 sites with
simultaneous monitoring of neutron counts at
the 12 and 36cm depths. Soil samples were
analysed for soil water content and bulk
density in the laboratory and water contents
were also estimated using selected calibration
equations.

RESULTS AND DISCUSSION

The soil consist of 68% sand, 18% silt and
14% clay (Sandy loam). The electrical
conductivity f the saturated extract of soil was
4.5dsm-1• The count ratio (n) was worked out
by dividing the observed count with mean
.standard counts. The corrected count rate ratio
(n') was obtained as suggested by Greacen et
al.(1981) n' = SQRT (PIPi) n where SQRT is
square root, P mean density of all packs in the
drum and Pi is density of individual packs.

The relationships of Bv and Bg with nand
n' are assumed to be lineal and least square
method was applied to fit the linear regression
(Greacen et a!' 1981) to the paired
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observations (8, n). The 8 was fitted on nand
then inverted. The results of drum calibration
at preselected depths of drum packs is given in
Table 1. The slope of regression decreases
with increase in depth of drum packs, and at
12cm depth is higher than deeper layers. It
becomes constant at mid depths of 36 and
60cm and decreases again at 80cm depth due
to leakage of neutron. from the soil surface and
scattering of neutrons from the concrete floor.
Because of this observations separate
regression were worked out for the layers at
12,34,60 and 80cm depths.

For surface layer upto 1-15cm in a coarse
texture soil separate calibration is necessary
for soil water estimation because neutron
probe records less slow neutrons due to
leakage from the surface. This is also clear
from the data in table I and 2 that slope of
calibration is quite different at 12cm depth and
deeper layer. The use of extension rays or
neutron reflectors/absorbers as suggested by
Sharma and Tunny (1972) placed at the
surface is too time consuming on lager scale.
Parkes and Siam (1979) have compared
alternative correction methods of Harris (1974)
and Grant (1975) and decided in favour of
Grant. Greece et al (1981) have indicated that
Grant's correction factor differs for different
make of instruments at a given depth near the
surface. The approach to make a separate
calibration for surface layers covers full range
of water content and no extra cost is involved
while carrying out normal drum or field
calibration.

Results indicate that there is no or little
change in the slope of regressions with density
correction that confirms uniformity of soil
packing in drum. The regressions were also
worked out separately by averaging the data
points at 34 and 60cm depths. These combined
regressions are presented in Table 3. Generally
the coefficient of determination (1'2) values did
not improve significantly with density
correction both with 8g and <l>v in drum
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Table 1. Linear regression equations of 8g with nand n' and bv with nand n' in the
drum calibration

Depth (cm)
2 r2r

12 8g = 0.259n + 0.284 0.968 8v = 0.549n + 0.0008 0.985
8. - 0.263n' + 0.0273 0.985 8v = 0.549n' - 0.0005 0.983

36 8g = 0.157n + 0.0175 0.961 8v = O.290n + 0.0034 0.992

8. =0.16In' +0.0161 0.985 8v = 251n' + 0.0035 0.992

60 8g =0.152n-0.0132 0.944 8v = 0.290n - 0.0170 0.997
8. = 0.152n' - 0.0119 0.954 8v = 0.289n' - 0.0178 0.992

84 8g = O.152n + 0.132 0.996 8v = 0.291 n - 0.0172 0.956
8. = 0.152n'.+ 0.0119 0.992 8v = 0.289n' - 0.0178 0.991

8
g
8v refers to gravimetric & volumetric water content and nand n' refers count rate ratio &

corrected count rate ratio respectively.

Table 2. Linear regression equations of 8g with nand n' and 8v with nand n' and 8v with
nand n' under field conditions.

Depth (cm) r2 r2

12 8g = 0.354n + 0.630 0.974 8v= 0.619n + 0.1296 0.986
8. = 0.337n' + 0.0560 0.985 8v = 0.619n' - 0.1397 0.986

36 8g = 0.217n + 0.0731 0.983 8v = 0.381n + 0.1535 0.991
8g = 0.218n' + 0.0741 0.985 8v=0.385n' - 0.1581 0.957

60 8g = 0.179n - 0.0491 0.988 8v=0.347n-0.1410 0.951
8g = 0.175n' - 0.0433 0.989 8v = 0.344n' - 0.1320 0.951

84 8g = 0.233n + 0.1386 0.899 8v = 0.557n - 0.4636 0.946
8. = 0.343n' + 0.2725 0.850 8v = 0.453n' - 0.3143 0.935

calibration (Table 1). However, there is slight
improvement in r2 with density correction in
the case of 8g in drum calibration and in the
case of 8v it has been either comparable or
decreased after density correction (Table I)

FIELD CALIBRATION:
Regression obtained with and without

density correction in field calibration from six
replicated plots at 12, 36, 60 and 84cm depths
are presented in Table 2. The results reveal
that with the increase in water content, n
increased linearly and correction due to bulk
density did not change the n' very much. The
effect of density is also negligible on the slope
of the regression equation (Table 2) and
coefficient of determination improved slightly

in case of 8g on n' and it decreased or
remained similar in case of 8v on n' before and
after density correction (Table 2). The effect of
correction for bulk density on-the calibration is
negligible in most of the cases both in the
drum and field calibrations.

Data in table 2 illustrates that slope of
regression both with nand n' is quite different
for each depth. This may be due to variation in
soil profile. The intercept increased with the
increase in depth of soil profile (Table 2). This
may be because the subsoil could not be dried
below 0.111gg-1 of 8g despite waiting for six
months. The ground water table depth
fluctuates between 1-1.5 over the year and
subsoil layers keeps drawing water due to
capillary action.
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The regressions selected from drum and
field calibration to estimate soil water content
with neutron moisture meter from the field
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with their coefficient of determination are as
follows:

For surface layer up to 12cm for 8g and 8y
with n' respectively

Table 3. Linear regression equations of eg with nand n' and ev with nand n' combined
at 36 and 60 ems. .

Depth (cm) r2
7r

Drum calibration eg = 149n + 0.0219 0.978 8y = 0.309n -0.0097 0.997
eo = 0.151 n' + 0.0217 0.978 ey = 0.312n' - 0.0099 0.996

Field Calibration 8g = 0.199n - 0.0607 0.978 8y = 0.339n - 0.1325 0.999
eo = 0.175n' - 0.0217 0.973 ey = 0.344n' - 0.1286 0.981

Measured Water content cnr' cm-3 (MESM) and absolute difference between
measured and estimated water content (EST) using ten equations. DELE :
(MESM • EST)2

Table 4.

Soil depth up to 12 cm
MESM DELE I DELE2 DELE3 DELE4 DELE5
0.0640 1.24E-4 7.39E-4 6.17E-3 2.6IE-2 5.22E-3
0.765 3.94E-6 9.24E-4 3.17.E-3 2.71E-2 5.56E-3
0.1187 1.02E-3 2.82E-3 1.32E-3 3.42E-2 4.48E-4
0.1266 I.83E-3 5.14E-3 5.53E-4 4.15E-2 1.26E-4
0.1710 2.88E-3 5.30E-3 4.79E-4 4.02E-2 1.1OE-4
0.1922 7.14E-3 7.81E-3 2.70E-4 4.58E-2 1.39E-3
0.2455 1.37E-2 1.22E-2 I.9IE-3 5.41E-2 1.78E-4

Soil depth up to 12 cm
MESM DELEl DELE2 DELE3 DELE4 DELE5
0.1309 5.76E-4 1.70E-2 1.82E-4 1.40E-2 1.07E-3
0.1401 4.76E-7 7.67E-3 5.62E-4 6.98E-3 1.57E-4
0.1619 2.14E-5 7.07E-3 3.72E-4 6.85E-3 2.78E-4
0.2105 7.45E-4 8.63E-3 8.41E-6 9.29E-3 7.90E-5
0.2282 7.78E-4 7.14E-3 4.22E-5 8.28E-3 3.24E-4
0.2395 4.58E-3 1.90E-2 1.55E-3 1.90E-2 1.37E-3
0.2435 3.58E-3 1.50E-2 8.23E-4 1.60E-2 5.06E-4
0.2628 1.73E-4 7.58E-3 4.41E-6 9.67E-4 2.65E-4

eg = 0.263n' + 0.0237 (r2 = 0.985) I
ey = 0.549n' + 0.0005 (r2 = 0.988) 2
The equation worked out from field calibration
for estimation of eg and 8y respectively are:
8g = 0.337n' + 0.0560 (r2 = 0.985) 3
8y = 0.619n' + 0.1397 (r2 = 0.986) 4

The drum calibration converted for field use
after including corrections for constitutional
soil hydrogen content and field density of soil
as suggested by Greacen et al, 1981.
ey = 0.673n' + 0.054 (r2 = 0.983) 5
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For soil layers below 12cm depths following
equations are selected after correction as
described above.
From drum calibration,
Bg = 0.251 n' + 0.0-35 (1'2 = 0.992) 6
By = 0.385n' - 0.1581 (1'2 = 0.957) 7
From field calibration,
Bg = 0.312n' - 0.0099 (1'2 = 0.996) 8
By = 0.339n' - 0.1325 (1'2 = 0.999) 9
Drum calibration converted for field use after
corrections.
By = 0.395n' - 0.0634 (1'2 = 0.996) 10

The observed soil water content (By) from
the field at various sites at depths above and
below l2cm and absolute difference between
the observed and estimated by neutron
moisture meter using ten selected equations are
presented in Table 4. It is clear from the Table
4 that error involved using field calibration
equation 4 and 9 is higher than other
equations. The error involved In water
estimation is reduced with the use of equations
I, 5 and 10 at range of water contents. The
data reveals that drum calibration with
regression of Bg on n' and its conversion for
field use offers the most appropriate method
with minimum error in soil water estimation.
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