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INTRODUCTION

Most of the world®’s rice crop is grown during the wet

season when rice fields remain waterlogged for the greater

part of the growing period., In soils, which remain permanently
waterlogged or only temporarily during the rainy season, farmers
have opted to grow rice possibly since no other crop can be
grown., In the past, rice has been continuously produced in
flooded s0ils in vast areas of Asia without even wmoderate
fertilizer inputs, indiecating their inherent potential to

provide and possibly regenerate a satisfactory fertility level.

Many physical, chemical and biological systems vitally
laportant to the nutrition of rice plants are known to be
influenced by anaercbic conditions prevailing. The chemical
changes are mainly set in motion as a consequence to the
biological oxidation process taking place under oxygen deficient
status of floocded soils where alternate electron acceptors are
avallable. The net result of these changes provide both
benefits in terms of lncreased nutrient availability and
disadvantages such as toxicity due to excess of iron, manga-

nese ete, for rice cultivation,

The cognlsable effects following soil submergence are
an increase in the content of available forms of both major

and some of vhe micronutrients, decrease in the avallability



of zinc, an excessive increase in the eontent of ferrosus

iron and formation of sulphides and organic acids,

The flooded soils that support rice culiure thus
serve as a natural source of increased nutrient supply.
In the present system of fertilizer-use in rice produc-
+lon technology, Agronomists and Soil Scientists have
not paid adeguate attention to this aspect of the flooded
soils acting as 2 potential source for increased nutrient
supply to rice. A definite idea on the pattern and magnie
tude of the changes that are taking plaee in the various
parameters of practical significanse to the rice crop is
highly imperative for drawing up a package of practices

for wet land riece cultivation.

The cheamistry of submerged soils has been elabora=~
tely revieved by Ponnamperuma (1965, 1972), Patrick and
Mahapatre (1968), Patnaik and Reddy {1978) and several
others., The chewical changes in submerged rice soils and
their effect on rice growth have alsp been generally

characterised (De Datta, 1981).

¥uch information om the changes in the natural
supply of plant nutrients in rice fieldes, which are
Zlooded by irrigation or by natural rains, is not availae
ble for the rice soils of Kerala which show wide variation

in nutrient status ags well as physico chemical properties.



Routine testing of =20ils in the soll testing laborato-
ries ror making fertilizer recommendations for specific crops
is done only on the air dried soil samples. However, the
recommendations for rice based on the resulits of svch analysis
can only be an escalated one in the event of the autrient
status of solls getting improved due to the omset of flooding
and related manegement operations for rice culture. Thus
recommendations very often are much higher than what are

optimally needed,

The recommendations can become more meaningful only
when they are based on the avsilable nutrient status of each
soll type under wetland conditions., It 1s needless to say thabt
the scope for such analysis is often impracticable and very
remote. Nevertheless, a quantification of the net changes in
the various soil testing peramcters of rice solls due to sub-
mergence assumes greab importance in the light of the soaring
cost of fertilizers and the socio-economlc conditions of the

farmers which compels him to prefer a wider cost benefit ratlo.

It is in the light of these most important considera=-
tions that the present investigation is undertaken with the
following as the main objectives,

(1) To quantify the changes due to submergence in the status



of available N, P, K, Ca, Mz and lime requirement in
four important cypes of paddy growing soils of the State,

{1L) To correlate the above variation in nutrient status in
each soil type with the basic physico chemical proper-

ties of the soil,

(1ii) To compute possible changes that can be made in the
fertilizer recommendations based on s0il testing in

each soll type,
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REVIEW OF LITERATURE

The majority of the rice soils of Kerala sre subject
to rhythmic spells of wet and dry periods consequent to
changes in weather conditions. Alternate wetting and drying
brings about changes in the physical, physico chemical, blo-
chemical and electro chemical propertles of the solls which

are of wide ecological and agricultural importance.

Rice is a ¢rop suited to grow under such situations
because nmany of these changes consequent to flooding in water
are often favourable for its growth and nutrition. Such
changes that take place in & soil when it remains submerged
in water for a concinuous period of three to four months,
covering the entire duration of the rice crop have been
monitored and amply reported in literature, A brief review
of the more recent lizerature on changes in electros chemicel
properties and nutrient availability in the submerged solls

13 presented,

A. Eleetrs chemical nropertics
{1) Oxidation - Reduction potential (Eh)

One of the most important electro chemical parameters
uged to characterise submerged soils 1s the redox potentlal,

vhich is a2 measure of the oxidation - reductiosn potential of



a s0il. It is a useful gulde to she sequence of soll reduce
tion, but it doeg not indicate the capacity of the soil to
resist Eh chenges. Once the seoil is waterlogged, the air
from the pore space is fully displaced and it is never replew
nished to the original level, Pearsall (1938) has cbeerved
that when the oxygen supply is limited, o proportion of the
5011 micro organisms make use of electron acceptors other
than oxygen for their respiratory oxidation, leading to a
state of chemical reduction, which is reflected in the lower-
ing of the oxidation - reduction potential, He also showed
that the high demand for oxygen in the flooded s0il as come
pared Lo the low supply rate leads to the fosmation of i{wo
distinet soil layers « an oxidised Or aexrobic surface layer
and underlying reduced or anaerobic layer where no free oxygen

is present (Ponnamperuma, 1972).

The diffusive movement of oxygen in waterlogged soils
is very slow and consequently in a freshly f£looded soil, rese
piring aercbic micro organisms will reduce the oxygen concens

tration to zero within a few hours (Scott and Evaas, 1955).

Savant and £1liis {(1964) noticed a sharp decrease in
redox potential values within 15«20 days after submerpgence
which reached near equilibriuo conditions after 75 days sub-

mergence.,



Ponnamperuma (1955, 1965) has reported that when an
aerobic soil i3 submerged, its Lh decreases during the first
few days aad reaches & minimum, then it increases, atiains a
maximum, ond decreases again asymptotically to a value chara-

cteristic of the soil alter 812 weeks of submergence.

Chakravarthi et al. (1970) have stated that redox
pocential on submergence ls characierised by a sharp £all
for a perlod of three weeks followed by a more gradual decrease

to an almost constant value at the end of three months.

Mukherjee and Basu {1771) haveshown that Fh values
decrease gradually wider waterlogged conditiong and ihe values
arz 1o er with increasing soil depth. He has found that the
rate and megnitude of the Eh decrease depends on the kind of
organic matter, the nature and content of electron acceptors,

temperature and the duration of the submergence.

According to Ponnamperuma (1972) when an aerobic
mineral soil is submergzed, it undergoes reduction and the
redox potential drops to a fairly stable value of +0.2 to
-0.3 v depending on the soil, while the potential in the sur-
face water and the first fev millimetres of top soll remains

at +0e3 10 0.5 V.

Islam end Islam (1973) obecrved a sherp decline ia



redox potential and indlcated negative values after {ive weeks

of submergence.

Moraes (1973) has stated that the Eh of solls decreased
slowly between the fifth and seventh week of submergence and
then became stable showing values ranglng betwesn -200 and

=300 mv,.

Chlsson {1979) reported that after one day of uaterw
logging the redox potential declined and reached negative

values after six days.

(i1} Spil reaction (pH)

Soil reaction is perhaps the most important single
chemical characler of soils which affects the grouth of plants
both directly and indirectly chrough its control on the avai-
lablility of nutrients and the actlivity of micro organlsms.
Considerable changes in the pH values of solls have been

noticed during submergence in water,

Ponnamperuma et al, (1966a, 1966b, 1967, 1969) have
reoorted that the pH of most soils tends to change toward
neutrality after submergencc. An equilibrium pH in the range
of 6.3 to 7.5 18 uswally attained. The pH buffering action

of submerged seils is attributed to iron and manganese redox



systems and carbonic acid,

Mukherjee and Basu (1971) observed a gradual increase
in soil pH after 2 slight initial depression and reached neus

trality under waterlogged conditions.

Incubation studies conducted by Dev and Sharma (1971)
on 12 soil samples, collected from areas essentially growing
paddy year after year, revealed that on submerging for 15 days,
pH values increased in all soils except those which are not
calcaresus in nature, Submergence for 30 days did not increase
pH further and they suzgested that lncrease in pl was prima-
rily due to aqn increase in reducible manganese convent in soil

on submergence,

Pounamperuma (1972) observed that pH increase in iron
deficient soil is usually small. PFeat soils and some acid
sulphate soils may have pH values of 5.0 even in the flooded
state. S50ils high in organic matter and reduciblec iron atiain
a pH of 6.5 within a few wecks of flooding at temperatures

above 30°¢,

According to Moraes (1973), flooding increased the pH
of acid soils and decreased that of alkaline soils. The pH
of acld soils increased to 6.6 during the first few days and

then remained steady,
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Naphade and Ghildyal {1973} have shown by leboratory
Oxperilgnts thay increasing the degree of puddliang and modify-
ing the water regimes from field capacity to saturabion and
£looding significantly increased the pH of the z0il solution.
The pH increase was found to be associated with reduction

processes in the soil.

Kuruvilla and Patneik (1973) reported thet the pi of
most flooded acid sulphate soils increased slowly and rarely
exceeded 6.2 evenafter 6 months of submerzence, The increase
in pH upon flooding was mainly due to reduction of ferric

oxides to =zoluble Fe2+, & process that consumes acidity.

The slow increase in pH in most acid sulphate solls
has been attributed to adverse conditions for aicrobial
reduction, low contents of metabolizable organic matter and

easlly reducible ferric oxide {Ponnamperuma et al. 1973).

In samples of two sandy loam soils of pH 5,55 and
6.65, £flooded to a depth of 2,5 cm and incubated for 100 days,
Ghosh et al. {1975) observed an incresse in pH which reached
more or less constant values at near neurral point during the

Tirst 30 days of incubatlion.

The overall effect of submergence, according to

Ponnamperuma (1975) was 0 increase the pH of acid soils and



to depress the pll of sodie and calcareous soils, Thus, sub=-
mergence makes the pil values of acid soils (except those low
in iron) and alkaline colls converge to pH 7. Although the
pH values of acld soils increase aiter submerpence angd sodic
s911s decrease, soil properties markedly influence ihe pattern
of changes. So0lls high in organic matter and active lron
rarely exceed & pH of more than 5.0 even aftler wmouths of sube
mergence. Organic matter magnifies the decrease in ph of
sodic and calcareous soils (IHRI, 1966) Low iemperature

(IRRI, 1968) and presence of nibrates (ISRL 1965) retard the

increase in pH.

Moore et al, (1932) stoted that during submorsence of
soils under laboratory conditlons, soll pH ond exchange acle
Aity sradually increased to sltabilized walues in the neubtrsl
range, while pH dependent acldity showed a decrease snd reached

fairly steble values,

Kabeerathumma and Patnaik (1982) revsrted an increase

in pH on flooding of the acid 30ils of Kerala,

Alice fAbrahan {1984) has reported significant rise
in pr of the different soil types of Kerala due t0 submere
gence in water. Changes in pH over a perind of flogding for
twe months were highest for the coastal sandy soils and lowest

in the case of kari and pokkeli soils,



(114i) Specifac conductance (LC)

The specific conductance of flooded solls renrssents
a balence between the production of ions and thelilr inmactivee
tion or replacement duc 40 ihe various processes that resuld

during flooding.

Pomnanperune {1935%) reported that specific conductance
inecreased afier submergence, atiained a maximun and then
deciined, According to him, the increasse in coductance
during the Jirst few weeks efter flooding is due to mubili-

24

sation of Fe®* and Mn?’, accumulation of zma*, HCC); and

RECO0™ and displacement of cetions from soil eolloids by

2

Fe?* un®" and mg,* ions.

Kamera et al. {1963) were of the view thabt the increase
1n electricsl conductivity vas due to the increased ilonic cone
centration in the soil golution caused by reduction of insolue
ble oxides of Fe, Mn and accumulation of ammonia during flosd-
ing.

Ponnamperums (1965) stated that flooding a2 soll caused
an increase in the conceniration of ions such as (‘a‘"g, Mg3'29
Kﬁ 5 Nﬁkﬂ, re*? ’ m*2 ana l*l(:t').ﬁf“l which become more mobile in
the s0il under waterlogged conditions. The lncrease in con~

centration of these ions 1s considered 4o bhe a secondary effect
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of flooding and subscquevt reduction and is meinly due to
solvent action of C0y. Fomnampecruma et al, (1966b) periodi-
cally determined the specific conductance of a s0il golubion
from submerged seoils in pots and reported that Lt increased

after submergence, attained a maximum and then declaned.

Incubation studies by Dev and Sharma (1971) in paddy
s0ils revealed that on submerging the soils for 1» days, EC

values of supernatent liquid showed an increase.

According o Ghosh et al. (1975), conductiviiy of a
soil increased from 0.2 to 0.7 mmhosfom on subuergence for
100 days. Similar results have been obtained by Naphade et al,
(1973).

Moore ot al. (1982) veported that due to submergencs,
the eleectrical conductivity of soils almost doubled aznd the
peak values were abtained at the fourth week of submergencs
which remained constant upto five weeks aad then siowly decress
sed, The initisl increase in the elecérical conductivity was
due to the increased lonle concentration in the solil solution
caused by reduction ¥ insoluble oxides of Fe, i ond accumue~

lation of NH3,

hccording to Alice Abrshem {1984}, chemges in EC were

srgnlficant in the difforeacv rice soils of Kerala during sube-
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mergence, She reported that maximum rise In EC was observed
by the 20th day and af.er that a signiflcant diminution was
observed. This trend persisted till the end of the two months
period, showing a quadratic pattern in the sequence of chane

geSe

Effect of submergence on available nitrocen

Nitrogen in flooded soils is subjected to a variety
of transformations. Ammoniaza scurces are subjected to fixe-
tion by clays, loss by volatilisation and to nitrification
followed by loss through denlitrification. Immobilisation of
nitrogen due t9 microbial fixation into organic fraction of
wetland soils, although lower then in dry land soils is taking
place to a certain extent.

Japanese Agronomists have long recognised that drying
of rice soil before submergence mekes the rice grow hetter
{(Mitsul, 1960). The effect was attributed 40 the accumulation
of inorganic nitrogen in the soil by microbial mineralisation
of organically bound soil nitrogen.

Hirose and Kumada (1963) reported that nitrogen minera-
lisation increased with increasing moisture and length of
incubation period. According to them, air drying a scil

prior to flooding increased the rate of mineralisation of
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native nitrogen. Waring and Bremner (1964) atated that mine-

ralisation was mors rapld in flocoded soil than In non-flooded

soil. A rapid rate of N mineralisation due to alternate wette
ing and drying cycles of soils has also been reported (Patrick
and Mahapatra, 1968).

Ponnamperuna (1964, 1965) was of opinion that soils
vary widely in thelr capacity to produce ammonia, He found
a rapid release of nitrogen when soils richk in orzanic matter
are submerged, He obtained nearly 3000 ppm of NHB - N when
such s0ils were submerged Iln water for a period of 30 days.
However, soils low in organic matter, liberate only much
smaller amounts of NHB and that too at a slower rate, He
also reported that avallability of nitrogen in flooded soils
is higher than in non flooded soils. Eventhough organic
matter is mineralised at a slower rate in anaerobic soils
than in serobic soils, the net amount mineralised is greaiter
because only less nitrogen is immobilised, The availability
of nitrogen in flooded soils increases with increase in nitro-
gen content of the soil, soil pH and temperature (FPormamperuma,

1965).

Bartholomew (1965) atitributed the observed increase
in ammonia production in flooded soils to a consequence of

the shift in microbial community on flooding, When the aero-
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bic population is replaced by the enaerobic flora, there is
lesser assimilation with a corresponding increase in the net
release of avallable nitrogen. Similar observations have been

made by Broadbent and Reyes (1971).

Kawaguehi {1956) observed that under flooded condi-
tions the nitrogen supplying power of meny soils was high
in Philippines. He waz of the view that soils having a fine
texture and high CILC were less easily exhausted in plant
nutrients than sandy solls low in organic matter and low CEC.
Kawaguchi and Kyuma (1968) found that the amount of ammonium
nitrogen produced during two weeks of anaercbic incubation

ranged from 4,1 to 9.7% of the total nitrogen in the soil.

Bhattacharya (1971) reported an increase in the exchane~
geable NHA - N content in many solls on waterlogging as a
resuly of the expansion of crystal lattices of the c¢lay mine=-
rals 0 release the flxod ammoniacal nitrogen. Lin et al.
{1973) found that ammonia peoduction after one week of water=
logeged incubation clogely approximated nitrogen upiake by the
rice plant. IRRL (197%) has reported continusus nitrogen
nineralisation in Plooded solls at a constant rate throughout
an incuballon period of two weeks., Reddy et al. (1978) cbgerw
ved that the existence of aerobic and anaerobic zones in close

proximity in the rice soils is responsible for the cccurrence
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of denitrification. Diffusion of ammonium £rom the anaerobic
to the aerobic soil layer accounted for more than 50% of the

total nitrogen loss from columms of flooded soils.

Shiga and Ventura (1976) have shown that mineralisa-
tion vprocesses of soil nitrogen under field conditions were
simulated by submerged incubation of air dried soils., Castro
and Lantin (1976) reported that keeping a soll in a reduced
state by continuous submergence encourages nitrogen accumulas

tion.

The studies conducted by Vancleempui et al. (1976)
have revealed that under acid conditions, significant amounts
of NZG and NO were formed in reduced situations. At higher
pH, nitrate reducrvion rate was slightly less, The signifi-
cant production of NO under acid conditions suggested the
likelihood of self-decomposition of nitrous acid as a major

mechanism of nitrogen loss,

Hagsan (1977) reported an increase in the status of
avallable nitrogen as well as P and X in the laterite goils

of Kerala consequent to subnerzence for a period of 12 days.

Reports from IRRI (1978) have shown that drying of o
wet field may encourage mineralisation of nitrogen and there~

by increase its availability.
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Dei and Yamasaki (1979) have reported that water
menagement and temperature markedly influence the rate and
amount of ammonium released and that a dry soil when flooded

release more ammonium than a wet soil.

Vlek and Craswell (1979) have shown that soil pH has
little effect on the pH of the flood water and thus on the
ammonia volatilization losses, Ammonia volatilisation losses
were generally reduced by factors such as increasing soil CEC
and reduced nitrogen appiication which help to reduce the
level of ammonlacal nitrogen in the flood water, Correla-
tion analysis by Sahrawat (198%) has shown that ammonium
production was correlated to total nitrogen, organic carbon
and C/N ratio. Orgenic carbon content is considersd to be a
good index of mineralisable nitrogen in tropical wetland rice

soils,

According to Reddy and Rao (1983) the sequential
nitrogen transformations operating in a flcoded organic soil
include ammonification in the anaerobic soil layer, upward
diffusion of NHQ* from the anaercbic soll layer o the f£lood
water, nitrification in the flood water, downward diffusion
into the anaeroble soll layer snd denitrification in the
anaerobic so0il layer. Ammonification and ammonium diffusion

functioning at a slower rate are probably the limiting
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processes of nivrogen loss from a flooded organic soil.

Kai et al. {1984) have shown that tropical wetland rice
s0ils are very diverse in their inherent fertility. Incuba-
tion of air dried soil resulted in a2 large increase in the
quantity of nitrogen mineralised, the maln source of minera-

lised nitrogen being the amino acid and anmino acid sugars.

Effect of submergence on zvailable phosphorus

Phosphorus is not directly involved in oxidation -~
reduction reactions in the redox potential range encountered
in submerged soil, But, begause of its reactivity with a
number of redox elements like iron, mangenese etc. its behaw
viour 13 signlficantly affected by flecoding. The increase
in concentration of wazer soluble end available P duc to soll
submergence was reported as esrly as 1940 (Acki, 15940,

Mortimer, 1941).

Aceording to Mitsul (1960), the most important effect
of the anaerdblc codition on phosphate was its increased

availabllity to vetland rice.

Bagak and Bhattacharya (1962) reported orgenic phos-
phorus t0 be the dominant fraction (41.6. of the toial phose
phorus) in elluviol soils of West Bengal, They observed a

release of aboub 420 kg 9205/m from ithe minerallsation of



organie phosphorus in the course of a rice growing season.

Savant and Ellis (1984) were of tue view that the
increase in availability of notive soil » on flcoding of

s0ils was related more to a decrease in redox poleacisl.

Breeshart et al. (1965) have observed that flooding
increased the availabllity of soil phosphate in cilce soils
in wilch free CaCOz 1s absent, Purnachendra Rac {1966)
noted that availability of phosphorus increases with £loode
ing due to solubilization of ferrie phosphates to ferrous
phosphate associated vith a lowering of oxidabion - reduc-
tion potential of the soil. Chakravartl and Kae (i970)
reported that water soluble phosghorus increased in 211
s0ils gradually with the period of submergence, Savant et al.
(1970) observed that submergence followed by devinmg of soil
prior to resubmergence imcreased the avallability of native
phosphorus in acid soils of Meharashtra. Mahapatra and
Patrick (1959, 1971) have stated that avallable 01l phog=
phorus 1s known to increase whea a soil is submerged. The
ingrease in water soluble phosphorus has been attributed to

the release of P from organic matter.

Mandal and Nandi (1971) found that the higher organie

mattor content, the higher intensity of s0lil reductlion under



submerged conditions, as a result of which available P

increased,

Islam and Islam (1973) reported that the concentration
of water soluble phosphorus increased upon submergsnce,
reached a maximum and then decreased. Sanchez and PBriones
(1973) found that the increase in availabillty of phosphorus

on 1looding benefited rice only on lovw phosphate soils.

The resulis of labopratory incubation studies by Patel
(1975) have indicated thal the rice soils (sandy loam to
sandy clay loam) have low P fixation capacity and on submer-

gence the availabllity of native phosphorus increased.

Mandal and Khan (1975) concluded that continuous
vaterlogging increased the availability of native s0il phos=~
phorus in aecid soils. Chang (1976) noted that during sub-
mergence crystallised iron phosphate teunds to change into
colloidal iron phosphate through solution and preclpitation

resulting in ius groater avoilablliiy.

Singh and Bahaman (1976) obtained an lncrease in avaie
lable P after 10 days of incubation when clay loam acid soils
with pH 5.7 and organic carbon 9.9% were keplt waterlogged.
They have zlso recorded a decrease in available vphosphorus

after 20 days of incubation,



Mohanty and Patnaik (1977} found that submergence
increased available P during the first 20 to 30 dsys because
of reduction of iron and menganese compounds; afterwards
there was a decrease hecguse of the precipitation as phiose

phates.

Singh and Ran {1977) concluded that available phose
phorus incrszased during tlllering stage of wetland wice and
that it tended to decrease s2fter that stage. They velated
the increase in available P in slizbtly acidic soll {(pll 6.6)
to a decrease in e~P and Ca-P concentrations., Tne decrease
in availsble P vas considered to be due to the relommibion of
inscluble Fe-P and Ca~P, According o ¥halid et 2. {1977)
anaerobic solls have a strong oopacity for fixing phosphates

from solutions high in phosphates.

Panda et al. {1981) reported that phosphorus availge
bility is low in alluvial soils because of thelr high I fixing

capaclitye.

Verna and Tripethi {1982) reported that all the native
inovrganic phosphate fractions inersosed upon waterlogging

with the maximum increase of 70.7% in Fe~P,

Reddy and Rao (1983) opined that the major processces

that take place in an enaeyobic soil with phosphorve were
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mineralisation of organic phosphorus, adsorptlion, desorption

and diffusion from underlying sediments to overlying water.

Effect of submersgence on exchangeable potassium, colcium
and magnesium.

Sturgis (1957) has reported that the availability of
soil potassium increased by flooding particularly as the
water temperature increased, Ponnamperums (1965) has shown
that flooding o soil increased the potassium concentration
in the soil solution as & result of an exchange reaction due

2+ and Mn2+.

to increage in Fe Ramanathan and Krishnamoorthy
(1973) were of the view that the available K increased with
the perisd of submergence due to release of K from the non
exchangeable form. Islam and Islam (1973) observed that

solil submergence increased the concentration of potassium in
the s0il golution., They also observed a rapid increase in
the concentration of Ca and Mg with time of submergence.
Calcium concentration continued to increase and attained

peak value in the ninth week while magnesium concentration
reached 1lis peak in the £ifth week., After attalning the peak
value, both calcium and magnesium showed a tendency to decrea=-

S€e

Islem and Ullah {1973) reported that solil submersence
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favoured an increase in the uptake of nutrients by rice
including potassium. Kadreksr and Kibe (1973) showed that
potassium release took place only after 50-50 days in a con-
tinususly molst soil. Biswas (1974) attributed the differen~
tial release of non exchangeable volessium in submerged and
non submerged soils to the more vigorous growth of the crop

in waterlogged soils,

According to Galkwad et al. (1974) in flcoded vice
80ils, the soll maintains a fairly high concentration of
exchangeable and non exchangeable potassium due to transfor
mation of potassium from minerals. They postulated a dynamic
equilibrium between reserve, non exchangeable and exchangeable

fora of potassium,.

Singh and Ram (1975) reported thzt the potassium
fixing capacity of paddy soils rich in clay increased with a

rise in pH, consequent to £looding.

Murty and Singh {1975) reported an initial decrease
in available potassium during the first week of flooding,
followed by a gradual increase. They also observed a sharp
increase in water ssluble calcium during the first week,

but later the changes were found to be inconsistent.

Singh and Ram (1976) found that continuous submergence



as well es 2 drying end wetting cycle at 30 days intervals

increased the exchangeable povassium content,.

Mohanty and Patnaik (1977) reported that the trens-
formation and availability of potassium, caleium and magne-
sium were primerily governed by the silt and clay content
of the soil which inbturn determined the total amounts pre-
gsent. The avallabllity of these three cations increased
on floecding on account of their displacement by the acbion
of water through hydration and hydrolysis and reached a peak

in about 30 days and then decreased,

Laboratory incubation oxpeviments with acid sulphate
soils by Kabeerathumma and Patnaik (1978) showed that f£loode
ing resulbted in increased availability of calcium and pota~

saium.

Aceording to Silverman and Munoz (1930) the rate of
release of calcium and megnesiuvm differed im soils incubated
in air snd wnder anserobic conditlions. In air the quantities
of calcium and magnesium concentrations increased for ihe
first 3-10 days and then decreaesed, Under anaerobic incubas=
tion, caleium and megnesium concentrations either reached
maximal values in 7-10 days with no subsequent decrease or

continued to increase during the period 9f submergence.



Muthuvel and Krishnamoorthy (1991) reporied that
the avaellable potassium content of solls was not influenced

by the soil molsture regimes.
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MATERLALS AND METHODS

The effect of submergence on soil tvesting paramelers
of paddy soils was investigated using four seoil types
representing the alluvial, acid saline, acid sulphate and

saline soils of Herala,

1. Collection of soil samples

Surface soll samples (0-15 em) were collected during
December, 1984, after the second ¢rop season from farmers!

fields. The details and locations of collections ave given

below,
Seil type Order Location District No,. of

samples

Alluvial Inceptisol Kozhencherry, Pathanamthitta 12
Pathanamthi~ ¢ CQuilon.

tta and
Punaloor,
Acid Incepti=sol Vytilla Pmakulan 12
saline
Aeid Entisol Ambalapuzha, Alleppey & 12
sulphate Karumadi, Kottayam,
Thotlapally
and Kailara.
Saline Alfisol Narakkal, Ernakulan 12

Puthuvaippu.

The soils were collected in bulk, air dried, powdered,



passed through a 2 mm sieve and used £or subsequent studics.

2. Poysivo chemical nroperties

The basic physico chemical characuters of the saiils
such as oH, FC, mechanical composition, cotion exchange
capacity, lime reguirement, organic carbon, total and availaw~
ble nitrogen and phosphorus, exchangeable cations like
potassium, calcium and magnesium were determined by adopling

standard analytical procedurces as delailed bolpwis

oil pll mever mothod  Jackson (1973)
EC $olu bridge Tackson {1973)
methsd

Mechonical Analysis Hydroneter Blaelr {1985)
method

Cation exchange capacity Ammonium aestate Jackson (1973)
method

Lime rogulroment hutchson and flxtehson and
Me Leanalls He Lomaal (1914)
metnod

Organic carbon Yalkley and Jackson (1973)

Black®s rapld
titration mothod

Total nitrogen Microkjeldanhl Jaskson (1973)
nethod

Available nitrogen Alkaline = Subblah and
permanganate Asije {1956)

method



Total phogphorus Chlorostannous - Jackson (1973)
reduced molybdo
phosphoric blue
colour mechod,
in sulphuric
acid system
Available phosphorus Dickman and Jackson {(1973)
Bray's molybdenunm
biue method
Exchangeable cations Neutral normal Black (1968)

ammonium acetate
extraction method

3« Incubation Experiment

The s9il samples were filled in tall porcelain pots
of size 23 ® 13 cm and flocded with water to remain above
the s0ll surface. The soil in each pot was stirrsd with a
thick glass rod to ensure unifora mixing. The pots were
placed for incubation on a level surface in the laboratory.
The level of water on the soil surface was maintained at
5 em by addition of fresh water so as t0o simulate the
situvation available in flooded paddy soils. Wet soil samples
were drawn by a funnel using the technique suggested by
Abichandani and Patnaik (1957) from each pot at fixed inter-
vals of 12 hours, 1, 2, 3, 4, 9, 6, 8, 10 and 12 woeks and

analysed for the various parameters.

4. Analysis of soil samples
The wet s0ll samples were analysed for the different
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parageters, after making sultable allowance for the amownt

of moisture present in each sample,

¢ pHi~ The pH of the samples vere deterained in 1:2,5 soil
vater suspension using the glass electrode of the Perkine

bimer pH meter,

be Total soluble salts:- Total soluble salts were deternined
in 1:5 soil water suspension using a solu-bridge asd expressed

2
on mmhos/en™,

¢y Lime reguirement:-~ The lime requlrement of the w01l was
determined by the methed of Hubichson zng Mc lemnsn (1914).
& weighed cuantity of s0il was treated with measured volume
of svandard Ca(HCOE);2 solution. The suspension was stirred
well and filtered after 3 hours. Measured volume of the
filterate wags titrated againsi slandard sulvhuric 2cid using
guethyl orange ac Ilndiealor., A blank was run with the same
volume of standard Ca(hCOE)E solution., The difforence bhete
wean the Litre values shoved the amount o2 Ca(ﬁc%)2 used,
from which the amount of lime {as Caceg) per nectare of soil

to a depth of & inches vag calculated,

d. Available nitrogens~ Availiable nitrogen was determlned
by alkaline - perpancanzte method (Bubbiah #ne Asija, 13956)

by distillin- 20 g of soll in a aistillaiion flesk vith



0.32% potassium permangnate and 2,34 zodlum hydroxide soluw
tions for 30 aminutes. The ammonia released was absovbed in
standard acid and the excess acid was titraved with standard
alkaii, From the volume of acid gonsumed by ammonla, the

nitrogen content was calculated.

e. Availlable phosphorus:~ Available phosphorus was estimated
by Dickmen and Bray's molybdenum blue method (1940) in a
Klett Sumerson photo eleciric colorimeter, The soll vas
extracted with Bray's reagent No. 1 {(0.0% N NH4F in 0,025 o

HC1), Escimation was dome in % ml allguot of the extract,

f. BExchangeable potassivms~ Exchangeable potassium ves
determined in the neutral normol ammonium acehale extract

by the fiame emission mebthod using EFL Flame photometer,

. Ixchangeable calclum =nd magnesiumi-~ Exchangeable calecium
and sagnesium vere deterained in the meubral normal ammonium
acetate extract uslng a Perkin - FElmer 3030 wmodel Atomic

Absorption Specrrophotometer.

Stataistical Analysiss-
The data geperated fron the incubation expeciment in
completely randomised deslgn with fowr soll types vere analy-

sed statistically for each character, The pooled analysis of



variance was also done for the 11 perlods of observation,
Correlations among various characters for each soil type in
different periods were computed to bring out the relationship
between the characters (Danse and Sukhatme 1967).



RESULTS



RGSULIS

The results of the laboratory studies for monitoring
the changes in nubrient availability on flooding of Zfour

typical soll types of Kerala are presented im this chapter,

1. Baslc physico chemical properties of rice soils: Alluvial
soils {Table 1al,

The 12 samples of this soll type were representatives
of riverine alluvial soils of Pathanamthitia and Guilon dis-
tricts. These =f0ils wers slightly acidic and showed pH
values ranging from 4.8 to 5.9 vith an average lime require-
ment value of 2.7 t/ha. The elecirical conductivity was very
low and it was less then 0.1 mmhos/em for wost of uhe solls.
The mean value {or organic¢ carbon was 1.84, The total nitro-
gen content wes rather high and raaged from 0.07 to 0,184
and the available nitrogen varied from 83 to 197 ppm with an
average of 115 ppm. The total phosphorus was also similarly
high and ranged from 0.04 t2 0.174 with mean value for avai-
lable phogphorus as 107 pom. The CEC was also falrly high
and ronged from 9 to 12 me/100 g soil with an avevage of
10 me/100 g, Of the exchangesble cations, the nean values

for potassivm, caldivm and magnesiun were 131, 335 and 98 ppm



Table 1(a)

Paysico chemlical properties of alluvial soils.

Semple Organic L.R Total Total Avale Avai- {BC Exchangegble
No. %}}20) mmnos/ carbon (t/he) N (%) P (%) lable lable {(me/ cations Texture
(%) i P 00 g X ¢a  Wg >
(ppm} (ppm)
(1) (23 (3) {4) (5) (6] Cr) (8] (93 (i0) (1) (72) (13) {ih)
1 4,9 - i 10.5 009 0.17 83 186, 9 76\ 193 65 Clay loam
2 8,8 - Te4 11.0 0.10 0.04 92 5a 11 124 474 190 Clay
3 5.0 - Tols 10.2 0.08 0.08 144 105 19 18, 312 107 Clay
& Ge3 - 1e9 Q6 0,10 0,07 76 107 14 122, 304 88 Clay
5 5.1 0.1 1ol .8 0.08 .09 118 140 12 16{}\ 207 33 Clay
6 5.9 - o6 8.3 0.09 0,06 149 11é 12 zoB %16 116 Clay
7 502 0t 249 S8 0.07 0,11 191 119 8 76\/ 1 5] 96 Clay loam
8 Fels - 169 3e5 .11 0.04 83 L9 7 76 504 145 Clay loom
9 5e5 - 2.0 G,6 0.4 0,12 122 177 1e 204 296 123 Clay
10 5.3 - 1.6 G.6 Q.41 0,07 113 116 10 12 332 100 Clay loom
11 5.6 0.1 Te1 8.9 0.18 0.08 104 114 12 156 22% 71 Clay
T2 567 - 1.9 9.0 Q.15 0,06 110 a5 11 128 346 116 Clay

e
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respectively, These 12 samples of alliuvial soils varied in

texture from clay to clay loanm.

Of the different soil characters studied, the pH in
water showed a significantly high negative correlation to
lime requirement (~0.90), while the relation of pH with
clay oontent wag positive and significent {0.59)., Though
not significant, a positive correlation was there between
pH and zvailable nitrogen, exchangeable potassium, calcium
and magnesium. A similar relationship was evident in the
case of available nitrogen and phosphorus to their total

contents and orgenic matter level in the soil.

Other correlations of significance were between
exchangeable ealciuw and magnesium (0,78}, exchangeable
potassium and clay comtent (0.51) and CEC (0.84) and between
CEC and clay (C.94).

Acid galine solls (Table 1b),

The acid sallne solls were located mainly along the
coastal parts of Frpakulam district, locally known asg
"Pokkali® seils. A sincle crop of paddy alone is raired
duTing the period between Moy and Ausust-“eptember. These

s01ls were sandy loam in textwre and showed a variable pH



Table 1(b)

Physico chemical properties of acid saline soils.

Sample pH Organlc L.R Total Total Availa- Availa- CLC Exchangeable
No. (H20) (mmhos/ C (%) (t/ha) N (%) P(%) ble N bleP (me/ cations Texture
cm) (ppn)  (ppm) 100 g) Ca g
M (2) (3) {4) (3) (6) (7 (8 (2 (10) (1) (i2)  (13) (14)
1 4,2 1.9 6.2 15.0 0.,20 0.08 110 58 10 196 355 368 Sandy loam
2 4,9 2.0 6.1 s 0,17 0,07 114 51 10 202 434 564 Sandy clay
loam
3 3.8 2.9 8.3 16,0 0.15 0,05 118 42 a 140 382 573 Loamy sand
4 4,9 1.5 5.8 14,5 0.13  0.05 113 70 9 136 309 400 Sandy loam
5 342 2.4 6,60 16,4 0.03 0.05 50 44 1 266 160 536 Sandy clay
loam
6 3.5 2.0 Be5 16.2 0.2% 0,05 87 55 9 &6 131 65 Loamy sand
7 5.0 1.3 6.5 14,4 0,20 0,06 120 116 10 951 602 37 Sandy loam
8 4,6 1.2 448 14,8 0,11 0.0 84 76 10 202 128 1050 Sandy clay
loam
2 5¢3 2.6 5.6 14,0 0415 0,15 92 167 9 64 619 46  Sand
10 3.6 1.6 7.6 16,2 0.64 0,10 130 84 10 176 8I7 36 Sandy loam
11 Lok 1.9 ot 15.2 0,11 0.12 52 a1 9 128 816 92 Sandy loam
12 4.1 1.7 5.5 15.0  0.42  0.14 131 86 9 124 339 94  Sandy loam

¢
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from 3.2 %0 5.3. The EC ranged from 1.2 to 2,9 muhog/cm
with eversge value of 1.9 wmhos/em. Thelr lime requirement
was very high with am average value of 15.2 t/ha. These
solls had a high organic carbon content renging from 4.8
1o 8.7. The average eontent of total nitrogen and phose
phorus wore D.21 aad 0.08% respectively. The available
nitrogen varied from 52 to 131 ppm and that of available
phosphorus f£rom 44 to 165 ppm. The mean value of CLC was
10 me/100 g. The exchengeable potassium ranged from 64 to
206 ppm with o mean value of 149 ppm and the aversge value
of exchongeable caleium and magnesium were 424 end 322 ppm

vespectively.

In this s0il type the pH did not shou any signifi-
cant relationship with other soil charagters excepi with
available phosphorus which was positive and significant
(D.62). The relatioaship of available nitrogea vith total
nitrogen was posltive while thet with organic carbon was
negative, The influence of total phosphorus on available
phosphorus was alse positive and significent (0.62). The
available phosphorus was negetively correlated with clay
content (~0.63), while it as wesk snd negotive («0.28)

with organic carbon., A significant end negative covrelation
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was obtained between pH and lime reguirenment (-0.89) ard a
significant and positive correlation bhetween pH and organic
carbon (0072 ) .

The CEC was correlated significantly and positlvely
with ¢lay content (0.80). The effect of clay on exchangea=-
ble cations like potessium and megnesium also were signifi-
cant and positive (0.97, 0.646). A similer pvelatiomship was

evident in the case of avallable potassiuve and CEC {(0.77).
Acld sulphate soils Table 1{c}.

The 12 samples of this soil type belonged to ihe kavi
goils of Alleppey and Hobtayem districts. Three sonples of
acld sulphate solls from Kotbayem distilot showed dlstinctly
different values for &ll s0il properties compared to other

samples,

These goils recorded the lowest pH among the four
201l types and ranged in values from 2 $2 3.7. The mean
value of BC vas 1.0 mmhos/cm coming in the range from 0.2
to %.3 pmhoz/em. The organic carbon varied from 1.1 to
10.,4% with & mean value of 6.3%. The lime requirement
ranged from 15.7 to 17.1 t/ha. The CLC varied from 13 to
30 me/100 g vith a mean of 20 wme/100 z. The total nitrogen



Table 1{¢) Pnysico chemical properties of acid sulphate soils.

Sample pH BC :anic LR Total Total Avella- Availa~ CEC Exchangeable
No. (5120) (mahos/ C %) (t/ma) N (%) P (%) ple ¥ Ble P (me/ cations (pom Texture
cm) (pom)  (pom) 100 3) Ca Tg
(1) (&) (3 (&) (%) (6) (7) (8) (2 (10) (1) (12 (93 (14)
1 3.6 0.6 4.6 15.8 0.0  0.05 108 58 19 204 515 330  Sandy clay
2 TeT 0.4 Gl 15.7 0.09 0.03 85 81 21 120 577 425  Clay loam
3 3.6 0.3 5.1 15.9 0.25  0.03 93 77 13 144 198 171 Sandy loam
4 3.0 Dot 4,9 16,3 0.08 0.02 155 88 16 100 267 191 iamiy clay
sam

5 2.9 [ Te2 16,4 0414 0.03 &8 56 20 68 116 88 Sandy clay
6 2.0 He2 104 17.0 044 0,08 3530 63 28 22 T04 868 Clay
7 3.0 0.5 7.0 16,3 0.17 0.01 63 70 13 52 231 174  Sandy lozm
8 Fa1 0.2 Th 16,2 GO 0.04 &7 151 16 118 134 T  loam
9 3.4 0.3 hols 16,0 0,06 0.02 117 51 16 52 327 264  Ssndy loam
10 2.3 2.6 9.9 17.4 0.42 0.07 495 bl 23 20 548 648 (lay
1 2.8 0.2 3.6 16.4 0.70 2.02 43 21 14 30 109 104  Sand
i2 2.1 Fet 9.6 17.1 Q.42 0,07 488 39 30 36 577 1488 Clay

6¢
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was very hich and ranged from O.7 to 0.4% while the total
phosphorus was low with a mean value of 0,04%. The available
nitrogen for the three samples was very high (530, 495 and
483 ppm), while it renged only from 43 to 153 ppan £or the
other samples. The stabus of exchangeable calcium =md
magnesiun waz also disvinctly high, uhile avallable phosphc=-
rus aad exchongeable potassium were very low for the three
samples. In addition, these three samples were highly
elayey (455 clay) in texbure end rich in srgamic mabtber
(10.4%) reeording the lowest pH (2.0) and highest CEC

(30 me/100 g}.

The texbure of acid sulphate soils varied from clay
to seand. OF tho exchangeable cations, magnesium shoved
values as low ag 77 to as high as 1488 ppm and crlcium from
116 to 704 ppm, while potassium ranged from 20 to 204 ppm

with a mean value of 82 ppm only.

In this so0il type, pH shouwed a significant negative
relationship with Br (~0,84), lime requirement (-0.98),
availeble nitrogen (~0.82), exchanseable magnesium (=0,67),
orzanic carbon {=0,84) angd CEC («=0.72). EC was signifi-
cantly ond positively correlated s.ith lime requirement,

CRC, c¢lay, available nitrogen, exchangeable magnesiuvm and



organic carbon (0.83, 0.91, 0.76, 0.93, 0,9 and 0,78 res-
pectively). The relationship of available nitrogen with
total nitrozen (0.92) and crgenic carbon (0,77) was direct
and significant while that of available phosphorus vith
total phosphorus (=0.34) and organic carbon («0.26) was

weak and Inverse, CBEC had o significant and positive
influence on exchangeable caleium (0.79), cxchangeable magne-
sium (0.87) and t9 organic carbon (0.63). The effect of CFC
and clay on exchangeable potassium vas weak and nogative

while that of pH was significant and positive (0.79).
Saline soils Table 1(d).

These soils were mostly clayey in texture and were
frequently subjected to sea water imirusion, from different
parts of Vyppin island, These soils, evenihough rich in
exchangeable bases, were extremely acidic with pH values
vanging betucen 2.9 and 3.5. The mean value of EC was
5.5 mmhos/cn which 1s above the critical level fixed for
the rice crop. Tne CEC ranged from 20 to 30 me/100 g with
an average of 24 me/100 g. The avesage value > lime
requirement was 16.4 t/ha. The orgonic carbon ranged from
Lol to 6.8%. The mean values of tocal nitrogen and phos-

phorus vere 0.5 and 0.08%, The available nitrogen ranged



Table 1(8) Fhnysico chemical properties of saoline s Alse
Sample pH Organic L.R Tocal Total fAvaila- Availa= CEC Exchangeable
Hoe (H,0) (mmlms/ c (%) (t/ba) N (%) P (%) ble N ble P (me/f cations (oum Texture
e (ppm)  (ppm) 100 g) K Ca I
)] (2) (3 (4) 3y (6 (N (2) (2 (s0) (1) (122 (13) (14)
1 Zob 540 4.7 16.2 Qo246 0.05 102 293 30 26 jos%k 791 Clay
2 Fe2 6.2 o8B 16.2 0.29 0.08 18&8 74 22 a8 1123 781 Clay
3 2.9 5.3 6.5 16.8 0.3 0.08 83 T4 25 80 909 1086 Clay
4 3.5 6.0 4,8 16.2 0.36 0.1 199 119 21 96 654 1071 CQlay
5 3.0 57 4.4 6.4 0,23 0.04 242 51 21 44 630  1h2 Clay
6 2,9 50 6.8 16.9 0.2 0.07 129 29 22 80 650 1428  Clay
7 3.0 5.1 5.6 6.4 0,246 0.08 98 75 25 100 1148 ’”3 239 Clay
8 o2 6.1 8.2 16.3 D.26 0.10 132 113 25 80 643 434 Clay
2 5.0 6.6 6.7 16.4 0.32 0,07 148 a0 25 88 9256 1258 Clay
10 3.3 59 4.1 16.3 0.34 0.05 190 42 27 94 1142 1295 Clay
11 3.1 Ha1 4,2 16.3 0.3% 0,06 191 &1 20 84 904 1489 Clay
12 2.1 5.8 4.9 16.2 0.36 0.08 214 86 22 95 837 798 Clay




Table 2 Physleo chemical properties of rice s2ils : mean values.

Soil type pH EC Organic L.R Total Total Availa- Availa=- CEC Exchangeable cations
and texture (HZO) (mmhos/ € (%) (t/ha) ¥ (&) P (W) ble W Dble P (mwe/ (prm) -
cn) (opw) (ppm) 100 g) K T

(1) 2) (3) %) (5) 6 (M) (8) (23 (10) (13} (12)  (13)

Alluvial 563 - :] 9.7 0.11 9.08 115 107 10 131 336 o8

(Clay)

Acld saline 4,3 19 Bols 15,2 0.2% 0,08 100 77 10 149 424 322

(Sandy loam)

Acid sulphate 3,0 1.0 6.3  16.4 0.20 0.0G4 193 72 20 82 362 402

(Sandy clay

loam)

Saline 31 5.5 5.2 164 0.30 0,08 160 72 24 an 890 1143

(Clay)

1384
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from 83 to 242 ppm. The average of available phosphorus
was 79 ppm which renged from 42 to 119 ppa. The mean value
of available potassium was 80 ppm and the average values of

exchangeable salcium ond magnesium were 890 and 1142 ppm.

The pH in water was significantly and negatlvely
correlated to organic carbon {=~0,59) and clay cotent (=0.66),
while the relationship with lime requirement was inverse and
veak (=0,23), The avoilable nibtrogen was only weekly corye=
lated to the total nitrogen (0.32) and shosed a negative
earrelation to osrganic carbon (=0,64), Available phospho#us
showed a high correlation to total phosphorus (0.94}, whgie
that with pH and orgenic carbon was weak and positive (0,41
and J.3)s A significant negative correlation was observed
for clay with total phosphorus {(=0.56) snd avallsble phos-
phorus (=0.65).

2. Incubation sludies on typical rice soils,

The results of the lakoratory incubation studies on
the effect of svbmerging four important soil types of Kerala
under five centimectres of standing water for a periocd of

three months om the soil testing parameters arve presentoed,

The data on changes in pH, EC, lime requirement,
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avallable nltrogen, availoble phosphorus and exchangeable
cavions like potassium, calciun and magnesium are presented

in tables 3 %o 10 and figures 1 to 8.
pd Tablez 3(2) to 3{e).

From the results it aay be seep thav significont
changes in pH weve gbialuned L£ov the different soll types due
to submergence in water for varying periods of time. Average
values of pH over a perisd of flooding Lor three monchs was
highest for saline soils (7.3) immediately followed by acid
saline solls with 2 value of 7.2. The samples reprssenting
the alluvial and acid sulphate goils recorded comparatively
lower values {G.4 and %£.9) only. It may be noted that the
maximum shift in pH from the wnivial valuves was recorded for
saline and acid saline soils (4.2 aznd 2.9) followed by the
aclid sulphate solils recording a shift of 1.9 walts, The amini-

run shift of 1.1 units was regilstered by the alluvial soils,

The pil of scid sulphate and saline s0ils rapldly
increased even after twelve hours and 1t continued to increase
significantly till the end of second week, after vhich 1t
attained a more or less sbteady gtate in acid sulphate solls,
while 1T was stabilized at the end of six weeks only in

galine soils. The alluvial goils shoved a decrease in pil



Table 3(a) pH of alluvial soils on submergence in waver for 10 perisds of
sampling over 2 period of three months.

Periods (weekss)

No. 1 (12 2(1)  3(2) 4(3) 5(4) 6(3)  7(6 a(8) 3{10)  10(12)

hours)

(1) (2) () & (5) (6) (7) (8) (9) (10) (1)
1 4,0 6.0 6.0 6.1 6.1 6.1 641 6.1 642 602
2 5.2 5.9 6.0 6.0 6.0 6.0 6.0 6.2 642 6.2
3 501 5.8 5.9 5.9 6.0 6.0 6.2 6.2 Go3 6.3
4 4.9 6. 6.3 6.5 6.5 6.9 6.3 6.5 6.5 6.5
5 5.1 5.5 5.7 549 6.0 6.0 6.2 6.2 6.3 6ol
6 5.3 5.5 5.6 5.8 843 5.3 6.5 645 6.7 6.7
7 5.4 6.2 6.2 6.2 6.2 6.2 6.2 6ot Gult Bads
8 4.9 5.5 3.5 6.0 6.1 841 6at 645 6.5 6.5
9 5.2 5.8 5.9 5.9 549 6.2 6.5 6.5 643 645

10 4y5 5.5 5.9 6.0 6.0 6.0 6.3 6.3 6.5 6.5

X ko8 5.8 5.8 5.8 5.9 5.0 6.5 6.5 6.5 6.5

12 541 5.9 5.9 549 549 6.3 6.3 6.5 6.5 6.6

9%y



Table 3(b) pH of acid saline soils on submergence in water for 10 perlods of
sampling over & period of three months.

Pericds {weeks)

Mo, 1 (12 2{1) 3(2) 4(3) 5(4) 6(5) 7(6) a(g) 5(10) 10(12)
hours) .

) {2) (3) (&) (5} (6) {7 (a) () {10) (1)
i he6 4.8 6.5 6.6 6.8 5.5 7.0 Tal Tel 7.2
2 53 Se % 6.5 5.6 6.7 6.7 Ta0 Tt Te2 T2
3 3.8 6.0 5.0 6.5 6.5 6.5 6.9 7.0 Tel Tot
4 4.7 4,9 8.0 6.5 ] 6.5 5.9 70 T+0 Tt
5 3.6 4.8 5.0 6.5 6.7 6.8 To0 T3 T4 Te2
6 3.7 5.2 8.6 66 6.2 7.0 70 Fa2 Te2 Tk
7 Se1 501 8.4 6.5 6.5 ] 70 T 70 7.0
8 4.8 Sal 5.5 6.5 6.6 6.7 70 T 7.0 Tot
g 5ols 545 6.5 6.5 ) 6.7 Tot Tl 7ol T4

10 2.8 4,7 £.3 6.6 6.7 7.0 T2 Te2 Te3 Tolt

1" 4.6 5.4 Bl 6.4 6.8 6.8 7.0 T2 Tal Te2

12 L 5,9 6.3 8.7 6.9 70 70 T3 Ta3 73

LY



Table 3(c) pil of acid sulphate soils on submergence in vater fop
10 periods of sampling over a period of three months.

Periocds (weeks)
o4

we. 10z 2(1) 32 W) () 63) 76 e o(o)  10012)
ursg
M @ 3 (W ) ® (D (8 (3 (10) (1)
1 b2 5.5 5.7 57 5.7 5.7 547 5.7 3.7 5.7
2 4.5 5.6 6.0 6.0 6.2 6ol 6ol 6.4 St 6.4
3 4.5 5.5 5.8 5.8 6.2 Be2 6.4 8.l B.4 B
4 4,3 5.5 5.5 5.6 5.6 5.8 5.8 5.8 58 5.8
3 3.8 4.0 4.0 UN 4,1 ] 4,1 4,1 4.1 41
6 3.8 4.0 4.0 4.0 4.0 4,0 bed 4.1 441 L
¥i 4.0 4o 4.0 4.1 4,1 4,2 4,2 4.2 b2 4,2
B 4,0 4,2 4.2 5.2 Lo2 4,3 4u3 4.3 4,3 5.3
9 o2 5.0 5.5 5.5 5.6 5.6 5.6 5.6 5.6 5.6
1C 3.7 440 b0 4.1 bLe2 4e2 4.2 4.2 442 4.2
1 L] L 4,2 b2 4.2 4e2 Lo 4,2 4,2 Lo2
12 3.8 4,0 LN 41 4.1 4.1 Lo 4.1 4.1 4.1

8%



Table 3(d) pH of saline soils on submergence in waler for
10 periods of sampling over a period of three months.
Periods (weeks)
No. 1 (12 2(1) 3(2) 4(3) 58 &(3) 7(8) 8(8) 9(10)  10(12)
hours

(@ (3 W (G (8 Mm@ (9 G0 (1)
1 4,7 5.6 6.2 6¢5 645 6.8 740 Tel Te2 7.2
2 4,0 5.4 6.2 6.3 6ols 6.6 6.9 71 71 71
3 4.0 5.0 545 5.6 5.9 6.5 6.7 6.9 6.9 7.0
4 4.5 5.5 6.0 6.3 6.4t 6.9 71 71 T2 T3
5 349 5.0 5¢8 6.0 6.1 6.5 6.6 6.9 7.0 7.1
6 4.5 5.7 5.9 5.9 6.0 6.3 645 6.8 7.0 7.0
7 be2 543 6.0 6.0 6.2 6e3 6.6 6.7 6.9 T4
8 3.9 5.0 6.0 6.1 6.3 6.5 6.8 7.1 Tat Te1
2 4ot 5.0 5.7 5.0 6.2 o5 6.9 7.0 71 7.1
10 4.0 5¢&t 5.9 6.2 [ 5.8 6.8 70 740 7.2
11 4.3 51 5.8 6.0 &.0 6e5 6.6 T0 7ol 7.1
12 4.0 5.0 57 6.1 6.1 G5 6.7 849 7.0 7.1

6y



Table 3(e) pH in water of rice soils on submergence in water : mean values
for 10 pericds of sampling over & period of threoe months.

Period {weeks)
Soil type 1(;‘2 )2(1) 3(2) %#(3) 5{&) 6{5) 7(6) 8(s) 9(10)  11{12)
ours

) (2) (3 (4) (5) (6) (7) (8) {9} {(10) (1)

Alluvial 5.0 5.8 5.9 6.0 6.1 5.1 6.3 Gals 6.4 6.4
Acid 4.5 5.2 Gh 6.5 6.7 6.8 T+0 '?01 Tel Tel
saline

Aeid 4;1 406 4.8 &'.8 if'og "-9 l"69 t}.g l"og 409
sulphate

Saline 42 5.3 5.9 6.1 6.2 8.6 5.8 7.0 Tt Te3
C.D for s P O Ol 0.4 C.b 0.4 0.4 Ouds O O.h
goils

C¢.D for periods - 0.4

oS



at firsl and then recorded & significant increoase,; recording
the peak value in the first week itselfs The ol continued
to lncresse significantly f£ir acld saline soil, pesiscering

peal values in the second week,
EC Tablesh{a) to 4{e).

Changes an £ verc also significaat in the four soil
types during submergence. D[Lleccrical conductance was highesh
in the salune soils {5.5 mohos/om) and lowest an alluwvial
s0ils (0,03 mmhos/em), Meximum rise in BC was observed by
the fourth week in alluvial and seline =0ils (0.4 and 11.5
mmhos/cm}, sixth week in acid saline and fifth week in acid
sulphate s0ilz (5.6 and 4.1 muhosfom). Thereafver a signi-
ficone diminutbion was observed ia all the 80il Types, which
persisted $ill the end of the three month peried. The highest
BC was noted for the saline s0ils (11.5 amhos/om) end mini-

mum for the alluvial soils (0.4 mmhos/em),
Lime vrequivement Tables 5{a} %o 5{e).

Submerging the solls in water for a perlod of three
months beought *bout appreciable veduction in lime reguire-
ment of all the soils, Initial ilme vequirement wos maximum

for the acid sulphete ind salire soils ond minipum for allue



Table 4(a)

EC (mmhos/em) of alluvial soils on submergence in water for

10 periods of sampling over a period of three months.

Periods (veeks)

Ho. 1 (12 2(1) 3(2) 4(3) 5(4) 6(5) 7(6) a(s) 9(10) 10(12)
hours)

1) (2) (3) (4) (5) (6) 7) (8} () (10) (1)
4 - 0.1 0.2 0.2 0.3 0.3 (4794 0.2 0.1 0.1
2 - 0.1 0.2 0.2 0e3 0.3 0.2 02 0.4 0.1
3 - 0.1 0.2 0.3 0.4 0.3 0e3 0.2 0,1 0.1
&4 - 0.1 0.2 0.3 0.4 0.3 0.3 Ge2 0.1 0.1
5 0.1 0.1 0.3 0.3 0.4 0.3 0.3 0.2 0.1 0.1
& - 0.1 0.3 0.4 0.4 O.b 0.3 0.3 ‘Ol 0.1
7 0,1 0.1 0.2 0.4 0.4 0.4 0.3 0,3 D1 0.1
8 - 0.1 0.2 0.4 0.4 0.4 0.3 0.3 0.1 0.1
S - 0.1 0.2 0.3 Ol 0.3 0.2 0.2 0% 0.9

10 - 0.4 0.2 0.3 0.3 0.3 Oe2 0.2 0.1 0.7

11 0.1 0.1 Ge3 0.4 Ol 0.3 0.2 062 Oot 0.1

12 - 0.1 3.2 0.3 0.3 0.3 0.2 0.2 0.1 0.1




Table 4(b) BC (mmhos/om) of acid saline soils on submergence in water for
10 periods of sampling over a period of three months.

No. 1 (12 Period (weeks)
hours ) 2(1) 3(2) 4(3) 5(4) 6(5) 7(6) 8(8) 9(10) 11(12)

) (2} 3) (4) (3) (6) (7) (8) (9) (10) (11)

1 2.6 2,6 32 3.9 4o 55 5.6 2.9 240 1.8
2 2.9 2.9 33 440 4.5 Sl 5.6 2.9 19 1.8
3 3.6 3.8 4.0 bk 4.9 5.6 5+8 3.2 24 2.4
4 2.5 2.8 3.3 LN 4.6 5.3 5.6 3.0 241 148
3 3.0 3.2 37 4.3 4.9 5.7 5.8 3.1 2.1 241
6 3.0 32 3.6 4.3 4.8 4e9 Sels 2.7 1.9 1.9
7 3.0 3e1 3e1 4.3 4.8 53 5.7 3.0 2.0 17
8 2.4 2.5 3.6 443 4.8 5.2 5.3 2.7 1.9 1.6
9 3.0 3.1 3ot 4.3 5.0 5.7 3.8 3.0 2.0 2.0
10 2.6 2.9 Ze6 % 4.7 5.3 5.5 2.8 1.9 1.8
1 2.9 3.1 3.7 44 5.0 5.4 55 2.9 1.9 1.9
12 2.6 3.0 345 &7 5.1 53 Seh 2.6 1e8 1.8

€8s



Table 4{c) EC {(omhos/cm) of acid sulphate soils on submergenee in vater
for 10 periods of sampling over a period of three months.
Periods (weeks)
No. 1 (12 2(1) 3(2) 4(3) 5(4) 6(5) 7(6) 8(8) 910} 10(12)
hours)

) (2) (3) (&) (s> (6) (7) (8) (@) (10) (1)
1 0.9 1.5 2.9 3.8 3.9 3¢9 1.6 1.6 165 1.2
2 0.6 1.3 25 3.3 3.3 33 1e2 1.2 1ol 1.0
3 0.6 1.2 2.4 3% 3.3 343 162 1.1 1.0 0.9
4 0.6 1.2 2.0 3.0 3ol LA 1.0 1.0 0.9 J.9
5 0.6 1.2 2.0 3.0 3e2 Fe2 %e2 1.0 0.9 0.9
[3 4.2 5.0 5.3 6.0 6.0 6.0 4.8 4,0 4,0 3.8
7 0.8 1.6 2.9 4.0 Lot 4.1 3.1 3.0 30 2.6
8 Ot 1.0 2.0 3.0 3.8 38 1.5 1.0 1.0 0.9
9 0.6 1.2 2,2 3.0 343 343 1.2 1.0 1.0 0.9
10 4.0 LN 51 6.0 6.0 6.0 5.0 4.0 24e0 3.9
1 045 0.8 1.9 2.9 3.6 3.6 1.3 1.1 10 0.9
12 Lo2 5«0 5e2 6.1 6ol 6.1 4,8 4,1 L0 3.8

(24



Table 4(d) EC (mmhos/cm) of saline soils on submergence in water
for 10 periosds of sampling over a period of three months.

Period (weeks)

No. 1 (12 2 3(2)  4(3)  s(4) (3 T()  8(8)  9(i0) 10(12)

hours )

4] (2) (3) (4) (5) (6) 7 (8) (9 (10) (11)
1 5.1 7.1 91 2.3 9.9 113 3.2 T 641 [
2 6.5 Tele 9.2 93 10,3 11.5 1040 8.1 71 6.9
3 5.8 7.8 95 9.7 10.7 1.6 10.90 79 71 6.6
4 6.1 7.9 2.7 9.9 10.8 M7 1041 8.1 74 6.7
5 .9 T.7 95 9.6 10.2 1.4 9e2 Al Ge3 6.1
6 541 7.0 241 G2 .9 11.8 10,1 8e1 7l Ge2
7 5.1 Tok 241 943 9.8 11.2 8485 &7 3e9 5.7
8 [ 8.0 37 2.9 10.7 1.6 97 Te3 &e2 5.8
9 6.9 7.9 2.7 9.9 10.8 11.8 9.8 7.2 .2 [S]

10 6.0 Tl 2e1 23 9.8 1.0 2.8 6.7 548 3.6

11 5.0 €.6 2ol 2.4 10,2 11.3 9.1 6.9 [c] 8.0

12 6.1 Te9 2.7 2.5 10.3 11.4 9.3 Tat £,0 5.3

GS



Table 4{e) EC {(mmhos/cm) of rice soills on sSubmergence in vaser : mean values
for 10 periods of sanmpling over 2 periocd of three months,.

Peviods (vesks)

Soil type 1 (12 2(1) 3(2) 4{3) 5(b) 6{5) (65 8(3) 2(10) 10(12)
hours )

(10 (2) (3) (4) {5) (6) " (&) (<) (10) (1)
Alluvial 0.03 Ue10 0.23 0352 Q37 Ge3% 0425 023 0.10 0.%0
Acid saline 2.8 3.0 35 4,3 4.8 Bels 5.6 249 2.0 1.9
Acid sulphate 145 2.1 340 2.9 4.1 44,1 243 20 2.0 1.8
Saline 5.8 Tolt Qeds 9.5 11.5 2.5 Tolt T3 Bt 6.1
C.D for soils 007 007 006 0.6 0-5 0.5 007 0.6 0.6 0.6

C.D for pericds «= 0,3

as



Table 5(a)

1R (t/ha) of alluvial soils on submergemce in water for

10 periods of sampling over a period of three momths.

Periods (weeks)

o, 1 (12 2(1) 3(2) 4(3) 5(4) 6(5) 7(6) a(3) o(10)  10(12)

hours)

(1) (2) (3) (Y (5) (6) (7) (8) {9 (10} (1)
1 9.8 9.5 9.4 9.5 9.3 2.2 9,2 2.1 9.1 9.1
2 9.8 9.5 9ot 9.5 9.2 9.2 9.1 2.0 9.0 9.0
3 10.0 9.9 9.6 9.5 9l 9.4 9.3 9.2 9.2 3.2
b 9l PR 9uls Dudt 9.3 9.3 N 8.9 849 8.9
5 9.6 S R R 9.3 93 9.2 9.1 9.1 9.1
6 LR 9.4 9.4 9.3 9.2 9.2 8.9 8.7 8.7 8.7
7 10.0 9.9 9.5 9.5 9.4 9.4 2.2 2.1 9.1 9.1
8 9.8 9.5 EN 9.5 9.4 R 9.3 92 9e2 9.2
9 9.4 9.4 9.4 b 9.3 9.5 2.2 9.1 9.1 9.1

10 9us R 9.4 9.4 9.3 9.3 9.2 9.1 2.1 9.1

K 9.6 9.5 945 9.3 9.2 %e2 9.1 9.0 9,0 9.0

12 R 94 %4 9.3 9.2 9.2 8,9 8.7 8.7 8.7

LS



Table 5(b)

LR (t/he) of acid saline soils on submergence in water for

10 periods of sampling over a period of three months,

Period (weeks)

No. 1 (12 2(1) 3(2) 4(3) 5(4) 6(5) 7(6) 8(8) 9(10) 10(12)

hours)

1) (2) (3) (4) (5) (6) (7) (a) (9) (10} (1)
1 14.9 4.6 14,1 13.9 13.5 13,1 11.9 11.9 11.9  11.9
2 15.1 14,9 14,2 14,0 13.6 13.2 12.0 1.9 1.9 11.9
3 1543 15.0 14,4 14,2 13.8 13.2 12.0 12,0 12.0  12.0
4 14,9 14,9 14.0 13.9 13.4 131 1.9 12,0 12,0 12.0
5 19.1 15.1 14,1 14.0 13.6 13,3 1241 12.2 12,2 12.1
& 14.9 14.8 14,1 14,0 13.5 12.9 12,7 11.5 11.5 11.5
7 1541 14,9 14,3 4.2 13.7 13.2 1241 12,1 12,1 121
8 14,9 14,8 14,3 14.1 13.7 13.4 12.0 12,2 12.2 1241
9 14,7 14.4 14,0 13.8 13.4 13.0 12,1 1.7 1.7 11.7

10 15.1 14.9 14,5 hols 14,0 13.4 1.7 12.3 12.2  12.2

11 15.0 15.0 14.6 14,3 13.9 13.4 12.3 12.3 12,2 12.2

12 4,9 14.5 ol 13.9 1344 12,9 1.7 11.7 11.6 1.6

88



Table 5{¢) LR (t/ha) of acid sulphate soils on submergence in water for
10 periods of sampling over a period of three months,

Perioda (weeks)

No. 1 (12 200 32)  43)  s)  6(5)  7(6) 88  9(10) 10(12)

hours)

M @ @ W (3 ® (M @ (9 () a1
1 15.5 1442 4.2 14,0 14.0 13.8 13.6 1345 13.5 1345
2 1545 14.5 14,1 14.1 1349 13.8 1345 135 13.5 13.5
3 15.6 14,6 14.3 14.0 14.0 1440 14,0 14.0 14,0 14,0
4 15.8 14.4 14,3 14,2 4.1 14.0 14,0 14,0 4.0 14,0
5 15.8 14,6 14,4 14,2 14.2 14,2 14,0 14,0 14,0 14,0
[ 16.8 164 16.0 16.0 16.0 16.0 16.0 16.0 16,0 16.0
7 15.6 1445 14,5 1443 14.3 1442 14.2 14.0 14,0 14.0
8 15.6 14,3 14.3 14,0 14,0 14.0 14.0 14,0 14.0 14.0
9 15.8 b2 1440 14.0 13.8 13.8 13.6 13.6 13.6 13.6

10 16.9 16.6 16.0 16.0 1640 16.2 16.0 16,0 16.0 16.0

11 16.0 1445 14.5 441 4.1 14,1 14,0 14.0 14,0 14.0

12 16.8 16.3 16.3 16.0 16,0 16.2 1640 16.0 16.0 16.0

68



Table 5(d)

LR (t/ha) of saline soils on submergence in water for
10 periods of sampling over a period of three months.

Periods (weeks)

No. 1 (12 2(1) 3(2) 4(3) 5(4) 6(5) 7(6) a(s) 9(10) 10(12)

hours)

(1) 2 (3 (%) (5) (6) (7) (8) (9) (10) (1)
1 16.0 4.2 14,2 14.0 14.0 13.8 1344 13.2 1340 13,0
2 16.0 14.6 14,2 14.2 14,2 14,0 13.6 13.4 13.0 13.0
3 16.4 15.8 15.8 15.6 15.6 14.8 14,2 4.0 1346 13.6
4 16.0 14.8 1hoh 14,0 1440 13.8 13.2 13.2 13.0 12.0
5 16.% 4.9 4.4 4.3 14,2 4.0 134 13.4 13.2 13.0
6 16.5 15.7 15.7 15.6 15.6 15.0 14,2 14,0 13.5 13.5
7 16471 15.2 152 15.2 15.2 14,8 14,0 4.0 13.6 13.5
8 16,0 14,9 4.4 o2 14,2 1349 13.2 13.2 13.0 13.0
9 1641 15.6 15.5 15.2 15.2 4.6 14,0 13.8 13.4 13.4

10 16,0 15.4 15.0 5.0 15,0 14.5 13.8 13.8 1345 13.4

11 16.0 15.4 15.0 15.0 15,0 14,5 133 13.5 1345 13.2

12 16.0 14.8 14,5 14,2 14,0 13.8 13.2 13.2 13e2 13.0

09



Table 5{e) Lime requirement (t/ha) of rice soils on submergence in vater : mean
values for 10 periods of sampling over a periocd of three months,

Periods (weeks)

Soil type 1 {12 2(9) 3(2) &(3) 5(4) 6(5) 7(6) 8(8) g(10) 1011}
hours)

(1) {2) (3) (&) (5) (6) (7) (8} () {10) (11}
Alluvial 9¢6 D5 Fels 901'" 9.3 9.3 el 9.0 el 2]
Acid saline 15.0 14.8 14,2 14.0 13.6 13,2 120 12.0 12.0 12,0
Acid sulphate 16.0 4.9 14.7 14,6 14.5 1445 184 a4 bt 14,4
Saline 16.1 15.1 14,9 14,7 4.7 14.3 13,7 13.6 133 13.2
C.D for soils 0.3 0.3 0.4 C.h 0.5 0.5 D3 0.5 Ouls O.h
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vial soils, The reduction in lime reduirement at the end

of one week period of submergence was in the order of 1.3,
Tolty, 1.0 and 0.2 t/ha for saline, acid sulphate, acid saline
and alluvial soils respectively., With increase in the peried
of submergence, the lime requirement vslue decreased for all
the soils. The reduction in lime requirement was maximum in
saline and acid saline soils (3.2 t/ha) end winimum for allu-

vial soils {0.7 t/ha).
Avoilable nitrogen Tables 6(a) to 5{e),

The available nitrogen was signifiecantly different
for the different periods in all the four soll types. It
may be noted that the available nitrogen of all the soils
used in the present study reglstered an increase due to

flooding,

The effect of submergence in increasing the content
of available nitrogen was gaximum in saline soils, followed
by acid saline and acid sulphate soils end it was minimum in
alluvial soils. After 12 hours of submergence, alluvial
soils shoved a slight decrease in available nitrogen (13 ppm),
while acid saline soils recorded a slight increase (4 ppm).
The increaze was in the range of 20 to 38 ppm for saline and

acld sulphate soils at thisz period.



Table 6(a) Available nitrogen (ppm) of alluvial soils on submergeace in
water for 10 periods of sampling over a period of three months.
Periods (weeks)

No. 1 (12 2(1) 3(2) 4(3) 5(4) 6(5) 7(6) 8(a) 9(1e)  10(12)

hours)

M @ G () 5) (&) " (8 (@ (o) (1)
1 98 141 152 164 168 179 203 210 213 230
2 130 156 187 201 217 220 224 235 245 265
3 56 139 148 153 160 180 191 200 200 219
4 o8 143 152 168 182 212 226 261 280 295
5 63 140 150 154 161 184 205 242 217 237
& 84 147 156 164 175 %8 224 244 265 287
7 112 154 161 163 182 200 224 253 273 204
8 175 182 190 197 217 245 273 285 301 312
9 98 147 151 156 168 193 219 222 21 250

10 98 141 148 156 161 182 203 208 290 224

11 128 161 174 189 210 213 224 238 259 278

12 &9 141 150 158 161 196 202 208 210 234

€8



Table 6(b)

Available nitrogen (ppm) of acid saline soils on submergence in
water for 10 periods of sampling over a perlod of three months.

Periods (weeks)

No. 1 (12
1(murs) 2(1) 3(2) 4(3) S5(4) 6(5) 7(6) 8(8) 2(10) 10(12)
(1) (2) (3) (&) (3 (6) (7 (8) (9) (10) (11)
1 112 133 174 212 259 268 280 320 354 359
2 114 133 180 228 273 279 283 328 360 365
3 118 137 178 231 273 279 291 335 32 375
&4 115 135 170 211 252 264 280 322 361 365
5 49 70 108 142 1890 189 489 210 231 236
6 91 104 135 166 198 223 245 273 301 305
7 132 148 193 238 287 338 374 400 428 430
8 84 99 130 166 186 199 199 226 259 262
9 95 105 131 162 190 208 224 245 268 270
10 145 160 212 259 203 345 335 4 431 431
11 52 75 112 1wy 180 190 190 211 235 241
12 147 165 207 259 308 343 385 415 L 443

b9



Table 6(¢) Available nitrogen (ppm) of acid sulphate soils on submergence in
vater for 10 pericds of sampling over a period of three months.

Periods (weeks)

Ne., 1 (12 2(1) 3(2) 4(3) 5(4) 6(5) 7(6) 8(8) 9{10) 10(12)
hours)
(1) {2) (3) {4) {5) (6) (7) {8) (9 (10) (i1)
1 105 210 329 290 247 354 398 440 472 490
2 92 182 266 238 212 273 279 284 288 303
3 98 129 272 259 231 281 283 290 294 300
4 147 238 339 300 278 399 431 H68 497 499
5 85 166 288 261 210 309 324 339 350 362
6 6836 691 707 700 693 719 728 T43 756 761
7 77 140 192 179 158 214 248 262 273 279
8 81 168 292 264 212 306 33k 341 357 364
g 110 224 336 314 275 385 (428 474 495 408
10 629 640 638 677 665 700 721 735 The 750
1 37 131 196 172 150 210 237 259 270 281
12 626 644 674 663 658 690 718 729 ThHO 752

S9



Table 6(d) Available nitrogen (ppm) of saline soils on subnergence in
water £for 10 periods of sampling over a period of three months.

Periods (weeks)

No. 1 (12 2{1) 3(2) 4(3) 5(4) 6(5) 7{6) 8(8) 9(10)  10(12)

hours)

M) (2) (3) (%) (3) (&) (YD’ &) (9) {10) (1)
1 124 159 194 236 272 350 4hg 554 616 658
2 207 240 318 399 462 531 580 é22 651 690
3 104 145 182 228 260 348 459 512 583 647
4 210 245 339 420 476 540 5ok 646 698 728
5 257 2s8 390 498 591 634 678 710 ThE 769
6 140 180 230 280 320 400 443 529 538 626
7 120 154 195 251 266 322 428 509 567 598
8 149 188 231 289 334 424 5158 590 621 658
9 160 196 242 300 340 437 509 582 628 €60

10 215 240 340 418 460 511 568 619 6539 694

19 224 243 349 420 462 510 575 621 662 710

12 240 266 358 432 497 558 660 697 722 761

a9



Table 6(e) Available nitrogen {ppm) of rice soils on submergence ln water : mean
values for 10 periods of sampling over & period of threc months.

Periods (veeks)

Soil type 1 (42 2(1) 3(2) 4(3) 5(4) 6(5) 7(6) a(a) 9{410)  10(12)
hours)

(1) {2) {3) (4) (5) (6) o (&) (9) {10) {11)
Alluvial 103 149 160 167 130 201 298 215 242 202
Acid saline 105 122 161 2090 243 261 277 08 337 353
Acid sulphate 251 302 382 360 333 403 h27 Li7 L52 Lak
Saline 172 213 280 11 394 Leh 527 599 843 €83
C.D for soils 107.9 93 86.4  114.2 99.7 91,7 91.2 93.2 29,1 91.2

L9
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The available nitrogen continued to rise in the
saline and acid saline soils during the rest of the submer=-
gence period. In alluvial soils maximum increase was obsere
ved at 10 weeks of submergence which was given 110% increase
greater than the corresponding valuss for the dry soll and
after thet it decreased. The acid sulphate soils showed
98% increase in available nitrogen at the end of two weeks
period. The content of available nitrogen registercd a
decreasing trend during the third and fourth weeks, which
again inereased and reached the maximum values by the end of
the three months incubation period. Over a periocd of sub-
mergence for 12 weeks, the mean value of available nitrogen
recorded nearly four times increase for acld saline and
galine soils, the maximum being obtalned after 12 weeks of
incubation, Maximum values obtained for avallable nitrogen
were 242, 333, 484 and 683 ppm for alluvial, acid saline,

acid sulphate and saline soils respectively,
Available phosphorus Tables 7(2) to T(e}.

Flooding of the soils resulted in a rise in the con-
tent of available phosphorus in all the soils, the most
significant chemges being shown by the acid saline and saline

goils, The saline s0ils showed 68 incrsase in availabie



Taple 7(a) Available phosphorus (ppm) of alluvial soils on subpergence in
vater for 10 pariods of sampling over a period of three months.

Perinds {weeks)

Mo. 1 (12 2(1) 3(2) 4(3) 5(4) 8(5) 7{6) 8(8) 9(10) 10(12)

hours)

(4 (2) (3) (4) (5) (6) (7) (8) (9 (10; (11)
1 200 148 175 201 227 253 294 220 157 106
2 118 &5 72 74 77 8h 92 &7 52 32
3 130 69 75 81 a8 96 109 92 74 52
4 136 Th 82 33 105 123 142 1o 81 56
5 168 120 127 135 143 164 197 152 125 80
[ 156 104 114 117 125 144 167 132 a8 70
7 161 118 130 145 158 178 204 160 128 82
8 100 63 €8 73 78 86 93 73 54 35
g 191 139 160 188 2056 234 265 200 145 a0

10 156 103 110 117 124 142 160 120 100 70

11 148 &2 99 100 112 128 145 118 93 &0

12 128 65 69 74 77 ah 35 T4 56 38

69



Table 7(b) Available phosphorus (ppm) of acid saline soils on submergence in
vater for 10 periods of sampling over a period of three months.
Periods (weeks)

No. 1 (12 21) 32 43 58 6(3)  7(6) 88  9(10) 10(12)

hours )

) {2} &2 {4) (5) (&) 148 (8) (9) (10) (1)
1 114 345 385 4%2 480 432 368 398 429 450
4 110 252 310 392 Lh2 378 286 287 290 320
k1 o8 209 274 350 381 34 244 240 268 s
4 134 298 340 392 460 392 319 337 356 388
b} 101 224 299 375 423 364 257 324 395 422
8 116 238 21 369 407 300 264 270 284 0
7 160 305 389 430 462 430 336 342 367 304
8 134 351 400 440 487 337 368 389 407 424
2 171 704 780 839 892 751 705 700 700 700

10 126 389 432 a8 512 469 397 400 491 428

11 124 506 620 709 784 682 550 579 597 610

12 131 517 624 700 798 648 558 584 600 612

0L



Table 7{c) Available phosphorus (ppm) of acid sulphate soils on submergence
in water for 10 periosds of sampling over a period of thvee wmonths,

Perlods (weeks)

No. 1 (12 21)  3(2) W3 54 &5)  7(6)  8(8)  9(10) 10(12)

hours)

{1) {2) (3) (4) (3) (6) {7 (8) (3) {10; (11
4 130 162 194 223 254 250 216 241 274 280
2 139 179 227 269 309 308 248 252 255 258
3 9% 147 189 234 281 275 174 250 524 332
4 193 181 230 262 284 284 179 249 280 300
5 65 90 129 171 200 172 158 145 133 140
6 34 58 61 63 68 65 77 160 54 55
7 137 179 190 209 221 200 i82 127 86 e5
8 198 139 200 207 226 200 189 130 08 100
9 65 a8 127 157 182 165 151 140 138 142

10 13 65 65 168 &8 68 83 80 72 76

11 134 167 184 197 207 290 21e 220 222 225

i2 4o 59 59 €0 Y] 65 a0 75 66 70




Table 7{4) Available phosphorus (ppm) of saline soils on submergensce in
water for 10 pericds of sampling over a period of three months.
Periods (weeks)

No. 1 (12 2(1) 3(2) 4(3) 5(4) 6(3) 7(6) a(s) 9(10)  10{(12)

hours)

S} (2 (63 (4) (5) 6) 7) (8) (9) (10) (11)
1 162 165 201 241 271 279 284 390 477 488
2 158 158 183 200 235 243 256 344 433 465
3 158 158 180 204 235 245 258 371 448 454
4 170 227 242 26% 287 292 293 394 479 489
5 9L 99 110 128 145 181 215 258 278 290
6 120 21 130 142 155 198 246 297 524 340
7 111 120 4131 140 152 i85 216 299 358 360
8 176 230 252 271 294 295 257 392 481 492
Q9 120 124 138 &7 157 208 244 336 422 430

10 85 o8 109 121 132 179 204 314 491 418

1 111 121 128 136 g1 191 232 278 427 431

12 132 142 145 150 185 197 246 348 431 437




Table 7(e) Available phosphorus (ppm) of rice soils on submergence in water : mean
values for 10 periods of sampling over a period of three months.
Soil type 1 (12 201y 3(2) 4(3) 5(4) 6(5) 7(6) 8({8) 9(19) 10(12)
hours)

(1) (2) (3) (4) (5) (6) (7) (85 (9) (10) (11
Alluvial 149 14 106 117 127 143 164 127 95 64
Acid saline 126 %61 430 494 Shiy 456 388 404 426 445
Acid sulphate 106 130 155 185 197 189 163 172 167 173
Saline 133 147 162 178 197 224 246 335 436 425
C.D for sgoils 30.8 87.9 75.2 76 87 78.2 T1.6 705 T5.6 72.3

C.D for pericds - 71.8

€L
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phosphorus at the end of 12 hours of submergence and after
that by & steady increase reached the maximum value of
425 ppm by the end of 12 weeks. The avallable phosphorus
content recorded 474% increasc in the case of acid sulphate
solls at the end of 12 hours of flooding. It continued to
increase and reached the peak value (197 ppm) after four
weeks of submergence and decreased slowly from the £ifth

week, till the end of 12 weeks.

The acid saline soils recorded more than four fold
increase in available phosphorus in the {irst wveek of sub-
mergence. In the second and third weeks the incroase was
19% and 15% end at lhe cnd of fowr veeks attalned the maxi-
mum value (544 ppm). After the £ifth and sixch veeks, a
decrease of 15-16% of available P was obtained, followed by
an increasing tendency during the remaining periods of sub=-

mergence,

A 40% increase in available phosphorus was observed
in alluvial solls at 12 hours of flooding, after which,
submergence shoved no effect on phosphorus availability
over the initial value till the end of four weelks, The
highest increase obtained at the end of six weeks was

164 ppm in alluvial solls after which a significaat decrease
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was noted,
Lxzchangeable potassium Tables 8(a) Ho 8(e).

& decrease in oxchangeable potasgium was observed inm
all the soil types alter one week of submorgonece and after
that it showed sn increasing trend. The maxlmus increase
was noted for saline soils (292 ppm) at bhe ond of siz weoks
of submersence {£our times greater than the iniciocl volus)
after which a declinine trend wag noliced, Tne ocld sJulpnate
soils recorded three times luorsase in exchaageable piiize
ssium afler beins subnecged for five weeks showin: o signi-

ficent decrease afilerwards,

The mean values of exchangeable pokassivm shoved
fluctvations beritween dlfferent perlods of submergence in
alluviel gnile, However, a 44 incrrase wad recorded afber
two veeks of flooding with 2 valae of 188 ppm. Tne content
of exchangseable po.azsium in acid saline solls doubled at
the end of oilx weeks, The initizl level of exchangeable
potassiunm vd4s nore for acld saline and alluvial s0ils
{149 and 121 ppa) compered to the sallne (80 ppm) and acid

sulphate {32 ppm) socils,.

Exchangeable cxleium Tables 9{a) to 9(e),



Table 8(a)

Exchangesble potassium (ppm) of alluvial soils om submergence in
water for 10 periods of ssupling over a period of three months.

Periods (weeks)

Fo. 1 (12 200 32 K3 s &) 76 88 9(i0)  10(12)

hours)

M (2) (3) (4) (5) (6) (77 (8) (2) (10) (11)
1 a7 87 o8 407 120 270 270 228 200 191
2 90 99 101 112 126 103 72 72 72 72
3 90 93 100 115 126 120 14 100 104 100
4 20 96 105 116 128 82 78 77 75 Th
S 141 158 221 2u6 279 271 270 230 220 200
6 123 222 258 293 303 288 270 232 217 198
7 66 78 73 78 78 78 78 75 72 72
8 54 78 78 78 75 78 78 76 75 75
9 72 213 220 225 228 171 122 122 120 120

10 72 90 100 118 125 125 4 70 66 65

11 108 123 184 252 271 129 135 107 S0 a0

12 96 105 108 139 139 128 126 120 114 108

72



Table 8(b) Exchangeable potassium (pom) of acid saline soils on submergence
in water for 10 periods of sampling over a period of three months.
Periods {weeks)

Wo. 1 (12 200 32 w3 s 6(5)  7(6)  8(8)  9(10) 10(12)

hours)

(1) (2) (3) (&) (3) (6) (7) (8) (9) {i0) (11)
1 159 180 201 228 231 261 282 201 114 111
2 162 183 204 231 238 267 283 204 234 204
3 126 186 282 300 312 32 309 300 300 282
4 121 138 156 71 174 243 285 225 192 183
5 161 178 195 231 246 261 200 195 168 150
6 <0 120 141 174 180 243 243 183 120 120
7 159 170 255 200 315 5 32 306 203 300
8 160 i81 204 234 250 273 270 213 184 162
9 78 86 111 162 171 282 288 198 4 120

10 132 138 153 180 186 248 248 201 174 153

" 90 108 162 195 210 222 243 165 117 111

12 =1 96 159 189 201 228 240 153 105 93

Le



Table 8(c) Exchangeable potassium (ppm) of acid sulphate soils on submergence
in water for 10 periods of sampling over a period of three months.

Periods (weeks)

No. 1 (12 2(1) 3(2) 4(3) 5{(4) 8{3) 7{6) 8(a) 9{10) 10(12)
hours )

1) (2) (3) (&) (3> é) (7) (8) (9) (10) (11)
1 204 189 243 291 2 312 282 269 228 222
2 168 126 237 2g8 309 M2 135 128 128 120
3 186 135 225 282 303 309 162 153 152 150
4 102 90 192 252 294 300 126 126 123 120
5 69 69 174 201 2354 282 66 S0 114 M
6 60 60 0 102 126 147 57 20 88 88
7 S0 84 108 111 144 192 60 102 102 96
8 156 123 198 252 291 297 126 126 118 109
9 90 &7 120 14 150 172 120 105 114 102

10 36 33 90 102 120 164 56 54 48 48

11 54 60 96 114 144 165 117 105 111 99

12 36 40 93 99 123 141 54 57 50 48

82



Table 8{(d) Exchangeable potassium {ppm) of saline soils on submersence in water
for 10 periods of sampling over a perioed of three moniths.

No. 1 {12 2(1) 3(2) 4(3) 3(4) 6(5) 7(6) 8(8) o(10) 10(12)

hours)

(1) (2) (3 (4 (5) {6) (7 {8) {9) {10) (1)
4 36 60 72 102 120 2a2 305 300 20h 291
2 93 78 84 120 141 243 282 246 240 234
3 a7 84 108 129 150 255 306 300 Jo3 294
4 102 90 114 123 150 261 303 300 360 291
5 43 1) 66 126 156 285 319 3io 312 299
é 87 ab 105 120 150 240 285 267 258 252
7 111 93 102 117 153 240 261 236 23k 234
8 93 78 20 105 108 252 297 282 282 270
e 99 31 93 141 147 246 29 270 262 252

10 108 84 108 132 147 213 264 246 244 241
1 96 75 a7 110 111 258 282 252 252 246

12 105 96 108 132 gL 294 309 %06 306 300

6L



Table 8(e) Exchangeable potassium (ppm) of =ice soils on submergence in water :
mean values for 10 periods of sampling over a period of three mounths.

Periods (weeks)

Soil type 1 (12 2(1) 32 4(3)  5(4) 6(5) 7(6) 8{g) 2010} 10(12)
nours)

(1) (2) (3) (%) (3) (6’ (D (8) (9) (e) (1)
Alluvial 91 120 188 157 167 154 142 126 119 114
Acid saline 127 47 185 161 225 a6 275 213 179 166
Aeid sulphate 104 91 156 186 212 231 113 116 115 130
Saline a2 79 95 119 137 256 292 276 274 267
C.D for colls 3.4 32 42,3 50 52,7 47.9 43,6 41,5 437  45.6

S.E for periods = 16.8

08
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Table 9(a) Ixchangeable calcium (ppm) of alluvial soils on submergence in water
for 10 periods of sompling over a perlod of three months.
Periods {weeks)

No. 1 {12 2(1) 32) 4(3) 5{(%) 6(5) 7{6) 3(8) 9(10)  10(12)

hours)

&) (2) (3) (&) (3) (6) (7) (8) (2) (16) (11)
1 104 120 158 174 204 1oL 183 180 174 170
2 383 371 649 815 904 624 492 435 472 468
3 381 292 342 375 403 368 310 298 284 275
4 284 195 248 285 332 304 301 285 243 240
5 203 156 229 279 321 244 200 200 200 188
6 499 398 788 959 1142 758 508 500 398 364
7 310 205 258 329 304 342 296 286 253 250
8 490 392 780 950 1010 741 500 500 439 400
9 286 185 256 330 358 313 282 259 242 228

10 204 193 282 389 465 380 332 309 289 265

11 210 152 235 286 324 268 192 178 175 172

12 345 345 382 414 480 414 339 310 300 285




Table 9(b) Exchangeable calcium (ppm) of acid saline soils on submergence in
water for 10 periods of sampling over a period of three months.
Pericds {weeks)

No, 1 (12 2(1) 3(2) 4(3) 5(4) 6(5)  7(6) 8(8) 9(10) 10(12)

hours)

&) (2) (3) (4) (3) (6) 7) (8) (92) (10) (1)
1 371 308 500 356 316 274 235 231 223 222
2 440 466 466 370 335 284 237 235 231 230
3 390 396 400 351 306 264 237 230 225 225
4 312 320 325 294 265 230 200 183 178 175
5 174 196 200 158 120 101 N 8% 85 83
Y 148 174 190 132 110 23 &3 a8 84 81
7 614 6283 632 574 302 424 320 300 279 254
8 136 144 145 118 98 89 77 75 75 71
2] 628 634 637 568 500 442 319 260 232 224

10 923 1013 1015 794 732 728 725 720 720 719

1M 914 998 1000 782 730 728 728 725 725 723

12 339 353 360 344 721 320 316 310 310 303

c8



Table 9(¢)

Exchangeable calelum {ppm) of acid sulphate soils on submergence
in water for 10 periods of sampling over three months.

Periods (weeks)

Ho. 1 (12 2(1) 3(2) 4(3) 5(4) 6(5) 7(8) 8(8) a(i0)  10(12)

hours)

(1) (2) (3 (&) (5) (6) (7) (3) (9) {(10) (1)
1 621 688 793 833 893 664 570 494 329 320
2 756 789 209 831 986 653 560 432 357 332
3 243 275 701 328 352 324 294 261 234 219
4 350 370 398 412 431 388 320 310 306 291
5 178 198 204 219 227 210 196 195 191 189
6 940 988 1020 1048 1094 945 854 798 721 709
7 359 382 4ok 421 433 372 314 312 310 29k
8 176 201 208 212 221 200 192 138 96 88
9 400 409 428 449 463 393 326 289 254 239

10 943 505 712 942 1047 923 809 762 700 684

1 243 136 152 168 177 165 156 118 77 72

12 95 500 781 918 959 912 791 730 712 692

£8



Table 9(d) Exchengeable calcium {ppm) in saline soils on submergence in water
for 10 periods of sampling over three months.
Periods (weeks)
Ho. 1 (12 2(1) 3(2) 4(3) 5(4) &(5) 7(6) g(s) 9(10) 10(12)
hours)
¢)] (2) (3 (&) 5 (6) (7) (3) (9) (10} (11)
1 1124 525 500 432 469 396 320 300 252 284
2 1248 606 581 549 528 440 334 310 300 289
3 1094 520 421 391 360 05 253 256 239 228
4 825 470 384 346 244 204 160 150 134 i28
5 810 462 370 292 239 199 156 150 140 131
4] 830 472 274 300 249 200 162 150 136 131
7 1259 609 584 551 531 438 337 322 307 292
8 828 470 380 34 245 206 160 150 140 130
9 11056 522 392 328 266 228 192 180 168 150
10 1268 610 587 562 541 448 340 318 300 291
11 1088 521 463 402 365 315 264 250 240 230
12 1014 500 431 340 258 226 180 163 155 141

'8



Table 9{e) Exchangeable calcium {(ppm) of rice soils on submergence in weter :
mean values for 10 periocds of sampling over a perlod of three months.

Periods (weeks)

Soil type 1 girs) 2(1) 3(2) 4(3) 5(4) 6(5)  7(6) 8(8) 9{10)  10(11)
) (2) (3) (4) (5) (&) (7) (8) (9) (10) (11)
Alluvial 132 284 3.5 463 %61 413 328 150 288 275
Acid saline 432 ur7 48% 404 361 332 298 287 281 276
Acid sulphate 447 454 517 564 610 512 bio 407 357 344
Saline 1041 524 456 401 358 300 234 225 213 202

C.D for soils 230.8 156.2 196.2 204.6 242,6 175.6 150.,7 155 141.4  139.3

S.E for periods = 46

Gg
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The tendency of exchapgeable calciuvm to decrease
with inereasing perisds of subwergence was evideat from the
results obtalned for all soil Lyvpes. However, the alluvial
s0ils ghowed 359% increonse at the end of three waeks. The
mean values of exchangeable caloium recorded a gradual
increase in acid sulphate solls though not significant between
periods and reached the maximm (610 ppm) at the end of four
weeks of flooding, after whlch it significantly decreassd.
Mo significant chemge in exchangeable calolium was noted for
two weeks in acid saline and 12 hours in saline soils,
eventhough & significant decrease was observed in both the
soils after this perdod,

Exchangeable megnesium Tables 10(a) to 10(e).

Highly significant decrease in the mean values of
exchangeable magnesium were observed in saline and acld
saline soils at the end of 12 hours of flooding., A gradual
increuse beiween periods was noted until they attained mexi-
mum values of 1254 and 477 ppm at the end of slx weeks of
submergence. After this period, the content of exchangea-
ble megnesium gradually decreased. The acid sulphate solls
registered a maximum value of 634 ppm in the first week, a
58% inecrease over the initvial level end after that it showed

a significant decreaze. Changes in exchangeable mognesium



Table 10{a) Exchangeable magncsium (ppm) in alluvial soils on submergence
in water for 10 periods of sampling over three months.

Pericds (vesks)

No. 1 (12 2(1) 3(2) 4(3) 5(4) 6(5) 7(6) 8(8) o(10)  10(12)
hours)

€)] (2) (3) (4) (3) (&) (7) (8) (9) (10} (11)
4 91 120 148 172 203 162 150 129 100 05
2 150 196 305 688 903 690 339 265 209 194
3 144 185 296 670 890 618 309 250 200 190
4 115 152 198 232 320 289 252 208 181 149
5 g8 o0 120 152 190 185 183 140 721 o0
6 158 202 400 722 983 47 350 300 237 188
7 130 156 208 271 324 311 296 251 194 1%
8 204 278 432 o4 1100 708 441 321 266 203
9 168 205 329 706 1002 €69 398 310 274 198

10 131 163 234 255 353 324 303 278 220G 180

11 @2 130 179 200 234 219 200 188 17 163

12 160 202 394 700 935 592 N 208 240 199

o
~N



Table 10(b) Exchangeable magnesium (ppm) in acid saline soils on submergence
in water for 10 periods of sampling over three months.

Mo. 1 (12 2(1) 3(2) 4(3) 5(4) 6(5) 7(6) 8(8) 9(10) 10(12)
hours)
%D, (2) (3 (4) (5) (€) 7 (3 {9 {10} (1)
1 58 153 214 280 376 494 580 555 559 520
2 89 160 231 329 383 634 783 692 585 540
3 92 205 338 482 540 780 821 740 621 600
4 &0 90 199 238 353 528 684 630 557 508
5 85 el 200 250 287 449 539 518 507 500
6 5 121 170 200 240 242 259 250 244 238
7 2 6 34 79 104 123 148 100 64 &0
8 113 208 344 495 614 897 12915 1012 919 854
9 3 60 80 o4 114 433 150 110 67 65
10 2 59 70 93 111 131 153 120 75 75
11 8 140 145 150 150 170 192 125 82 80
12 8 144 150 151 155 169 198 128 83 85
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Table 10(c)

Exchangeable magnesium (ppm) in acid sulphate soils on submergence

in water for 10 periods of sampling over three months.

Periods (weeks)

Ho. 1 (12 21 32 43 5(4)  6(5) 7(6) 8(s) 9(19)  10(12)
hours)
4] (2) (3) (4) (5) (6) (7) (8) (2) (10) (11)
1 608 776 504 462 390 338 314 300 293 250
2 773 805 598 521 468 387 340 328 357 355
3 177 405 328 300 281 254 235 225 220 216
A 380 468 288 232 193 185 182 181 176 175
5 17 154 122 100 83 80 77 73 €9 63
6 96 900 ok 799 616 564 506 4570 364 360
7 346 472 398 335 281 255 221 170 120 115
8 103 105 a8 73 66 65 &4 62 6o €0
9 599 772 46% 371 296 290 288 280 280 171
10 779 799 508 434 339 370 365 358 35L 350
11 303 430 281 260 253 240 232 228 220 218
12 1500 1520 1100 953 870 £00 752 682 585 580
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Table 10(d)

Bxchangeable magnesiun (ppm) in saline s3ils on submersence

1un water for 10 periods of sempling over three months.

Periods (weeks)

No. 1 (12 2(1) 3(2) 4(3) 5(4) 6(5) 7(6) 8(3) 9(10) 10(12)
hours)
) (2) (3} {4) {53 (6) (7) (8) (2) {10} (1)
1 &1 600 632 758 824 898 974 952 940 2930
2 31 580 625 750 815 830 968 948 340 932
2 57 612 686 720 780 920 1015 1000 920 950
& 58 614 699 731 849 1000 1118 1053 1110 4000
5 55 610 680 T 787 980 1099 1000 1060 298
6 158 718 740 772 800 1200 1498 1400 1400 1200
7 64 631 700 758 £00 1193 1390 1300 1298 1110
8 165 65 790 800 e07 1200 1585 1509 484 1239
9 65 620 630 724 798 1195 1400 1364 1320 1115
10 70 692 722 755 799 1150 1410 1355 1390 1100
1 172 772 818 842 £95 1400 1614 1519 1300 1300
iz 46 600 &78 700 719 315 980 955 350 540

)6



Table 10(e)

¥xchangeable magneslum (ppm) of rice soils on submergence in water @
mean values for 10 periods of sampling over a periad of three asonths,

Periods (weeks)

Soil type 1 (12 2(1) 3(2) 43 (&) 8(5) 7(6)  8(s) 9(10)  10(12)
hours)

1) (2) (3 &) (5) (6) (7 (8) (9) (10) (1)
Alluvial 134 174 270 467 229 451 302 243 203 167
Acid saline 23 124 181 241 195 395 &7 415 363 344
Acid sulphate 482 634 457 396 348 319 298 280 255 255
Saline 82 651 T05 756 806 1074 1254 1196 1911 1068
C.D for soils 170.7 163.3 133 160,6 136.,2 181.7 197.3 178 208.9 139.8

S.L for periods - 359
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were significont between pericds in the aliuvial soils and
it recorded five times increase over the initial level at
the third week with a2 meximum value of 467 ppm. After this
period, the content of cxchangeable magnesium decrsased conw

siderably,

3 A eomparison of the effect of gsubmerrence on chommes
in physico chemicel properties of four soil fypes

The results of the pooled analysis of the data
sbhtained after f£iooding of soills in water for varicus

periods are given in appendix 9.

From the resulis 1t may be seen that of the soil
properties studied, pH, EC, lime requirement, available
nitrogen and available phosphorus were significantly affected
by submergence while the effect of flooding for different
periods was not significant for enchangeable cationg like

potassium, calcium and magnesium.

&, Correlation betusen diffevent soll properties and
periods of submorsence.

From the results of corrvelation analysls it may be
seen that the pH of the soils throughout the period of sube-
mergence did not significantly influence the EC values in

alluvial, acid saline and saline soils. But a negatlve and
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significant covrelation was obiained between these factars

in the agld sulphave soils.

The pd of the soils showed 2 negative effect on lime
requicement in 2ll the soil types, which was significent in
acid sulphate and saline so0ils and not approciable inr sllu-
vial and acid saline soils. Its relationship with organic
carbon was negative and significant in acid saline and acid

sulphate so0ils.

The o of the so0ils shoved no significant eifect
on avallablo nitrogen of the four goll types. Similar was
the case with svalilable phosphorus also excent in acld syl-
phate solils, where the offect was positive and significant.
Among the exchongeable cations, potassium recorded a signie
ficant positive correlation with pH at different periods of
submergence in acid sulphacve soils while In all other solil
types the exchangeable cations wepre least influsnced by pH

throughout ithe period of submergence.

¥C showed positive and significant correlation with
organic carbon durlng initisl and loter pericds of incubae-
tion in acid saline s0ils, while in acid sulphate solls the
reiationship of EC with all available nutrients and organie

carbon was significant throughout the pericd of submergence.
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The correlation bebtueen lime requirement end orgenic
matter was positive and significant in all the soil tvpes.
Lime recuirement and available P shoved a negative and
simniticant relation during the initial periods in acid
seline soils and throughout the period of submergence in

acld sulphate and saline soils.

The svailahle nitrogen presented a2 significant and
positive correlation with totel nitrogen and organic carbon
and a significant negetive correlation with exchangeable
potassium throughout the 1.2 week period of flooding in acid
sulphate soils, In saline solls; the relationship of aval-
lable nitrogen was negative and significant with ocganic

carbon.

The availlable pnosphorus showed a significont posi~
tive curpelacion with total phosphorus thyoughout the period
of submergence in all the soil types, except in acld sul=
phate soils, where it shoved a cignificant nogative correla=
tion with total phosphoru3, orgenle carbon, lime requlrement

and c¢lay content.

The relationship of exchangeable poiassium with CEC
and oloy was positive and slgnificant during bhe fivst feu

weeks of floodling in 2lluvial and acid saline soils, while
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it was significantly negative in zcid sulphate sclls.

The exchangeable calcium and magnesium were corre-
lated to each other positively and significantly in allu~
vial and acid sulphate soils, A similar relationship was
observed between CEC and exchangeable calcium and magnesium

in a¢id sulphate soils.
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DISCUSSION

Soil test values for rice solls based on the air
dried samples do not very often reflect actual field con-
ditions prevalling under submerged conditions. Flooding
of a soil instantly sets in motion a series of physical,
chemical and biologleal changes which affect the status of
nutrients coming into available form. This altered condl-
tion is known to creste a more congenial soil environment
Tavourable for the growth of paddy. Therefore, it is impor-
tant to monitor the chemges in soil properties, especially
the dynamics of nutrient availability of flooded rice soils
in order to manage 8oil, fertilizer and molsture regimes

and to maximise production 1in a given environment.

The salient results obtained on the pattern of
changes in soil reaction, lime requirement and nutrient
availability of four important types of paddy soils in
Kerala due o flooding for a continusus period of 12 weeks

are discussed here.

In general, the soll reaction as indicated by pH,
of all the soil types tended to change towards neutrality
after being submerged for & period of 12 weeks. The lime

requirement also showed a decreasing trend throusghout the
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period of submergence for all the soil types. The specific
conductance increased duc to f£looding, attained a maximum
within four to six weeks periosd and then declined. The
availlablie nitrogen and phosphorus increased appreclobly in
all the soll types, vhile the egtimated values of exchangea-~
ble cations like potassium, calcium and magnesium widely

varied shouing & pattern of random increase and decrease.

Soil reaction and lime recuirement

The pH values of the alluvial, acld saline and saline
soils increased and reached near neatral values (8.4, 7.2
and 7.3) whereos the acid sulphate soils recorded maximum
value of 4,9 only during the 12 weeks of submergence. Such
an increase in pH values on flooding of solls has been
amply reported in literature. This phenomenon has been
explained as a consequence of the reduction of oxides of
iron, sulphatgs, marnganic salts ete. and to an accumulation
of ammonia due to the stoppage of biologlcal nitrification
under the anaercbic conditions that preveil in a f£looded

soil.

Bostrom (1967) found that the increase in pH of acid
solls after submergence depends not only on the releoase of

oK~ sons and consumption of HY ions but alse on the ratio
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of 11" ions consumed to electrons consumed. Since this ratio
is maximum for the reduction of iron, it follows that higher
pH values on flooding can be obtained for so0ils rich in
iron., Gotoh et al. (1974) have attributed the rise in pH
to the reduction of ferric oxides to ferrous iron, a pro=

cegs that consumes acidity.

One of the most important factors responsible for
the rise in pH of the soils used in the presenc study may
be attributed to a reduction of large amounts of ferric
oxides present in them. Xabeerathumma (1975) and Alice
Abrahem (1984) have reported very high concentrations of
ferrous iron coming into solution due o flooding of these
solls for a pericd of two o three wmonths., Since most of
the paddy scils of Kerala concailn appreclable amounts of
manganese salts (Rajendran, 1981) their reduction wmay also

bring about a rise in pH as proposed by Dev and Shorma (1971).

The existence of sulphide toxiecity inm the acid soils
of Kerala {Subramoney and Kurup, 1961) is an indication of
large quantities of sulphates getting reduced to soluble
sulphides under the reduced soil conditions of flooded soils,
The accumulated ammonia released by anacroblc mineralisation

of soil organic matier -nd smaller amounts of ammonium result-
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ing from the release of entrapped smmonium ions from the
clay minerals (Broadbent 1973) may also help to maintain a
higher pH level throughout the period of submergence.

The resigtance of acid sulphate soils co rige
beyond a pH value of 5.0 as observed in the present study
has been previously reporited by IRRT (1964), Kabeerathumma
(1975) and Alice Abrahem (1984), This may be attributed
to the greater buffering capacity of the acid sulphate soils
owing to the presence of a rather high content of organic
matter and/or to the buffering actlon of iron and mamganese

redox systems (Pomnamperume et al. 1966, 1967, 1969).

The slight decline in the pH of alluvial solls during
the 1st week of gubmergence (from 5.3 to 5.0) may be due to
an accumulation of 002 produced by the aerobic soll micro=-

flora as polnted out by Patrick and Reddy (1978).

Eventhough, the pH values of the solls regigtered
a gradual rise, the lime requirement values have not come
down ‘to an appreciably low level., This finding may not
have much pracitical relevance, since the farmers are not
advised to resort to liming practlces based on LR values
which are very high and hence uneconoplc for practical pur-

poses., Only 600 kg lime/ha iz normally recommended for
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neutralising the acidicy generated from applied fertilizers,

The raising of pH end neutrallzation of soll acidity
can however, have some stimulabory effects on the anaeroblc
heterctrophic commmity of the soil which are enzaged in
the minerslisation of soil orgenic metter. Under the improved
eonditions of soil reactioa, thelr activities may resullt in
a greater relesse of available nutrients into the environ=-

ment.

Elegtrical conductivicys~

With the onset of reducing conditlions consequent to
flooding, the specifie conductance in all the solls showed
an appreciable increase durdng the firgt fev veeks and then
diminished to values vhich were only slightly higher than
the initisl values,

The maxinum increase in elecirical conductivity was
observed in the saline soils (6 units) followed by soid
saline (3.7 uwnits), acid sulphate (3.1 units) and alluvial
{0.38 unita) solis over the dry =zoil values at the end of
four, six, five and four weeks of submevgence after which

it decreased significantly.

The high increase In specific conductance especially
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of the saline s0ils might be gue to the effect of vreduction
of iron and manganecse as well as to a part of the sdluble
ione already present in the soil solution exchaaging with
ions of higher ponductance present in tvhe exchange compleX.
The inecrense in specific conductonce of the obther solls

may be abttributed mostly to the reduction of ferric and
manganie compounds which result in more of ferrous ions

coming imto soluble form (Ponnamperuma, 1965).

The specific conducktance of most sgolls afiter sube
mergence was found to be highly corvelated to the original
organic matter conbtent of the soil, 4 high osrganic aatter
content of the soil is known to speed up the reductlion pro-
cesses vhich inturn have enhenced the successive reductlion
process of various elements (Ponnesmperums, 1572 and Yoshida,

19757,

Nitrate, monganic oxides and ferric oxides which are
reduced by facultative anasprobes in the process of anaeros
bic resplration contributs to soluble lonic forms (Redman
and Pebtvick, 1965). Such an increase in the concentration
of soluble ions in the 801l sdlubion due %o flooding has
been identified as the main reason for the rise in conduc=

tance of soils due to flooding (Ponnemperuma, 1955, 1965).
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The ionic specics of caeleium, magnesium, potassivam, awmdoe
nlum, ferrouy iron and mangomecsus 28 well as blcarbonate
anions are highly mobilised in waterlogged solls, which

have concributed lurgely co the observed increase in spee

elfic conductance,

The decline in specific conductance after a steep
increase noted for all the soil types wmizht be dus to the
reprecipication of vater soluble iron and panganese com=
pounds due to surface oxadstion (Ponnemperuma, 1973}

Lack of appreciable rise in IC in the alluvial soils misght
be dve €0 & lower rave of release of soluble ions, as these
s0ils have inherently low conductivity values, OHlimiller
rise and fall of the EC values for the important soil bypes
of Korala have been reported by Kabeerathumma (1974) and
Alice Abraheam {1984),

Based on the values of ailr dried samples foy electrie-
cal conductivity, the alluvial socils are grouped under
class ‘zerct, acld sulphate soils under class ‘one?, acid
saline soils under class 'three' snd saline solls under
clagss Yfive® as per the classification of soil tes. values
and guidelimes for recomuendations by Kerala Agriocultural

University. The class zero is rated as novmal for all
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varieties and class Yone' a3z pormal for semivolerant variee
ties, while class three asad five ave rated as high Lor all

varieties of rice,

Values of electrical conduckiviiy excoeding & mmhos/om
which normally come under class ‘four?! and 'nine’ for clayey,
loamy and sandy s0ils is dcemed harmful for rice (Ponnam-
peruma, 1978). The results obtained frow the present study
reveal that the effect of submergence on elecirical conducti-
vity is not sigmificant in the case of alluvial soils as the
specific conductance did not exceed even the lower limit
fixed for rice. The specific conducltance of the saline
soile (5.5 muhos/om) which was very high even in the air
dyied state itself reached the peak valve of 12 mmhos/cm
afver a perlod of four weeks of supmmergence. Thls enhonced
salinity level may definitely create a very wnfavourable

candition for rice prowth ln then.

Apart from the direct effect of high salt content on
the rice plant which may result in reverse osmosis, the
accumulation of fons increases the ionic strength and
alters the ionic compositlion of the soil solution. This
inturn may affect the ionic equilibria snd upset the up=

take of plent nutrients by the rice roots and magnily or
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modify ionic antagonisms. 'The veaker wtolerance of rlce
plant for high levels of ion goncenlrartion at the early
grovih stages then at later growih stages {Ponnamperuma,
1978) indicates the significance of the allered specific
goaductance during submergence, 0f the various vavametbers
1hat are affected by flooding, the rise in conductance of
solis vhich alyready possess a high degree of conductance
seems tO assume more practical implication in badly affectw

ing tue cestablishment of rice plants.

Avallable nitrozen

Flooding of the soils for varylng periods of <time
has resulted in & rapid increase in the ssatus of avalla=-
ble mitrogen in all the soll types. The increase was highest
(327%) in the case of saline 20ils follouved by acid saline
solls (250}, acid sulphate soils (203%) end alluvial soils
(110%). Signifleent inerease in available nitropen vas
obtained after five weeks in the case of alluvial soilz and
ong, two and three veeks ln the case of the acid sulphate,

saline and acld saline soils resvestively,

This rapid increase in the convent of available
nitrogen in all the soils might have resulied from the

nineralisation of soil orgenic metter or through biological
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nitrogen fixation vaking place more efficiently under ihe
anaercbic conditions existing in flooded soll sysicemS.

The activity of nitrogen fixing blue gereen algae encoun=
terced in the rice flelds of Rerala is studied and venorted

by Alyer (1965).

Nitrogenous compounds preseat in the s0il organic
froction alone account for nearly 95% of the total supply
of seoil nitrogen {Brady, 1984). Addition of organic matter
in the form of crop residues, Organic manures, green Banures
etec, helps to maintain a suiliciently large organic pool in
the soils, Isctope studles have suggested that even crons
receiving a regular supply of nizrogenous fertilizers may
derive more kthan 60% 2f their nitrogen requivement from
mineraligsation of organic nitrogen {(Koyama et al. 1973).

It follows that the organic nitrogen poosl in the soil can
be nanaged to satlisfy both long term and short term goals

of ecrop production,

Tt is quite possible ihat the major factor conirie
buting to the increased status of avallable nitrogen in
all these goils might be due ©o vThe mineralisaiion of orga-
nic materials present in thom (Kai et al. 1984, Sahrawat,
1983). It may be noted that all the zoil types excent the
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alluvial soils possessed a verv high content of orsanic
matter in them which qualily them to be classificd under

the highest c¢lsss 8% for available nlirogen based om soil
organic matier level as per the guldelines for fertilizer
recommendations based on coil tests evolved during the work-
shop on package of prachbices held in 197% by Kerala Apri-
cultural Universiby. This state denctes the eapacity of

the soil to provide a very high scatus of available aitro-
gen for aa ensuing rieg crop. The alluvial scils vecosrded
comparatively lesser amounts of organic matter amd oconld be
classified under the class "7V which 2ls¢ 1s considered to be
capshle of supplying & fairly high coount of availabie nitros

gen.

It is interesting to find ihat in all the soils
except the sallne soils, there existed a positive correla~
tion between available nitrogen and organic matter content.
The process of minervalisation of 801l organic matier to
release fixed or imrobilised nitrogen is largely controlied
by the availsbility of oxygen and other envaronmental cone
ditions. However, uwder the anaerobic eonditlons of a
flooded soil where the availability of oxsygen can be criti-
cal and influenced by other prevalling comdutlons, natrogen

mineralisalion can only proceed at a slower rate then in the
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aerobic s0il (Alexander, 1975). Anaerocbes in the submerged
soils, eventhough are less efficient and derive only much
less energy for growth and activiiies from 2 given amount
of organic matter mineralised, release more nitrogen into
the avalilable pool since the rate of immobilization of
nitrogen under such conditiong is comparatively wvery low
{Abichandani and Patnaik, 1958, Broadbent zmd Nekashima,
1970) .

The four soll types studled here, eventhough are
in the moderately acidic range vhich can limit heterotvophic
mineralisation processes, are better conditioned due to
flooding, as their acidity is brought down o a near neu-
tral level, This is a condition most congeanial for micro=-
bial activities. In the absence of the rice plant to uti-
lize the released nitrogen, it is being aceumulated t0 give

a cumulative value with progressive periods of submergence.

The available nitrogen recorded for the acid sulphate
s0ils however, showed a decreasing tendency during the third
and fourth weeks and for alluvial soils after 10 weeks of
submersence. This might be explained as due t9 some of the
mineralised nitrogen being immobilised or getting denitrie
fied due to the presence of oxidised and reduced interfaces

(Mitsui, 1955, Patrick and Reddy, 1976}, 1t may also be due
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to fixation of ammonium lons in the exchenge sites on the

exchange complex {(Pasricha and Popnamperuma, 1976).

In addition to the nitrogen becoming available from
the organic pool through mineralisation, the possibility of
biological nitrogen fixation contributing o the avallable
nizrogen pool cannot be preciluded, A wide range of anaero-
bic znd wicroaerophilic orzanisms are knoun o £ix nitrogea

in flooded soils (Chang and Knowles, 1965).

Rewetting of air dried solls are also knoun to ralease
wore available nitrogen (Shiga and Ventura, 1976) which may
alsz contribute apprecimbly to the total level of available

nitrogen when an air dried soil is £looded.

Tne results of the study have revealed a rapid and
siznificant increase in the gtatus of avallable nitrogen
in all the soil types at the end of six weeks which con=-
tinned till the end of 10 wesks, after which it elther

slichtly decreased or remained more or less static,

Based on s90il teast values 2oy avallable nitrogen
in the air dry state, the alluvial (230 ke/ha) and acid
saline soils (200 kg/ha) could be claogsified as low

{ 250 kg/uwa) and the acid sulphate {334 kg/ha) and saline
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(318 ke/ha) soils as wedium (250 to 500 kg/ha) in their
ability to supply nitrogen as per the ratings for e¢lassi-~

{
fication of solls as established by Subbiah and Asija (1956).

The levels of availsble nitrogen obtained during
submergence for the acid sulpvhate, saline and acid saline
soils were much higher then the 1limit fixzed ( 500 kg/ha)
by Subbizh and Asija (1956) for clessifying soils as having
a very high capacity to supply available nitrogen for crop.
The alluvial soils wers raised 5 a medium level (230 to

500 kg/ha) only due Lo submergence.

In viev of more nitrogen beecoming availlable due to
£looding, it eppears that application of nlirogencus ferti-
lizers at the usual reeommended levels to flooded solils
cultivated to paddy in the soil types studied here can in
effect provide much move nitrogen to the crop than what is
anticipated from usual soll test data. It is possible
that under such conditions, a2 judiclous apnlication of
nitrogenous fertilizers may be resorted to prevent lusury
consumption of nitrogen which may lead to more suceculent
vegetative growth making the rice plant more prone to pest
infestation as well as o lodging.
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Phosphoruss

The phosphorus supplying capacity of a flooded secll
is reported to be much higher then that oi aerobic upland
soils (Aoki, 1941 and Mitsui, 1963}, Phosphorus is not
direcily involved in oxidation reduction reactions in the
redox potential range encountered in submerged soils,
However, because of its reactivity with a number of redox
elements iike iron, manganese etc., its behaviour is also

significantly effected by f£looding,

The results obtalned from the present study reveal
a signifleant increasse in the status of available phospho-
rus even after a very short period of submergence for 12
hours in the acid sulphace and saline soils and after one
vesk in the case of acid saline sails, Though not signi-
ficent, the alluvial solls else showed an inerease in the
phospnorus availability immediately after submergence
followed by a periodical decrease and increase Lill the
end of 12 weeks, The highest increase in phosphorus
availability was obtained in the acid saline soils (606%)
at the ena of four weeks followed by saline (431%), acid
sulphace {174%) and alluvial (54%) soils at the end of

twelve, four and six veeks of submergence respectively.
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S011 phosphorus is constituted by organic fractions
1ike phospholipids nuclelc aclds, phytin ete. 0ad inorganic
phosphates such as those of iron, aluminium and ocalcium,.
The avallable phosphorus status of a soil is to a great
excent determined by the minerallsation of organic phos-

phorus and golubllisation of indrganic phosphales,.

Mineralisation of organic phosphorus and sclublili-
gation of inorganic phosphetes is largely brought aboud
by biological and chemical processes reguleted by soil
physical and chemical conditions.

Both these processes play an important role when on
air dry soll is submerged for paddy cultivation, Ilinerslil-
sation of organic¢ vhosphorus is related to the analogrus
reactions of nltrogen and phosphate release is found to be
more raplid under conditions favouring nitrogen aineralisas-
tion (Alexander, 1975). It follows from the results of the
present study (tables 6(e) and 7(e) that the rate of which
the available phosphorus is getting mebilised from the
organic peol roughly parallels the nitrogen mineralisation
rates in the acid sulphate, saline and acid saline soils,
The alluvial solls which shoued only lesser inceease in

available nitrogen also showed the least increase 1n avale-
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lable phosphorus stabus,

The increase in water soluble and aveilable Hhosphoe
rus on flooding of soils is attributed 4o tho relsase of
phosphorus from organlc metter particularly iron phyleates
{(Mahapatra and Patrick, 1971). Ponnamperuma (1972) has
proposed that upbo 60r of the water soluble phosphorus can
originate from organic forms. It may be noted that available
phosphorus showed a strong positive correlation with total
phosphorus which inturn was positively correlated o orga-
nic matter in all the four soil types. This observation
highlights the significance of mineralisation processes in

malntaining a high levels of svallable phosphorus.

Phosphate chemistry in f£looded solls is linked to
iron chemistry and conditions thet increase solubility of
iron in the soil is known to increase tne phospiaorus solu-
bility also, The lowerlng of oxidation - reduction poten=
tial due to flonding is essociated with more solubliization
of iron phosphates in the {orm of ferrous phosphate. Under
favourable reduced conditions, organic acids released from
%he decomposition of organic matier may stabllize ferrous
tons by comnlex formatlon (Savant and Ellis 1964 and
Purnachandra Rao, 1966) and maintain phosphorus in an avallae

ble form. The higher the organic matiter content, the greater



113

wlll be the intensity of soll reduction under submerged
conditions, as a consequence of which celepge of available
phosphoras due to submergence will be highest (Mavdal and

Kandi, 1971).

Vhen an acld s0il is submerged, there is a striking
ingrease in the content of soluble phosphorus compared to
$0ils which are nol g0 acidic. This Increase in concontra-
tion of soluble phosphorus can result from the hydrolysis
of ferric 2ad aluminum phosphates and through the reduction
of ferrvic to fercous form with llberation of chomically

bound phosphorus into soluble products {Ponnanperuma, 1972).

Submecrging of the acid solls of Kerala is reported
to veleese appreciable amounts of iron (Kabeerathumma,
1975 and Alice Abraham, 1984) which may be regarded as an
indication of the magnitude of phosphate coming into solu-
ble form {Lhang 1976, Shinde et al, 1973).

Thus, the incresse in availability of phosohsrus
observed in the variosus soil types can be the resulb of
a sumulative effect of both mineralisation and solublili-
sation processes. Increase in available phosphorus due
€0 submergence of soils has been reported by Ponnamperuma,

1972 and CGoswani, 1978.
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The positive correlation of available phosphorus to
pH obaerved in these soils sugpests that the phosphorus
increase can also be due to pH effect (Lindsay snd Moreno,
1980, Tanska et al. 1969 and Verma end Tripaihi, 1582).
The increase in pH favours the solubility of eluninum and
iron phosphates and desorption of vhosphorus from surfaces
of clay and oxides of aluminum and iron (Stumm and Morgen,

1970).

Haymen (197%) reported that CO, produced abundantly
in the soil enhances solubility of phosphates in soil. He
also concluded that with the snasrobic conditions of flooded
80118, many bacteria produce HQS, vhich may incroase the
availability of iron phosphates by converting them to ferrous
sulphide and liberating phosphoric acid. Revorts on the
existence of hydrogen sulpnide toxicity (Subramoney end
Kurup, 1961} in the acid goils of Kerala lend support to
this view,

The lack of appreciable rise in the available phos-
phorus status of the alluvial soils and the observed de-
creage in avalleble phosphorus after eight weeks of sube
mergence may be atbributed to their high phosphorus f£ixe
ing capacity {Pands et al. 1581). The significant nega-
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tive correlgtion obtained for available phosphorus with
exchangeable calcium in alluvial solls suggests that the
decline in the available phosphorus conteant after eight
weeks may be due to reformation of insoluble calcium phos=
phates as these salls possessed a high content of exchean-
geable calcium {336 ppm)}. Corresponding decrease in the
level of available phosphorus of the other soll types may
be due to its reprecipitation as iron phosphates on account
of the hich content of irom becoming soluble due to flood=-
ing (Singh and Ram, 1977).

The levels of available phosphorug recorded for the
four soll types in the air dry state itself were much higher
than the values fixed (34.5 kg/ha) for classifying them as
“highest? in the statug of P, They come in the highest
¢lags Q" ag per the guidelines for fertilizer recommendstion
bagsed on soil tests. Submerging of these goils result in
further increase in the levels of available phosphorus
which are very much higher than the estimoted requirements

of the rice crop.

Application of phosphatic fertilizers as basal
dressing even at 25% of the generalised recommendation for

medium class soils appears unmecessary and wasteful under



116

such conditions. The lack of response to applied phos-
phorus reported from the various Rice Research Stations

of the Stacve (Anon 1984) may be explained in the light of
this observazion. When very high phosphorus levels of the
order of 323 to 1088 kg/ha are being meintained by the soils
under flooded comditions, furiher addition of phosphorus
contributed from 1/3rd of the recoumended levels of ghose
phatic fertilizers (35 to 45 kg/ha) for paddy may not proe

duce any remarkable effect on Lhe rice crop.

The results from the present study thus point to
the need for a reevaluation of the phosphorus requiremenis
of rice crop and managsment of phospharus under flooded con-
ditions. Skipping of phosphatic fertilizers may be thought
of for swveclfic areas on a sclentific basis taking into
account the total phosphorus status and organic matter
content of the s0il and the probable amount of phasphorus

coming to the available pool during a cropping period.

The transformations and availability of potossium,
calcium and magnesium in s0ils have not been studied exten=
gively, possibly because these nutrients have not so far

been known as limiting factors for optimum rice production,
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although at times, thelr application is found to improve
vielda, The transformation and availability of potassium,
calcium and masnesivm are primarily governed by the sile
and clay content of the s2il =znd this inturn is determined
by the total amounts of these elements present in a soil

{Mohanty and Patnaik, 1977).

The availabillty of these cations showed pericdical
increase and decrease om flooding in all the four zoil

types.

The exchangeable potassium in the alluvial golls
showed a 31% deorcase from the dry soil value immodiately
after submecrgence, followed by an increase (375 kefha) at
the end of 2 weeks of submergence after which 1t decreased.
In acid saline soils, the exchangeable poiassium levels
recorded 1little variation till the end of oae week and it
began to show an increase upto four weeks followed by a
decrease {36% of the value on dry basis) in the £ifth week.
The maximum increase (844 osver dry 391l value) was observed
at the end of six weeks of submergence after which a decre=~
asing tendency was noted for the remaining period. The
acid sulphate and saline soils rccorded a gradual increase
in ihe status of exchangeable potassium with its peak (462
and 582 kg/ha) at the end of five and six weeks of submer-
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gence after vhich they showed a signiflcant decrease.

The significent and pusitive correlaxzions obtained
for exchangeable potassium with clay content and CEC in the
alluvial and acld saline soils suggest thet the lnoreased
&* concentration upon flooding might be the result of an

2+ and an"'

exchenge reaction due +o increase in Fe
{Pormamperuma, 19653). This may also be due to their dis-
placement by the action of water through hydration and

hydrolysis of clay {(Mohanty and Patnaik, 1977).

The increaseqd concentration of exchangeable pota-
ssium in acid sulphote and seline soils upon submergence
can result from the releage of potassium from weathered
primary minerals (Bunosn et al. 1970). The release of K*
from the non exchangeable Fforms (Romanathen end Krislwa-
moorthy, 1373) may also conftribute to an increase during
submergence. The significant negative correliation obtalned
between available nitrogen and exchangeabie potassium in
aseid sulphote and saline soils suggests that the decrsase
in exchangeable potassium and an increase in availuble
nitrogen towards the loter stages of incubation might be
partly due to isomerphus replacement of ammonium ions by

potassium ions because of their similarity in ionlc radil



119

{Bear, 1964),

Since the potassium fixing capacity of solls is
known to increase wibth rilse in s911 pH, the solls which
ghowed a rlse in pH due to submergeace may promote pota-
ssium f£ixation and shov a low level of exchangeable pota=
ssium {Singh and Ram, 1975). The high clay content of
alluvial, saline and acild sulphate s0ils mey be considered
as a factor in bringing about potassium fixation as propo-
sed by Singh and Ram {1975)., Fixation of K may result in
a decrease in exchengeable potassium as observed in the
alluvial, saline and acld sulvhate solls which possess a

hisch clay content.

Based on the exchangeable potasslum valuves obtained
for dry soll, the acid sulphate and galine solls eoan be
grouped under ag low, alluvial soils and acid saline solls
as medium as per the guldelines for fertilizer recommenda-
tions based on soll tests., Submergence has helped bto
raize the levels of exchangeable K in 2ll +these golls to
values coming in the very high or moderately high catego-

ries.

In alluvial solils both the exchangeable calcium

and magnesium reached peak values {463 and 467 ppm) after
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three weeks of submergence, afier which they tended {o decre-
ase, The exchengeable calcium increased graduslly and reached
its peak (481 and 610 ppm) ot the end of two and four weeks

of submergence in the case of acid saline and acld gulphate
goils, after which a decreasing tendency was noted, The
saline soils on the other hand recorded a significant ine
crease in exchengeable calcium immedlately afier submergence
at the end of 12 hours and then shoued a drastic deorease

unbil the end of 12 weeks,

The pabtern of changes in exchangeable magnesium
throughout the period of submergence f£olloved the same
trend in acid saline and saline soils. A highly significant
decrease in exchangeable magnesium was observed till the end
of four weeks and then increased gradually <nd the waximan
values (477 and 1254 ppm) were attained at the end of six
wveeks of submergence in acid saline znd saline solls which
then tended to degreasc gradually. The highest increase
{584 over dpy s0il value) in exchangeable magnesiuvm was ab
the end of one week period in acid sulphate solils afier
which it showed a decreasing trend till the end of 12 weeks

perlod of submergence.

The peak values of exchangeable calcium availabililby
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may be attributed to increase solubility of calclum compounds
in the 301l due to combined effect of 002 plus increased pH

{Kabeerathumma snd Patnaik, 1978).

The increased calcium eluviation in flocded soils
of reduced condition due to exchange of calcium ions by
ferrous lron as proposed by Kewaguchi and Kawaechi (1969)

might be the reasom for the decrease in exchangeable bages.

Pixation by clay minerals from soil solution might
be a reason for decreased magnesium avallability during
13

submergence. Mg2+ replaces A in 2:1 clay minerals

through isomorphus replacement (Bear, 1964).

The Chlorite and vermiculite minerals have a greater
amount of magnesium in the latfice., Therefors, these mine=-
rals may fix magnesium and micaceous minerals may f£ix pota=
sgium. The shifting of mont morillonite to vernmiculite or
chlorite type minerals in sea waier seems to conflcs the
view that the high content of magnesium in sea water is
responsible for bringing about this alterasion of mineral
type (Kanwar, 1976). Similar type of chlorotisation like

reactions can happen in soils when excess of magnesium is
available. Gopalaswani {1969) has pointed out the presence

of chlorite like minerals in some of the acld soils of Kerala.
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The differentlal pattern of shift la tne content
of exchengeeble potassium, calcium and magnesium may be
thus due to the difference in the total content of these
elements ia inorganic scil compoments in various solils as
well as to the rise in pH and specific conducvance vhlch

can alter the ionic strength ond induce lonic displacement.



SUMMARY



SUMIARY AND CONCLUSIONS

An investigation was carried out to quantify the
changes due to submergence in the status of evalleble,
N, P, K, Ca and g, EC, pH and lime reguirement in four
important types of paddy growing soils of the state. The
study consisted of the following two parts:
1. Studies on the basic physieo chemicel propertics of the
sollse

2. Incubation experiment %o mouitor the changes in nuirlent
avallablility under flooded condition with 5 em of stand-
ing water,

The first part of the investigstion was carried out
by analysing 12 samples each of typical alluvial, acld
saline, acid sulphatce and galine soil samples collected from
dlfferent parvs of the state. The variocus physice chemical
propertiea of tvhege soils in the dry sitate were determined

and their inter relationsbipys studled.

The incubation experiment was conducted by keeping
the rice soils under flooded conditions with 5 om of stand=-
ing water for a period of three wonths. The periocdiecal
changes in soil reaction, lime requirement, specific conduc-
tance and available siatus of N, Py, K, Ca and Mg vere estimated

by analysing the wet solil samples withdrawn at weekly inter-
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vals., The data oblained were subjected to sitatistical

analysis to brinr, out the significance of the importcnt

changes observed in the various parameters in the different

soil types.

sed

B

(2)

()

(%)

The important findings from these studies are summari-

below:

The alluvial soils were only slightly acidic in reaction
and clayey in texture. The electrical conductivity was

very low aand suited for even the wost sensitive crops.

The acid saline soils were sandy loam in texbure. These
soils were moderttely acidic in reaction and the electri-
cal conductivity was slightly above the critical limit
fixed for all crops (1.9 mmhos/em).

The acid sulphate and saline soils were extremely scldic.
The CEC of these soils was found to be very high {2024
me/100 g). The electrical conductivity of acid sulphate
soils was normal for seml toleranty crops, while Lt was
very high and maximum in saline soils (5.5 mmhos/cm) and

exceeded the maxirum tolerance limit fixed for rice,

The organic mabter content was high in all the four soil
types. It was lowesi in alluvial soils (1.8%) and highest
in acid saline and acid sulphate so0ils (6.4 snd 6.3%).
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The saline 30ils recorded a value of 5.2%.

(5) Based on che soil test values in the air dry state, the
alluvial and acid saline solls were classified as low
and aclid sulphate and saline soils as medium in the
status of available nitrogen. The values of available
nitrogen were 115, 100, 193 and 160 ppm in alluvial,

acid saline, acid sulphate and saline soils respectively.

(6) The available phosphorus content was in the high range
for all soil types. The hizghest value of available

phosphorus (107 ppm) was observed in alluvial soils.

(7) The exchangeable potezssium status was high for aliuvial
and acid saline soils (131 and 149 ppm) and mediuvm for
acid sulphate and saline soils (82 and 80 ppm).

(8) Of the exchangeable cations, calcium and magnesiuvm cone-
tents were minimum for alluvial soils and maxinunm for
saline soils., The values of these exchangeable cations
were ih between thogse for saline and alluvial solls in

acid saline and acid sulphate soilo.

(9) Lime requircment was least for alluvial soils (9.7 t/ha)
and maximum £or saline and acid sulphate soils {(16.4 t/ha)

and intermediate for acid saline soils (15.2 t/ha).

{10) & significant negative correlation was observed between
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pH and lime requirement in 211 the soil types.

(11) The relationship of CEC with clay was significant and
positivae in all the soil types except in saline soils,
CEC and organic matter showed a negative relationship
in the alluvial and acld saline seils indicating that
the exchange properties of these soils were mainly due
to the inorganic fractions. The CEC of acld sulphate
s0ils was dependent on hoth organic and inorganic frace
tions since bthe relationship of CEC with organic carbon
and clay was significant and positive. The positive
correlation of CEC with organic carbon alone in the
saline soils attribute thelr exchange property mostly

due to organic fraction,

(12) The exchangeable potassium, calecium and magnesium showed
significant positive correlation either to clay or 4o
CEC in most of the soils,

{13) The availeble nitrogen and phosphorus had a positive
correlation elther to their total comtents or to orgaaic
carbon in all the Four soil types.

{14) Considerable difference was noticed between the values

obbained for availlable nutrients by routine methods of

301l testing of dry soils and thelr actual avariability
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under submerged condition in all the soll types,
Simllar was the case with pH, lime requirement and

electrical vonductivity alsc.

Flooding for a period of three months resulted in a

rise in pH of all the goll types. The saline and acid
saline soils recorded the maximum shift in pH values,

pH remained wmore or less steady after reaching the peak
valucs in a period of one week in acld sulphate soils
and in all other soil types stability was attained after
four to eight weeks, Conseguent to the increase in pi,
a gorresponding decrease in lime requirement was obsere

ved in all the soils.

A vise in LC vas observed in all the soil types due %o
submergence. The highest value of 12 mmhos/cn vas
obtained after four weeks of submergence in saline
soils, The rise in conductance of seils which already
possess a high degree of conductance aszsumes moOre prace
tical importance in affecting the rice plant wnfavoura=
bly. EC shoued a decreasing tendency with time aiter
four to six weeks, owing to the reprecipitation of some

of the dissolved ions.

211 che zoils showed 2 progressive increcase in available
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nitrogen content with incresse in the periocd of flood-
ing. The 2lluviel soils were raised from lov €0 2
medium level after the first week of submerrence and
repained move or less steady till the end of the 12th
weeks In the other soil Lypes, the levels of aveilable
nitrogen attalned values which were much higher than
that fixed for classifying a soil as kigh in availeble
nitrogen. Signiflieant increase in avallable nitrozen
content was observed after one, two and five weeks of
submergence in acid sulphale, saline and acid saline
50il2 respectively and it was maintained till the end
of 12 vecks,

A significant rise in the content of available phose-
phorus was observed in all the soils. The oeld saline
s0ils recordsd the maximum increase in available phos-
phorus at the end of four weeks of submergence, afier
which it graduglly decreased. The peak values for
avallable phogsphorus were recovded at the end of four
and six weeks in anid sulphsie end alluvial soils,
after which i% decreased. The saline soils showed a
progresgive increage throughout the period of fiooding.
The levels of available phosphorus recorded for the

four s0il types in the aly dried gitate itself were much
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hicher than the value fixed for placing them in the
highest class for available P as per the guidelines for
fertilizer recommendations. Submerging of these soils
has resulted in a further wanifold increasge in the cone
tent of available P, In the light of these »bservations,
it may be concluded that in these soll types further
addition of phosphetic fertilizers is not likely to proe-
duce any remackable response on the paddy crop which cam
neet its complete P reguirement from the native soil P

itself.

(19) The availabillity of exzchangeable cations like potassium,
cileivm and magnesium, however, showed a periocdical
increase and decrease on flooding in all the four soil
typegs. This diffevential patiern of snift in the con-
tent of exchangeable catlons may be due to the diffe-
rences in the total content of these elements in various
golls as well as t¢ the chenges in soil reaction, ionic
displacement ani other related properties that arise

consequent to flooding.

From the invesctigation carried out, it has been possi-
ble to obtain a systematic acgount of the extent and nature

of the chenges in so0il reaction and nubrient availability
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that result from flooding in water in some of the typical

rice soils of Kerala,

The results of the study have clearly brought out the
magnitude of the changes that result in the status of each
nutrient upon flosding of soils for wetland paddy cultivae
tion. There has bBoen wmore thanm three fold increase in the
content of available N and P in all the soils after two to
four weeks of submergence, It clearly implies that addition
of fertilizer N and P under such conditions is not likely to
produce z2ny significant effect om rice unless the varieties
are highly responsive to these two nutrients. Obviously,
the lack of response to phosphorus in paddy reported on
several occasions may be fully explained in the light of
these resultzs. The feasibility of reducing the auantity
of fertilizers to be applied or even skipping of fertilizers
for one or two seascns may be considered taking into account
the responsiveness of the rice variety as well as other eco=
nomic factors. These may be verified emd ascertained by
careful and planaed location specific experimentation and
1f the resulis are found encouraging, a substantial reduc-
tion in the quantity of fertilizers and other related inputs
can be made without affecting the net revurns from a given

area,
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APFENDIX-I.

Physico chemical properties of solls on submergence in water - Abstract of ANOVA,

Available Luchenseable
Source as pH EC IR o P K Ca Mg
Period (p) 10 13,65 5.7% 11,55 0.7% 245X 1.6 1.4 1.2
Soil (s) 3 29,08 143.5%  9.2°  30.0% 21.4° 1.8 2.1 2.6
Pxs 30 11.2  16.9 9.3 4,0 11.6 14,8 5.7 8.4

{error)

x significant at 1% and 5% level

xx significant at 3% level



ABSTRACT

Laboratory incubation studies were conducted to
quantify the changes in pH, LC, lime requirement ond availaw
bility of important nutrients such ag N, P, K, Ca & Mg due
to submergence of alluvial, acid saline acid sulphate and

saline rice solls of Kerala,

The study has revealed that pH of all the soil types
increased immedlately after flooding of the air dried soils,
reached a maximum and remained more or less steady throughe
out the period of three months submergence. Consequent ©o
the increase in pH, a c¢orresponding decrease in lime require-
ment wag observed in all the solls. Maximum reduction in
lime requirement was noticed for the saline and acid saline

soils.

A rise in EC was observed in all the soil types due
to submergence during the firat four to six weeks., It showed

a decreasing tendency afterwards,

411 the soils showed a progressive increase in availae
ble nitrogen content with increase in the period of flooding.
The increase was in the range of 75 - 3954 for the various
soil types., Maximum increase was recorded by saline soils

(395%) and minimum by alluvial soils (75%).



The levels of available phosphorus recorded for the
four soil types in the air dried state were in the low to
medium range for rice, Submerging of these soils has resulted
in a manifold increase in the content of available phosphorus.
The increase was maxtimum for acid sallne solls (700%) and

ninimum (55%) for alluvial soils,

The availabillity of exchangeable cations like potassium,
calclum and magnesium, however, showed a periodical increase

and decrease on flooding in all the four soil types,

The results of the study nave clearly brought out the
magnitude of the changes that result in the status of each
nutrient upon flooding of soils for wetland paddy cultiva-
tione.

The manifold increase in the status of major nutrients
like N and P upon flcoding of solils indicates that addition
of fertilizer N and P under such conditions is not likely to
produce any significant effect on rice unless the rice varie-
ties are highly responsive to these nutrients, The feasible
1lity of reducing the quentity of fertilizers to be applied
or even skibping of fertilizers for one or twn seasons may
be considered taking intc account the responsiveness of the

rice variety as well as other economic factors.



