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The Variation of Chemical and Physico-
chemical Characteristics of Paddy Soils
on Submergence — Experiment II

D. M. Robrico
(Department of Agriculture, Ceylon)

IN a prEviOUS experiment (Rodrigo 1961) conducted under greenhouse
conditions in glazed pots with a side opening at the bottom twenty
different paddy soils were submerged without any rice plants grown
on them and the variations of chemical and physicochemical charac-
teristics were determined. The pots were filled to the brim and the
2" of standing water was maintained by daily addition of distilled
water. After submergence the following determinations were made
on the wet soils at intervals of 2 weeks initially and later at intervals
of 4 weeks :—ammonia, nitrate, iron, manganese, oxidisable matter
pH and redox-potential at a depth of 6” below the surface of the
soils. Water percolates were analysed at intervals for ammonia,
nitrate, iron, manganese, oxidisable matter and conductivity. Eh
of the soils was measured in situ by placing 2 blank platinum elect-
rodes seated permanently in each pot 6” below the surface of the soil.
About 50 grams of the soil were extracted with a glass tube 24” long
and 2 cms. diameter by inserting it in a circular motion. This was
used for the analysis of the wet soils. The water percolates were
collected through the side opening.

The analysis of the dry soils readily permitted the soils to be
grouped into the following seven classes :—

1. Strongly acid lateritic rice soils of the ultra wet zone.
2. Strongly acid humic rice soils.

3. Ground water podzolic rice soils.

4, Acid lateritic rice soils of the wet zone.

5. Non-lateritic rice soils of the dry zone.

6. Calcareous rice soils.

7. Non-lateritic clayey rice soils.

* A paper read at the nineteenth annual sessions of the Ceylon
Association for the Advancement of Science held in November, 1963.
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The redox-potentials of the soils measured at a depth of 6” below
the surface of the soils fell sharply immediately after submergence,
then it was gradual and from about 70 days of submergence the redox-
potentials were more or less constant. The pH of the soils increased
with time. Ammonia, iron, manganese, oxidisable matter of the
soils and the percolates, and the conductivity of the percolates
increased, reached a peak and then decreased with time. There was
a total disappearance of Nitrate of the percolates and the wet soils
within 14 days of submergence. In another experiment (Rodrigo &
Pollard, 1962) it was observed that the redox-potentials of the super-
natant liquids were more or less constant and in the oxidising range
and the pH values of the supernatant liquids, as in the case of the
soils, increased with time to reach more or less constant values
towards the end of the experiment.

When a soil is submerged the oxygen supply is almost completely
cut off and anaerobic decomposition of organic matter sets in.
Ammonia is the most important product of anaerobic decomposition.

The variations in ammonia, iron, manganese, oxidisable matter
and conductivity were explained by the following hypothesis, It was
-postulated that ammonia formed in the bulk of the soil diffuses
upwards on a concentration gradient and when it reaches the oxidised
layer of soil at the surface it is converted to nitrate. The nitrate thus
formed again on a concentration gradient diffuses downwards and
when it reaches the reducing layers of the soil denitrification takes
place. During denitrification nitrate acts as an oxygen donor to
oxidise the constituents of the soil viz. reduced iron, reduced manga-
nese, oxidisable matter, etc., and nitrogen escapes as a gas. There
were no detectable amounts of ammonia or nitrate in the superna-
tant liquid and there were no dectectable amounts of nitrate in the
percolates. This indicated that nitrate formed in the oxidising layer
readily diffuses downwards and is quickly denitrified. Ammonifica-
tion, Nitrification and Denitrification take place simultaneously.
During the initial stages of submergence there was more ammonifi-
cation than denitrification, thus ammonia values rose; later there
was more denifrification than ammonification and the wvalues for
ammonia fell.

These findings were of very important practical significance.
Hitherto it was believed that deep-placement of ammonia fertilizers
will prevent loss of nitrogen due to denitrification. It was inferred
that even with deep-placement of ammonium fertilizers denitrifica-
tion still takes place; hence the rate and time of application of
ammonium fertilizers are important.
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VARIATION OF OHEMIOAL AND PHYSICO-CHEMICAL CHARACTERISTICS OF
PADDY SOILS ON SUBMERGENCE

Two questions that arose from the findings of these experiments
were :—

1. What contributes to the rise in pH of the soil and of the super-
natant liquid when submerged ?

2. If, as deduced earlier, submergence of puddled soils leads to
denitrification, why did not the redox-potentials rise after
it had fallen to a low level ? (in the earlier experiment
redox-potentials were measured in situ at a depth of 6”
below the surface of the soil).

The object of this study is to find answers to these two questions.

EXPERIMENTAL

The same twenty soils that were used in the previous experiment
(Rodrigo, 1961) were used in this study. The experiment was
carried out under greenhouse conditions in glazed pots with a side
opening at the bottom through which percolates could be extracted
at intervals of time. No rice plants were grown ; the pots were filled
to the brim and the 2” of standing water was maintained by daily

addition of distilled water.

After submergence the following determinations were made on the
supernatant liquid once in two weeks initially and later at intervals
of four weeks:—conductivity, pH, redox-potential, ammonia,
nitrate, iron, manganese, oxidisable matter, calcium, sodium and
potassium. About 50 cc of the supernatant liquids were collected and
immediately used for determining their conductivity. About 200 cc
of the supernatant liquids were collected in flasks containing 1 cc of
Conc: H.SO4 and were used for the chemical analyses. The Eh of
the supernatant liquids were measured in situ by placing a blank
platinum electrode when measurements were taken and likewise the
pH values were measured by placing the electrodes at the time of

taking the readings.

After submergence the following determinations were made at
intervals on the water percolates :—conductivity, ammonia, nitrate,
iron, manganese, oxidisable matter, calcium, sodium and potassium.

After draining off about 100 cc, 50 cc were collected and imme-
diately used for the determination of conductivity. Then, about
200 ccs of the percolates were collected in flasks containing 1 cc of
.Conc : H,SO, and were used for the chemical determinations.
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After submergence the pH of the soils were measured at intervals
by placing the electrodes in the pots at the time of taking the
measurements. At intervals the redox-potentials (Eh) of the soils at
two depths of 2” and 4” below the surface of the soil were measured
in situ by placing 2 blank platinum electrodes seated permanently in
each pot at depths of 2” and 4”.

RESULTS AND DISCUSSION

Dry Soils—The analysis of the dry soils is given in Table I and
Table II of the earlier paper (Rodrigo, 1961) ; and as stated there,
their chemical and physico-chemical characteristics readily permit
the soils to be grouped into seven classes.

. Supernatant Liquids.—Throughout the experiment there were no
detectable amounts of ammonia, nitrate, iron and manganese. The
redox-potentials were in the oxidizing range and almost constant
throughout the experiment. The observed values of the redox-poten-
tials reduced to pH 7 using the factor-60 mv per unit pH for the Eh-
PH relationship are given in Table I. The averages of the seven
groups of soils are given in Table II. These are graphically shown
in Figure I. The high Eh values of the supernatant liquids and the
absence of reduced iron, manganese and ammonia indicate that
bxidizing conditions prevail in the supernatant liquids.

+ Sodium and potassium too were constant throughout the experi-
ment. Their values are given in Tables III and V and the averages
of the seven groups are given in Tables IV and VI. These are graphi-
cally shown in Figures II and IIL

: Oxidisable matter and conductivity, at first increased, reached a
peak and then decreased. Oxidisable matter increases as it comes
into the supernatant liquid from the bulk of the soil solution ; it
decreases when it gets oxidised as oxidising conditions prevail in the
supernatant liquid and when it comes into contact with air at the
surface of the supernatant liquid. Their values are given in Tables
VII and IX and the averages of the seven groups are given in Tables
VIII and X. These are graphically shown in Figures IV and V.

pH and calcium increased with time to reach more or less con-
stant values. Their values are given in Tables XI and XIII and the
averages of the seven groups are given in Tables XII and XIV. They
are graphically shown in figures VI and VII
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VARIATION OF OHEMIOAL AND PHYSICO-CHEMICAL CHARACTERISTICS OF
PADDY SOILS ON SUBMERGENCE

The means of the averages of the seven groups are given in the
respective tabies of averages and are graphically shown in
Figure VIIL Figure VIII shows that the rise in pH is due to the rise
in calcium. The question arises why the rise in calcium did not
contribute to conductivity. Calcium appears to contribute more to
pH and not so much to conductivity and oxidisable matter appears
to contribute more to conductivity and not so much to pH. What
constitutes oxidisable matter is still unknown. The identification of
the various compounds of organic matter of the heterogeneous mass
of soil is almost a hopeless task. Calcium rises from 0 to 25 ppm
which is the same as 1.25 equivalents per million ce. The maximum
amount of oxidisable matter is 4.5 cc. of 0.01 N KMnO, per 10 cc. of
supernatant liquid ; this is nearly 135 equivalents per million cc.
Oxidisable matter may compose of such compounds that it contri-
butes to conductivity and not to pH. The preponierance . of
oxidisable matter over calcium of its effect on conductivity is seen
from the above values.

Water Percolates—Ammonia, reduced iron, reduced manganese,
oxidisable matter and conductivity at first increased, reached a peak
and then decreased. Their values are given in Tables XV, XVII,
XIX, XXI and XXIII and the averages of the seven groups are given
in Tables XVI, XVIII, XX, XXII and XXIV. They are graphizally
shown in Figures IX to XIII.

The variations in ammonia, iron and manganese could be explained
by the following hypothesis. It is postulated that ammonia formed
in the bulk of the soil diffuses upwards on a concentration gradient
and when it reaches the oxidised surface layer of the soil it is con-
verted to nitrate. The nitrate thus formed again on a concentration
gradient diffuses downwards and when it reaches the reducing
layers of the soil denitrification takes place. During denitrification
nitrate acts as an oxygen donor to oxidise reduced iron, reiuced
manganese, &c., and nitrogen escapes as a gas. There were no de-
tectable amounts of nitrate or ammonia in the supernatant liquid
and there were no detectable amounts of nitrate in the water perco-
lates. This indicates that nitrate formed in the oxidising layer of the
soil readily diffuses downwards and is quickly denitrified. Ammoni-
fication, nitrification and denitrification take place simultaneously.
During the initial stages of submergence there is more ammonifica-
tion than denitrification, thus ammonia values rise; later there is
more denitrification than ammonification and values for ammonia
fall. The same could not be said of oxidisable matter. Oxidisable
matter includes Fe ++, NO} and S, among the inorganic
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constituents and soluble organic matter that is oxidised under
relatively mild conditions. This is a relative determination and has
only comparative significance. The method is based on the oxidation
of the sample with potassium permanganate under standard condi-
tions. The sample (the volume used varied from 1.0 cc. to 10 cc.)
was added to a mixture of 10 cc. of 0.01IN KMn0, and 10 cc. of 1: 3
H, SO, with sufficient water to make a total volume of 100 cc. in a
250 cc. conical flask. The flask was heated in a boiling water bath for
30 minutes along with a blank. By this procedure the factors
(strength of KMn0,, acidity of the medium and time of digestion)
on which the figure for oxidisable matter depends, were kept nearly
constant. Immediately after digestion 10 cc. of 0.01N Ammonium
Oxalate solution was added and the excess oxalate back titrated with
0.0IN KMnO,. The difference between this reading and the blank
reduced to an equivalent of 10 cc. of the percolate was taken as an
index of the concentration of oxidisable matter. Oxidisable matter
has found its way to the supernatant liquid and there under oxi-
dising conditions seems to be oxidised. The identification of organic
redox systems that operate in soils is a very difficult task as soil
organic matter consists of such a heterogeneous mass of organic
substances in all stages of decomposition together with microbial
cells and their metabolic products. The problem is further compli-
cated by the fact that many biological oxidations are irreversible
and do not give rise to thermodynamic potentials. As oxidisable
matter, without being oxidised in the oxidising surface layer of the
soil, has found its way to the supernatant liquid it could be inferred
that there are some organic redox systems that operate at high
potentials.

Sodium and Potassium were more or less constant throughout the
experiment. Their values are given in Tables XXV and XXVII and
the averages of the seven groups are given in Tables XXVI and
XXVIII. These are graphically shown in Figures XIV ani XV,

pH of the soils was measured by placing the electrodes in the
pots at the time of taking the measurements. These pH values could
be taken as the pH values of the percolates too, because in reality
when the pH of a soil is detrmined it is the pH of the soil solution
that is measured.

pH and calcium increased witk time to reach more or less
constant values. Their values are given in Tables XXIX and XXXI
end the averages of the seven groups are given in Tables XXX and
XXXII. They are graphically shown in Figures XVI and XVIIL
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VARIATION OF OHEMIOAL AND PHYSICO-CHEMICAL CHARACTERISTICS OF
PADDY SOILS ON SUBMERGENCE

The variations of ammonia, iron and manganese have been ex-
plained earlier. The inter-relationships of oxidisable matter,
conductivity, calcium and pH could be explained in the same manner
as for the supernatant liquids. Calcium appears to contribute more
to pH and not so much to conductivity and oxidisable matter appears
to contribute more to conductivity and not so much to pH. It should
be mentioned that variation of magnesium has not been studied by
the author.

The means of the averages of the seven groups of soils are given in
the respective tables of averages and are graphically shown in
Figure XVIII.

Figures VIII and XVIII show that, of the constituents studied, the
rise in pH of the supernatant liquids and percolates, in general, is due
to the rise in calcium.

Wet Soils.—Wet soils have been studied earlier and are given in
Tables V and VI and graphically shown in Figures VI to XII in the
previous paper (Rodrigo, 1961). Ammonia, iron, manganese.
oxidisable matter increased, reached a peak and then decreased. pH
increased with time to reach more or less constant values. The
redox-potentials of the soils measured at a depth of 6 inches below
the surface of the soils fell sharply immediately after submergence,
then the fall was gradual and from about 70 days of submergence
the redox-potentials were more or less constant.

In this experiment redox-potentials of the soils were measured in
situ at two depths of 2 inches and 4 inches below the surface of the
soils by placing two blank platinum electrodes seated permanently
in the pots throughout the experiment. The observed values reduced
to pH 7 using the factor -60 mv per unit pH for the Eh-pH relation-
ship are given in Tables XXXIII and XXXV and the averages of the
seven groups of soils are given in Tables XXXIV and XXXVIL
These are graphically shown in Figures XIX to XXII.

At a depth of 4 inches Eh of the soils at first decreased and there-
after began to rise and remained constant after about 84 days of
submergence. At a depth of 2 inches Eh at first decreased, but not to
the level of 4 inches and then increased and remained constant after
about 84 days of submergence. The variations of Eh values of the soils
at various depths indicate that denitrification takes place and under
the conditions of these experiments denitrification takes place above
a depth of 6 inches of the soil.

The means of the averages of the seven groups of soils together with
the redox-potential values of this experiment are graphically shown
in Figure XXIII.
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As stated in the previous paper (Rodrigo, 1961), the variations of
pH of the soils, reduced iron of the percolates and reduced iron of
the soils demand special merit. The initial values of the reduced iron
of the soils seems to depend on the free iron oxide content. The maxi-
mum values and the final values depend on the total iron content of
the soils. It is of great ecological importance to note that though the
amount of iron reduced in the soil depends on its iron content, the
amount of iron brought into solution depends on its pH. The lower
the pH more is the iron brought into solution ; this is clearly shown
in the table below.

Maximum Fe ppin Maximum Fe ppn pH of
in the percolates in the wet soils dry soils
Group 1 .. .. 252 .. 2157 .. 484
Group 2 .. .. 158 .. 3042 .. 465
Group 3 .. .. 75 .. 210 .. b-47
Group4¢ .. .. 169 .. 4885 .. b'65
Group 5 .. .. 38 . 1825 .. 128
Group 6 .. .. 7 .. 930 . 778
Group 7 .. .. 91 .o 5162 .. 6-22

The clayey soils with a reduced iron content of 5162 ppm have only
91 ppm in the percolate with a high pH of 6.22, whereas the ultra-
wet zone soils with a reduced iron content of 2157 ppm (less than
half that of the clayey soils) have as much as 252 ppm in the percolate
with a low pH of 4.84.

The peak values of reduced iron in the percolates are correlated to
pH, the largest values are reached with the lowest pH and vice versa
or in other words the amount of iron brought into solution is
proportional to the increase in pH.

The presence of potassium in the supernatant liquid indicates that
potassium is being taken away by the surface flow of water under
field conditions. Thus there may be a benefit from and need for top-
dressing with potassium fertilizers as reported (Adm. Rep. D. A,
1960, Adm. Rep. D. A,, 1960-61). Raymundo et al (1962) found that
exchangeable potassium was lower in the paddy soils than the asso-
ciated upland soils. This also shows that there is a gradual depletion
of potassium from paddy soils by the surface flow of water.

Kelly (1914) showed that solubility of substances in submerged
30ils is abnormally high, Iron, manganese, lime, magnesia, phosphoric
acid, bicarbonates, silica, aluminia and potash going into solution
were greater on submergence. Gillespie (1920) found that the
changes in acidity are accompanied by changes in several
constituents. Subrahmanyan (1927) noticed an increase in pH wheil
he incubated a Rothamstead soil and an Indian soil for 40 days. In
another experiment he incubated 24 Indian soils for 10 days. Since
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VARIATION OF OHEMICAL AND PHYSICO-CHEMICAL CHARACTERISTICS OF
PADDY SOILS ON SUBMERGENCE

the rise in pH was accompanied by a rise in ammonia he attributed
the rise in pH to the rise in ammonia. Schollenberger (1928)
submerged soils for 3 weeks and analysed the soils for exchangeable
aluminium, manganese, calcium, magnesium, sodium and potassium.
pH increased from 4.7 to 5.0, aluminium decreased and manganese
increased. He attributed the increase in pH to the increase in
manganese. Dennet (1932) was perhaps the first to draw attention
tc the Fet — Fe+ equilibrium on pH of soils. Joffe (1935)
strongly emphasised the role of Fe +++— Fe ++ system on the
changes of pH. In his studies on podzol soils he noticed that the
pH was higher in the glei zone and states that glei formation
is not a climatogenic formation but a hydrogenic €ormation.
Reed and Sturgis (1939) attribute the increase in pH to the
increase in sodium and magnesium. They also noticed an
increase in iron and silica. They drew attention to the
magnitude of the increase in pH ; the increase in pH was more pro-
nounced when the pH of the soils was low ani in the presence of
organic matter. Kurunkar and Daniel (1950) confirm that the
increases in pH were greater when pH of the soils was lower. They
also attempt to correlate the increase in pH with the increase in
ammonia. Metzger (1930) attributes the increase in pH to increase
in ammonia and reduction products. Mortimer (1941) found that the
increasc in pH of lake muds, following thermal stratification and
depletion of oxygen, could be accounted for by the increase in iron,
manganese and ammonia. The physico-chemical properties under-
lying the calcium-carbon dioxide—pH equilibrium have been
studied by Bradfield (1941). He showed that carbonilioxile can
have a marked depressing effect on pH ; the restraining influence of
carbon dioxide on the increase in pH is indicated even in the pre-
sence of added lime. Robinson (1930) was, perhaps, the first to notice
that iron in the soil solution increases on submergence, reaches a peak
value and then decreases. 500 grms of soil with 2,500 cc. of water were
stoppered and shaken everyday, “ care being taken to admit as little
air as possible.” He analysed the soil solution at intervals for 60 days.
The solubility of iron increased with time but passed through a
maximum in some soils. The maximum was at 22 days. This he states
“may be due to the oxidation of ferrous bicarbonate and consequent
precipitation of ferric hydroxide by the admission of a small quantity
of air when the samples were shaken ”. In another experiment he
demonstrates that the introduction of such quantities of air has no
significant effect on the concentration of iron in the soil solution. He
found ihat some of the submerged soil solutions contained compara-
tively large quantities of calcium and magnesium, “ a great increase
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in the solubility of lime and magnesia as well as an increase in iron
and manganese—silica and presumably alumina remain much the
same as in the beginning, except that the solubility of silica is some-
what increased in the soils containing much organic matter.” Magistad
(1925) in a brilliant paper determined the solubility of aluminium
in water at various pH values. His values are shown below.

PH value AlO, in Solution
ppm.
3:96 200-0
402 1300
4-19 790
427 430
4-51 65
4-66 23
522 1-2
5-40 0-8
562 07
8:00 04
680 03
7:00 04
7-56 20
8-36 84
8-95 34-6
9-28 63-4
948 1240
This is graphically shown below :—
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VARIATION OF CHEMICAL AND FHYSTCO-CHEMICAL CHARACTERISTICS OF
PADDY SOILS ON SUBMERGENCE

He states “ the amount of aluminium which can exist in solution is
markedly increased when the reaction becomes more acid than pH
4.7 or more alkaline than pH 8.5.” Between pH 4.7 and 8.0 the con-
centration of aluminium as Al, O, is less than 3 ppm. He, further,
determined the solubility of aluminium of soils at various pH values
and found that “ The curve for the solubility of aluminium in the
soil solution at various reactions practically coincides with the curve
for the solubility of aluminium in water at the same reaction ...... ”
Since the two curves practically coincide, one can predict with a fair
degree of certainty tae amount of soluble aluminium present in a
soil solution on knowing the pH value of the soil. Thus it becomes
evident the amount of soluble aluminium greatsr than 3 ppm. can
exist in a soil only when the reaction is more acid than pH 4.7 or more
alkaline than about pH 8.0. From pH 5.4 to 7.0 the amount of alumi-
nium present in solution is usually less than one part per million.”
Robinson (1930) referring to Magistal’s work statel “ it is apparent
therefore, that the solubility of aluminium is not increased by sub-
merged soil conditions” . ... .. and concluded “the toxicity of
submerged soil solutions therefore cannot be due in general to
dissolved alumina ”.

The experimental work of the present paper and the previous
paper (Rodrigo 1961) shows that pH and calcium increase with time
to reach more or less constant values. Ammonia, reduced iron and
reduced manganese at first increased, reached a peak and then de-
creased. During the initial stages of submergence, until the peak
values are reached, ammonia, iron and manganese will contribute to
the rise in pH. After the peak values are reached and when their
concentrations diminish, these decreasing values will have a depress-
ing effect on the pH, but the increasing values of calcium have a pre-
dominating effect on pH and make the pH continuously rise until the
values of calcium too become constant when the pH is also constant.
This interpretation is, in general, in conformity with the experimental
findings of the authors cited above.

Ramiah (1952) reports physiological diseases of rice from various
countries under various local names. These diseases have caused
serious losses in yield and in some cases it was severe enough to
cause the death of the plant. The main symptons are discoloration
of leaves, stunted growth and damaged root system. Ministry of
Agriculture and Forestry, Tokyo (1954) is of opinion that the phy-
siological disease observed in the degraded rice soils of Japan is due
to the production of hydrogen sulphide. Sik (1950) working in
Hungary observed that the addition of small amounts of hydrogen
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sulphide or ferrous iron to a culture solution produced symptons of
rice-browning. Vamos (1959) ascertained by field survey and micro-
biological study that hydrogen sulphide is the cause of browning of
rice plant in Hungary. Ponnamperuma, Bradfield and Peach (1955),
Ponnamperuma (1955 and 1958), are of opinion that high concentra-
tions of ferrous iron in the soil solution are probably responsible for
the disease. Leveque and Mlle Beley (1959) working in France with
hydroponic culture observed toxicity due to ferrous iron at 200 ppm.
in the culture solution. According to Dastur (1937) “ Pan Sukh ”
disease in India is due to lack of soil aeration.

Yamada (1959) working in Ceylon, determined iron in the soil
after extraction with 0.2 per cent. aluminium chloride acetate buffer
solution of pH 4.5 and inferred that “ there is no relation between the
occurrence of bronzing and the iron content of the soils.” According
to Ponnamperuma (1955, 1958) it was iron in the soil solution that
was responsible for the disease. Further, Yamada “assuming that
all iron in the soil determined here is present in the soil water, iron
content is expressed on the water basis.” Author’s work (Rodrigo,
1961) shows that there is no relationship between iron in the soil and
iron in the soil solution ; the iron reduced in the soil depends on the
iron content of the soil and iron brought into solution depends on its
pH. Ota (1962) and Ota and Yamada (1962) in their work on “ Phy-
siological Study on Bronzing of Rice Plant in Ceylon ” too determined
iron in the soil after extracting with 0.2 per cent. aluminium chloride
acetate buffer solution of pH 4.5 and stated that the free iron content
of the soil is not related to the severity of bronzing. They determined
various chemical constituents including iron and aluminium of the
leaf blades of rice plants exhibiting different grades of bronzing.
There were only traces of aluminium in the leaf blade. From their
scatter diagram of mg. Fe/g dry weight and. grades of bronzing they
find no relation between the iron content and grades of bronzing and
concludes that this “ furnishes a conclusive evidence that bronzing is
not caused by iron.” A closer examination of this scatter diagram,
however, shows that there is a fair correlation between the iron con-
tents of the leaf blades and the grades of bronzing. Ota and Yamada
(1960) in their study on “ The Physiological Effect of Iron on Rice
Plant” found that the free iron content of the soil was negatively
correlated to Eh ; the lower the Eh greater was the iron content and
vice versa. In pots “ where iron was applied to paddy land reductive
soil, almost all plants were dead due to severe occurrence of akagare
(ferrous iron toxicity) ...... lowering of yield due to iron applica-
tion was more remarkable with the soil of lower Eh value ........
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VARIATION OF CHEMIOAL AND PHYSIOO-CHEMICAL CHARAOTERISTICS OF
PADDY SOILS ON SUBMERGENCE

phosphat2 content was significantly reduced by iron application ......
it was also observed that absorption of silica and potassium is also
influenced by the presence of excessive iron in soil.”

It is rossible that the reports of disease from different countries
may no* refer to the same disease and the cause of the disease may
be different. The literature cited above shows that the disease is
attributible to the reducing conditions which prevail in submerged
rice soils, no matter what actual agent is involved.

ANALYTICAL METHODS

1. Physical.—Texture. Coarse sand, fine sand, silt and clay were
determined by the international pipette mechanical analysis method
as described by Piper.

2. Physico-Chemical.—Redox-Potentials (Eh) were determined in
situ. Blank platinum electrodes were seated permanently in each pot
at various depths from the surface of the soil. The potentials were
measured with a Beckman pH meter Model G using a saturated
calome! electrode.

pH measurements were made with a glass—calomel electrode
system using a Beckman pH meter Model G.

Specific conductance of the supernatant liquids and water per-
colates was determined with a Conductivity Bridge embodying a
cathode ray tube as null indicator using an immersion cell with a
cell constant of 1.16.

3. Chemical (a) Dry Soils.—Nitrogen was determined by the
Kjeldahl digestion and distillation method.

Organic matter was determined by the method of Walkley and
Black.

Base Exchange Capacity was determined by the method of Peach
et al.

Total Exchangeable Bases was determined by the method of Bray
and Willwhite.

Available Silica was determined by Kahler’s method modified by
Imaizium and Yoshida.

Available Phosphorus was determined by the method of extraction
of Olsen and the colour development of Dickman and Bray.
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Free Iron was determined by the method of extraction of Deb and
the colour development by the O-phenantholine method as described

by Fortune and Mellon.

Easily Reducible Manganese was determined by the method of
extraction of Sherman and colour development by Peach et al.

Total Iron and Total Manganese were determined after extraction
with constant boiling hydrochloric acid and colour developed as stated
above.

(b) Supernatant Liquids and Water Percolates.—For the analysis of
ammonia and nitrate, the interfering substances were removed by a
modification of the method prepared by the American Public Health
Association for the clarification of water and sewage. Fifty millimeters
of the percolate were treated in a 25 X 250 mm. test tube with 5 drops
of 10 per cent. zinc sulphate and a few drops of 25 per cent. sodium
hydroxide to give a pH of approximately 10. To this was added Darco
activated carbon to decolorize the percolate. The tubes were gently
inverted a number of times and filtered. The filtered colourless
percolate was used for the determination of ammonia and nitrate
by the methods described below.

Ammonia was determined by a modification of the method proposed
by Peach et al for the estimation of absorbed ammonia in cation
exchange capacity determinations.

Aliquots of the clarifiel percolate were transferred into a 50 ml.
volumetric flask containing about 40 ml. of water. Two and a half
ml. of Nessler’s solution prepared according to the directions of
Peach et al were added and the mixture made up to the mark. The
contents of the flask mixed well, allowed to stand 25 minutes and the
transmittancy read at 410 ;, on a Coleman Junior Spectrophotometer,
using a 15 mm. cell. Zero to 100 micrograms N as NH, C1 were used
for the standard curve.

Nitrate was determined by the brucine method described by
Knoll and the transmittancy measured at 470y, using a 15 mm. cell.
Zero to 50 micrograms N as KNO, were used for the standard curve.

Iron was estimated, after reduction with hydroxylamine, by the
O-phenanthroline method as described by Fortune and Mellon. The
transmittancy was measured at 508y, using a 15 mm. cell. Zero to 50
micrograms Fe as Ferrous ammonijum sulphate in acid solution were
used for the standard curve. '
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Manganese was determined by the periodate method according to
the procedure described by Peech et al, after oxidation of organic
matter and removal of chlorides by evaporation with nitric acid. The
transmittancy was measured at 530y, using a 15 mm. cell. Zero to 50
micrograms Mn were used for the standard curves.

Oxidisable matter was determined by a modification of the method
presented by the American Public Health Association for the estima-
tion of the oxygen consuming capacity of sewage.

Oxidisable matter includes soluble Fe *++, NO., and S! among
the inorganic constituents and soluble organic matter that is oxidised
under relatively mild conditions. This determination would give a
measure of the reducing capacity of the soil solution. This is an
arbitrary determination and has only comparative significance.

The method is based on the oxidation of the sample with potassium
permanganate under standard conditions. The modified procedure
used in this investigation is described below.

The sample (the volume used varied from 1.0 ml. to 10 ml.) was
added to a mixture of 10 ml. of 0.01 KMnO, and 10 ml. of 1: 3 H;
SO, with sufficient water to make a total volume of 100 ml. in a 250
ml. conical flask. The flask was heated in a bhoiling water bath for 30
minutes along with a blank. By this procedure the factors (strength
of KMnO,, acidity of the medium and time of digestion), on which
the figure for oxidisable matter depends, were kept nearly constant.
Immediately after the digestion 10 ml. of 0.01N ammonium oxalate
solution was added and the excess oxalate back titrated against
0.01 KMnO,. The difference between this reading and the blank
reduced to an equivalent of 10 cc. of the percolate was taken as an
index of the concentration of oxidisable matter or the reducing capa-
city of the percolates.

Calcium, sodium and potassium were determined by the flame
photometer.

(c) Wet Soils.—About 50 grams of soil were extracted with a glass
tube 24 in. long and 2 cm. diameter by inserting it into the pot in a
circular motion. This was used for the analysis of the wet soils. About
7 grams of soil were used for pH and moisture determinations and the
remainder for Morgan’s extracts.

pH and moisture determinations were run on the same sub-sample.
The sample was transferred to a tared 50 ml. beaker and the weight
of the moist soil quickly determined. An equal weight (volume) of
oxygen free distilled water was added, the beaker swirled and the pH
determined with a glass electrode. The soil adhering to the electrodes
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was washed into the beaker with a jet of water. After expulsion of
the bulk of water on a water bath the soil was dried further in an
oven at 105°C and the moisture percentage determined.

The remaining soil was transferred into a 500 ml. conical flask
which had been previously weighed. The weight of the moist soil
quickly determined, a rough allowance was made for the moisture
content, on the basis of preliminary experience, and measured
amounts of Morgan’s solution added to give a soil extractant ratio of
approximately 1 : 5. The flasks were allowed to stand for 24 hours
with occasional swirling and the solution filtered through fluted
filter paper. This solution was used for determining ammonia, iron,
manganese and oxidisable matter by methods described for percolates.
Morgan’s extract of the soil will extract ferrous iron and not ferric
iron. These figures will characterize the extent of reduction of the
soil. With the aid of the amount of Morgan's extract added angd the
moisture content of the soil all figures are reduced to ppm of the
dry soil. The values for oxidisable matter are reduced to ccs of
0.01N KMnO, per gm. of dry soil.

SUMMARY AND CONCLUSIONS

Twenty typical paddy soils collected from different parts of the
island were kept submerged under greenhouse conditions without
any rice plants grown in them. At intervals various chemical and
physico-chemical characteristics of the supernatant liquids, water
percolates and wet soils were determined.

Dry Soils

The analysis of the dry soils readily permit the soils to be
grouped into seven classes.

Supernatant Liquids

(1) There were no determinable amounts of ammonia, nitrate, iron
and manganese.

(2) Redox-potentials were constant and in the oxidising range.

(3) Sodium and potassium were more or less constant throughout.
The presence of potassium indicates that it is taken away by the
surface flow of water under field conditions.

(4) Oxidisable matter and conductivity increased, reached a peak
and then decreased.

(5) pH and calcium increased and reached constant values.

164

2 a4 g M4 o4 8 N & 2 o8 4 4 A 1 2 M A . & & d oA s s e

VT W S ST




¥ 7Y vwn X ¥

Y % W J ¥ ¥ &« Y ¥ Y w VPV

IV ZNRY NN MERYINA NED L) BEL BN RN Rike BN J

g4

T

Ty

VARIATION OF CHEMICAL AND PHYSICO-CHEMICAL CHARACTERISTICS OF
PADDY SOILS ON SUBMERGENCE

‘Water Percolates
(1) There were no detectable amounts of nitrate.

(2) Ammonia, iron, manganese, oxidisable matter and conductivity
increased, reached a peak and then decreased.

(3) Sodium and potassium were more or less constant throughout.
(4) pH and calcium increased and reached constant values.

Wet Soils
(1) There were no detectable amounts of nitrate.

(2) Ammonia, iron, manganese and oxidisable matter increased,
reached a peak and then decreased.

(3) pH increased and reached constant values. There was a negative
correlation between the initial pH and the increase in pH. The lower
the initial pH the greater was the increase.

(4) The variations of Eh at depths of 2 ins., 4 ins. and 6 ins. indicate
that denitrification takes place and their values show that reducing
conditions prevail in the bulk of the soil.

(5) The path of pH in the supernatant liquids and soils appear to
depend more on the variations of calcium than on any other
constituent.

(6) Though the amount of iron reduced in the soil depends on its
iron content, the amount of iron brought into solution depends on its
pH. The lower the pH more iron is brought into solution and the
amount of iron brought into solution is proportional to the increase
in pH.

General

(1) Application of nitrogenous fertilizers at the time of planting
is not necessary for paddy as there is sufficient mineralization of soil
nitrogen to the ammonical form of nitrogen when soils are puddled.

(2) There are large losses of nitrogen due to denitrification when
soils are puddled that the rate and time of application of nitrogenous
fertilizers are extremely important.

(3) Even with deep-placement of ammonical fertilizers dentrifica-
tion still takes place.

(4) Analysis of paddy soils under field conditions—wet state—is
rather impractical and not necessary as is depends on the duration
of submergence. The analysis of dry soils should permit the predic-
tion of the chemical and physico-chemical status on submergence.
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INDEX TO GRAPHS

Btrongly acid lateritic rice soils of the ultra wet zone.
Strongly acid humic rice soils.

Ground water podzolic rice soils.

Acid-lateritic rice soils of the wet zone.
Non-lateritic rice soils of the dry zone.

Calcareous rice soils.

Non-lateritic clayey rice soils.
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1.

5.

6.

7.

Sapernstant [dquids—Redox Potenilals—Eh at pH T—Averages

TABLE

Days from Submergence 1 3 5 7 14 28 42 56 70 84 98 112 140 168 186
szm‘ﬁ Acid Lateritlc Rice Solls
of the Ultra Wet Zone .. 341 .. 366 .. 950 .. 963 .. 871 .. 364 .. 361 .. 360 ., 366 .. 362 .. 366 .. 363 .. 364 .. 364 .. 363
2. Btrongly Acid Humic Rice Solls
(one soll) .. 843 .. 865 .. 854 .. 360 .. 866 .. 348 .. 866 .. 340 .. 872 .. 366 .. 38655 .. 367 .. 868 .. 864 .. 3a8
Ground Water Podsolic RlceSolls 343 .. 366 .. 362 .. 378 .. 365 .. 362 .. 363 .. 860 .. 360 .. 367 .. 362 .. 865 .. 371 .. 366 .. 364
4. Acld Lateritioc Rice Solls of the
Wet Zone .. .. 834 .. 866 .. 357 .. 956 .. 865 .. 852 .. 951 .. 866 .. 866 .. 857 .. 857 .. 857 .. 856 .. 8G6 .. 350
Non-lateritic Rice Soils of the Dry
Zone .. ., 360 .. 382 .. 379 .. 874 .. 877 .. 988 .. 381 ., 383 .. 881 .. 379 .. 388 .. 380 .. 380 .. 3884 .. 382
Calcareons Rice Solls (one soll) 361 .. 388 .. 390 .. 886 .. 978 .. 891 ,. 388 .. 988 .. 3881 .. 378 .. 392 .. 98 .. 881 .. 380 .. 385
Non-lateritic Clayey Rice Solls 842 .. 866 .. 358 .. 371 .. 363 .. 366 .. 367 .. 362 .. 369 ., 360 .. 3858 .. 364 . 363 .. 868 .. 865
Means of the Averages 346 369 366 370 308 367 387 368 369 368 367 369 369 369 369
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Days Prom Submergence

Stron£y Acid Lateritic Rice
Soils of the TUltra Wet
Zone—
(1) Panagoda
(2) Mirigama
(3) Mapalana
(4) Karapincha

Strongly Acid Humic Rice
Sole

(1) Bombuwela Peaty

Ground Water Podzolic Rice
Soils—

(1) Bombuwela S8andy
(2) Batticaloa

Acid Lateritic Rice Soils of the
Wet Zone—
(1) Welimada
(2) Bibile
(3) Peradeniya
(4) Kundasale
(6) Matale
(6) Nalanda

N it DD e
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ln--,‘d-a‘l“ﬂ‘J“.nL“AAJ_AA"‘!‘

TABLE 111
Supernatant Ligulds—Sodium ppm

14 28 42 56 70 84 98
2 2 3 2 3 35.. 3
4 .. 3 2 3-5. 25 4 .. 3
1-6.. 3 2 3 2 .. 26.. 3
3 3 3 2 26 .. 3 3
36 3 2 3 2:5 3 2
2 3 3 2 2:5 3 2
2-5 25 2-6 3 3 3 2
11 11 10 9 9 .. 10 10
3 3 5 5 3 .. 3 3
[ 4 5 b 4-6 5-6 (]
5 9] 4 4 4 3 4
3 3 2-56 25 3 3 2
2:5 2:5 3 3 4 4 3
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5. Non-lateritic Rice Soils of the
Dry Zone—

(1) Poloanaruwa ..
(2) Hingurakgoda ..
(3) Maha Dluppalame Red
(4) Maha luppalama Grey

6. Caloareous Rice Soils—
(1) Jafina

7. Non-lateritic
Soils—

(1) Ambalantota 1
(2) Ambalantota 2

Clayey Riee

- O ©
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18

e e e w e e .
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11
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TABLE 1V

081

Supernatant Ligulds—Sodium ppm-—Averages

Days from Submergence z 14 28 42 56 70 84 98 112 140 168 196
1. Strongly Acid Lateritic Rice

Soils of the Ultra Wet Zone 15 .. 26 .. 28.. 25.. 26.. 25.. 33.. 30.. 28 .. 30.. 29.. 329
2, Strongly Acid Humic Ihoe

Soils (ons soil) 30.. 35.. 30.. 20.. 30.. 26.. 30.. 20.. 30.. 30.. 20.. 30
3. Ground Water Podzolic Riee

Soils 25 .. 23.. 28.. 28.. 25.. 28.. 30.. 20.. 20.. 25 .. 30.. 25
4. Acid Lateritio Rice Soils of the

‘Wet Zone 43 .. 51 .. 48.. 49 .. 48 .. 49 .. 48 .. 47 .. 47.. 47 .. 46 .. 48
6. Non-lateritic Rice Soils of the

Dry Zone 88 .. 100.. 98 .. 90.. 85.. 85.. 93 .. j0:3.. 93 .. 95 .. 103 .. 103

6. Calcareous Rice Soils (one soil) 140 .. 150 .. 130 .. 160 .. 140 .. 140 .. 130 .. 130 .. 140 .. 160 .. 150 .. 14-0
7. Non-lateritic Clayey Rice Soils 250 .. 290 .. 300 .. 270 .. 290 .. 280 .. 310 .. 280 .. 270 .. 310 .. 280 .. 270

Means of the Averages .. 84 9-6 9-6 9-2 9-2 9-0 9:6 9-0 9-0 9-8 9-1 9-2
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TABLE V

Supernatant Liguids—Potassium ppm.

VARIATION OF OHEMIOAL AND PHEYSIOO-OHEMIOAL OHABAOTERISTICS OF
PADDY SOILS ON SUBMERGENCE

140 168 196
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98

28 42 56 70
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Days from Submergence

Strongly Acid Lateritic Rice Soils of the

Ultra Wet Zone
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(3) Mapalana

(4) Karapincha

Strongly Acid Humio Rice Soils—
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(1) Bombuwala Sand:

(2) Batticaloa
Acid lateritic Rice Soils of the Wet Zone—
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(3) Peradeniya
(4) Kundasale

(5) Matale

(1) Welimada

(2) Bibile

(6) Nalanda
Non-lateritio Rice Soils of the Dry Zone—
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6. Calcareous Rioe Soils—
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TABLE VI

881

Supernatant Liguids—Potassium ppm.—Averages

Days from Submergence 1 14 28 42 56 70 84 98 112 140 168 106

1. Strongly Acid Lateritic Rice Soils of the
Ultre Wet Zone . 40.. 44.. 48.. 45.. 38.. 40.. 45.. 46.. 46.. 38.. 43.. 41

2, Strongly Acid Humic Rice Soils (one soil) 30.. 35.. 365.. 30.. 40.. 30.. 30.. 30.. 40.. 30.. 30.. 40
3. Ground Water Podzolic Rice Soils .. 10.. 25.. 18.. 20.. 1-8.. 18.. 1-8.. 25.. 20.. 1-8.. 20.. 235
4. Acid Lateritic Rice Soils of the Wet Zone .. 34.. 45.. 38.. 38.. 38.. 43.. 38.. 42.. 38.. 38.. 44.. 44

5. Non-lateritic Rice Soils of the Dry Zone .. 2:8.. 29.. 35.. 31t.. 31.. 28.. 34.. 28.. 28.. 31.. 35.. 33
8. Calcareous Rice Soils (one soil) .. 40.. 60.. 40.. 50.. 50.. 50.. 40.. 60.. 40.. 40.. 60.. 50
7. Non-lateritic Clayey Rice Soils .. 23.. 20.. 23.. 33.. 35.. 35.. 30.. 25.. 23.. 30.. 35.. 33

Means of the Averages .. 29 37 3-4 35 36 3:5 32 37 34 3-2 3-8 3-8

»oa 3 a4 Az kA A i o4 & 8 4 & ) A& i 4 2 & 3 a4 A a = 4 & 2 & . = 4 - - -5 S
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VARIATION OF OBBMICAL AND PHYSICO-CHEMIOAL UHARAQOTERISTIOS OF
PADDY SOILS ON SUBMERGENOE
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061

Days from Submergence 1

Strongly Acid Lateritic Rice
Boil of the Ultra Wet Zone 1-3

Strongly Acid Humie Rice
8oils {one soil) 2-4

Ground Water Podzolic Rwe
Boils .. . 09

Acid Lateritic Rice Soils of the
‘Wet Zone . 06

Non-lateritic Rice Soils of the
Dry Zone .. 06

Caloareous Rice Soils (one soil) 05

Non-lateritic Clayey Rice Boils 0-6

TABLE VIl
Supernatant Liquids—Oxidisable Matter—ecs KMnO,~ 0.01N per 10c0.—Averages

Means of the Averages .. 1.0

14 28 42 56 70 84 98 112 140 168 196
2:5 4-3 34 2:6 2-1 1-8 1-6 1-5 1-3 1.2 .. 11
5-6 6.8 56 49 4-4 4-1 38 .. 38 32 2.9 247
31 36 2-5 1-5 1-3 1-2 1-1 1-0 0-9 08 .. 06
1-4 28 1-9 1.7 1-5 1-4 1.2 11 0-9 08 .. 06
21 54 3-3 2-9 24 2-1 1-9 1-7 1-4 12 .. 10
2-0 33 2-9 2.7 26 25 22 1-8 14 10 .. 08
1-8 54 4-8 4-4 4-0 3-6 34 31 29 28 .. 23
26 4-6 35 30 26 24 2-2 2-0 1-7 1-5 1-4

o a4 e g e g b A A A A A A bAoA 4 ) & & 4 a a ox s L = 4
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VARIATION OF OHEMICAL AND PHYSICO-CHEMICAL OHARACTERISTIOS OF PADDY

SOILS ON SUBMERGENCE
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61

Supernatant Ligulds—Conduetivity—Micromhos—Averages

Days from Submergence 1

Strongly Acid Lateritic Rice
Soils of the Ultra Wet Zone 41

Strongly Acid Humic Rice
Soils (one soil) . 126

Ground Water Podzolic Rice
Soils . 50

Acid Lateritic Rice Soils of the
Wet Zone 49

Non-lateritic Rice Soils of the
Dry Zone 77

Calcareous Rice Soils (one soil) 195

Non-lateritic Clayey Rice Siols 120

TABLE X

Means of the Averages .. 94

14 28 42 56 70 8¢ 98 112 140 188 196
67 91 119 94 70 48 43 40 37 31 26
. 132 .. 140 .. laa .. 118 72 45 38 34 32 30 28
56 62 67 52 36 24, 23 22 21 20 19
.11 .. 169 .. 214 186 178 137 .. 124 .. 112 99 88 81
. 161 234 205 233 205 .. 146 137 .. 129 .. 120 .. 112 106
. 216 .. 234 .. 258 233 207 .. 193 .. 188 .. 174 .. 160 .. 142 122
177 .. 235 .. 287 239 195 .. 156 .. 146 .. 140 .. 134 .. 130 127
131 166 195 165 138 107 100 93 86 79 73

a a4
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VARIATION OF CHEMICAL AND PHYSICO-CHEMICAL CHARACTERISTIOS OF PADDY
SOILS ON SUBMERGENCE
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Days from Submergence 1 3 b 7 14 28 42 56 70 84 28 112 140 168
1. Strongly Acid Lateritic Rice Soils of
the Ultra Wet Zone 54.. 55.. 65.. 58.. 59.. 61.. 62.. 64.. 65.. 66.. 67.. 67.. 67.. 6:8..
2. Strongly Acid Humic Rice Soils (one
soil) .. .. 51.. 51.. 53.. 565.. 56.. 57.. 57.. 58.. 59.. 61.. 62.. 63.. 62.. 63..
3. Ground Water Podzolic Rice Soils .. 59.. 59.. 62.. 64.. 66.. 67.. 69.. 7-0.. 7-1.. 72.. 7-1.. 71.. 7-2.. 7-2..
4. Acid Lateritic Rice Sods of the Wet
Zone 54.. 655.. §57.. 60.. 63.. 65.. 67.. 69.. 7T1.. 7-2.. 7-1.. 7-2.. 7-2.. 7-2..
5. Non-lateritic Rice Soils of the Dry
Zone 61.. 66.. 69.. 72.. 74.. 75.. 7-7.. 7-8.. 7-8.. 80.. 80.. 80.. 7-9.. 80..
6. Calcareous Rice Soils (one goil) .. 68.. 71.. 74.. 7-6.. 77.. 7-8.. 78.. 79.. 80.. 81 81.. 81.. 80.. 80..
7. Non-lateritic Clayey Rice Soils .. 63.. 65.. 69.. 72.. 74.. 77.. 7-9.. 80.. 81.. 82.. 83.. 84.. 83.. 83..
Means of the Averages .. 59 60 63 65 67 69 70 71 72 73 74 T4 T3 T4

TABLE XII

Supernatant Liquids—pH Values—Averages

196

67

8-0
81
83

7-4
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VARIATION OF CUHEMICAL AND PHYSIOCO-CBEMICAL CHABRACTERISTICS OF PADDY

SOILS ON SUBMERGBNCH
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TABLE XIV

Supernatant Liquids—Calclum—ppm—Averages

Days from Submergencs 1 14 28 42 56 70 84 98 112 140 168 196
1. Stronﬁy Acid Lateritic Ride

Soilsof the Ultra Wet Zone ¢t .. ¢t .. t .. N T 94 .. 94 .. 94 . 94 .. 94 .. 94
2, Strongly Acid Humic Rice Soxls

(one soil) t .. t .. t .. t .. 125 .. 125 .. 126 .. 250 .. 250 .. 250 .. 250 .. 250
3. Ground Water Podzolic Rxee

Soils % t .. ¢t t % 63 . 63.. 63.. 63.. 63 63 6-3
4. Acid Lateritic Rico Soils of the

Wet Zone t .. t .. t .. 21 .. 42. 8-3 126 .. 12§ 146 .. 146 146 .. 146
5. Non-lateritic Rice Boils of t.be ;

Dry Zone t .. &t .. 31.. @63 .. 156 .. 166 .. 166 .. 281 ., 313 .. 313 313 .. 313
6. Calceareous Rice Soils  (one

soil) e 0t .. % .. t .. t .. 125.. 125 .. 126 .. 1256 .. 250 .. 250 .. 250 .. 250
7. Non-lateritic Clayey RiceSoils ¢ .. 63 .. 63 .. 188 .. 188 .. 188 .. 375 . 387-5.. 600 .. 626 .. 626 .. 626

Means of the Averges .. ¢ 0.9 1-5 39 9:1 10-6 15-2 18-8 231 24-9 249 249

D D G U DD I W W e e a1

e b B A A A A A 4 A 2 8 4 4 + A a4 4 » a2 a

i a 8 & = & o 2 3z & s e =
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TABLE XV ;
Water Pereolates—Ammonia—ppm. N. g
<
Days from Submergence 1 - 14 28 42 56 70 84 98 112 140 178 196 g
1. Strongly Acid Lateritic Rice g
Soils of the Ultra Wet Zone—
(1) Panagoda 68 .. 176 .. 244 .. 228 .. 196 .. 138 ..122 ..108 .. 88 .. 78 .. 62 .. 62 8
(2) Mirigama [ 28 .. 64 .. 62 .. 50 .. 48 .. .46 ., 42 .. 38 .. 34 .. 32 .. 30 2|
{3) Mapalana & 58 .. 84 .. 96 .. 88 .. 78 .. 76 .. 68 .. B8 .. 48 .. 42 .. 42 E
(4) Karapincha 20 76 ..102 ..108 ..100 .. 88 .. 72 .. 60 .. 50 .. 46 .. 40 .. 40 g
2. Strongly Aocid Humic Rice
Soils— . «
(1) BombuwelaPeaty .. 22 .. 56 .. 64 .. 8 .. 72 .. 70 .. 66 .. 64 .. 48 .. 44 ., 42 .. 40 =]
3. Ground Water Podzolic Rice >
Soila— o
(1) BombuwelaSandy .. 20 .. 42 .. 68 .. 48 .. 36 .. 28 .. 22 .. 186 .. 14 .. 14 .. 8 .. 8 2 @
(2) Batticaloa 14 .. 28 .. 36 .. 30 .. 22 .. 20 .. 18 .. 18 .. 14 .. 14 .. 14 .. 14 w 8
4. Acid Lateritio Rico Soils for the g ¢
Wet Zone— E
(1) Welimada .. 6 .. 20 .. 28 .. 30 .. 24 .. 22 .. 2 .. 2 .. 18 .. 18 .. 18 .. 18 E
(2) Bibile .. 40 .. 58 .. 78 .. 72 .. 68 .. 64 .. 56 .. 44 .. 42 .. 42 .. 30 .. 28 a
(3) Peradeniya 8 .. 40 .. B0 .. 52 .. 42 .. 42 .. 38 .. 34 .. 3¢ .. 32 .. 3 .. 30 B
(4) Kundasale . 4 .. 28 .. 30 .. 30 .. 2 .. 14 .. 14 .. 14 .. 12 .. 12 .. 10 .. 10 g
(6) Matale .. 4 .. 18 .. 28 .. 2¢ .. 22 .. 2 .. 18 .. 18 .. 18 .. 18 . . 18 .. 18
(6) Nalanda 12 22 .. 32 .. 36 .. 28 .. 2 .. 24 .. 22 .. 20 .. 2 .. 2 .. 20
5. Non-lateritic Rice Soils of the
Dry Zone— S
(1) Polonnaruws .. 6 .. 8 .. 22 ., 18 .. 186 .. 186 .. 18 .. 16 .. 14 .. 14 .. 14 .. 14 E
(2) Hingurakgoda 8§ .. 10 .. 38 .. 18 .. 16 .. 18 .. 14 .. 12 .. 12 .. 10 .. 10 .. 8 =]
(3) Maha Nluppallama Red 2 .. 6 .. 10 .. 8 .. 8 .. 7 .. '7 . '3 = 6 .. 6 .. 8 .. & <]
(4) Maha Tlluppallam Grey 3 8 24 .. 10 .. 6 .. 4 .. 4 .. 4 .. 3 .. 3 .. 3 3 e
8. Calcareocus Rice Soils— o
(1) Jaffna 8 .. 8§ .. 16 .. 18 .. 28 .. 14 .. 12 .. 12 .. 10 .. 10 .. 10 .. 10 =
Non.lateritic Clayey Rice Sods- :
Yt (1) Ambalantota 1 14 .. 16 .. 17 .. 20 .. 26 .. 14 .. 12 .. 12 .. 10 .. 8 .. 8 .. 8 g
g (2) Ambalantota 2 e 4 .. 8 .. 10 .. 12 .. 82 ., 14 .. 12 .. 8 .. 8 .. 8 .. 8 .. 8 w



TABLE XVI
Water Percolates—A mmionia—ppm.—N.—Averages

861

Days from Submergence 1 14 28 42 56 70 84 98 112 140 168 196
1. Strongly Acid Lateritic Rice

Soils of the Ultra Wet Zone 25 .. 85 .. 124 .. 123 .. 100 .. 8 .. 79 .. 69 .. &89 .. 52 .. 44 .. 44
2. Strongly Acid Humic Rice

Soils (one soil) 22 .. 56 .. 64 .. 80 .. 72 .. 70 .. 66 .. 64 .. 48 .. 44 .. 427.. 40
3. Gound Water Podzolic Rxce

Soils e 17 .. 8 .. 52 .. 3 .. 2 .. 2 .. 2 .. 17 .. 14 .. 14 .. 11 .. 11
4. Acid Lateritic Rice Soils of the

Wet Zone 12 .. 31 .. 41 .. 41 .. 36 .. 31 .. 28 .. 25 .. 2¢ .. 24 .. 21 .. 21
5. Non-lateritic Rice Soils of the

Dry Zone 5 .. 8 .. 24 .. 14 .. 12 .. 1 .. 10 .. 10 .. 9 .. 8 .. 8 .. 8
6. Calcaroues Rice Siols(onesoil) 6 .. 8 .. 16 .. 18 .. 28 .. 14 .. 12 .. 12 .. 10 .. 10 .. 10 .. 10
7. Non-lateritic Clayey RiceSiols 9 .. 12 .. 14 .. 16 .. 29 .. 1.4 .. 12 0 .. 9 .. 8 .. 8 .. 8

Meauns of the Averages .. 14 34 48 47 45 38 32 30 26 23 21 20

ittt dedbebebedmbtdubbebeddende e b 4 A4 A A 4 At kot k4w e 4
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VARIATION OF CHEMICAL AND PHYSIOCO-OHEMICAL CHARACTERISTIOS OF PADDY

SOILS ON SUBMERGQENCE
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Days from Submergence 1

1. Btrongly Acid Lateritic Rice
Soils of the Ultra Wet Zone 4

2. Strongly Acid Humic Rice
Soils (one soil) 16

3. Ground Wa.ter Podzolic Rice
Soils .

4. Acid Lateritic Rice Soils of the
Wet Zone 1]

5. Non-lateritic Rice Soils of the
Dry Zone

8. Calcaroeus Rice 8oils (one soil)

7. Non-lateritic Clayey Rice Soils 5

TABLE XVII

Water Percolates—Reduced Iron—ppm—Averages

Means of the Averages .. 4

14 28 42 56 70 84 98 112 140 168 198

. 163 .. 253 ..179 .. 136 .. 109 .. 95 87 78 71 61 56

. 154 .. 144 .. 112 .. 104 .. 88 .. 80 72 68 64 52 44

72 .. 66 .. 50 .. 44 .. 40 .. 35 29 26 25 22 22

. 124 .. 159 .. 122 .. 99 .. 83 .. 73 63 68 48 44 41

25 .. 38 .. 38 .. 38 .. 33 .. 32 30 29 26 256 25

0 4 7 7 7 ] (] 6 6 5 5 4
56 .. 8 .. 81 .. 74 .. 66 .. 56 46 37 27 23 23

86 108 84 72 61 54 48 43 39 33 31

.Ill.l"‘.A‘J‘j-“‘L‘JA_AAAJLJJAA‘L4J“J“-J"‘“-'ll‘“-
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TABLE XIX i
Water Percolates—Reduced Manganese—ppm E
Days From Submergence 1 14 28~ 42 58 70 84 28 112 140 168 196 g
Z
1. Strongly Acid Lateritic Rice °
Soils of the Ultra Wet Zone— L1
(1) Panagoda 0.. 04 03 02 02 .. 02.. 02.. 02.. 02.. Ol. 0. 0 o
(2) Mirigama 64 .. 400 .. 364 .. 180 90.. 62.. 48.. 42.. 36.. 28.. 21, 20 2
(3) Mapalana 18 .. 28 16 16 16.. 10.. 04.. 03 .. 03 .. 10.. 05. 05 E
(4) Karapincha 08 .. 38 34 28 22.. 18.. 16.. 1.2.. 1.0.. 08 .. 08, 0-8 a
2. Strongly Acid Humic Rice g
Soils— -
(1) Bombuwela Peaty .. 03 .. 03 .. 04 .. 03 03 0-3 0-2 o2 01 01 01 0l oz
3. Ground Water Podzolic Rice gb
Soils— % E
(1) Bombuwela Sandy 03 . 05 . 06 . 0-5 0-5 0-4 03 . 0-3 0-2 01 0-1 0l o«
(2) Batticaloa 20 . 3-8. 30 . 2-4 1-8 1-8 16 .. 12 1-0 0-6 0-6 o6 Z B
4. Acid Lateritic Rice Soils of the @ 8
Wet Zone— S 2
(1) Welimada 9-0 340 .. 182 .. 84 . 4-8 . 32.. 28. 24 . 1-8 . 1-6 . 1-2 . 1-2 E
(2) Bibile 22:0 740 .. 380 .. 180 .. 120 . 80 . 60 . 42 . 34 . 22... 20. 2:0 =
(3) Poradeniya 60 .. 440 .. 200 .. 120 .. 60 .. 42.. 22.. 20.. 14.. 08.. 06.. 06 Y&
(4) Kundasale 2-2 240 .. 260 .. 180 .. 120 . 90 . 82 . 74 . 8-0 . 52 . 48 .. 48 P
(6) Matale 8-4 380 .. 2000 .. 80 . 42 22 . 1-6 . 1-6 . 1-4 . 08 . 06 .. 0-6 g
(6) Nalanda 24-0 360 .. 460 .. 320 .. 180 .. 100 . 8-4 4.8 . 40 . 34 . 34 .. 34 E
5. Non lateritic Rice Soils of t.he E
Dry Zone— a
(1) Polonnaruwa 44 .. 304 .. 240 .. 220 .. 180 .. 160 .. 140 .. 140 .. 100 92 . 92 .. 9-0 <]
(2) Hingurakgoda . 32 .. 120 .. 180 .. 160 .. 140 .. 120 .. 108 .. 102 . 86 7-8 . 64 .. 84 g
(3) Maha IlluppallamaRed 1.4 .. 240 .. 500 .. 200 .. 140 .. 80. 72 . 82 . 5-2 46 . 44 4:4 5
(4) Maha Muppallama Grey 68 .. 128 .. 186 .. 192 .. 180 .. 160 .. 138 .. 124 .. 104 82 .. 18 7-8 ]
8. Calcareous Rice Soils— 2
(1) Jaffna .. 02.. 36.. 48 .. 44 .. 36 .. 32 30 2-6 2-4 2:2 2-2 2:2 o
7. Non-lateritic Clayey Rice =
Soils— >
5] (1) Ambalantota 1 .. 220 .. 320 .. 200 .. 84 . 66 . 44 . 36 . 24 22 . 1-8 1-8 . 1-8 C
S (2) Ambalantota 2 80 .. 280 .. 320 .. 200 .. 120 .. 80 .. 60 .. 60 42 .. 28 28 . 28 2



TABLE XX

G0¢

Water Percolaies—Reduced Manganese—ppm—Averages

Days from Submergence 1 14 28 42 56 70 84 '] 112 140 168 196
1. Strongly Acid Lateritic Rice
Soils of the Ultra Wet Zone 23 ..11-8 ..104 .. 66 .. 32 .., 23 .. 18 .. 15 .. 138 .. 12 .. 09 .. 08
2. Strongly Acid Humic Rxce
Soils (one soil) 03 .. 03 ..04 ..03 ..03 ..03 ..02 ..02 ..01 .. 91 .. 01 .. 01
3. Ground Water Podzolic Rxce
Soils .. 12 .. 22 .. 18 ..1% ..12 .. 11 ..10 .. 08 .. 06 .. 04 .. 04 .. 04
4. Acid lateritic Rice Soils of the ‘
Wet Zone ..116 ..4147 ..280 ..161 .. 95 .. 61 .. 49 .. 37 .. 30 .. 238 .. 21 .. 21
5. Non-lateritic Rice Soils of the
Dry Zone 40 ..198 ..277 ..193 ..160 ..130 ..11l6 ..107 .. 86 .. 75 .. 70 .. 69
6. Calcareous Rice Soils (one
soil) .. .. 2 .. 36 .. 48 .. 44 .. 36 .. 32 .. 30 ..26 .. 24 .. 22 .. 22 .. 22
7. Non-lateritic Clayoy Rice
Soils .. ..160 ..3000 ..260 ..142 .. 93 .. 62 .. 48 .. 42 .. 32 .. 23 .. 23 .. 23
Means of the Averages .. 4B 15-6 14-2 88 6-4 46 39 3-3 2-7 26 2-1 2.1

Lk e s s a4 4 i A 4 A & 3 A A A L& KA £ & & & & 4 s s 4 s A & a2 2 a2 2

2961 ‘IIAXD “TOA ‘ISTHALIAOTIOV TVOILOWL



bR A 2N Y ¥ vV ¥
'3 ¥ 7TV ¥ VYN Y RWRY VYT Y T Y X T TV YYYYFTYYY T T NYNCENTCDTOCY YRy ow

—

VARIATION OF CHEMIOAL AND PHYSICO-CHEMIOAL CHARACTERISTICS OF PADDY
SOILS ON SUBMERGENCE

TABLE XXxi
Water Percolates—Oxlidisable Matter—ees. KMnO, 0. 01N per 10 ce.

140 168 196

112

56 70

42

14

Days from Submergence
Strongly Acid lateritic Rice

oils of the Ultra Wet

Zono—

1.

9o
mER 0
-

2200
mYown
-t -

e
[ k-]
- -t

“yv¥e
MWt D
- -t

QYae
Yo N
L] -t

Qe
doOomee
- —t

(1) Panagoda
(2) Mirigama
(3) Mapalana

{4) Kearapin
2. Strongly Acid Humio Rice

Soils—

@
w
Q
o
o
W
N
[--]
4
(-]
-
4
(-]
o
4
(-]
-y
4
(-]
o
®
N
-
®
o
-
L4
-
-
@
e~
* Q9
2
~
Wm
.Pm
s O
-/
s
.ma
EE
A o
umk
(<]
P

2
0

o
-]

29
<0

2
0no

2
o~

N
or

(1) Bombuwala Sandy

-(2) Batticaloa ..
4. Acid lateritic Rice Soils of the

Wet Zone—

OOONQQ

......

(3 Peradeniya
(4) Kundasale

(1) Welimada
(5) Matale

(2) Bibile

(6) Nalanda
5. Non-lateritic Rice Soils of the

2000
YA N

o900
WHANN

QAR
BHAR

yaea
BB A A

PO¥a
DOR®

Po09
DOmm

Qe
SOm

arao
Do W

2909
WG

Pa®a
--Y--N--X "

AR
OCOoON®
-t — -

.. 90
. 100
3-6
2-8

d

Illuppallama Re

ngurakgoda

(3) Maha

Dry Zone—

(1) Polonnaruwa

(4) Maha Illuppallama Grey
6. Calcareous Rice Soils—

(2) Hi

30

3-0

3-2

4:2

50

52

5-2

6-0

8-0

72

7-0

6-0

(1) Jafina
7. Non-lateritic

Clayey Rice

Ay
<+ ™

o9
L]

Q
0B

2
B

Qe
B

oy
-3

*e
L)

®
~®

Qo
~o

P®
o ®

®®
-

e

(1) Ambalantota 1
(2) Ambalantota 2

Soils—

203



¥02

1.

o

DN B U O U I e

TABLE XXI

Water Percolates—Oxidisable Matter—eces. KMnO, 0. 01N per 10 cc.—Averages

Days from Submergence 1 14 28 42 56 70 84 98 112 140 168 196
8trongly Acid Lateritic Rice

Svils of the Ultra Wet

Zone .. 5 ..194 . 19:8 . 18-1 . 133 . 10:8 . 101 97 87 8-3 80 80
Strongly Acid Humic Rice

Soils (one soil) .. 70 ..14-6 . 138 . 12:8 . 10-0 . 100 . 10-0 . 10:0 9-2 81 8:0 8-0
Ground Water Podzolic Rice

Soils .. 7-0 10-7 10-2 9-5 86 7-8 66 8-0 55 4-6 4-6 4-6
Acid Lateritic Rice 8oils of the

‘Wet Zone 34 11:2 . 116 9-3 76 6-8 5-4 45 37 3-4 3-2 32
Non-lateritic Rice Soils of the

Dry Zone 6-3 9-8 76 6-5 60 56 4-8 4-4 3-7 33 33 33
Calcareous Rice Soils (one s0il) 6-0 7-0 7-2 8-0 -0 6-2 62 60 4-2 3-2 30 30
Non-lateritic Clayey Rice

Soils .. 176 88 94 6-6 6-4 59 56 5-1 45 4-1 35 35

Means of the Averages .. 64 11-6 11-4 98 83 7-4 6-8 64 56 5-0 48 4.8

2 & £ A 4 2.4 A 4 8 4 s 4 s s u A a2 2 & = & &
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VARIATION OF CHEMICAL AND PHYSIOO-CHEMICAL CHARACTERISTICS OF PADDY

SOILS ON SUBMERGENOE
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Days from Submergence

Strongly Acid Lateritic Rice
Soils of the Ultra Wet Zone

Strongly Acid Humic Rice
Soils (one soil)

Ground Water Podzolic Rlce
Soils .

Acid Lateritic Rice Soils of the
Wet Zone .

Non-lateritic Rice Soila of the
Dry Zone

Calcareous Rice Soils (one soil)

Non-lateritic Clayey Rice Soils

TABLE XXIV

Water Percolates—Conduectivity Micromhos—Averages

Means of-the Averages

1 14 28 42 56 70 84 98 112 140 168 196
822.. 1768.. 2308.. 2210.. 1947.. 1585.. 1456.. 1240.. 1080.. 924.. 782.. 748
1302.. 1444.. 1522.. 1444.. 1348.. 1312.. 1132.. 1086.. 934.. 812.. 702.. 606
812.. 994.. 1076.. 968.. 784.. @46.. G516.. 445.. 378.. 341.. 325.. 311
830.. 1602.. 1986.. 1911.. 1731.. 1539.. 1365.. 1176.. 1051.. 936. 802.. 778
1006.. 1794.. 2036.. 2207.. 2107.. 1898.. 1784.. 1639.. 1480.. 1379 1232.. 1215
1812.. 3224.. 3766.. 3488.. 2876.. 2546.. 2256.. 1976.. 1812.. 1666 1476.. 1452
1990.. 3065.. 3189.. 3112.. 2615.. 2277.. 2027. 1750.. 1879 1457 1281.. 1201
1240 1997 2412 2192 1916 1686 1505 1327 1202 1074 943 914

.- i a4 e 1 A e - =
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VARIATION OF OHEMICAL AND PAYSIOO-UHEMIOAL CHARACTERISTICS OF PADDY

SOILS ON SUBMERGENOE
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Days from Submergence

1. Strongly Acid lateritioc Rice
Soils of the Ultra Wet Zone

2. Strongly Acid Humic Rxce
toils (one aoil)

3. Ground Water Podzolic Rme
Soils .e

4. Acid lateritic Rice Soils of the
Wet Zone

5. Non-lateritic Rice Soils of the
Dr Zone

6. Calcareous Rice Soils (one soil)

7. Non-lateritic Clayey Rice Soils

TABLE XXVI

W.ter Percolates—Sodlum ppm—Averages

140

Means of the Averages

1 14 28 42 56 70 84 98 112 108
20 19 .. 21 21 21 20 21 21 20 21 21 20
16 14 18 16 18 14 14 16 14 18 14 .. 14
10 11 .. 9 9 11 12 8 10 11 13 8 .. 10
39 36 41 38 38 40 37 39 40 36 39 40
63 86 88 70 61 67 69 ée 70 a7 69 .. @8
90 .. 120 .. 110 .. 110 .. 120 .. 100 90 .. 120 .. 110 .. 110 .. 120 .. 110
170 .. 166 .. 160 .. 165 .. 150 .. 145 .. 166 .. 170 .. 150 .. 150 .. 160 .. 160
58 61 61 61 60 57 56 63 69 59 62 60

o a
. 5 2 A & & & & & & s
4 A 2 & A 4 & 2 A &
2 2 2 34 2 B ikl
PO U U B S W
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4.

7.

Days From Submergence

Strongly Acid Lateritic Rice
Soils of the Ultra Wet Zone—

(4) Karapincha .
Strongly Acid Humic Rice
Soils—

(1) Bombuwela Peaty

Ground Water Podzolic Rice
Soils—

(1) Bombuwela Sandy

(2) Batticaloa

Acid Lateritic Rice Soils of t.he
Wet Zone—

(1) Welimada

(2) Bibile

(3) Peradeniya

{4) Kundasale

(5) Matale

(6) Nalanda
Non.lateritic Rice Soils of the
Dry Zone—

(1) Polonnaruwa

(2) Hingurakgoda

(3) Maha Tlluppallanm Red

(4) Maba Iluppallams Grey

Caloareous Rice Soils— ..

(1) Jafina .
Non.lateritio Clayey Rice
Soils—

(1) Ambalantota 1 ..
(2) Ambalantots 2 ..

46

32
32

20

t
00 00

wownlS

12
18

14

42

30
40

16

Water Percolates—Potassium ppm.

28

44

28
36

18

TABLE XXvI
42 56
40 40

4 6
24 28
38 34
18 20
24 16

7 8
24 30
62 &8

4 ]

] 2

2 3

6 7
10 8
14 19
20 12

b 6
24 18

8 10

8 10

70

46

26
36

18

"~ x v

84

48

30
36

22

98

38

28
40

18

112

Blak

18

140

46

26
38

18

168

3-8

16

196

44

28
36

18

g
g
g
:
:
§

5
:
E
g
:
é
E

A4Qavd 30 SOLILSrai:



012

. - _ TABLE. XXVIII
. o "_T..w - h e e Water Percolates—Potassilum ppm-—Averages
Daya,fromSubmargcm ST T4 -7 28 42 66 70 84 98 112 140
l: Strongly Acid Tatermc Rice
Soils of t,he Ultra Wet Zone 29 30 28 27 27 28 30 28 28 29
2. ly Amd Humic Rice"
801 8 (one soil) 20 16 18 18 20 16 22 18 16 18
3. Ground Water Podzolic Rice
Soils .. .. 13 .14 14 18 12 15 13 12 15 14
4. Acid Lateritic Rice Soils of the
Wet Zone 20 18 18 17 18 18 18 17 18 18
3. Non-lateritic Rice Soils of the ‘
Dry Zone 14 11 12 12 11 12 12 12 12 .. 12
8. Calcareous Rlce Soils (one .
soil) . 22 20 22 24 18 26 22 22 20 24
7. Non- latentxc Clayey Rice
Soils . . 9 8 8 8 10 ] 9 10 9 &
Mesns of the Averages . .. 18 17 17 17 17 17 18 17 17 17

108

29

16

18

18

12

22

[ -}

196

18

18

18

13

22

17

2961 ‘IIAXD “IOA ‘ISTHALIADIEDV TVOIJOHL
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Days from Submergence

Strongly Acld Lateritic Rice Soils
of the Ultra wet zone—

(1) Panagoda .. 538
(2) Mirigama .. 44
(8) Mapalana . 47
(4) Karapincha 55
Strongly Acid Humic Rice Solls—
(1) Bombuwela Peaty . 47
Ground Water Podzolic Rice
Sofls—
(1) Bombuwela Sandy . 54
(2) Batticalon 8-1
Acld Lateritic Rice Soils of the
wet zone—
(1) Welimada .. 54
(2) Biblle .. 57
(3) Peradeniyn .. 58
(4) Kundasale .. 64
(5) Matale .. 586
(8) Nalanda . . 68
Non-lateritic Rice Soils of the
dry zone—
(1) Polonuaruwa .. 64
(2) Hingurakgoda .. 686
(3) Maha Illuppalloma Bed .. 65
(4) Maha Illuppallama Grey .. 66
Calcareous Rice Solls—
(1) Jaffna 68
Non-lateritic Clayey Rice Solls-—-
(1) Ambalantota 1 . 65
(2) Ambalantota 2 . 68

.. 88
. 87

. 64

.. b4
.. b2
.. B8

. 60

. 58

.. 55
. 61

.. 58
.. 80
.. 56
.. 85
.. 59

. 63

. 85

87

.. 87
.. 66
. 687

.. b4
.. b4
.. 58

. 80

. b4

.. 55
. 61

.. 59
.. 81
.. 87
.. 85
.. 81

. 63

8-5

. 69

.. 66
. 0856

.. 87
.. 68
. 67

.. 54
.. b8
.. b8

. 60

. 56 ..

.. b8
. 81

.. 80
. 62
.. 58
.. 85
.. 61
. 638

. 69

.. 67
. 65

TABLE}XXIX
pH Values of Soils

14

.. b4
.. b8
.. b9

. 60

5-7

.. 58
. 81

.. 62
.. 63
.. 60
.. 85
.. 82

. 63

.. 87
.. 88
. 87

. 70

.. 68
. 66

. 62

o0

28

.. 66
.. 68
.. 59

. 61

. 59

59

.. 63
. 64

61

.. 85
. 638

8-4

.. 87
.. 88
.. 87

. 88

.71

. 856

.. 68
.. 87
. 89

42

.. 80
.. 58
.. b9

. 82

. 80

. 60

.. 63
.. 84
. 61

8-6
84

87

71

. 68

66

. 67

56

.. 60
.. 59
.. 59

. 6838

. 62

.. 82
. 68

. 63

65

. 68

71

.. 68
. 67

70

. 60

. 80

. 04

61

. 63

. 65

. 88

. 687

68

. 65

. 87

.. 65
. 87

. 70

69

8-9
7-0

7-1

74

70

. 69

.. 61
.. 60
.. 62

. 65

8-4

68-7

.. 85
.. 89
. 87

8-9

87

7-1

71

70
7-1

74

70
69

.. 62
.. 6838
.. 85

. 68

. 04

.. 88
. 69

.. 67
.. 89
. 68

7-0

.. 69
. 69

7-2
7-3

LT
.72
76

. 71

70

.72
. 72

112

.. 82
.. 63
.. 85

. 68

. 64

. 68

.. 68
.. 69
.. 68
.. 70
.. 69

. 89

. 72

7-8

78

. 72

70

. 64

.. 71
.70

140

-6
8-8

. 69

70

.. 69
. 70

6-9

7-0

73
73
7-2
7-8

. 76

.. T2
. 70

7-0

188

.. 638
.. 64
.. 686

. 68

8-56

7-0

.. 69
.. 170
. 89

7-1
70

7-3
7-3

. 72

78

.77

.72

71

. 70

71

196

83
6-4

. 68

6-8

8-5

69

89
7-0
6-9
71
70
7-0

73
7-3
7-2
78

77

72

HONTOHANENS NO STIOS
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(4t4

1,

Days from Submergence 1
&ly Acid Lateritic Rice Solls
e Ultra wet zone 50

Strongly Acld Humic Rice Soﬂs

(one soll) .e

Ground Water Podzolic Rlice
Solls . .. 58

Acid Lateritic n!ce Sofls of the wet 8

zone

Non-lateritic Rice Solls of the

dry zone ..

Calacareous Rice Sofls (one soil). .
Non-lateritic Clayey Rice Sofls ..

Means of the Averages

65
68
6-4

. 68

. 80

. 686
.. 69
. 65

61

.. 54

. 58

. 81

62

. 87

. 59

62

TABLE XXX
pH Values of Solls—Averages

14

. 68

. 57

. 63

. 68
. 70
. 87

88

. 81

. 68

. 67

64

. 68

.71

. 67

656

. 65

. 68
.71
. 68

66

70

. 61

. 63

. 67

. 70

687

|"‘Illll"illl‘-jl.“ALLJ‘A'JJLAJ“AJ'J-I‘JJ“LA‘J“-I-‘l"

.7
. T4
. 70

68

08

. 64

60

.72
. 78

. 71

112

140

. 66

. 70

. 70

. 76

D

7-0

168

. 70

. 70

. 78

. 77

.. 72

70

198

6-6

. 73
.77
.72

7-0
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VARIATION OF OHEMIOAL AND PHYSIOO-CHEMIOAL CHARACTERISTIOS OF PADDY

SOILS ON SUBMERGENCE
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1.

4.

8.

7.

Sttt adnnsfethdiedededbe et k£ & A A & 8 4 4 & 4 4 A 2 A a4 4 s s

TABLE XXXII

Water Percolaies—Calcium ppm—Averages

Days from Submergence 1 14 28 42 56 70 84 o8 112 140 168 1906
&Iy Acid T.ateritic Rice 80115
e Ultra wet zone 15-6 18'8 188 .. 281 434 375 43-8 409 50-0 50-0 50-0 50-0
Swrongly Acid Bum.c Rice Solls
(one soil) 125 12-5 126 .. 126 .. 250 25-0 250 25-0 250 25-0 25-0 25-0
Ground Water Podzolic Rice Soils 125 12-5 188 .. 188 .. 250 31-3 313 875 375 376 875 37-5
Acld Lateritic Rice Soils of the
wet zone .. 60-4 625 .. 792 .. 8338 817 .. 1000 .. 1042 .. 1042 . 1042 1042 .. 104-2
Non-lateritic Rice Solls of the
dry zone . .. 10000 .. 10000 .. 1188 . 181-8 1438 . 1625 .. 1625 175-0 1875 .. 1878 . 1875 . 1876
Calearcous Rice Sofls (onesofl) .. 125-0 125-0 1250 150-0 150-0 1760 .. 2000 .. 2000 .. 250-0 . 250-0 . 2500 . 2500
Non-lateritic Clayey Rlce Sofls .. 1250 .. 1250 .. 1380 .. 1500 .. 1752 .. 1750 ., 2000 .. 2630 .. 2630 . 2680 .. 20830 .. 2630
Means of the Averages .. 640 650 71-0 801 91-0 100-0 109-0 1220 130-0 131-0 131-0 131-0

G961 'IIAXD “I0A ‘ISTHALINOITMOV TVOIZOWL



VARIATION OF CHEMICOAL AND PHYSICO-CHEMIOAL CHARACTERISTICS OF PADDY

SOILS ON SUBMERGENCE
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TABLE XXXIV
Redox-Potientials of Soils at 27 below the surface—Eh at pH 7—Averages

912

Days from Submergence 1 3 5 7 14 238 42 560 70 . 84 98
1. St.ron%ly Acld Lateritic Rice Soi's

e Ultra wet zone ..+ 169..4+ 27..— 66..— 115..— 137..— 144,.— 132..— 119..— 106..— 98..— 08.

2, Strongly Acld Humlc Rice Solls

(one soil) 9¢..+ 50..— 2,.— 63,.— 116..— 102..— 92..— 86..— 74..— 07..— 68
8. Ground Water Podzollc Rice Solls+ 175..+ 97..+ 20..— b54,.— 130..— 120..— 110,.— 101,.— 9O1..— 81.., —82
* Ac:;’e I;':t:erltlu .l.uce Solla of the+ 230..+ 186..+ 88..— 58..— 143.,— 184..— 126,.— 115..— 102,. —08..— 04,
o Nodl:'-ylaztg;l:w B:l'ce Solls of t'ha+ 70..+ 18..— 86..— 90..— 29,.— 120..— 109..— 99..— 80..— 79..— 80..
6. Calcareous Rice Soils (one sofl)..+ 89..— 40..— 131..— 142..— 150, .— 141—,. 133,.— 124..— 112—.. 100..— 102.
7. Non-lateritic Clayey Rice Soils ..+ 114..+ 58..4+ 1..— 58..— 104,.— 98..— 85..— 76..— 60, ,— 48..— 49.
Means of the Averages ..+ 13¢ + 49 — 25 — 83 — 130 — 128 — 112 — 103 — 91 — 81 — 82

—— v— e——n | e e vy e e s

I.ll.AZA‘_‘Ag‘AAJ‘j_L"‘AAJ‘.‘A"‘.-."Ajr‘.vi-..‘.n‘.AAp

112 140 168. 196

— 99..— 99,.— 09..— 101
..— 66,,— 68..— 67..— @66
..— 83,.— 81..— B82..— 82

— .., 04 ,.— 03..— 04

— 80,,— 80..— 79..— 80

.~— 101.,— 102..— 108..— 101

.— b1,.— b60..— b50..— 49

—_— — — e

— 82 — 82 — 82 — 82
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SOILS ON SUBMERGENOE

VARIATION OF CHEMIOCAL AND PHYSIOO-OHEMIOAL CHARACTERISTIOS OF PADDY
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TABLE XXXVI
Redox-Potentlals of Solls at 4" below the surtace—Eh at pH 7—Averages

812

Days from Submmcnca 1 8 .5 . 14 28 42 56 70 ° 84

1, Stron%ly Acid Latex‘ltie Rice Solls '
of the Ultra wet zone .+ 121..—~ 23,.— 116.,.— 165..— 187..— 192..— 183..— 170..— 158..— 152,.—

2. Strongly Acid Humlc Rice Solls
(one soil) ..+ 46..4+ 2..— bB3..— 114, .— 166,.— 154,.— 148,.,— 187,..— 125..— 118..—

8. Ground Water Podzolic Rice Solls+ 150..+ 46,.— 80,.— 108..— 181,.— 171,.— 159..— 152..— 144..— 183, .—

4. Acld Laterltic Rice Solls of the
wet zone .. .+ 180..+ 87..— 12..— 111,.— 194, .— 185..— 175..— 165..— 153,.— 146, .—

5. Non-lateritic Rice Sofls of the

148.

119..
133,

1486,

112 -140 188 108

.~ 1560, .~— 150..— 150..— 151

— 115. .— 119..— 116..— 114

— 182, .— 130..— 132..— 132

— 147..— 146..— 146..— 146

dry zone .. .+ 20..— 32..— 88..— 141..— 1B1,.— 172,.— 160..— 151,.— 140,.— 130..— 130..— 130..— 130,.— 129..- 129

6. Calcareous Rice Soils (one soll) + 40..— 902..— 183..— 192,.— 202,.— 193..— 184..— 170..— 163..— 152,.— 152..— 151..— 152,.— 164..— 151
7. Non-lateritic Clayey Rice Soils ..+ 66..+ 8....—50,.— 108..— 158,.— 150..,— 136,.— 127, .— 118, ,— 99 _.— 101,.— 102, .— 101..— 101..— 100
Means of the Averages ..+ 70 — 1 — 76 —~— 133 — 181 — 174 — 163 — 154 — 142 — 133 — 133 — 132 — 133 — 133 — 182
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