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Measurement of soil moistute in Poona black cotton soil
using an infra-red moisture balance
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ABSTRACT. Measurements of soil moisture were made at 0, 15, 30 and 45 em depths in black cotton scil at Poona
in June-Ootober 1973 using an infra-red moisture balance. The results are presented and discussed in relation to rainfall

and evaporation.

Throughout the active monsoon period, the soil moisture in the 30-45 cm layer remained more or less constant
(25 per cent by weight). Due to evaporation and infiltration into lower levels there was generally less moisture at 15
em depth than at 30 or 45em. The moisture content of the surfaco layer was most variable (8 to 32 per cent) and highly

sensitive to rainfall and evaporation.

An inverse relationship has been observed between soil moisture and soil temperature at any depth.

1. Introduetion

In recent years, there has been a growing em-
phasis on the importance of soil moisture in the
soil-water-plant  relationship. A knowledge of
optimum soil moisture levels at various stages
of crop growth is essential for the efficient sche-
duling of irrigation and timing of agricultural
operations. This has direct economic signifi-
cance, particularly in those regions where dry
land farming is being developed. Soil moisture
measurements also form part of hydrological
investigations on run-off and drainage losses and
are used in water and soil conservation studies.

Although a wide range of methods are avail-
able for measuring soil moisture, the gravimetric
method is the most widely accepted. It is also the
only method which has been generally recom-
mended for routine application in agricultural
practices (Stanhill 1968). The gravimetric me-
thod is simple and does not need specially skil-
led personnel. Difficulties in sample extraction,
prolonged heating process and non-repeata-
bility of measurement at the same point in the
soil are its major drawbacks. However, even in
sophisticated techniques which overcome these
problems, such as those based on neutron mo-
deration or gamma-ray absorption, the basic
calibration has still to be made with reference to
gravimetric measurements (Beskin 1966).

In the gravimetric method, the soil sample is
initially weighed on a chemical balance, dried
in a steam oven, ther cooled and weighed again,
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the soil moisture being computed from the loss
in weight. The infra-red moisture balance em-
ploys the gravimetric principle, but comprises of
an infra-red lamp and a torsion balance in a single
compact unit, Drying and weighing of the
sample can thus proceed simultaneously and at
the end of the drying process, the soil moisture
is directly readable on a scale. Using this ins-
trument, measurements of soil moisture were
made in black cotton soil at Poona during the
period June to October 1973. The results are
presented in this paper and discussed in relation
to rainfall, evaporation and soil temperature,
A comparative analysis of simultaneous mea-
surements made with the infra-red moisture
balance and the conventional steam oven method
is also presented.

2. Design and operation of the infra-red moisiure balance

The infra-red moisture balance (Toshniwal
Model EI-06) measures the moisture content
of materials which do not change their chemical
structure while losing water under exposure
to infra-ted radiation. It can be conveniently
used for determining the amount of moisture
in agricultural soils. The labelled diagram of
the instrument is shown in Fig. 1. The over-
all dimensions are 35 em % 30 em % 35 cm.

Unlike the oven method, drying and weighing
are done here simultaneously. The heat source
consists of an infra-red lamp of 250 watts power.
The penetration of heat is, therefore, deeper and
more uniform than in the oven method. The
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power supply to the lamp can be varied by means
of a built-in dimmerstat which enables the tem-
perature of the soil sample to be controlled. A
thermometer is provided to read the chamber
temperature. There is little likelihood of the
s0il specimen re-absorbing moisture from =zir
during the measurement.

Weighing is done by means of a torsion wire
to ensure 2 high degree of accuracy. The weight
seale is directly calibrated in terms of moisture
percentage, and is graduated in steps of 0-2 per
cent. At the commencement of the measure-
ment, the wire tension is adjusted so that the scale
reads 100 per cent, A fixed quantity, 256 gm,
of the soil sample is then placcd on the pan,
and the scale is readjusted to read zero. After
the infra-red lamp is put on, the moisture evapo-
rates and the reading on the scale changes gre-
dually, becoming steady when the sample is
completely dry. The final reading gives the
pergentage by weight of the moisture present in
the soil sample. In practice, this procedure takes
less than 20 minutes for a relatively dry sample
(moisture content less than 10 per cent). In
the case of a moist rample (moisture content more
than 30 per cent), a maximum time of 1 hous
is required for the soil moisture determination.

3. Resulis and diScussion

3.1, Varalion of soil moisture in relation to
rainfall and evaporation

Soil moisture measurements in black cotton
seil with the infra-red moisture balance were
made at the Central Agricultural Meteorological
Observatory in Poona during the period 1 June
1973 to 31 October 1973. This period was selec-
ted in order to analyse the variation in soil mois-
ture with respect to rainfall, econsicering run-off
to be negligible. The interval between two sue-
oessive observations was, on the average, three
days and the time of observation was 0830 IST.
Soil samples were extracted by means of an auger
from 15, 30 and 45. om depths below the surface,
the root density of most crops being maximum in
the upper 45 cm of the soil. Samples were #lso
collected directly from the =oil surface.

Isopleths of soil moisture showing its variation
with time and depth are presented in Fig. 2.
Amounts of 24-hour rainfall and evaporation
recorded at 0830 IST are also plotted in the figure.
The evaporation was measured with a standard
Class A Pan Evaporimeter. At the commence-
ment of the experiment, the soil was quite dry,
the moisture content heing less than 10 per cent
at the surface and increasing gradually upto 15

per cent at 45 ¢m depth. Pre-monsoon thnnder-
showers in the first week of June therefore had an
immediate effect of incressing the moisture to
24 per centat the surface and 20 per cent at 45 cm
depth,

After the advance of the monsoon into Madhya
Maharashtra on 10 June there was a lull in the
monsoon activity right upto the end of June. The
total rainfall during the period 10-30 June at Poona
was only 18-8 mm. The effect of the pre-monsoon
showers was thereby lost and the moisture con-
tent again decreased to 10-15 per cent at all depths
during the latter half of June.

The monsoon strengthened in the first half of
July when there were two spells of heavy precipi-
tation. Rainfall during 24 hours ending at 0830
IST of 6 and 7 July was 62-2 and 90-8 mm res-
pectively. Again, rainfall during 24 hours ending

at 0830 IST of 14 July was 61-2 mm. After each .

spell, the soil moisture approached or exceeded
the value of 30 per cent at all depths. Thereafter
right upto the end of the monsoon season, the
moisture content at and below 15 em depth stabi-
lised around 25 per cent. The moisture content
of the 30-45 cm layer was less than 20 per cent
on 7 August following a dry period. But its de-
crease to 10 per cent on 16 August cannot be very
easily explained. Weather conditions on and pre-
ceding this date were mainly overcast skies with
light rain. Since the middle layers had a moisture
content of 20 per cent, evaporation could not have
been responsible for the lower layer drying to the
very low value reported. If the run-off is assumed
to be negligible, the cause has to be found else-
where.

As may be expected, the moisture content of
the surface samples was seen to be highly sensi-
tive to rainfall, evaporation and solar radiation
received at the earth’s surface. On rainless days
with high evaporation and strong radiation flux
(e.g., 18 to 26 June, 16 October etc), the moisture
content dropped below 10 per cent. On the other
hand, on days with little evaporation and decreas-
ed solar radiation (e.g., 28 August, 18 September
etc), even moderate showers increased the mois-
ture at the surface to 25 per cent or more.

After the withdrawal of the monsoon from

‘Madhya Maharashtra on 10 October, the soil

moisture showed a clear trend towards depletion
at all depths. This trend was, however, reversed
again as a result of the post monsoon showers in
the last week of October.

3.2. Field capacity

No direct determination of the field capacity
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Fig.! 3. Tomporal varietion of soil moistrre and soil temperature
TABIE L 3.3. Relationship between soil moisture and soil
lemperalure
Perind Rain-  Dateof  Soil moisture (%, As the soil moisture measurements in the pre-
(At 0830 ::H mgngﬂ' = _'l“mgll”‘__ sent study were made quite frequently, w»iz., two
TIST) "Oem 15cm 30 om 45 om or three times a week, it became possible to ex-
{mm) amine the correlation between soil moisture and
e ) soil temperature. Fig. 3 shows the temporal varia-
tion of soil moisture and temperature at the sur-
5-5 Jul 181-4 10 Jul  30-0 24-4 20-0 296 face and 30 em depth during the period June to
October 1973. Since the soil temperatures in the
1314 Jul  61-2 17 Jul  31-2 28-3 20.3 302 N o peratures ju the
0-30 em soil layer exhibit a strong diurnal oscilla-
19-20 Sop 748 228ep 817 278 272 280 tion, averages of observations made at 0730 and

of the Poona black cotton soil was made using
the infra-red moisture balance. However, dur-
ing the course of the present investigations, the
s0il plot earmarked for sampling had become water-
logged on three occasions as a result of heavy rain.
Soil samples taken two to three days later after
allowing the water to percolate, yielded moisture
percentages as shown in Table 1.

The highest observed moisture content of 31-7
per cent is reasonably close to the average field
capacity of 35 per cent for clay soils (Robertson
et al. 1959). In earlier studies on the Poona black
cotton soil, Katti (1935) had found the field capa-
city to be 38:-7 per cent while Mallik ef al. (1959)
had reported soil moisture to be 38 and 36 per
cent at 15 and 30 cm depths respectively in a
sugarcane field.

1430 IST have heen plotted.

Fig. 3 suggests that a wetting of the soil is stron-
gly associated with decreasing soil temperatures.
Likewise, a decrease in the moisture content of
soil is associated with a rise in the soil temperatu-
res. This relationship appears to be more promi-
nent at 30 em depth than at the surface. The cor-
relation coefficients between soil temperature and
soil moisture are — 0°51 and — 0-94 at the surface
and 30 em depth respectively. both being signi-
ficant at the 5 per cent probability level. However,
an attempt to estimate moisture content of soils
from temperature observation will have to be bas-
ed upon considerations of the complex processes

of heat exchange and moisture redistribution in
the soil.

3«4, Comparison with measurements by the steam
oven method

Measurements of soil moisture are made at
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the Central Agricultural Meteorological Observa-
tory, Poona every Thursday as part of the rou-
tine observational schedule. The soil auger is used
for sampling, and the samples are dried in a steam
oven for a 48-hr period which in actual practice
is spread out over a week at the rate of 8 hours
a day. The samples are cooled and dried ina desic-
cator after removal from the oven. Weighing of
the samples before and after the drying process
is done with a simple chemical balance.

During the period June to October 1973, two
sets of soil samples were extracted simultaneously
on Thursdays, one of which was analysed in the
routine manner described above and the other
placed in the infra-red moisture balance. Fig.
4 shows a week-to-week comparison of the soil
moisture at four depths (0, 15, 30 and 45 cm) ob-
tained by these two methods. In a majority
of cases, the moisture values differed only by 3
per cent. In those cases where the infra-red ba-
lance yielded a higher moisture percentage, it is
probable that the heating process of the oven
method was not entirely adequate. Besides, the
temperature of the infra-red balance chamber

was controlled to avoid spuriously high readings
due to decomposition of extraneous matter in the

soil sample.

4, Concluding remarks

(7) The study has shown that the infra-red
moisture balance can be most conveniently used
in intensive investigations requiring frequent and
accurate measurement of soil moisture. The chief
advantage of the infra-red balance over the oven
method is the great reduction in the measurement
time to about 20-40 minutes only. The infra-red
balance is also far more elegant and at the same
time, easy to operate.

(#i) The investigation presented in this paper
has brought out the manner in which the soil
moisture at different depths responds to rainfall
and varies in relation to evaporation and soil
temperature. It is proposed to carry out a similar
study in the period March to May when the mois-
ture content of the soil is depleted to very low
values and there is a chance of pre-monsoon thun-
dershowers.

(#43) The errors involved in sampling by means
of a manually operated auger are well-known.
The accuracy of the measurements could be fur-
ther enhanced by employing a power core sam-
pler which gives samples of known volumes with
minimum disturbance to the soil profile. This
would also enable measurements of bulk density
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Fig. 4. Comparizon of weekly soil moisture méasurements with
the i-r moisture balance (solid lines) and by the oven
method (broken lines)

and computation of soil moisture on volumetric
basis.

(iv) Gravimetric measurements inevitably show
some horizontal variability of soil moisture. In
order to obtain representative data, it is necess-
ary to analyse samples taken from a large num-
ber of points. Hills et al. (1969) have recommended
4-19 samples for soil plots smaller than 950 sq.
m and 44-80 replications for larger drainage areas
and catchment areas.
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