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A proposition of a ceramic block apparatus for long-term soil moisture

measurement in the field and some results
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Studies on Moisture Status of Forest Soils Part 1
A proposition of a ceramic block apparatus for long-term
soil moisture measurement in the field and some resulis

Jiré Yosmioka®

Swunmary
It is known that one of the most Important factor of scil formation and plant growth is
soil water which fills a4 part of the pores in the soil, Water has an affect upon several

physical and chemical soil characteristics; therefore, we have to make clear the actual soil
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water status in the field over a long period. The author devised a ceramic solid apparatus
for soil water measurement which was designed for measurement of pF value of less than
about 2.9.  Ceramic solid was used as a sensor as its water permeability is effectual and its
moisture condition easily changes depending on the surrounding soil moisture content.

The following experiments were done to make this apparatus:

1. The preliminary experiments in laboratory

1) Airtight ability

2) Negative pressure (tension) generation in apparatus

3) Effect of ceramic solid bulk

2. Tests for practical use of apparatus in the field

This paper deals with the mechanism of this apparatus and the results of the aforemen-
tioned experiments,

1. Mechanism of the apparatus

‘The apparatus consists of the following three main parts as shown in Fig. 1 and Phot. 1.

(1) Ceramic unit: It is a combination of ceramic solid and glass tube. They are pasted
with metal glue as shown in Fig. 2 and Phot. 2. The ceramic unit is connected with a water
stock bottle through the high vacuum rubber tubing.

(23 Water stock bottle: It is about 500 m! in capacity and is connected with the ceramic
unit through the connecting pipe near its bottom. The plug for water level control of the
stock bottle, manometer conjunctional fine metal pipe and plug for pressure-voltage transducer,
are set at the neck of the bettle, The plug for transducer is not necessary for the manometric
measurement, but it is for the future antomatic recording.

(3) U glass tube mercury manometer: It is for macroscopic pressure measurement.

1. Preliminary experiments in laboratory

-1, Airtight ability test

It is necessary to keep the apparatus completely airtight. The apparaius was kept at
270 cm of hydraulic head suction for about 12 hours. The airtightness of apparatus was often
lost at conjunctional parts, but it could be secured completely by coating with high vacuum
grease or tightening up the rubber tubing at conjunctional parts with wire.

-2, Negative pressure (tension) generation test of the ceramic solid apparatus

The following test was done to make clear the correlation between soil moisture status
and generation of negative pressure in ceramic solid apparatus. The ceramic unit of apparatus
which was filled with water was placed in water saturated fine soil on the membrane-suction
apparatus as shown in Fig. 3, and it was kept under various tension stages. The water in
the ceramic unit was drawn out into the burette (B) (See Fig. 3) by the given suction, and
water loss in the ceramic unit was supplied continuously with water in water stock bottle (4)
(See Fig. 3) until suction in supplisr and negative pressure in the ceramic solid apparatus
reached the tension equilibrium. The suction maximum given in membrane-suction apparatus
was pF 2.5. In this range of given suction, the suction was proportional to generating tension
in ceramic solid apparatus. Correlations between the suction and the generating tension were
shown in Fig, 4.

3. Effect of ceramic solid bulk

The author tested the effect of the difference of ceramic solid bulk on the correlation

hetween the given and generating suction using the apparatus shown in Fig. 3. The large
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ceramic solid bulk was about 72 cm?® (3A2X6cm) and the small one was 32 em® (3% 2X2 cm)

Gt

i

e of the ceramic solid appasratus to the suction,  When contasct of the small ceramic

in surface dimension. It is recogn at the bulk of ceramic solid often affected the exact

reaporn

solid with the soil was disturbed by the soil shrinkage induced by the water loss of so0il

(dehyvdration) suction, the risen up tension 4id not equate with the given suction.

However eramic solid has a d response to the given suction even after the soil

that ihe small ceramic solid is not suita

shrank. - 0, it s concluded for practical

. Test for pra some data of measurement in the
-1, The method of setting the apparatus

The ceramic @ and the

stock bottle, rubber

The ¢

in the soil of 168 cm

tubing and glass tube were arpile unit w

and 30 cm depth from surface in the same soil profile.

-2, The site conditions < measured plots

Flot 1. A 80-ve

N

i, forest Bo{d) soil that is

N

L {(Chamavcyparis obiy

L ooil Sury

slightly drie own fores tem of th ional Fo

northern part of Kyoto City.

Plot 2. A 60-yvear-old planted 5

(Cryptomeria jopowica 13 Dox) forest, Be soil that is

slightly wetted brown forest soll, northern part of Kyoto Lity
Plot 3. Natural broad f fo
savama Prefecture.

Plot 4. Plant
uthern part o

le

st, By soil that is dried brown forest soil, southern part of

Wa

ed voung Sugl (O japonica) fors

L, Be seil that is moderately molst soll,

ama Prefecture.

-3 The result of measareme

in that no trouble occurred during the

The author was very sati

tests for 24 months up to the present, and the sharp responses of the apparatus to the changes
of s0il water status.

Some data of figld measurement were expressed in f:h, & and 7.

The most important environmental factor on the change of soll water status was the fre-

fall in all me:

ured ph

quency of ral . The maximum water tension was pF 2.8, observed

in the slightly dried soil (Bp{d) soil) among measured plots.  The undermentioned two

patierns of (:‘ﬁange of soil water status were observed.

One of the patierns is the higher tension type which appear dried and dried

soils {(Bs and Bp(d-soil).

Their soil water status kept a high tension of about pF 2.2--2.8 during the infall

period but it suddenly dropped to the low tension of less than about pF 2.0 after the ranfaill

50 the soll water movement of this pattern responded rapidly to the changes of atmospheric
phenemenon, and the range of water tension change was wider than the other pattern,

The

puy

ttern was the lower tension iype which appeared in the slightly wei and

moderately moist solls (Be and Beo-soll). Their soil water status kept low tension, lsss than

about pk 2.0 during the non-ra 1 period. 1t dropped to about pf 1.2 after the rainfall.

The unexpected result on the eoil water status was observed on the dried and slightly

dried soil (Be and Bo{d)-scil) (Sse plot 1 in Fig, § and plot 3 1

g. 7. The pF value of

lower harizon kept a higher water tension than that of the upper one in every soil throughout

the measurement per A similar trend was not ohserved on the slightly wetted and moder-
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ately moist goils (Br and Bo-soil) where the upper horizon kept the higher water tension than
their lower horizons.

1t was left for future studies to ascertain whether the aforementioned unexpected results
on the dried or slightly dried soils would be a trend in general or that limited to the measured
forests.

The author believes from the results obtained that this ceramic solid appratus would be

effectual for practical use in the long-term measurement of soil water movement in the field,



