Impacts of soil slaking and drying on release and retention of
cations during desalinization from saline soil
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Abstract: The mechanism of soil slaking is the breaking
of soil aggregates by entry of water which is accompanied
by salt releasing process when the soil contains salt. The
objective of this paper is to describe the impacts of soil
drying and slaking on cations release to outer solution and
shift of cations during desalinization under different ini-
tial water contents (IWC). A slaking test on natural and
air-dried soils was carried out for evaluating the effect of
slaking in different IWC (60, 50, 40, 30, 20 and 10 % by
weight). After 24 hours immersion in water, Na was pre-
dominantly released in every case both of the natural and
air-dried soils. At the water content of 30 % that is around
optimum slaking water content, maximum Na was released
and at the water content of minimum slaking rate the re-
lease of Na was lowest. However, too dry condition (10 %
water content) did not contribute to release Na more. On
the other hand, we did not find any special relationship be-
tween the IWC and release of other cations like Ca, Mg
and K in outer solution. Most of the Ca?>* and Mg?* stay
in exchange site (60 to 80 %) in soil and little amounts
of them came out in outer solution. Water-soluble cations
in slaked and unslaked soils followed the order of Na>>
K> Mg> Ca whereas, the amount of exchangeable state
cations followed Na* > Mgt > Ca’* > K*. As a whole,
the proportion of Na released in outer solution of natural
soil was greater than that of air-dried soils. The results in-
dicate that the water content for optimum slaking and the
slower slaking rate is more efficient for desalinizing of Na
from the saline soil.

Key Words : soil slaking, soil water content, cations re-
lease, desalinization, exchangeable state

1. Introduction

Salinity within irrigated soils clearly limits productivity
in vast areas of Japan and other parts of the world. Soil
degradation caused by salinization and sodification is of
great concern in the modern world because it reduces po-
tential agricultural lands (Tanji, 1990; Sadiq et al., 2007).

Although salinity has adversely affected agriculture for
thousands of years, the recognition that salt-affected land
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can be used for agriculture is relatively recent. Interest in
the use of saline land resources has escalated over the last
20 years, with a renewed focus on saline agriculture in a
range of countries including Pakistan (Qureshi and Barrett-
Lennard, 1998), Australia (Barrett-Lennard and Malcolm,
1995; Marcar et al., 1995; Bennetta et al., 2009), the Mid-
dle East and North Africa (ICBA, 2006). In humid areas
like Japan, residual salt in polder soil and salt in ground
water affected by sea water intrusion can cause salt accu-
mulation and damage crop growth, in particular, on polders
and low land areas along sea coasts.

In reclaiming those saline soils to find out the effective
(an efficient and low cost) method is required. Soil slaking
is the process of soil aggregates collapse when they are
rewetted after drying. The slaking has long been studied
from the stand point of stability of aggregates. However,
it has not been studied from that of salt removal. Drying
followed by rewetting and slaking is commonly found in a
natural soil processes. During the process, salt in the soil
moves and accumulates to inner and outer surface of soil
blocks and released to outer solution. But the details of
cation shifting are not well understood. Akae et al. (2003)
had also reported that slaking is the salt releasing process
and salt concentration was decreased from shallow layer to
the deeper layer accompanied with land drying processes.
Note that breakdown of soil aggregates results in collapse
of pores, which reduces infiltration rate, leads to runoff and
erosion, and may, subsequently cause soil degradation.

Our previous research successfully identified the opti-
mum water content for slaking of a studied soil and salt
release from soil blocks (Shamim and Akae, 2010). The
optimum soil slaking occurred when the gravimetric wa-
ter content was around 30 % equivalent to pF 4.25 (1800
kPa). Itis close to the shrinkage limit (31.8 %) which is the
critical water content for air-entry of this soil. The results
revealed that the maximum salt is released at the soil water
content of maximum slaking. In addition, the amount of
salt released into equilibrium water after 24 hours immer-
sion was proportional to the fraction of slaked soils (slak-
ing rate). Here, we hypothesize that desalinization may be
enhanced by simply putting the soil at the proper soil water
content by land drying practice or by rewetting.

In this study, the amount of Na in the outer solution
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Table 1 Fundamental properties of Kojima Bay Polder (paddy
field; depth: 50 — 70 cm).

Properties Unit
Texture Silty clay

Clay 38.2 %
Silt 50.4 %
Sand 11.4 %
Soil pH 7.5

(Soil : Water =1:2.5)

Hardness 3.83 mm
Particle density 2.51 gem 3
Plastic limit 39.5 %o
Liquid limit 72.9 %
Electrical Conductivity 2.92 dSm™!

(Soil : Water =1:2.5)
Exchangeable ions (Bolt et al., 1976)

Sodium 19.6 ¢ mol. kg~!
Potassium 3.26 ¢ mol kg™!
Calcium 7.72 ¢ mol kg™!
Magnesium 10.7 ¢ mol kg~!
Water-soluble ions (Soil : Water= 1 : 5 by weight)

Sodium 8.45 ¢ mol kg~!
Potassium 0.74 ¢ mol kg~!
Calcium 0.28 ¢ mol kg~!
Magnesium 1.26 ¢ mol kg~!

surrounding the slaked soil blocks was mainly discussed,
which is an exact measure of Na exclusion from the soil
block. In addition, sites and states (exchangeable sites and
soluble salts) of cations in soil were examined.

2. Material and methods

2.1 Sample collection and analysis method

The soil was collected from the depth of 50 to 70
cm (salinized layer) of Kojima Bay Polder (paddy field:
34°32°15.1” N and 133°55°37.0” E), located in Okayama
prefecture in western Japan. The soil is classified to Ochric
Gley Sols and the land use is rice cultivation. The clay
minerals of the soil are composed of mainly halloysite-
illite intermediate, nontronite and montmorillonite accom-
panied with quarz, feldspars, chlorite and free sesquioxides
(Kawaguchi et al., 1957). The disturbed soil samples were
air-dried and mixed with distilled water at the ratio of 1 : 5
by weight. Then the supernatant water was taken and EC.5
were measured using a portable electrical conductivity me-
ter (B-173; Horiba Ltd.). The soil pH was measured in a
1:2.5(Soil : Water by weight) suspension using a portable
pH meter (B-212; Horiba Ltd.).

Soluble cation concentrations were measured using an
atomic absorption spectrophotometer (AAS; Z 5300; Hi-
tachi Ltd.)
the natural soil. Insoluble salts and exchangeable cations

in the supernatant water after centrifuging

were extracted using ammonium acetate. The 1.0 g of the

disturbed air-dried soil was mixed with 200 ml solution
(0.0114 M SnCl,.6H,0 and 1 N CH3COONHy) then the
mixture was shaken for 1.5 hours. After settling and cen-
trifuging, the cations in the supernatant were analyzed by
the AAS. Finally, we subtracted the amount of free ions
from that of the total ions to obtain true amount of ex-
changeable cations (Bolt et al., 1976). Fundamental phys-
ical properties of soils; particle size distribution, soil den-
sity, hardness, Atterberg Limits were measured by the stan-
dard methods of the Japanese Geotechnical Society (The
Japanese Geotechnical Society, 2000).

2.2 Fundamental properties of the studied soil

Fundamental properties of the studied soils are given in
Table 1. The studied soil showed a silty clay texture (clay
38.2, silt 50.4 and sand 11.4 %); the pH and EC;.5s were
7.5 and 2.92 dS m~!, respectively. The soil has relatively
higher liquid limit of 72.9 %. Both the water-soluble (8.45
¢ mol. kg~ 1) and exchangeable ion Na (19.6 ¢ mol. kg™!)
of the natural soil were higher than that of other ions like
K, Ca and Mg (Table 1). The mass basis natural water
content of the studied soil was 94.9 %.

2.3 Preparation of soil sample for slaking test

The flow chart for slaking test is given in Fig. 1. The
slaking test was conducted at the Agricultural Land Re-

search Laboratory, Graduate School of Environmental Sci-
ence, Okayama University, Japan during February, 2009

following basically to Experimental Guide of Physical-
Mechanical Properties of Soil (The Editing Committee of
Experimental Guide of Physical-Mechanical Properties of
Soil, JSIDRE, 1983). The natural soil was separated into
two batches, one batch was air-dried and another was not
dried (natural). Each batch of soil was mixed thoroughly
and the air-dried batch was re-saturated. The soils were
packed into stainless steel cylinders (2.5 cm height and 5
cm diameter) by pushing them into the soil. The speci-
mens were kept in a desiccator at 30 °C for drying treat-
ment to attain different initial soil water contents of 60,
50, 40, 30, 20 and 10 % by weight. The weight of each
specimen was monitored carefully until the desired water
contents. The each water content treatment was replicated
thrice. After completing water content adjustment the soil
specimens were sealed and kept in a refrigerator.

Lastly, the each soil specimen was placed on the 4.75
mm sieve and immersed into tap water (EC: 0.112dS m~',
volume: 9080 cm?) for slaking test. After 24 hours immer-
sion in the water the slaked (fell down through the sieve)
and unslaked (remained on the sieve) soils were collected
and weighted separately. The cations in the extract solu-
tion (Soil : Water = 1 : 5) from the slaked and the unslaked
soils were measured by AAS. The exchangeable cations of
the slaked and unslaked soils were also measured by the
same method described previously.
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Fig. 1 Flow chart for slaking test.

2.4 Calculation of slaking rate of soil
The slaking rate, SR (%) was calculated by using the
following equation;

SR(%) = s/ (s +u) x 100 (1)

Where s represents the weight of the slaked soil and u
indicates the weight of the unslaked soil.

2.5 Calculation of cations in solution and soil

The salt released into outer solution (M) was calculated
by the following equation;

M; = C; X Vy (2)

Where C; is concentration of the cations; Vi, refers to the
volume of the outer solution of the slaking test.
As the cation concentrations were measured on 1 : 5 so-

lution (Cj.5), the amount of a cation in the slaked soil, M
is given by equation (3),

M = (CSI:S X5 X Ws)/pw (3)

Where W, represents the weight of soil; p, is the density
of the water. Similarly, cation in the unslaked soil, M, is
given by equation (4);

Mu:(CUI:SXSXWS)/pW (4)

The total cation remains in the soil, M, is given by sum
of M and M,.

M, = Ms+ M, «© )
Letting the amount of released Na in the outer solution
as Rna, then desalinization rate of Na ion on soluble salt,

DR, is defined by equation (6).

DR(%) = Rxa/ (Rxa +Mina) X 100 (6)
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Fig. 2 Dependence of slaking rate against initial water contents
after 24 hours immersion in water. Vertical bar indicates 4= SE of
three replicates.

Where DR is the fraction of Na released into the outer
solution divided by the sum of Na in outer solution, water-
soluble Na in the slaked and the unslaked soils. It is noted
that this DR does not include the exchangeable Na in the
soil, nor the confined salt.

3. Results and discussion

For discussing the displacement of cations from a site to
site, we specified the sites into four categories (phases): (1)
free cations in outer solution, (2) water-soluble cations in
soils (slaked and unslaked) and (3) exchangeable cations.
In addition, some salts may remain in confined or stagnant
pores, although the amount of that cannot be measured.

3.1 Effect of initial water content on slaking rate

Dependence of slaking rate on water content is shown in
Fig. 2. The bars in the figure show the standard error of
three replicates.

3.1.1 Natural soil

The slaking rates of the specimen at 60 and 50 % water
content were only 0.15 and 0.16 %, respectively, after 24
hours immersion. It may be due to the sample was initially
saturated and contained no entrapped air, resulting the low
force of escaping air. Under the water content of 40 %,
the slaking rate, 2.54 %, was higher than that of 50 %.
This indicates that the natural soil started to slake below
this water content. A significant change was observed at
water content of 30 %. The slaking rate (27.3 %) was much
higher in comparison with other water contents. It seems
due to that the initial water content of 30 % was close to
shrinkage limit and contained more air than that of 40 to 60
%. 1t resulted higher force of escaping air pressure, which
is favourable condition for slaking. The slaking rate kept
the almost same value (26.0 %) at water content of 20%.

3.1.2 Air-dried soil

On the other hand, 88 — 89 % of the air-dried specimens
were slaked at water contents of 60 and 50 % which in-

dicates that after experiencing air-drying, soil changed to
slake much more easily. The slaking rate was very high
(99 %) under 30 and 20 % in comparison with any other
water contents. The slaking rate at water content of 10 %
was comparatively higher than that of 60 and 50 and 40 %
but lower than 30 and 20 % water content in both of natu-
ral and air-dried soils (Fig. 2). This is attributed to that the
strong linkage developed between soil particles by the in-
tensive drying, which might enhance resistance to slaking.

3.1.3 Difference between natural and air-dried

soil

The slaking rate of air-dried soil was higher than that of
the natural soil at all water contents. It is due to that air-
drying increased entrapped air than the natural soils at the

same water content, resulting the higher force of escaping
air pressure. Much more bubbles were observed during

slaking of the air dried soil than the natural soil.

3.2 Effect of initial water content on cations in

the three phases

Table 2 and Table 3 show the variance of measurement
on amount of shifted cations among three categories. They
also express the precision of each cation measurement
in different water contents. These tables reveal that the
cations measurement of Na, Ca and Mg is statistically re-
liable enough because the range is below 25 % against the
mean values. Note that the variance of K measurement in
water-soluble phases was so large in comparison with other
cations in both the natural and the air-dried soils. This is
due to critically small values of K against precision of mea-
surement, but contribution of K is not important in desalin-
ization from saline soil.

3.3 Cations released into outer solution after 24

hours immersion

Fig. 3 shows the cations released into outer solution af-
ter 24 hours immersion of different pre-drying treatment
(natural and air-dried) of soils. The bars in the figure
show range of the measured values, indicating the variance
of measurement is small enough statistically. The figure
shows that Na exists predominantly in the outer solution
and the release of Na is maximum at water content of 30
%.

3.3.1 Natural soil

At the lower water content of 20 and 10 %, the amount

1

of Na released to outer solution (RN, = 0.25 mmol g~ and

0.25 mmol g~ !, respectively) were high, and it was high-
est at 30 % (0.35 mmol g_l). The Ry, at 60, 50 and 40
% water content were 0.185, 0.18 and 0.19 mmol g’l, re-
spectively. The difference in the total Na under different
water content is mainly due to the amount of Na in the
outer solution. The fractions of Na in outer solution were
74.6,73.2,76.7, 71.5, 70.1 and 65.9% at water content of

10, 20, 30, 40, 50, 60%, respectively. At water content of
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Table 2 Mean of range/average ratios on amount of cations in three phases in natural soil.

Phases Water content Na K Ca Me
IV (%) IV (%) IV (%) IV (%)

Outer solution 60~10% 17.5 14.3 233 16.1

Exchangeable 60~10% 15.3 25.6 16.8 13.4

Water-soluble 60~10% 22.8 75.7 0.18 15.5

* IV (Index of Variance) = mean {range (maximum value — minimum value)/average} on cation concentration
of different water content. Measurements were replicated thrice on each water content, i.e., n = 18.

Table 3 Mean of range/average ratios on amount of cations in three phases in air-dried soil.

Na K Ca Mg
Phases Water content -
*IV (%) IV (%) 1V (%) IV (%)
Outer solution 60~10% 17.7 14.1 234 18.1
Exchangeable 60~10% 8.5 12.8 12.6 17.5
Water-soluble 60~10% 17.3 75.7 2.30 1.30

* IV (Index of Variance) = mean {range (maximum value — minimum value)/average} on cation concentration
of different moisture content. Measurements were replicated thrice on each water content, i.e., n = 18.
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Fig. 3 Cations released into outer solution after 24 hours immersion in different pre-drying treatments. Vertical bar indicates + SE of

three replicates.

30%, maximum Na was released from confined or stagnant
pores to outer solution because the maximum slaking oc-
curred and collapsed aggregates at this water content (Fig.
2). At water content of 10 %, samples slaked in short time

I It was shown that

and the RN, was low as 0.25 mmol g~
very dry condition and quick slaking did not contribute the
more Na release from the soil.

3.3.2 Air-dried soil

At water content of 30 and 20 %, the Rn, was 0.27 and

1 respectively. On the other hand, when

0.26 mmol g~
the soil was in the driest condition of 10 % water content
slaking made limited contribution to Ry, (0.25 mmol g~ 1)
which was equal to that of the natural soil.

3.3.3 Difference between natural and air-dried

soil

Both the natural and air-dried soil followed the same
trend for releasing Na in relation to the initial water con-
tents. The water content above 40 % showed less Ry, and
below water content of 30 % RN, was high. But the effects
were more pronounced in the natural soil. The maximum
release of Na occurred around at the coincident water con-
tent as maximum slaking. The results indicate that higher
water content and too rapid slaking at low water contents
were not efficient for removing Na from the soil block.

In terms of other cations release like Ca, Mg and K, all
the soils show almost the similar trends. Note that very
little amount of Ca and Mg comes out to outer solution.
The release of cations to outer solution in soils followed the
order of Na > K > Mg > Ca, and drying did not affect the
composition of K, Mg and Ca except for a slight increase
in Mg and slight decrease in K in a few cases (Fig. 3).
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Fig. 4 Amount of Na in outer solution and left in soils after 24 hours immersion under different initial water contents.
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Fig. 5 Amount of K in outer solution and left in soils after 24 hours immersion under different initial water contents.

3.4 Impacts of slaking and drying on water-

soluble cations in soils

Fig. 4, 5, 6 and 7 shows the sites and amounts of
each cation (Na, K, Ca and Mg) after 24 hours immer-
sion, respectively. The site where the cations exist is di-
vided into four categories; outer solution, exchangeable
state and water-soluble state in the soil and salts in con-
fined pores which cannot be measured. It is seen that the
fraction of the water soluble state is relatively very small.
Among them Na showed much higher values than the other
cations, showing slight increase with drying. We did not
find any significant differences in amount of other water-
soluble cations like Ca, Mg and K in the slaked and un-
slaked soils in almost all the cases.

3.4.1 Natural soil

In terms of water-soluble Na (after 24 hours immersion)
in slaked and unslaked soils, more Na (8 to 10 %) existed
in the soil at higher water content (60 %). This is because
some of Na stayed in stagnant part inside the soil in higher
water contents. On the other hand, when soil slakes at
lower water content the Na staying in soils was lowest pro-
portion (5 %) which might be due to the Na stayed mainly

close to the surface. It was found higher water content was

not effective from the stand point of Na release from soil.
The water-soluble K, Ca and Mg in soils were in small

amounts (< 0.02 mmol g~!) in both the higher and lower
water contents.

3.4.2 Air-dried soil

The higher water content of 60 and 50 % held less Na (2
to 3 %) as water soluble than the natural soil which means
most of the Na released into outer solution. This is be-
cause, the air-dried soil at that water content slaked more
than the natural soil. It is due to decrease in the Na stay-
ing in the stagnant part inside the aggregates. The water-
soluble Ca and Mg in air-dried soil followed the same trend
as the natural soil.

3.4.3 Difference between natural and air-dried

soil

At lower water content the air-dried soil held slightly
more water-soluble Na than that of the natural soil. But
the amounts of water soluble cations were affected very
little by the drying. The amount of water-soluble cations
followed the order of Na > K > Mg > Ca in all these soils
after 24 hours immersion.
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Fig. 6 Amount of Ca in outer solution and left in soils after 24 hours immersion under different initial water contents.
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Fig. 7 Amount of Mg in outer solution and left in soils after 24 hours immersion under different initial water contents.

3.5 Impacts of slaking and drying on exchange-

able cations in soils

3.5.1 Natural soil

In terms of exchangeable cations, Na was slightly af-
fected by slaking and drying after 24 hours immersion
(Fig. 4). The lower water content held slightly higher ex-
changeable Na than higher water contents, especially at 30
%. It means a part of Na on exchange sites was replaced by
the other exchangeable cations during drying and slaking
under higher water content. Exchangeable K™ below water
content of 30 % was higher than that of above 40 % water
contents. Most of the Ca’* and Mg?* stay in exchange site
(60 to 80 %) and showed much higher proportion at lower
water contents in the natural soil (Fig. 6 and Fig. 7).

3.5.2 Air-dried soil

The air-dried soil showed the different trends in remain-
ing exchangeable Na from the natural soil. Note that the
cations exist in exchangeable state at highest amount at wa-
ter content of 40 % (Fig. 4). This result is very special, the
soils at this water content did not slake well in comparison
with other water contents (Fig. 2). Whereas, the air-dried
soils show exchangeable K™ is low in lower water con-
tents different from that of Na (Fig. 5). In terms of Ca?t

and Mg?*, the air-dried soil showed similar trends to K™,
the exchangeable Ca’* and Mg?* was in lower proportion
at lower water contents (Fig. 6 and Fig. 7).

3.5.3 Difference between natural and air-dried

soil

The exchangeable Na™ was mainly replaced by Ca**
and Mgt at lower water contents. The results also in-
dicate that the exchangeable cations were increased by the
effect of drying (ion concentration in equilibrium solution
was condensed by drying). This is because the Ca>t and
Mg>* ions are more strongly bonded with exchange sites
of soil particles due to their higher valence; on the other
hand, K™ has strong binding capacity with clay particles
in comparison with Na™ ions.

The holding of exchangeable cations followed the order
of Nat > Mg?t > Ca?" > K except for a minor increase
in Mg?* and slight increase in Ca?>* than Na* in few cases
under the natural soil. It is due to the presence of insoluble
Ca and Mg salts in the original polder soil.

3.6 Desalinization rate to outer solution

Fig. 8 shows the desalinization rate (DR) to outer so-
lution in different pre-drying treatments of soils. In this
case, we considered the Na released into outer solution and
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soils after 24 hours immersion under different initial water con-
tents. Vertical bar indicates &= SE of three replicates.

water-soluble Na remaining in slaked and unslaked soils
after 24 hours immersion. It is a measure of water soluble
salt released to outer solution from all of water soluble salt
in the soil block.

3.6.1 Natural soil

It was shown that desalinization rate was higher at lower
water content after 24 hours emersion. At higher water
contents (60, 50 and 40 %) the DR was low (DR = 86, 92
and 91 % respectively) than that of lower water contents
(30, 20 and 10 %; DR = 96, 95 and 96 % respectively).

3.6.2 Air-dried soil

Both the higher and lower water contents showed high
desalinization rate except for 40 % (DR = 90 %). However,
if the soil was in excessively dry condition (10 % water
content), slaking did not release more Na, resulting the low
DR (93 %), which might be due to the strongly trapped Na
between the soil particles during drying.

3.6.3 Difference between natural and air-dried

soil

The desalinization rate of the air-dried soil showed sim-
ilar trend as the natural soil under lower water content, but
showed the opposite trend at higher water contents. In the
natural soil, at higher water content, soil did not slake well,
on the other hand air-dried soil slaked very quickly at the
same water content. The trend was similar to that of slak-
ing (Fig. 2).

The whole result indicates that the desalinization rate is
somewhat affected by the initial water content and by the
intensity of pre-drying. The soluble salt release to outer
solution is slightly enhanced by soil slaking. Shamim and
Akae (2010) had also reported that the salt release is lin-
early proportional to the slaking rate in both of the natural
and the air-dry soils. The higher salt release was caused by
higher slaking rate. At slaking rate is almost zero (60 and
50 % moisture contents) in the natural soil, the proportion

of salt released into water were 86.4% after 24 hours im-
mersion. It increased to 96.6 % at 27 % slaking rate in the
natural soil. For the air-dried soil, it is highest (93.8 %) at
slaking rate close to 100 %. It means that under the op-
timum water contents, soil slaking can enhance releasing
of soluble salt from the natural soil by 10.2 %. The re-
sults suggested that the lower water content and the slower
slaking is more efficient for desalinizing of saline soil.

4. Conclusions

In this study, the Na in the outer solution surrounding
the slaked soil blocks were measured, which is a substan-
tial measure of the amount of Na exclusion from the soil
block. In addition, sites and states (exchange sites and sol-
uble salts) of cations in soil were examined. The following
facts were revealed by this study:

(1) Na was predominantly affected by slaking (and dry-
ing) in terms of releasing cations. However, there were not

any special differences between water content and released
water-soluble cations like Ca, Mg and K.
(2) Most of the Ca>" and Mg?* stay in exchange sites (60
to 80 %) in soil and very few come out in outer solution.
(3) The exchangeable cations of the natural soil were in-
creased by the effect of drying. This revealed that shift of
cations were caused to exchange phase by drying.
(4) The lower water content (30 %) released more Na, and
at the minimum slaking rate the release of Na was lowest
in both the natural and air-dried soils.
(5) However, when the soil was too dry condition (10 %
water content) and slaking was very rapid, Na release was
not enhanced more.

But the further study and research in this challenging
field is encouraged in order to discover the most effective
and applicable desalinization method for the soil.
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AL =% 7O, KOWAEL L HERMNOWIETH ), HIEMNES &R, W2 Mk 2
WA AL OHMIE, B2 WERIRETCORIEIZB VT, AL —F 2 7 LiZE», HA
ORI ANOPE L RBEDOBENIC RITTHELHRRDL I EThH L. Sk E%E 272 (60, 50, 40,
30, 20, 10 % EEEAL) HRLEEEL~NOAL —F v ZOMEX BT 5720, AL—F v 7#
BEAT o 7. 24 W ok, AR EEETOETHOr — AT, Na P E# L CTHE Sz, i A
L —F 2 7EKRLICIZIZE LB WEAKIE (30 %) THoRD Na 2SS, AL —F v 73S
RO EKIET, Na OFEHIIR OB -7 L Ladrs, KT E546K (10%) &, #hlEto
Na OfFRUCEF S Lah o7z, —F, MR OO A 4~ Ca, Mg, K Ol e wiifEKtomicix
Bl 2 BRI b o7z, 1T AL (60~80%) O Cak Mg ld, sty A4 McfEF Y, 44
WHICIZED? L TRV, AL —X 0 7O TIFRAET 5 KEWER 1 4 ~ 1k, Na> K > Mg > Ca
DIETH Y, ZHIZK L, ZKREDOKA + > O&EIE Na>Mg>Ca>KDJETH -7z, &fke LT, 4
WA SN/ Na BIEERTOFDPRE L) 8oz, AL —F 2 7EKILE, LDOo
CDELZAL—=F 2 7P HENPS O Na OBRIEICE VIR TH D Z LIRS NI,

F-TU—-F I HEOALV—F 7, RHOKGIRRE, BA A4 > O, Bk, SSRiE





