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Some Aspects of the Chemistry of Swamp Soil.
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to follow the bearing of this on the increased

THE study of swamp soil is of econsiderable

practical importance and has a direct
bearing on both agriculture and public health,
The related problenmis are so numerous and so
varied in character that they offer scope for
all branches of science. Their solution will
unravel the mystery which still surrounds
{the nutrition of the rice plant and will throw
fresh licht on the nature of life and life proces-
seg in the submerged soil.

It will be beyond the scope of a brief review
to deal with all the related problems, so the
present article is confined to certain chemical
aspects having a bhearing on the nutrition of
the rice plant.

The agricultural operations connected with
the cultivation of rice are generally well known
and do not require any repetition. It may be
pointed out, however, that some of them would
rejuire revision, or at any rate, better control
in the light of recent scientific findings.

Tt is generally well known that in certain
regions—especially in river deltas—the yield
of rice is maintained at a fairly high level though
practically no manure is applbed. Kven in
the same locality, certain fields are known to

be consistently more fertile than  others
though they may lie very close to each
other. This difference 1is largely {raceable

to the extent of deposition of silf, some areas
receiving more than others.

The biochemistry of river silt has not yet
been adequately studied. The quantity of
silt carried by each river, the amount depo-
sited in different seasons, its distribution
over the irrigated field, and its contribution
to the succeeding crop—all these are important
problems which are still awaiting solution.
There is no doubt that some of the silts are
quite rich and contain over 3,000 parts per
mitlion of nitrogen. There is also evidence
to show that river silt facilitates oxidation
changes.! TPFurther studies in this direction
may vield highly fruitful results.

In recent years, evidence has heen adduced
to show that one of the probahle causes for
the preservation of the fertility of the swamp
soil is through fixation of atmospheric nitrogen.
The fixation may be in symbiosis with the
plant? or through the agency of free living
organisms.? These researches are worthy of
extension, with adequate crop experiments
to check the wvarious findings. The influence
of various external factors—especially deposi-
tion of silt—on the nitrogen content of soil
should also be determined.

There is evidence to show that, under sub-
merged conditions, the mechanical composition
of the soil is altered. The finer iractions tend
to increase at the expense of the coarser ones.
This has been traced* to the decomposition
of organic matter (fthrough biological agencies)
resulting in the dissolution of iminerals (chiefly
iron and aluminium) present in the coarser
fractions and their subsequent re-precipita-
tion in the finer form. It would be of interest

heaviness observed in some of the areas which
have been continuously under rice cultivation.

Some earlier workers® have reported that
even mere increase in the moisture content
of the soil leads to loss of nitrates and even
total nitrogen. This is not supported, however,
by later researches.,® which show that when an
uncultivated soil or one which has been fallowed
for some time is water-logged, there is very little
change 1n total nitrogen. The nitrate content
(which 1s generally small} is further lowered
and there is slight increase in mnitrites. 'The
most significant change is the production of
ammonia, a large part of which is ordinarily
retained in the soil sediment : very little passes
into the supernatant, so that loss by leaching
is comparatively small. It the water level
goes down and the soil is exposed to dry, then
a eonsiderable part of the ammonia in the soil
system 1s lost by wvolatilisation.

The mechanism of production of ammonia
in the submerged soil has not yet been fully’
understood. KEvidence has been adduced to
show that it is derived through degradation of
plant residues and disintegration of microbial
cells. Although the living organisms do not
increase, the enzymes associated with them
(especially the deaminase} bring about the
desired change. In a manured soil, however,
the changes are more complicated, as will be
seen Iin a later section.

In the absence of freshly decomposing organic
matter, the biological oxygen demand of the
submerged soil is comparatively small. There
is slow but steady movement of dissolved oxygen
from the surface water into the soil below.®
The conditions are considerably altered in
presence of unrotted organic matter. The
dissolved oxygen is wvery rapidly used up
and the medium gets saturated with carbon
dioxide and other gases.? The conditions
become definitely anaerobic, and it 18 not until
the completion of the fermentation that the
oxygen of the atmosphere enters the soil systcm.
On prolonged exposure, the dissolved gases
pass out into space and aerobic conditions
are then restored. In field practice, this
process takes 3-5 weeks (depending on the
nature of the soil and the amount of organic
matter applied) for completion. The land is
then fit for the crop.

The production of gases during decomposi-
tion of organic matter in the swamp smil has
heen the subject of a number of enquiries.
The most outstanding contributions in the
line are those of Harrison and Aiver.1® Working
with the green-manured soils of South India,
those authors showed that the chief gases
produced during the fermentation are methane,
hydrogen, carbon dioxide and nitrogen. These,
on rising to the surface, encounter some active,
aerobic bacteria, which oxidise methane to
carbon dioxide and hydrogen to water. Carbon
dioxide is taken up by the green alge present
at the surface of the soil and oxygen is released.
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In this manner, the undesirable gases are removed
and only oxygen and nitrogen are evolved
from the soil system. FEvidence has also heen
addurced to show that plant roots assist in
facilitating oxidation changes in the soil.

Shortly after ploughing in the organic
manure (generally a green manure), gas pro-
duction begins. There is steady evolution
over & number of days. The soil is then unfit
for the crop : in fact, any that may be planted
will be readily killed out. After the initial
fermentation has largely subsided, then the
alge become prominent. The oxidation changes
reported by Harrison and Aiyer are also notice-
able during this period.

The manner in which the rice plant obtains
its air supply has interested a number of workers,
but no conclusive evidence has so far been
obtained. Only the dissolved oxygen of the
surface water is available to the root system
and 1t is generally believed that the roots
are highly adaptable and can function in the
same manner as those of aquatic plants. In
this connection, it may be mentioned that the
plant thrives well only if a gentle flow of water
is maintained. Prolonged stagnation of the
surface water affects the growth and depresses
the vield. Too great a depth of water is not
beneficial to the crop, though ecertain wvarie-
ties are able to stand it better than others.

Together with the gases, varying quanti-
ties of organic acids are produced in the soil
systemi. The acids are chiefly lactic, acetic,
propionic and butyric.!? The first acid to be
formed, and the one which is often produced in
the largest amounts, is lactic acid. After a
week or ten days, the quantity of lactic acid
diminishes and 1s followed by increase in the
other three acids. It may be said, in general,
that if air supply is favourable, there is increased
production of acetic aeid : if unfavourable,
greater quantity of butyric acid is produced.
The chemical and biological mechanism of
the production of acids, as also their bearing
on plant growth, are still obscure.

Several workers'? have drawn attention to
the adverse effect of applying nitrates, espe-
cially during the puddling period, to the swamp
goil. This 1s largely due fto the formation of
nitrites in the presence of fermentable organic
mafter. It is stated that nitrites are highly
toxic if present in more than minute quantities.
In addition to this, a considerable part of the
soluble nitrogen will be immobilised and thus
rendered non-available (at any rate for the
time being) to the crop.i3

It has been suggested that, in presence of
undecomposed organic matter, the added
nitrate may undergo denitrification in the
swamp soil. Nitrogen In elementary form
may be lost either through spontancous
decomposition {(photochemical or other-
wise) or through interaction of nitrites with
the amino-bodies that may be present in the
goil systems. The extents to which the different
types of changes contribute to loss of nitrogen
have not yet been assessed. In this connection,
attention may be drawn to the work of Fowler
and Kotwal'* who adduced evidence to show
that loss of nitrogen through purcly chemical
changes ia negligible,
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Most workerslS are agreed that nitrates should
not be applied to the swamp soil in the early
sj_:ua,ges._ At a later period, however, and espe-
cially Just prior to flowering, the crop responds
well to nitrates and increased yields have been
reported.

Nltrogep' transformations attendant on the
decomposition of different organic substances
has been studied by a few workers.18 It has
been found that substances with narrow C-N
ratios are ordinarily decomposed, rapidly yielding
considerable ¢uantities of ammonia. Onlvy
small quantities of nitrates are formed. There
1s also significant loss of total nitrogen. This
loss is “mostly traceable to volatilisation of
ammonia. Similar changes, though less pro-
nounced, occur also under dry soil conditions.17

Volatilisation of ammonia and attendant
loss of nitrogen can be largely prevented by
addition of substances with wide C-N ratios.
Thus, addition of powdered lantana or glucose
will check the loss of nitrogen from soils receiving
rich dressings of urea or dried blood.

When substances with wide C-N ratios are
applied, there is very little ammonification
and practically no loss of total nitrogen. On
the other hand, there is steady loss of carbon
until a C-N ratio of about 15-1 is attained.
After that stage, both carbon and nitrogen
are lost, though comparatively slowly.

Volatilisation of ammonia is not probably
the only means by which nitrogen may be lost
from the soil system. There are probably
number of other ways which have not so far been
adequately understood. A great deal of further
work is needed before any conclusive opinion
can be expressed on the subject. The problem
18 one of considerable practical importance
and it is hoped that, beforelong, it will be possible
to organise a co-operative scheme of research
(preferably under the auspices of the Imperial
Council of Agricultural Research) which will
not omnly throw fresh light on the mechanism
of nitrogen loss, but will also lead to the develop-
ment of new and improved methods of conserving
soll nitrogen.

Except for the production of certain gaseous
and water-soluble products, the transformation
of organic carbon in the swamp soil have not s0
far been adequately studied. 'Thus, it will be of
interest 1o determine the mature of the residual
organic matter, the quantity left at each stage
and the transformations subsequently undergone
by it. Some information is avallable regarding
water-soluble substances like cane mwolasses or
urea, which, if applied in moderate quantities,
are completely decomposed and leave practically
no solid residue.’® The changes undergone by
bulky organic manures, which are attacked more
slowly, are awaiting elucidation,

In spite of their very great practical impor-
tance, mineral transformations in the aswanmp soil
have not so far attracted much attention, 1t is
only in recent years that some work has been
undertaken and the available resalts may be
summarised as follows :—'There 1s increased avail-
ability of calcium and potassium.  This is no
doubt greatly facilitated by the decomposition
of organic matter and consequent praduction of
organic acids. Availability of phosphorus is also
increased. Indeed, Sivan'® has shown that
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ploughing in with green manure is one of
the cheapest methods of increasing the availa-
hilitv  of rock phosphates. Increasing

quantities of certain metallic ions (especially
ferrous iron) are also brought into solution.20
The extent of dissolution of irom jis influenced
by a number of factors such as the nature of
the soil, the chemical composition of the organic
matter, reaction of medium, temperature,
degree of submergence and such like.?l Jn
soils which are alkaline or contain useful quanti-
ties of lime or other bufiering constituents, the
iron ig precipitated almost immediately after
it is brought into solation. In other types
of soils {especrally acid ones), the iron in solution
continues to persist for several weeks. The
dissolved 1ron is present, not as bicarbonate
as suggested by some earlier workers?® but
mostly as salts of organic acids. After the
subsidence of the initial fermentation and on
exposure to air, it undergoes hydrolysis and
tends to get oxidised, with the result that iron is
deposited in finely divided form as ferric hydrox-
ide. It 1s this which constitutes the red-brown,
fluffy layer often found at the surface of the
swamp soil. In addition to this, iron is also preci-
pitated as the carbonate, sulphide or the phos-
phate. The last reaction involves the removal
of a part of the phosphate in solution. The
precipitated phosphate is finely divided and is
available, at any rate, to the immediate crop.?3

If present in more than traces, ferrous iron
in solution is toxic to plant growth. It would
follow, therefore, that the soils in which the
iron continues to remain in solutlon Ior long
periods redquire some rest before the crop can
be planted. On the other hand, the soils in
which the iron is rapidly ;frecipitated require
very little rest apnd are suitable for early planting.
The right stage for planting is now determined
empirically, but it should be possible to develop
some simple chemical methods of determining it.

The role of the precipitated or oxidised iron
has not yet been fully worked out. Being finely
divided and intimately mixed with the residual
organic matter, it should be highly potent in
bringing about oxidation changes and thus
increasing the availability of plant food. Some
useful evidence in this direction has already
been obtained.?*

The transformations of iron may be represented
as follows i—

Reduction
Fe - Fe" .. (1)
(insoluble) (In presence of (snlubled
' fermentahie
orgnaic matter)
H:S FeS
Fe"* T > (2)
(in solution) X2CO» FeCO,
R3POy Fez(PO4)s
(Product of fermentation (precipi-
or already present in tate)

s0i} )
2 Fe* -+ 30+ H,0 ~—> Fey O3 K H0 (3)
(exposure to air) (Buffy precipitate)

2 FesOs + C ——> 4 FeO + CO» (4)
(residual organic matter)
D Fe) + O~ ~3 Feals (5)

(re-exposure to air)
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Small quantities of aluminium are also bhrou ght

inigcr solation. It is very difficult to estimate
this quantity because even with the least agita-

tion, the dissolved aluminium vasses again i
msoluble condition. 1t is thgn presiitma;n;;
exchangeable base and can be extracted in the
usual way.?® The *mechanism of dissolution
and the subsequent transformations of aluminium
are still awaiting elucidation.

Decomposition of organic matter also facili-
tates increased dissolution of mangagnese, At
the outset, the manganese of the soil is mostly
present as the dioxide, some soils containing
more than others. In the reducing atmosphere
of the puddled =o0il and in presence of the acids,
the dioxide is reduced and brought into solution
in the manganous condition. ~ As in the case
of tron, the quantities actually present in solation
are. determined by a number of factors, the
most, important of which is the reaction. When
the fermentation subsides, manganese.in solu-
tion is first precipitated and then oxjdised to a
hydrated oxide. The latter is highly reactive

and facilitates subsequent oxidation changes
in the sqil.2"

The transformations of manganese and their
bearing on the nutrition of the rice plant have
not yet been fully worked out. Yurther work

in this direction will lead {o highly fruitfal
results.

Another interesting change, attendant on
swamping, is the increased availability of silicon.
Application of organic manures (especially
green manure) furtber innproves the availability.
Since the rice plant ‘(especially the straw and
the husk) is exceptionally rich in silicon, the
increased availability of this element may, at
any rate, partly account for the beneficial effect
of swamping.*?

The mechanism of dissolution of silicon has
not, so far, been fully understood. It may le
mentioned, however, that soluble silicates {(which
behave in the same manpner as colloidal silica)
increase the availability of phosphorus. This
aspect of the problem has been studied by a
number of workers, but the more recent work
of Sreenivasan2® would suggest that silicon acts
by combining preferentially with the soil com-
plex and thus releasing phosphorus for the plant.
Fermentation of organic matter releases phos-
phorus and thus produces an effect which is
somewhat similar to that of light dressings
of alkali silicate.?®

One of the most striking features about the
cultivation of rice is the enormous demand for
water. Al the superior varieties of rice and,
evern many of the coarser ones, flourish best
only under the conditions of the swamp soil.
The crop, by itself, takes very little water—at any
rate, no more than most other drvy cultivate::l
crops do.3? Tt is, nevertheless, a commeon experi-
ence that if the water supply is reduced or the
crop raised under conditions of dry cultivation,
growth is adversely affected and yield consider-
ably lowered. The available evidence would
suggest that swamp soil conditions provide
certain constituents which are mot, ordinarily,
readily available in the dry soil. One of these
is silicon, bub there are probably great many
others which are essential to the rice plant and
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are released only under the conditions of the
swamp soil. If the nature of these substances
can he determined, i may be possible to provide
them in comparatively stable forms even under

dry soil conditions and thus improve the yield
of rice,

lead to findings of very great practical value.
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Boundary Problem in a_
Partial Differential Equation of
Fourth OQOrder.—Considering the

. . : . dlu du .
partial differential equation ;: | NE =p(x, u

oxt
in the domain 0 € 7, 0KILK T,

satisfying the conditions
w0, t) = u(m, )= 0in 0K I T,

ue, 0) = fi(z), & (@, 0) =fola) im0 Sz <m

'This has been considered by M. R. Siddiqui (Ind.
found
and only one
solution exists which can be expressed as a
2 v, (t)sin nx, wherein

Physico-Math. J., 1837, 8) and 1t is
that for a restricted T, one

Fourier series u (%) = -

the coefficients vu(f) are determined with the
help of an infinite system of non-linear integral
equations, which is solved by the method of

successive approximations,
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the
problem is to find its regular solution w (=, t)

ITEMS.

Amphoteric ion.—A review of considerable in-
terest has recently been published (P. Rumph, ‘La
Theorde de l’ion Amphotere,” Aclualifes Scienti-
fiques et Indusirielles, 1936, No. 8374). The review
covering just 50 pages is divided into three chap-
ters: (1) the existence of amphoterte ions, (ii) the
dielectric constants of aqueous solutions contain-
ing amphoteric ions, tiii) ecalculation of the
different dissociation constants and the relation-
ship between the activities of the amphoteric ions
and those of the uncharged molecules.

In a brief conclusion, the author draws attention
to the usefulness of this concept of amphoteric
ions in branches of chemistry other than a pure
study of biological substances, such as, in tho
theory of colouring matters, the constitution of
complex compounds of inorganic salts, eto,

Histology of the Skin of Protopterus.—The
African lung-fish, Proloplerus anneclens, i known



