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INTRODUCTION



INTRODUCTIOR

Host of the world's rice crop is grown durdng the wetl
season when rice f£ields ramain waterlogged for the greater
part of the growing period. In soils, which remain permanently
waterlogged or only temporarily during the ralny season, farmers
have opted t0 grow rice possibly since no other crop can be
grodene In the past, rice has been continuously produced in
flooded soile in vast areas of Asia without even muderate
fertilizer inputs, indicating their inherent poterntiel to
pravide and possibly regenerate & satisfactory fertility level.

Many physical, chemical and biologlical systems vitally
important to the nutrition of rice plants are knoun to be
influenced by anaeroblic conditions prevailing., The chemlcal
changes are mainly set in motion &s a consequence o the
blological oxidation progess taking place under oxyzen deficlent
status of fiooded soils whera alternate electron acceptors are
available. The net result of these changes provide both
benefits in terms of increased nutrient availability and
disadvantages such as toxicity due to excess of iron, mangw

nese etc, £or rice cultivation,

The cognisable effects following s50il submergence are
an increase in the content of available forms of both major

and some of the micronutrients, decrease in the availability



of zinc, an excessive increase in the content of ferrous

iron and formation of sulphides and organic ac¢lids.

The floaaded sollis that support rice culture thus
serve as a natural source 3f increased nutrient sulplye.
In the oreczent systen 9f fertilizer-use in rice produgs
tion technology, Agronomists and S2il Scientiots have
not paid adeguate attention ¢o this aspect of the flooded
3o51ls acting as a potential zsource £or increascd nutrient
supply to rice. A definite idea on the pattern and magni-
tude of tne changes that are taking place in the various
parameters of practical significarnce to the rice crop is
highly iaperative for drawing up a package o7 practices

Tor wet land rice cultivation,

The chemistry of submerged s0ils has been elabora-
tely roviewed by Ponnamperuma {1965, 1572), Patrick and
Mahapatra (1968), Patnaik and Heddy (1978) and several
others. The chemical chinges in submerged rice soils and
their offect on rice pgrowth have also bheen generally

characterised (Do Datta, 1981).

Much information sn the changes in the natursl
supply of plant nutrients in rice fields, which are
flooded by irrigetion or by maturzl rains, is nob availae
ble for the rice soils of Kerala which show wide varietion

in nutrient status as well as physico chemical properties,



Routine teating of solls in the soll testing laboratoe
ries for umaking fertilizer recommendations for opeclific crops
is done only on the air dried soil samples, However, the
recomnendations for rice based on the results of such analysis
can only be an escalated one in the event of the nutrient
steatus of solls getting improved due to the onset of flooding
and releted management operations for rice culture, Thus
recornnendations very often are much higher than vhat are

optimally needed.

The recsmmendations can become more meaningful only
when they are based on the avallable nutrdent atatus of each
801l type under wetland conditions. It 1s needless to say that
the scope for such analysis is often impracticable and very
remote. Nevertheless, a quantification of the net changes in
the various z0il testing parameters of rice soils due to sube
mergence assumes great importence in the light of the soaring
cogt of fertilizers and the soclo-economic conditions of the
farmers which compels him t9 prefer a wider cost benefit ratio,

It 13 in the lizht of theose most important considera=
tionz that the present investigation ia undertaken with the

following as the main objectives,

(1) To quantify the changes du? to subzergence in the status



of availsble N, P, K, Ca, Mg and lime requirenent in
four important types of paddy growing soils of the Stale.

(41) To correlate the above variation in nuirient status in
each soll type with the basic physico chamical propers
tics of the asoll,.

(111) To compute possible chenges that can be made in the
fertilizer recommendations based on soll testing in

aachk 801l type.
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REVIEY OF LITERATURE

The majority of the rice solls of Herala are subject
t0 rhythmic spells of wet and dry periocds consequent to
changes in weather conditions. Alternate wetting and drying
brings about changes in the physical, phyalco chemleal, bloe
chemical and electros chemical properties of the molls which

are of wide ecologlical and. agricultural importance,

Rice i3 = crop csuited to grow under such zituations
beceuse many of theze changes consequent to flooding in water
are often favourable for its growth and nutrition. Such
changes that take place in a soll vhan it remains subaerged
in water for & continuous period of three to four months,
covering the entire duration of the rice crop have been
monitared and amply reported in literature, A brief review
of the more recent literature on changes in electro cheaical
properties and nutrient availability in the submerged aoils

is presented,

A. Electro chemical properties
() Oxidation - Reduction potentisl (Th)
One of the most important electrs chemical parameiers

used to characterise submerged soils iz the yedox potentisl,

which is a meaadre of the oxidatiom « reductlion potentisl of



a 30il, It is a umseful guide to the . sequence of c£oil reduce
tion, but it doem not indicate the capacity of the 501l to
rosist Zh changes. Once the =s0il is waterlogged, the air
from the pore space 1s fully displaced ané it is never reple=
nished to the original level., Pearsall {1933) has observed
that when the oxygen supply 1s limited, a proportion of the
soil wicoro organisms make use of electron acceptors other
than oxygen for their respiratory oxidation, leadingz %o a
state of chemical reduction, which is reflected in the lowerw
ing of the oxidation =« yeduction ootential, He alsos showed
that the high demsnd for oxygen in the flooded s0il &5 Cone
pared to the low supply rate leads to the formetion of two
distinct soil layers - an oxidised or aercbic surface layer
and underlying reduced o anasrobic layer where no f{ree oxygen

is present {Ponnamperuma, 1972).

The diffusive movement of oxygen in waterlosged soils
13 very slow and consequently in a freshly flooded soil, res-
Piring aershic micro organisms will reduce the oxygen concen=

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

Savant and Ellis (1964) noticed a sharp decraase in
redox potential values within 15«20 days after submergence
which reached near equilibrium conditions after 75 days sube

merzence,



Ponnamperupa (1955, 1965) has reported that when an
aerobic soll is submerzed, lts Eh decreases during the first
few days and reaches a minimum, then it incresases, attains &
maximun, and decreases again asympiotieally to a value charae

ctarigtic of the soil after 8«12 ueelks of submergence,

Chakraverthl et al, (1970) have stated that redox
potential on submergence is characterised by & sharp fall

for a period of three weeks followed by a more zradual decrease

t0 an almost constant value at the end of threes monthse.

Mukheprjee and Basu (1971) haveshown that Eh values
decrease gradually under waterlogged conditions and the values
are lower with increasing s»il depth. He hag found that the
rate and megnitude of the Eh decrease depends on the kind of
organic matter, the natura and content of eleciron acceptbrs.

tenperature and the duration of the submergence,

According to Ponnamperuma (1972) when sn asrobie
wmineral soll 1s submerged, it undergoes reduction and the
redox potential drops to a fairly stable value of +0.2 to
=03 v depending on the £0il, while the pstential in the surw
face water and the first few millimetres of top £l remains
at +0e3 €2 2065 v,

Islam and Islam (1973) observed a sharp deocline in



redox potential end indicated negative values after five weeks

of submergence.

HMoraes (1373) has stated that the Eh of soils decreased
slowly between the fifth and seventh week of submergence and
then becace astable showing values ranging between 230 and
=300 mv,

Ohlsson (1979) reported that after one day of water
logging the redox potential declined and reached negetive

values after six days,

(11) Soil reaction {pH)

Soil resctisn is perhape the most important single
chemical character of soils which affects the growth of plants
hoth directly and indirectly through its contral on the avaie
lability of nutrients snd the activity of micro organisns,
Considerable changes in the pli values of s0ils have been

noticed during submergence in water,

Pommamperuma et &1, (1966, 1966b, 19567, 1969) have
reported that the pH of most soils tends €9 change toward
neutrality after submergence. An equilibriuvm pH in the range
of G5 t0 7.5 is usually attained. The pH buffering action

of submerged soils &s attributed to iron and manganese redox



gystens and cartonlic acid,

Mukherjee and Basu (1971) observed & gradusl increase
in soil pHd after a slight initlial depressisn and reachsd neue
trality under waterlogged conditions,

Incubation studies conducted by Dev and Sharma (1971)
on 12 soil semplea, cdllected from areas essentlally growing
paddy year after year, revealed that on submerzing for 15 days,
pH vaiues increased in all soills except those which are not
calcareous in nature, Submerzence for 30 days did not increase
pH further and thev suggested thet inoreass in pHd was primf-
rily’due to an increase in reducible mangasnese content in soil

on submergence,

Ponnesperuma (1972) observed that PH increase in iron
deficient goll is usu=lly small. rfeat soils and some acid
sulphate soils may have pH values of 5.0 even in ‘the flooded
state. BSolls high in organic matter end reducible irvon attain
a pH of 6.5 within a few weeks of flooding at temparatures

above 30°q,

According to Maraes (1973), flooding lncrsssed the pH
of acid soils and decreased thet of alkeline soils. The pil
of acld soile increased 4o 6,6 during the first few days and
then repained steady.
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Raphade and Childval (1973) have shown by laboratory
axp&ri?nts that increasing the degrse of puddlinz and madify-
ing the water regimes from field capacity to saturation and
flozding significantly increaszed the pH of the a30il solution,
The pH increase was found to be assoclated with reduction

processes in the aosil.

Kuruvilla and Patnalk (1973) reported that the pH of
most flooded acid sulphate soils increased slowly and rarely
excecded 6,0 evenafter 6 months of submergence, The increase
in pH upon flooding was mainly due o reduction of ferric

2+

oxides to soluble Fe™ ', a process that consumes ecidity,

The slow inerease in pH in moat acid sulphete solils
has been attributed to adverse conditions for micrabiel
reduction, low contents of metabolizable organic mpatter and

easily reducible ferric oxide {Pornsmperuma et 2l, 1973).

In samples of two sandy lozm s0ils of pH H,.55 snd
6.65, flosded to a depth of 2.5 ca and incubated for 109 days,
Ghosh et al. (1975) observed en incrsase in pH which resched
more or less constant values at near neutral point during the
first 30 days of incubation,

The overall effect of submergence, sccording ¢o

Ponnamperuna (1576) was to increase the pH of acid soils and
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to depreas the pi of s0dic and calcaraous soils. Thus, subw
mergence makes the pH values of acld soils (except those low
in ircn) and alkeline s21ls converge to pH 7. Although the
pH values of acid s50ils increase after submergence angd ssdic
80118 decrease, 30il propertles markedly infliuvence the pattern
of chenges., 32ils high in organic matier and egtive iron
rargly exceed & pH of more than 5.0 even after wmonths of sube
mergence, Urzanic matter magnifies the decrsase in pH of
sodic and calcarsous solls (IRRI, 1966) Low temperaturse

{(IRRI, 1968) and presence of nitrates (IRRI 1963} vetard the

increase 1n pd.

Moore et al, (1952) stoted that during submergence of
soils under laboratory conditions, s0il pH and exchinge acie
dity gradually increased to stabilized values in the neutral
range, while pi dependent acldity showed & decrease snd reached

fairly stable values,

Kabeerathuams and Patnaik (10982) reported an incraase
in pH on flooding of the acid soils of Kerale,

Alice Abraham (1934) has reported simificant rise
in pH of the different soil types of Kerale due to submere
gence in water., Changes in pH over a period of flooading for
two months were higheat for the coastal sandy soils and lowest
in the case of kard and pokksli solls,
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Specific conductance

{344)

The specific conductence of floaded goils represents
a balence batween the productlon of lons and their inzctivae
tion or replecement dug 4o the various procssses thot result

during flooding.

ponnamperuna (1955) reported thot specific csndustance
incressed afted submergence, ettained a maxlousn and then
declined, According to him, the increase in cmductance
during the Fivat few weeks sfter flooding is due 10 pobilie

2 et accumalation of Wﬂﬁﬁ' ECQ3“ and

sation of Fe™ and Mn
RCO0" and displacement of cations from ssil collodds by

2 A i
re=t ¥nZ" ang NH@* lons.

Kamara et al. (1963) were of the view that the increase
in electrical conductivity was due to the incressed ionic cone
cantration in the soll solution caused by raductisn of insolue
ble oxides of Fe, Hn and sccumulation of amzonia during £loode
ing.

Ponnemperuna {1963) stated that flooding a 5531l caused
H2 $2
» M8 7y

which become mose moblle in

an lncrease in the conceniration of ions such asg (a

K-a-‘? , m{f‘l +2' unt? and HC@_-;"’

the 304l under waterlogged conditions. The lncreasze in cone

s Fe

centration of these ions is considerad to be a secondary effect
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of £looding and subsequent reduction and 13 mainly due to
solvent action of C0,., FPomnamperuns st ale {1568h) periodi-
cally determined the specific eonduckance of a s2il solution
from submerged eoils in pots end raported that Lt increarsed

after submergeuce, attalned a maxipum snd then declineda

Incubation studies by Dev end Sharaa (1971) in paddy
50ils revealed that on submerging the solls for 15 duys, EC

values of supernatent liquid showad an increase.

According to Ghosh et 21l. (1975), conductivitiy of a
8011 increased from 0.2 to 0.7 amhosfca on submerzence for
100 days. Similar results huve hbeen obtained by Haphade et al,
(1973).

¥oore et al, (1982) reported that due to submergence,
the electrical conductivity of soils almost doudled end the
peal values were asbhtained at the fourth week of submergence
which remained constant upto five weeks and then slowly decreaw
seds The initial increzase in the electrical conducklvity was
due to the increased lonle coneeniration in the ssil solution

csused by reduction of inszoluble oxides of Fe, Hn ond accusus
lation of iz

According to Alice Abrsham (1984}, chenges in EC wers

significant in the differsnt rice so0ils of Kerala during sube
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mergences She reported thut meximum rise in EC was observed
by Zhe 20th day and after that a significant dlminution was
observed. This trend persisted till the end of the twd wonths
period, showing a quedratic pattern in the seguence of chane

H£eg.

Effect of submerzence on avajlable nit

Nitrogen in f£looded solls is subjected t0 o variety
of transformations. Ammonia sources are subjected to fixa=-
tion by ¢lays, loss by volatilisation and to nitrificstlion
followed by 1loss through denitrification. ITmmobilisation of
nitrogen due 0 microbizl fimation into orpganic fraction of
wetland soils, although lower than in dry lond soils s taking

place to a cartain extant,

Japanese Agronomists have long recognised that drying
of vice s0i1l before submergence mikes the rice grow hetter
{1itsud, 1960). The effect was attribuied to the accumulation
of Inorzanic aiirogen in the =zoll by microblal minerolisation

of organically bound aoil nitrogen.

Hirose and Kumada {1963) reported that nitrogen ninerae
ligation increased with increasing moisture and length of
incubation perdods According to them, air drying 2 snil

prior to flooding increased the rale of mineralisation of
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native nitrogen. Wvaring and Bremner (1964} stated that minee
ralisation was more rapild in flooded s0il than in non=flooded
s01l, A rapid rate of ¥ mineralisation due to alternate wette
ing and drying cycles of svoila has also been reported {Patrick
and Mahapatra, 1968).

Ponnamperuna (1964, 1965) was of opinion that soils
vary widely in their capacity to produce ammonia., le faund
a rapld release of nitrogen when soils rich in organic matter
are submerged, He obtained nearly 3000 ppm of NHE - ¥ when
such s8oils were submerged in water for a period of 30 days.
However, soils low in organic matter, liberate only much
smeller amounts of HHB and that too at a slower rate. He
alaso reported that availlability of nitrogen in flooded soils
‘15 higher than in non flooded solils, Eventhough orgenic
matter 415 mineralised at & slower rate in ansexrocblic solls
than in aerobic solls, the net amount aineralised is greater
because only less nitrogen is immobilised. The availability
of nitrogen in flooded zoils increases with incresse in nitroe-

gen content of the s0il, scil pH and teamperature (FPonnamperuas,
1965).

Bartholomew (1963) attributed the observed increase
in ammonia production in f£looded solls to & consequence of

the shift in microbial community on fioozding. vhen the aerd=
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bie population is replaced by the anaerobic flora, there 1s
lesser assimilation with 2 corresponding increase in the net
release of available nitrogen, Similar observations have been
made by Broadbent and Heyes {1971).

Kawaguchi (1966) observed that under flozded condie
tions the nitrogen supplying power of many soils was high
in Philippines. He wag of the view that moils having a fine
texture and high CEC were less easily exhsusted in plsnt
nutrients than sandy soils low in organic watter and low CEC,
Kawaguchi and Kyumas (1968) found that the amount of ammonium
nitrogen produced during two weeks of anacrobic incubation

ranged from 4.7 to 9,74 of the total nitrogen in the soil,

Bhattaecharya (1971) reported an increase in the exchanw
geable KH, = N content ln wmany soils on waterlogging as &
rasult of the expansion of crystal lattices of the clay minee
rals to release the fixed ammoniacal nitrogen. Lin et al.
(1973) found that ammonia production afier one week of water-
logged incubzation closely approximated nitrogen uptake by the
rice plant. IRRI (1975) has reported continuocus nitrogen
mineraelisation in flooded solls at a constant rate ihroughout
an incubation period of two weeks, Reddy et al. (1976) obsere
ved that the existence of aerobic and anserobic zmes in close

proximity in the rice solls is responsible for ithe occurrence
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of denitrificetion. Diffusion of smmoniuw from the cneeroblc
to the aerobic soil layer accounted for more than 50% of the

total nitrogen loss from columns of £1ooded solla.

Shiga and Ventura (19756) have shown that minerzalisae
tion processes of soil aitrogen under field condltions were
simulated by submsrged incubation of air dried soils. Castro
and Lentin (1976) reported that keeping a soil in 2 veduced
state by continusus submergence encouragas nitrogen accumulae

tiom,

The studies conducted by Vancleemput et al. (1976)
have revealed that under acid conditlions, significent amounts
of N0 and NO were foraed in reduced situations. #t higher
pH, nitrate reduction rate vag zlightly less, The signifi-
cant production of NO under acid conditions suggested the
likelihood of self-decomposition of nitrous aclid as a gajor
mechenism of nitrogen lossa,

Hessan (1977) reportsd an incraase in the status of
avallable nitrogen as well as P and K in the lateriie sa0ils
of Kerala consequant to submerzence £or a period of 1D days.

Reports from IRRI (1573) have shawn that drying of a
wet fleld may encourage minerallsatisn of nitrogen and theree

by increzase Lts avallability.
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Dei end Yamasaki (1979) neve reporzed that water
managensnt and temperature markedly influence the rate and
amopunt of ammonium released and that 2 dry soil when flooded

rolease more ammonium than a wet soll.

Viek snd Craswell (1979) have shown that soil pH has
little effect on the pH of the £100d watexr and thus on the
ammonta volatilization losses., Ammonia volatillsation losses
were gencerally reduced by factors such ag incraasing soll CEC
and reduced nitrogen application which help to raeduce the
level of ammoniacal nitrogen in the flood vater, Correla-
tion analysis by Sahrawat (1983) has shown that mmmonium
production was correlated to total nitrogen, organic carbon
and C/N ratio, Organic carbon content is considered to be a
good index of minerzlisable nitrogen in troplcal wetlend rice

snils,

Aceording to Reddy and Rao (1993) the sequential
nitrogen transformatisns operating in a flooded organic soll
include ammonification in the anaeroblc soil layer, upward
diffusion of N, from the enmerobic soil layer to the lood
water, nitrification in the flood water, downward diffuasion
into the anaerobic soil layer and denitrification in the
enacrobic soll layer, Ammonification snd ammonium diffusion

functioning at a slower rate are probably the limiting
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processes of nitrogen loss from a floaded organic soll.

Kai et 21, (1984) have shown that tropical wetland rice
s8oils are very diverse in their inkerent fertility., Incubae
tion of air dried soll resulted in a large increase in the
quentity of nitrogen mineralised, the malin source of minere-

1ised nitrogen being the amine acid and amino acid susars.

Effect of submergence on availsble phosphorus

Phosphorus is not directly involved in oxidetion -
reduction reactions in the redox potential range encountered
in submerged soil, But, beczuse of its reactiviiy with a
number of redox elements like iron, manganese etce its behoe
viour is significently affected by flooding. The increase
in concentration of water gsoluble end available P due to soll
submerzence was reported as early as 1940 {Aoki, 1540,
Mortimer, 1541).

According to Mitsul (1960), the wmost important effect.
of the anmerobic cmditicn on phosvhate was its inoressed
availabllity to wetland rice,

Ragak and Bhattacherya (1562) reported organlc phose
phorus ¢o be the dominant fraction (41,6% of the %total phoge
phorusa} in alluvial zoils of Weast Bencal, They obzerved a
ralease of about 420 kg ?Zﬁﬁlha from the nineralisation of
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organic phosphorus in the course of a rice growing scason,

Savant and Elils (1964) were of the view that the
increase in avsilabllity of notive soil P on flooding of

50i1ls was rzlated more to & decrease in redox potential.

Brosehart et al. (1965) heave osbserved that flooding
inocreased the availability of s5il phosphate in rice soils
in which free CaCO; 15 absent. Purnachendra Rao (1366)
noted that avallability of phoaphorus incre2ses with floode
ing dus to solubilization of ferrie phosphates to ferraous
phosphate associeted with a lowering of oxidation -~ reduce
tion potential of the s0ll, Chekravarti and Kar (1970)
reported that water soluble phosphorus increased in all
80ils gradually‘vith the period of submergence. Savant el al,
{1970) observed that submerigence fallowed by dryisy of soil
prior to resubmergence increased the availability of native
phosphorus in ecid soils of Maharashtra, Mehspatra and
Patrick (1969, 1971} have stated that availeble 5011 phose
pherus is known to increase when a soll 1s submerged. The
increase in water soluble phosphorus has been attributed to

the release of P from organic matter,

Mandal and Nendi (1971} found that the highsr organic

aatter content, the higher intensity of soll reductiom under
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submerged conpditiona, as a result > which avallsble P

increasaed,

Islem and Islan (1973) reportad that the concentration
of water soluble phosphorus increased upon'aubmergencal
reachad a meximum and then decreased. Senchez and Briones
(1973) fownd that the increasse in availability of phosphorus

an flooding benefited rice only on low phosphate nolls,

The results of laborstory incubatien studies by Patel
(1975) have indicated that the rice solls (sandy loam to
sandy clay loem) have low P fixation capacity and on submere

gence the avallability of native phosphorus increased,.

Mandal end Khan (1973) concluded that continuous
waterlogging inoressed the availability of native 2511 phos~
vhorus in acid soils. Chang (1976) noted that during sube
merzence crystallised iron phosphate tends to chonge into
eolloldal iron phosphate through solution and precipitation

resulting in iis greater availabilitye.

Singh and Bahamen (31976) .obtained an increase in avale
lable P -after 10 days 0of Incubatibn when clay loam acld soils
with pH 5.7 and organic carbon 0.0 wers kept waterloggaed,
They have algo recorded a decrease in available phosphorus

after 20 days of incubation,



Mohanty and Patneik (1577) found that submorgence
increased available P durinz the first 20 to 30 days because
of reduction of iron and manganese compounds; afierwerds
there was a decrease because of the precipitation as phos-

phates,

Singh and Ram (1977) comcluded that avalilable phos-
phorus increased during tillering stage of wetlond rice smnd
that it tended to decrease after that stage. They related
the increase in aveilable P in slightly acidic s52il (pH 6.5)
to a decrease in Fe=P and Ca-P concentrations. The decrease
in svailable P was considered to be due to the reformation of
inzoluble Pe-P and Ca~P, According to Khalid et al. (1977)
anaerobic 20ils have a strong capacity for fixing phoisphutes

from solutions hizh in phosphates.

Panda et al., {1981) reported that phosphorus availae
bility is low in alluvial soils because of theliy high P fixing
capaclty.

Veras and Tripathi (1982) reported that all the native
inorganic phosphate fractions increased upan waterlogeing

with the maximum increase of 70,7 in Fee~P,

Reddy and Reo (1933) opined that the mejor processes

that take plaece in an anaerobic soil with phosphorus were
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mineralisation of organlc phosphorus, adsorption, desorption

and diffusion Iraa underlying sediments to overlying water,

nffoct of submercence on exchongeable notagsium, colceiun
and magnesium.

Sturgls (1957) has reported that the eveilability of
5911 potassium increased by flooding particulerly as the
water temperature increased. Ponnemperuna (1965) hzs shown
that flooding a soil increased the potassiua concentration
in the soil solution ag & result of an exchange reaction due

2+ end ﬁng*. Ramanathan and Xrishnamoorthy

to increase in Fe
(1973} were of the view that the available K increased with
the perisd of submerpgence due to release of K from the non
exchangeable form. ILslam and Islgm (1873) observed that

501l submergence increased the concentration of potassium in
the soil solution, They also observed o rapid increase in

the concentration of Cr and Mg with time of subsgerzence,
Caleclum concentration continued to increase and attained

peak value in the ninth week while magnesiim concentration
reached its peak in the £ifth week, After attaining the peak
vaiue, both caleclum and magnesium showed a tendency to decrece

83

Inlam and Ullah (1973) reported that solil submergence
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favourad an increase in the uptake of nutrients by rice
including potassium, Kedrekay snd Kibe (1973) sghowed that.
potassium release todk place only after 50«80 days in 2 con-
tinuously molst soil, Biswas (1974) attributed the differene
tial relesse of non exchengeable potassium in submerged and
non submerged soils to the more vigorous growth of the crop

in waterlogzged solls,

According to Gailkwad et al. (1574) in flooded rice
a0ils, the s0il maintainz a fairly high concentration of
exchangeable and non exchengesble potassium due to transfore
mation of potassiun from minerals, They postulated a dynamic
equilibrivg between reserve, non exchengeeble snd exchangeable

forn of potassium,.

S5ingh and Ram (1975) reported that the potasalum
f£ixzing capacity of paddy s0ils rich in clay increaced with a

rise in pH, consequent t5 £looding.

Murty and Singh (1975) reported an initial decreese
in avollable potassium durdng the first veek of flooding,
followed by & aredual increase. They also obseyved a sharp
increase in water soluble calecium during the firat weelr,

but later tha changes were found to bLe inconsistent,

Singh and Ram (1976) found thet continucus submergence
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a3 well as a drving and wetting cycle at 30 days intérvals

increased the exchangeabls potasaium content,

Mohanty end Patnaik (1977) reported that the trane-
formation end avallability of potassium, calclum and magne=
sium were primerily governed by the 211t and clay content
of the soil which inturn determined the total ammumts pres
gent., 7The avallability of these three cations increased
on flooding on account of their displacement by the actlion
of water through hydration and hydr@lysis and reached a peak

in about 30 days end then decreased,

Laboratory incubation experiments with acid sulphate
aolls by Kabearathumme and Patnailk (1578) showed that £1o5dw
ing resulted in increased availability of calcium and potae

galvun,

According to Silverman and Munoz {1980) the rate of
releage of calclua and maznesium differsd in solls incubated
in air and under snaerobic conditions. In aiyr the quantities
of calcium snd magnesium concentrations increased for the
first 310 days and thon decreasesd, Under anaerobic incubge
tion, calcium and magnesium concentrations either reached
mexinal values in 7-10 days with no subsequent decroase or

continued to increase durdng the period of submergence.,



Muthuvel and Krishnamoorthy (19381) reported that
the available potassium content of solls was not influenced

by the 5211 moisture regimes.



MATERIALS AND METHODS



MATERTALS AND MOTHODS

The effect of submergence on 50il testing poramelers

of paddy soils was investigated using four soll typus

representing the aliuviel, acid saline, acid sulphote and

saline solls of Herala,

1. Collection of s2il samplos

Surface s30il samples (D=15 cam) were collected during

Decenher, 1584, after the second crop seassn fron farmers!

fields, The details and locations of collectlions are given

below,
Soil tvoe Ordern Location Distriet

Alluvial  Inceptisol Kozhencherry, Pathanamthitta
Pathanamthi- & Guilon.

tta and
Punaloor,
Acid Inceptiaol Vytilla Trnakulan
saline
Acld Entisol Ambalapuzha, Alleppey &
sulphate Karupadi, Kotiayam.
Thottapally
and Kallara,
Saline Alfisol Narakkal, Ernakulan

Puthuvaippu.

Hoe of
gamples

12

12

The 301ls were collected in bulk, air drled, powdered,



passed through a 2 mx sieve and used for subsequent studies.

2. Physico chemical propertics

The basic physico chenical characters of the solls
such ag pH, ¥C, mechanlcal compoasition, cation exchange
capacity, lime requirement, organic cardon, total and availae
ble nitrogen end phosphorus, excnangeeble cationy like
potassium, calciva and gagnesium were determined by adopting

standord analytical procedures as detaliled belowie

pi pil meter gothod Jackson (1973)
BC £olu bridge Jackgon {1573)
method

Mechenical Analysis Hydrometer Black {1965)
wethod

Catlion exchange capacity Aazonium scoetate Jackoon (1973)
method

Lime requirsment Hutchson and flutchson and
Mo Lennel's e Lennal (1914)
method

Organic carbon Halkley end Jackson {1973)

Black's rapid
titration method

Total nitrogen Microkjeldanl Jeckaon (1973)
aethod

Availabls nitrogen Alkaliine - Sutblah and
permsngenate Astia {1938)

methad’



Total phosphorus

Available phoaphorus

Exchangeable cations

% Incubation Experiment

29

Chlorostannous = Jackson (1973}
reduced molybdo

phosphoric blue

calour method,

in sulphuric

acid system

Dickmon and
Bray's aoslybdenun
blus method

Jackson (1973)

Neutral normal Blacit (196%)
ammonium acetate

extraction method

The soil samples were f£illed in. tall porcelain pots

of size 23 x 13 cu and flooded with water to remain above

the 3011 surface,

thick glass rod to ensure uniform mixing.

The soil in each pot wes stirred with a

The pats were

placed for incubation on a level surface in the laboratory.

The level 2 water on the 3oll sixface was maintained at

5 cm by addition of fresh water 5o as to gimulate ths

situation available in flooded paddy soils,

Vet s0il samples

were drawn by a furnel using the technique suggested by

Abichandani and Patnalk {(1937) from each pot at fixed intor-

vals of 12 houra, 1, 2, 3, 44 5, 6, 8y 10 @ang 12 weelks end

analysed for the varlous parameters.

4. Analysis of soil samples

The wet soil samplas were mnalysed for the 4ifferent



paraneters, after asking sultable allowance for the amount

of moisture present in each sample,

2. pHie= The pH of the samples were determined in 1:2,5 soil
water suspension using the glass electrade of the Perkine

Flmer pH meter,

be Total smoluble salis:- Total soluble salis wers deterained
in 1:5 soll water suspension using 2 solu-bridge ond expressod

on mahos/cmz.

Ce Lime requirement:- The lime requirement of the soil was
determined by the method of Hutfchson and Mo lﬁnnni (1914),
A weighed quantity of soil was treated with measured volume
of standard Ga(H60332 solution., The suspension wes stirred
well and filtered after 3 hours. Measured volume of the
filterate was titrated apainst standard sulphuric acid using
methyl orange a&s indicator, A blank was run with the same
volume of standard éa(ﬁﬁ03)2 golution, The difference bete
woen the titre values showed the amount of Ca(ﬁﬁ@5}2 used,
from which the smount of 1lime (ms CacoE} per hectare of soil

0 @& depth of & inches wes calculated.

de Avallable nitrogens:- fvailable nitrogen was determined
by alkaline - perwsnganate method. (Subbish end Asija, 1956)
by distiliing 20 g of soil in a distillatlon flosk with
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0.324 potassium pernmengnate and 2,5 sodium hydroxide solu-
tions for 30 minutes. The ammonia released was absorbed in
stonoarg acid sna tne excess acld was titrated with standerd
alkali, From the volume of acid consumed by ammonia, the

nitrogen content was calculated.

e. Available phosphorus:= Available phosphorus was estimated
Ly Dickman and Bray's molybdenum blue wethod (1940) in a
Klett Sumerson phote ¢lectric colorimeter. The s0ll was
extracted with Sray's reagent No. 1 (0.03 K NH,7 in 0,025 H
HC1l). Fstimation was done in 5 ml aliquot of the extract.

£. Exchangeable potessium:i= Exchangeezble potasslum was
deternined in the neutral normal aamonium acetate extract

by the flsce emission wethod using PEL Flape photoueter.

g« Exchangeable calciun and magnesiumt- Exchangeable calclum
and maghesiug were deterninsd in the neutral normal anmonium
acetate extract using a Perkin - Eluer 3030 model aAtomic

Absorption Spectrophotometer,

Statistieal Analycisie

The data generated from the incubation experiment in
conpletely randomised- design with four =0il types wore analy-

sed statistically for each character, The podled esnalysis of



variance was also done for the 11 periods of observation.
Correlations among various characters for each soil type in
different periods vere computed to bring out the relationship
between the characters (Panse and Sukhatme 1367).



RESULTS



RESULTS

The results of the laboratory studlies for monitoring
the changes in nutrient availability on flocding of four
typical soil types of Kerala are presented in this chapter.

1, Basic physico chemical propertics of rice solls: Alluvial
solls (Table 1a}.

The 12 samples of this scil type were reprasentatives
of riverine alluvial soilz of Pathanamthltta and duilon dise-
trictz, These s0ils werz slightly acidic and showad pH
values ranging from 4.8 to 5.9 with an averaze lime require-
ment valus of 9,7 t/ha. The electrical conductivity wasg very
low and it was less than 0,1 amhos/cm £or most of the soils,
The mean value for organic carbon was 1.8%. The total nitroe
gen content was rather high ond ranged from 0.07 to 0.18%
and the availeble nitrogen varied from 83 to 191 ppm with an
average of 115 ppm. The total phosphorus was 2lso similarly
high and ranged from 0,04 t0 2.17% with mean value for avale
lable phosphorus as 107 ppme The CEC was also falrly high
and ranged from 9 9 12 @e/100 g zoll with an average of
10 me/100 g. Of the exchangecble cations, the mean valuas

for potassium, calcium and masnesiunm were 131, 336 and 98 ppa



Table 1(a} Thysico chemical properties of siluviel soils,

Sample pH BC Orzanic LR Total Total Avai- Avai- CIC Exchangeable
o

119, (HQO) cghas/ ?iﬁbon (t/ha) N (3) P (&) %able ;able %gg/g) Ecatxéis {Eﬁg) Texture
(ppm) (ppm)
(1) (2} (3) b) (5 (61 (7))  (8) (9) (i0) (1% (123 {93) (15)
1 4.9 - 1.7 105 0.09 D17 83 186 9 76 193 68 Clay loanm
2 5,8 = 14 11,0 0.10" 0.04 92 58 11 126 47&h 110 clay
3 5,0 = 1.4 10,2 0.08 008 144 105 19 118 312 107 olay
4 503 = 1.9 Fe6 0.10 0,07 76 107 11 122 304 34 Clay
5 5,1 041 1.1 48  0.08 0,039 118 140 12 160 207 33 Clay
6 5,9 = 1.6 803 0.09 0.06 149 116 12 208 516 116 clay
7 S5e2 0o 2,9 9,8 0,07 0.11 191 119 a 76 s 96 clay losm
8 Sels - 1.9 Fe5 D.11 Q.04 83 49 7 76 504 145 Clay loom
9 5.5 = 2.6 .6 Dot 0,12 122 177 12 204 23G 123 Clay
10 5.3 = 1.6 e 0.1% 007 113 116 10 118 333 100 Clay loam
14 S5e6 01 1e1 8.9 0,18 0,08 104 114 12 156 221 71 Clay
12 5¢7 - 149 X! 0e15 0,06 110 95 11 128 3% 16 Cley

ve



respectively, These 12 samples of alluvial soils varied in

texture from clay to clay ioam,

Of the different soil characters studled, the pH in
water showed a significantly high negative correlation to
1ime requirexent (=2,93), while the relation of pi with
clay content was positive and significant (0.59)e Though
not significent, a positive correlation wasz there between
pH and available mitrogen, exchangeable potassiua, calcium
and magnesium. A similer relationship was evident in the
case 5¢ svailable nitrogen and phosphorus to theliy total

contents and organic matter level in the soll.

Other correlations »f significance were betwaeen
exchangeable calcium and magnesium (0.78}, exchasngeable
potassium and clay content {0.81) and CEC (0.84) and between
CEC and clay (0.94),

Acid saline 20ils (Table 1b},

The acid saline $oils wera located mainly along the
coastal parts of Ernskulam district, locally known as
nEakkali? soils. A single crop of paddy alone is ralsed
during the period between May and August-Ceptember. These

80ils were sandy loam in texturs and showed a variable pli

35



Table 1{(b)

Physlco chealcal properties of acid saline solls.

Sample pH EC Orzanic LR Total Total Availae- Avalla= CEC Exchangeable
Noe ?HZG) {mmhos/ C (55 (t/ha) N (%) P (%) blel dle?P (mef cations (pom Texture
om) ’ (opm) (ppm) 100 g) K Ca Mg
(17 (2) (3) (4) (5) (&) (7) (8) (9) (10) (1) (12) (13) (15)
1 b2 1.9 6.2 15,0 0.20 0.08 110 58 10 196 355 368 Sendy loam
2 Le9 2.0 641 148 0.17 0.07 114 3 10 202 434 564 i&mdy clay
oam
3 3.8 249 Be3 16,0 0.15 0.05 118 42 9 w4 382 573 Loagy sand
4 Le9 1.5 5.8 14,5 013 0.05 113 70 < 136 %39 HO Sandy loawm
5 Bl 2ok £.60 16,4 0.03 0,05 50 44 11 206 160 536 ‘iandy clsy
oam
6 3. 5 2.0 6.5 1 60 e Qe 21 005 87 55 9 66 1 31 65 mﬂﬁy aand
7 S0, 13 6.5 14,4 G20 0.06 120 116 10 151  &n2 37 Sandv loanm
a8 beb 12 443 148 Q11 0.09 8&h 76 10 202 128 1050 ?an_ﬁy clay
s osm
S Se3 2.6 56 18,0 D15 0,15 92 1867 9 €4 613 46 Sand
10 3.6 1.6 76 16.2 0.64 0,10 130 84 10 176 817 36 Sandy loam
11 4.4 1.9 7.1 152 011 .12 52 a1 9 128 816 92 Sandy loax
12 441 1.7 55 15,0 0.42 0.14 12 86 9 126 333 94 Sandy loam

9¢
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£1om 3,2 €9 5.5 The EC ranged from 1.2 to 2,9 mmhos/on
with average value of 1.9 mmhos/cme Thelr lime requirement
was very high with an average value of 5.2 t/ha. These
suils had & high organic cerbon content renging from 4.8
to 8.3%. The average content of total nitrogen and phose
phorug were 0,21 and 0,08 respectively. The avalluble
nitrogern varted from 52 to 131 ppn end that of avellable
phosphorus from &4 t0 165 ppm. The mean value of CIC was
10 ue/100 g. The exchangeable potassium ranged from €4 to
206 ppm with a mean value of 143 ppm and the average value
of exchangeable calcium omd magnesium were 424 and 322 pm

respectively.

In this s0il type the pi did not show any sipnifie
cant relationship with other soil characters except with
avallable phosphorus which was positive and significant
(0.62), The ralationahip of evailable nitrogen with total
nitrogen was positive while that with organic carbin was
negative, The influence of total phosphorus on avallable
phosphorus was alao positive and significant (0.62). The
available phoaphorus was negatively correlated with clay
cotent. (=0,63%), while it was weak and negative (=0,28)

with organic carbon. A significent and negetive correlation
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was obtained between pH and lime requirement (~0.89) snd a
sigrificant and positive correlation betwaen pH and orgenic
earbon (0.72).

The CEC was correlated significantly and positively
with cley content (0.80)« The effect of clay on exchenges=
ble cations like potassium end magnesium also vere signifli-
cant snd positive (0,97, 0.66), A similar relationghlp vas
evident in the case of avellable potessium und CEC {0.77)s

Acld sulphate scils Table 1(c).

The 12 samples of this soil type belonged to the kerd
solls of Alleppey and Kotteyem districts, Three samples of
acld sulphate zolls from Kobtayam district showed distinctly
different valuaes for all soil properties comparad to other

samples,

These s0ils recarded the lowest pH among the four
soll types and ranged in volues f£iom 2 to 3.7 The mean
value of EC waa 1,0 mmhos/cm comping in the range from 0.2
40 3,3 mnhos/cm. The organlc carbm varied from 1.1 to
1048 with a mean value of H.%%5. The lime requirement
vanged from 15.7 0 17.1 t/ha, The CEC varied from 13 to
30 ne/100 g with a mesn of 20 me/100 g. The total nitrogen



Table 1(c) Physico cheamical properties of acid sulphate soils.

Organlc L.R

Sanple %H EC : Total Total Avalla= Availa- CEC Exchangesble
No, Hy0) (mmhos/ € {#) (t/he) N (¥) P (%) ble N Dle P {me/ cations : Textura
ca) (ppm) {(ppm) 100 2) K Ca  og
(1) {2) (3) {4) (5) (6) {(7) (8) (93 (10) (11) (12) 13) (14)
1 3.6 0.6 4,6 15.8 0.10 9.05 108 58 19 206 515 330 Sandy clay
2 3e7 D4 Tel  15.7 0.09 0.03 85 81 21 120 577 525 Clay loam
3 3.6 0.3 5¢1 15,9 0.25 0,03 93 77 13 %4 1%k 171 Sandy loam
4 3.0 Dot 4.9 1643 0.08 0.02 155 8g 16 100 267 Slandy clay
. Jem -

5 2.9 0.4 7.2 16,4 014 0,035 63 56 20 63 116 88 Sendy clay
6 2.0 Je2 10.4 17.0 048  0.08 530 63 28 22 704 868 Clay a
7 3.0 0.5 7.0 16.3 (.17 0,01 63 70 13 52 2a1 174 Sandy loaa
8- 31 -0e2- Tl 16,2 0,11 0.0 67 151 16. 118 134 77 Loanm.
9 3 043 bGoh 16,0 0,0€ 0,02 117 51 16 52 327 264 Samdy loam
10 2.3 2.6 9.9 17.1 0.42 0.07 495 44 28 20 543 648 Clay
11 2.8 0.2 3.6 164 0,10 0.02 43 91 14 50 109 104 Sand
12 2.1 361 Geb 171 042 0.07 488 39 30 36 577 1483 Clay

6¢
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was very high and ranged from O.1 to U.b40 while the total
phosphorus was low with a mean value of 0.04%, The avallable
nitrogen for the three saaples was very high (530, 493 and
488 ppm), while it vanged only from 43 to 155 ppa for the
other samples., The status of exchangeable calclium and
magnesium was also distinctly high, while avalilable phosphoe
rus and exchengeable potassium were very low for ihe three
samplea. In addition. these three samples were'highly
clayey (455 clay) in texture and rich in organic matter
(10.43%) recording the lowest pH (2.0) and highest CEC

(30 me/100 &).

The texture of acid gulphate soils varied from clay
to sand. Of the exchangeable cations, magnesium showed
valugs az low as 77 +o as high as 3483 ppm end calceium from
116 to 704 ppm, while potassium ranged from 20 to 204 ppa
with & mean valua of B2 ppm only.

In this soil type, pH showed a significant negative
relationship with ¢ (=0,84), lime reguirement (=0,98),
available nitrogen (=0.32), exchangeable magnesium («0467)y
orgsnic carbon (=0.84) end CEC (=0,72). EC was signifi-
cantly and positively correlated sith lime requirement,

CEC, olay, available nitrogen, exchangesble magnesium and
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organic carbon (0.85, 2491, 0u76, 0,93, 0.9 and 078 rese
pectively). The relationship of available nltrogen with
total nitrogen {0.92) end organic carbon (0.77) was direct
and significant while that of avallable phosphorus with
total phosphorus («0.34) snd orgenic carbon (=0.26) vas

veak arnd. inverse, €20 had a sigpificent and positive
influonce on exchangeable calclum (0.79), exchangeable magne
siun (0.87) and to organic carbon (0.63). The effect of CEC
snd clay on exchanzsable potassium was wesk and negntive

while that of pH wes sigunificant and positive {0.75)s
Saline ssils Table 1(d).

These 30ils were mnostly clayey in texture and were
frequently subjected to sea water intrusion, from different
parts of Vyppin i{sland., These solls, oventhough rieh in
exchangeahle bases, were extremsly acldic with pli values
ranging between 2.9 and 3.5. The mean value of EC was
5.5 manos/cn which is ebove the critical level fixed for
the rice crap. The CEC ranged from 20 to 30 me/100 g with
an aversge of 24 me/100 g. The average valus of lime
requirement was 16.4 t/ba. The orgenic carbon ranged from
Lol to 5,55, The mean valuss of zotal nitrogen and phose<

phorus were 0.3% and 0.08%, The available nitrogen ranged



Table 1(d) Fhysico chemical properties of saline soils.

Sample or anic LR Total Total Availa- Availae CEC Exchangeahle _

Noe fﬂaﬁ) (mmhas/ c () (t/ha) ® (Y P () ble N ble » (me/ _ cations (ouo Texture

ca) (ppm) (ppm) 100 g) K ca e

(1) (2) (3) {4) (5) (8 (7} (8) (9) (10) (1) (123 {13) (16)
1 3.8 5.0 4,7 16.2 0.26 0,09 102 93 30 26 108% 791 Clay
2 3,2 6.2 4.8 16,2 0.29 0.08 183 74 22 88 1123 781 Clay
3 2.9 5.3 65 16.8 0.34 0.08 835 Tk 25 80 902 1026 Clay
A 3,5 6.0 448 16,2 0.35 0.11 193 119 21 96 654 1071 Clay
5 3.0 5.7 het 16,4 0.23 0.04 2462 51 24 44 630 1042 Clay
6 2,9 5.0 6.8 16,9 0.21 Q.07 129 8t 22 ) 650 1428 Clay
7 3.2 5.1 566 16,4 0424 0,08 98 75 25 100 1118 1239  Glay
8 3.2 6ol 542 16.3 0,26 0,10 132 113 25 80 658 1434 Clay
9 Z,0 5.6 6.7 16,4 0432 0.07 148 & 25 83 926 1258 Clay
10 3e3 549 4.1 16.3 0,34 0,05 190. 42 27 94 1142 1295 Clay
11 31 41 4e2 1643 0,35 0.06 191 61 20 84 904 9483  Clay
12 3e1 58 49 16,2 0.36 0,08 214 86 22 S5 897 759 Clay

 +Y



Table 2 Physicd chemiezl properties 92 rice soils @ mean valuesn.

Boll type i EC drizanic Le.R Total Total Avallae Lvalloe G0 Exchangeable cations
and texture (H,0) (mmhos/ € (38) (t/ha) ¥ () » (%) ble ¥ ble P (me/ G .
ca) (ppm)  (ppm) 100 g) K Ca M

(1) (2) {3) (&) (5) (6 (7) {8) {9} (10} 11 {(12) (13)

Alluvial 503 - 1.8 =B 0.11 0,08 115 107 10 131 336 98

{Clay)

Aeild saline Lo3 109 Gols 1502 D.21 008 100 77 10 145 L4284 322

(Sandy 1loam)

Acid sulphate 3.0 140 603 16,4 0.20 0.04 193 72 20 a2 362 402

{Sandy clay

“loam)
?aiine)- 301 5.5 5.2  1G.4 0.30 0.08 160 79 24 20 890 11463
Clay '
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fyrom 83 to.242 ppn. The average of avallable phosphorus
was. 79 ppe which renged from 42 to 119 ppn. The meen value
of svailable potesaluan was 80 ppm and ¥the average values of

exchangeable calcivm and magnesium vere 390 and 1142 ppao.

The pH.in water was significantly and negsatively
correlated to organic carbon (=0.59) and clay content (=-0.66),
while the relationship with lime requirement was inverse and
weak (=0.23), The available nitrogen wag only weekly corre=
lated to the total nitrogen (0.32) and showed a negative
correlation to organic cerbon (=0.64), Available phosphorus
showed a high correlation to total phosphorus (0.94), while
thet with pH and organic cavbon was wesk and positive (0.41
and 0,3), A significent negative correlation was observed
far clay with total phosphorus (=-0.66) snd availeble phos-
phorus (=0.65).

2. Incubation studises on typilcal rice sails.

The results of the laboratory incubation studies on
the effect of submerging four important soll types of Kerala
under five centimetres of standing water for 2 poriod of

three months :n the soll testing parameters are prosented.

The data on c¢hanges in pH, EC, lime requirement,
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availeble nitrogen, aveilzbls phosphorus and exchangeable
cations iike potassium, celciusm and magnesium are presented

in tables 3% to 10 and figures 1 t2 8.
pi Tables 3(a) to 3(e).

Prom the pegsults it may be seen that significant
chenges in pH were obtained for the differsnt soll types due
to submergence in water for varving pericds of tize., Average
values of pif over & periad of flodding for three months was
highest for saline sotls (7.3) immediately followed by acid
saline soils with = value of 7.2. The samples representing
the slluvial and acid sulphdte soils recorded comparatively
lower valuss (6.4 and 4,9) only. It may be noted that the
maximum shift in pH from the inltial values was recorded for
galine and acld saline soils (4.2 and 2,9) followed by the
acld gulphate soile recording & shift of 1.9 units. The wninie
mum shift of 1.1 units was registered by the alluvial soils,

The pil of acid sulphate and saline sdils rapidly
incressed even after. twelve hours snd it continued to increase
significantly till the end of second weelk, after which it
attained @ more or legs stesdy stabe in acid sulphate soils,
while it was atabilired at the end of six weeks only in

saline solls. The alluvial solls showed a decraase in pH



Table 2{a) pi of alluvial soils on submergence in water for 10 perizds of
sampling over a periocd of three months.

Peprisds (weeks}

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

(%) (2) (3) (4) (5) (&) (7) (8) (3) {10} {(11)
1 4e0 6D 6e0 6al 6ol 61 6ot el Ge2 6e2
2 52 5¢9 £e0 640 6.0 6.0 Bol He2 5e2 5a2
3 5¢7 548 549 5¢3 60 540 62 6e2 Go3 603
4 4a3 Gl 6e3 6e5 65 6.5 G5 6e5 Be5 65
5 501 5e5 5.7 5¢9 540 640 Be2 Ge2 603 Geols
& 5¢3 5e3 SebH 543 £e3 Be3 Be3 Be3 Ea7 6e7
7 Seh o2 Be2 Ge2 6e2 Be2 62 Bolt Boli Sols
8 Lo 55 545 640 6ot Gt 6al 6.5 £e5 65
) 562 5.8 5.9 5¢5 549 5.2 6e5 645 6a5 £a5

10 4.5 55 509 6.0 6.0 6.0 Be3 Ge3 Ge5 5e3

11 o8- 548 5e8 548 59 660 Ge3 G 65 6.5

12 5et 549 5e3 Se9 5 Ge3 6e3 6e5 845 6e6

3t



Table 3(Db)

pif of acid saline soils on submergence in water for 10 periods of
sampling over & perdisd of three months,.

Periods {weeks)

Ho. 1 (12 2{1) 3(2) 4(3) 5(4) &(5) 7(&) 8(8) a(10) 10(12)
hours) ,
(1 @ (3 @) (5) (6 (7 (@) (9) (1) ()
1 4B 4.8 5.5 £eb e 43 65 70 7o'l a2 Tel
2 53 i S Ge5 66 a7 67 7.0 a1 Ted 7e2
5 548 6.0 6.0 6e5 05 Ge5 e Te0 7ol Tl
L Lo7 e 5.0 Be5 5.5 845 GeF T.0 To0 Tel
5 3.6 4,8 Do Be5 GeT7 E.8 7.0 T Tl Te2
6 3T 5e2 6.6 E.6 Ge 70 7ol Te2 Te2 7ol
7 51 51 Goth Be5 6.5 £e5 T ol TS Te0 T
8 4.8 Selt o5 65 Geb 6.7 Tl 70 Tl 7.1
9 Sal 5e5 6e5 5e5 G35 SaT Tel Tel 7ol Tel
10 5.8 bHaT B3 6.6 Ge7 70 Te2 Tel Te3 7 oli
11 4.6 Selt Ged Eeli £.8 6.8 70 Te2 Te Tel
12 Lol 4e9 63 6.7 5.9 Te0 7o Te3 Te3 Te3

Lb



Table 3{c)

pH of acid sulphate soils on asubmergence in water for.

10 periods of sampling over a period of three wmonths.

: Periods (weeks) |
No. - 1 (1§5§0- 2(1) 3(2) 4(3) - 5(4) 6{5} 7{6) a(8) 9(10) 10{12)
(1) (2) (3) {4) (5) (6) {7) (8) (%) (10) (11)
1 442 5¢5 5¢7 5¢7 5e7 547 547 5e7 5¢7 5¢7
2 445 5¢6 6.0 640 602 R 6o 6.4 N 6ol
3 &e5 545 5.8 5¢8 Be2 6.2 Belt A Bels 6.4
L be3 5e5 Se5 5.6 5.6 5.8 Seld 5.8 5.8 5.8
5 %8 440 4,0 bt et AL | Lot bl 441 4.4
6 3.8 4,0 4.0 4.0 4,0 T 441 4ol 4.1 4,1
7 4e0 4.0 40 4,1 el o2 4y2 4.2 be2 4,2
B8 b0 b2 b2 4,2 4;2 Lie3 Ly3 43 b3 4.3
9 4,2 5e0 5¢5 5¢5 5e6 5.6 5.6 5.6 5¢6 5.6
10 347 440 4,0 4.1 4,2 be2 4e2 4,2 5,2 4,2
14 AR 4.4 4e2 4,2 b2 4e2 4y2 442 he2 5e2,
12 3ol 4,0 4.1 4.4 b4 liel 4,4 4,4 et 4,1

8b



Table 3{d) pH of saline soils on submergence in water for
10. veriods of sampling osver a perlod 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)
hoursa)

{1) (2> {3) {4) (3} (6) (7} {8} (9) {10) (11)
1 be7 S5e6 6e2 605 6.5 6.8 70 7ol 72 Te2
2 440 Seds 6.2 6a3 Bols 6e6 6.9 7.1 7ol 71
3 4,40 540 565 5¢6 549 65 607 649 £e9 760
A 45 545 6.0 Ge3 Golt 6.9 7e1 71 7e2 7.3
5 3.9 5.0 548 640 6e1 645 Be6 649 7o 71
6 445 5.7 5e9 5.9 6.0 Ge3 Ba5 6.8 7.0 7.0
7 4e2 545 6.0 6.0 Be2 Be3 Gab 647 6e9 71
8 5e9 5.0 6.0 60 Ga3 6e5 33! 7.1 7ol 71
9 441 540 5.7 640 6ol 5e5 6o 7.0 71 71

10 4,0 5ol 5.9 6e2 Bols 5.8 Be3 7.0 740 72

1 4.3 Se1 5¢8 6.0 640 6e3 Ge5 70 7o 7ol

12 4.0 Sel 57 61 61 6e5 6eT 6.9 70 71

6F



Table 3(e) pH in water of rice soils on submergence in water : mean values
for 10 periods of sampling over a pericd of three months.

Peprind (weeks)

Soil tvpe 1 (12 2(1) 3(2) 4(3) 5(4) 6(5) 7{6) 8(8) g(10)  11{12)
nqurs) |

(13 (2) (3 (4 (3) (6) (73 {(3) (5) {10) (11)
Alluvial 5.0 5.8 9e 6.0 6e1 6.1 Ge3 Gl Golk 6eh
Acid 4,5 502 6.4 6e5 6e7 648 70 7ol 7ol Te2
saline
Aeid L L6 LeB 4.8 5,5 L,3 4,9 4o e 449
sulphate
Saline Lo2 53 569 el el 6.6 5.8 y %) Tet Te3
C.I} for 03 Db Delh (Y Ouls Dels Dels Daly 0.4 Qa4
g0ils

Coll for periods « 0.4

08



51

at first and then recorded a significant increesa, recording
the peak value in the first week itself, The pil continued
to increase significantly for acid salinelsoil, rasistering

peak values in the sacond week..
EC¢ Tables4(r) to 4{(e).

Changes in EC were also significant in the four soil
types during submergence. Electrical canductance was highest
in the saline soils (5.5 amhos/cm) and lowest in clliuvial
50113 (C.03 mmhos/cm). Maximum rise in EC was obgsrved by
the fourth week in alluvial and saline soils (0.4 and 11.5
omhos/ca), sixth week in acid saline and £ifth week in acid
sulphote s£oils (5.6 and 4.1 mmhosfem). Thereafier a signie
ficant diminution was observed in all the soil’ types, which
peraisted t111 the end of the three wmonth pericd. The highest
BEC was noted for the saline soils (11.5 mnhosfcm) end minte

mum For the alluvial soils (0.5 monosfem).
Lime reguirement Tables 5(a) to 3(e).

Subaerging the solls in water for a period of three
months brought about appreclable reduction in lime reguiree
aent of all the soils. Inltizl lige requirement was maximum

for the acid sulphate and aaline s0ils and minimum oy allu=-



Table 4{a) EC (mmhosfcn) of alluvial ssils on submergense in water for
10 periods of sampling over a perlod of three months.

Periasds (wocks)

fo. 1 (192 2(1) 3(2) 4(3) 5(4) 6(5) 7(6) 8{8) 2{10) 10(12)
hours )

{1) (2) (3) (&) (5) {6) (7) (& (9) {10). (1)
1 - 0e1 Ce2 0.2 0.3 G Del De2 Dt Qa1
2 - Q1 02 Ce2 03 03 Qa2 De2 De el
3 - Del 0«2 0e3 Ouds 0e3 Qo3 Vel el 01
4 - 0.1 Qa2 03 Qb 0.3 De3 De2 Dot 0.1
5 0.1 Dol De3 0e3 Ol D¢ Ce3 0e2 Qo1 0.1
6 - 0.1 Ge3 0.4 D Q.4 De3 0.3 a1 01
7 a1 Oe1 Qe2 Qo4 0.4 O.4 De3 De3 o1 De1
a8 - O 0.2 Dk fa Jeli D63 De3 Dot 0,1
9 - 0e1 De2 0e3 Qb Ce3 0e2 Je2 D61 0.1
10 - Oe1 Do 0e3 D3 - Ce3 el Del Do Det
11 0.1 Oe1 Oe3 Ot Deti O3 De2 De2 Dol 0.1
12 - 0.1 8e2 0.3 03 0«3 De& Ce2 Uel to Iy
&N



Table 4(b)

EC (mmhos/ca) of aeld saline ssils on submergence in vater for
10 perisds of sampling over 2 perisd of three months.

Parisd (weeks)

Hse 1 {1
éﬁﬁrs) 2(1) 3(2) 4(3) 5(4) 6(5) 7(6) a(a) g(10) 11{12)
{1 (2) (3) (4) (3) {6) (7) (8} (3) {19) (11}
1 2.6 2.6 342 349 hol 5e5 506 2.5 2o0 1.8
2 29 2.9 363 5,0 14.5 5:‘!* 506 249 1 09 1.8
3 3.6 3.8 440 Lols 4e9 5.6 5a3 3e2 2.4 2.4
& 205 2.8 B 441 L6 545 546 340 241 1.8
5 Bel 342 3.7 4.3 449 Se7 5e5 3.1 251 241
6 3.0 302 346 43 4eB 4,9 Sels 2.7 18 1.9
7 Bl Be1 341 443 4e8 5e3- S5e 7 3.0 2.0 1.7
8 2.‘{% 25 3.6 ‘{5.3 4,8 5.2 E’os 2.7 1 3 1 06
9 340 3o1 3ol 4o 500 547 Se8 3.0 240 2.0
10 2.6 2.9 3e6 4ot 447 543 5¢3 2.8 19 1.8
11 2.9 3ol 367 4.4 540 5.4 55 2.9 1.9 1.9
12 2e6 5¢0 3e5 4,7 5.1 Se3 5ot 2.6 1e8 1.8

£



Table &(c) EC (mmhos/em) of acid sulphate soils on submergence in weter
for 10 periods of saapling over a perisd of three monthsa,

Teriods (WweeKS)

No. 1 (12 2(1) 3(2) 4(3) 5(4) 6(5) 7(6) &(8) 2(10)  19(12)
hours) : .

(1) (2) (3) (&) {3) (&) {7) (8) {9) {10) (17)
1 OeS 105 209 5e8 309 5-9 106 106 1.5 102
2 D46 1.3 2¢5 3e3 3e3 33 1.2 1.2 141 1.0
3 Db 1.2 24 3o Je3 3e3 1.2 Te1 1.0 0.9
4 0.6 1.2 240 3.0 3.1 31 140 1.0 DS 0.9
5 06 1e2 2.0 340 302 Fe2 1e2 1.0 Qe9 Je9
& 42 5.0 5¢3 &40 6.0 5.0 4,8 460 {1eD) 3e83
7 DeB 1.6 29 440 hel 4e1 31 3«0 S0 2.6
8 Oela 1.0 2.0 30 a8 3e8 1.5 1.0 1.0 Ge9
9 D46 1.2 242 Sl 53 Se3 1.2 1.0 1.0 0.9
10 4.0 L1 5ot 5.0 6.0 8.0 560 4eQ 4eQ 3.9
11 Qe O¢8 1e9 29 56 340 13 1.1 1.0 D&
12 4,2 5.0 52 6.1 6.1 Be’l L8 Leh 440 3.8

129



Table 4(d)

EC (mmhos/ca) of saline soils on submergence in water
for 10 perilods of sampling over a period of three months.

Period (weeks)

Wo. 1 (12 2(1) 3¢2) 4(3) 5(4) 6(5) 7(6) 8(3} 9{10) 10(12)
hours )
(1 (2) (3) (4) (5) (&) (7) (3) (9) (10) {11)
1 5.1 71 Fe1l Q3 e 113 Qe2 71 Sel Ge
2 6.6 Tl Tel 943 10.3 115 10.0 SBe1 Tel 6493
3 5.3 78 Se5 9.7 10.7 11.6 100 79 Tet Ee6
4 61 TS 37 949 10.8 11.7 10,1 8.1 71 5.7
5 5.9 Te7 9e5 9.6 10.2 11.4 Se2 Te1 Ee3 647
& 5e 740 Tel Vel 9.9 11.8 10,1 21 T Be2
7 5.1 Tel Ge1 93 0.8 1.2 EeB 0.7 5e3 5«7
8 61 8e0 .7 9.9 10.7 11.6 GeT Te3 Gel 5.8
9 6.9 Te5 Qe Te @ 10.8 1.8 Ge8 Tel Del be
16 6.0 71 Ye1 G T8 11.0 Dol Ge7 5e3 5.6
11 5.0 6.6 96t et 10.2 1.3 Je1 EeJ 5e1 0.0
12 6o 7.9 Qa7 Fed 103 114 Ge3 7ol 660 93

5S



Table 4(e) EC (mmhos/cm) of rice solls on submergence in water : nmezan values
for 10 periods of sampling over a period of three months,

Periods {wecks)

Soil type 1 {12 2(1) 32)  4(3) 5(4)  6(5) 7¢63  8(8) g(10) 10(12)
hours}

(1) (2) (3 (&) () (6) (7 {8} (3) (10 (1)
Alluvial 0603 0.10 0.23 0,372 0e37 0u33 $e83 0423 Q.10 0,10
Acid saline 2.8 360 3.5 be3 4eS 5¢4 5eb 249 2.0 1.9
Acld sulphate 1.5 2.1 3.0 3.8 41 bet 23 2.0 2.0 1.8
‘Saline Seb3 Tolt b a5 1.5 G5 Tolt Tel 64t 6.1
C.D for acils 0.7 0.7 0.5 Db 0.5 De5 0.7 0.6 0.6 0.6

Cel for periocds = Q.8

21



Table 5(&)

LR (t/ha) of alluvial s5ils on submergence in water for

10 perisds of sampling over a period of three months,

Periods (weeks)

Fo. 1 (12 2(1) 3(2) 4(3) 5(4) 6(5} 7(6) 8(3) 9(10) 10{12)
hours )
{1) {2) (3) (4) (5) (6) (7) (3) (3} {10) {(11)
1 2.8 eSS 9.4 Qels Q.3 Te2 Qe Fe1 1 Qa1
2 D8 DeB Tels o5 De2 Ge2 Se P S0 9.0
3 10,0 e 9.6 Je5 s b Je3 942 Vel Gel
4 Felt 9ol Yol Dok e 3 Ye3 Q01 8¢9 89 849
5 e S Feh Dels Qa3 Ge3 a2 91 Gl 9ol
6 R 9.h Dot 9e3 De2 42 BeY Be7 Be7 8.7
7 10,0 2.9 5.5 Fe5 Yol 9.4 Fe2 9.1 Qe a1
3 Je& Q5 Geds Ge9 Dels Fels Je3 Qe Qe Qa2
9 Gels Yol Gels Yeb Fe3 9¢3 Fe2 9e1 Fel el
10 Qelt Fobt Gals Felt 93 93 Ge2 Go'l el el
11 Feb 35 e 5 9e3 Vo2 Do 2 Jel 2,0 60 9.0
12 Fels Delt = Se3 Fe2 Ge2 Se3 8eT 87 Be7

LS



Table 5(b)

LR (t/ha) of acid saiine soils on submepgence in water £or

19 periods of sampling over a perlod of three months.

Period (weeks)'

Ho. 1 (12 201y 3(2) &3 sy &(5) ey 8@ 9(10) 10(32)
hours }
M @ (3 W () 8 ® 9 (10) (1)
1 14,9 1446 1441 13.9 1345 1341 11,9 11,9 11.9 11.3
2 15,1 1549 14,2 14,0 13.6 1342 12.0 11.9 1.3 1.9
3 1543 15.0 1.4 14,2 13.8  13.2 12.0 12,0 12,0 12.0
4 14,9 14,9 14,0 1349 1344 131 1.9 12,0 12,0 12,0
5 15,1 1501 1441 14,0 13.6 1343 1241 12.2 12,2 12.1
& 4.9 1448 el 1440 13,5 12.9 12,7 1105 11.5 115
7 15,1 14,9 14,3 14,2 1347 13,2 1241 12,1 12,1 1241
8 14,9 1448 T 1441 13,7 13,4 120 12,2 12,2 1241
9 1447 1.4 14,0 13,8 136k 13.0 12,1 11,7 1.7 1.7
10 15.1 1469 14,5 1b.4 1440 13.4 11.7 1235 12.2 12.2
11 15,0 15.0 14,6 14,3 1349 1344 1243 12.3 12,2 12.2
12 14,9 14,5 1407 1349 13,4 1249 1.7 1147 1.6 1.6

8S



Table 5(c) LR (t/ha) of acid sulphate s0ils on submergence in vater for
10 periods of sampling over a periad of three months.

Periods (weeks)

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

hours)

(1) (2) (3) (&) (5) (6) (7) (8} (3) {10) (11)
1 15.5 14,2 14,2 14,0 14,0 13.3 13,5 1345 13.5 1345
2 1545 14,5 141 14,1 1349 1343 125 1345 13.5 13.5
3 15.6 14,6 14,3 14,0 14.0 14,0 1460 14,2 1440 14,0
4 15.8 14.4 14.3 14,2 1441 14,9 1440 1440 14.0 14,0
5 15.8 14,6 1444 14,2 14.2 14,2 156D 14,0 1440 14,0
& 16.8 164 16.9 16.0 160 16,0 16,0 160 1640 16.0
7 15,6 14,5 1445 1443 14.3 1442 1542 14,0 14,0 14,0
8 15.6 14e3 14.3 14,0 14,0 14,0 1440 1440 160 14,0
9 15.8 4.2 14,0 14.0 3.8 13.8 135 12.6 13.6 13.6

10 16.9 16.6 16.0 16,0 16.0 16,2 160 16.0 16,0 16.0

i1 16,0 1845 14.5 1401 1441 14,1 14,0 1440 1440 14,0

12 16.8 16.3 16.3 16.0 16.0 16.2 10492 1640 16.0 16.0

69



Table 5(d)

LR (t/ha) of saline s2ils 9n submergence in water for
10 periods of sagpling over a perisd of three months,

Periods (wecks)

Ha. 1 (12 2(1) 3(2) 4(3) 5(&) 6(3) 7(6) 8(8) o{10) 10(12)
hours)
(1) (2) (3) (4) (5) {6) {7) () (2) {10) (11)
1 16.0 14,2 14,2 14,0 14.0 1348 13.4 13,2 1340 1340
2 16.0  14.6 4.2 14,2 1442 0 13.6 134 1360 13.0
3 16.4 15.8 1548 15.6 15.6 14,8 14,2 1440 1735 13,6
4 16,0  14.8 1 ols 14,0 14,0 1348 1542 1342 1340 13.0
5 1661 1449 15,4 14,3 14,2 4.0 13.4 13¢5 1302 13.0
5 1645 15.7 15.7 15.6 15.6 15,0 1,2 1440 13,5 1345
7 16,1 1542 15,2 15.2 15.2 T8 14,0 14.0 1346 13.5
8 16.0 14,9 14 4 14,2 14,2 13.9 1342 13,2 1340 1340
9 161 1546 1545 1542 1542 14.6 1440 13.8 1344 13.4
10 16,0 15.4 15,0 15.0 1540 14,5 135.3 13.8 13¢5 134
11 16.0 15.4 1540 1540 1540 1445 17.8 13,5 133 13.2
12 160 14,8 14,5 14,2 1440 13.8 13.2 1542 1322 13.0

09



Table 5{a@) Lime requirement {t/ha) of rice soils on submergence in uater : mean
values for 10 periods of sampling over & period of three months,.

Pariods {weeks)

501l type 1 {12 2(1) 3(2y 4(3) 5(4) 6(5)  7(6)  &(B) $(10)  10{11)
hours)

(1) (2) (%) {4) (3) (6) (7) (3) (3) {19) (1)
Alluvial 906 5 9."' 9-‘2 Gel 9-3 Fedl 0.0 Jeld Qe
Acid saline 15.0 1448 14,2 14.0 13.6 1362 1240 1240 12e0 12.0
Acid sulphate 16.0 14,5 10,7 14.6 14,5 14,5 1 els 10,4 104 14,4
Saline 16.1 1561 14,9 147 14.7 14,3 137 13.6 133 13.2
CeD £or 59ils 0.3 Je5 Dels Ools 0.5 0«2 De3 De5 Qeld Oole

e-n foa pemiods - o 4-

9
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vial soils, The reduction in lime requirement at the end

of one wask period of submergzence was in the order of 1.3,
1.4, 1.0 and 0.2 t/ha for saline, acid sulphate, acid saline
and alluvial soils respectively. With increase in the period
of submergence, the lime regulrement value decreased for all
the soils, The reduction in lime requirement was maximum in
saline and acid saline 80ils (3.2 t/ha) and minigum £or allue
vial soils (0.7 t/ha).

Available nitrozen Tables €{z) to 6(e),

The avallable nitrogen was significantly different
for the different pericds in all the four soil types, It
may be noted that the available nitrogen of all the soils
used in the present study reglstered an increase dus to
flooding.

The effect of submergence in increasing the content
of avallable nitrogen was maximuz in saline soils, £ollowed
by acid saline and acid sulphate solils and it was minimum in
aliuvial soils, After 12 hours of submergence, alluvial
soils showed a slight decrease in available nitrogen (13 ppa),
while acid saline soils recorded a slight increase {4 pum),
The increase was in the range of 20 to 38 ppn £or saline and
acid sulphéte soila &t this period,
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Table 6(a) Availeble nitrogen {(ppm) of 2liuvial s21ls on submergence in
water for 10 periods 92 sampling over a periad of three months.

Pepiods {weeks)

No, 1 (12 2(1) 3(2) 5(3) 5(&4) 6(5) 7{6) 8(33 3{10) 10(12)
hours)
(1) {2) (3) (4) (5) (6) (7) (8) (2) (10) (11)
1 59 141 152 164 168 175 203 210 213 230
2 130 156 187 201 247 220 224 235 245 265
3 56 139 148 153 160 180 19 200 203 219
& 98 143 152 168 182 212 226 261 280 295
5 63 140 150 154 161 184 205 212 217 237
S 84 147 156 164 175 193 234 244 266 287
7 112 154 161 168 182 200 224 253 273 294
8 175 182 190 197 217 245 275 263 301 312
9 98 147 151 156 168 198 219 222 231 250
10 93 141 143 156 161 132 203 208 210 224
11 128 161 174 189 210 213 224 238 259 278
12 89 141 150 158 161 196 202 208 210 234
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Table 6(b) Available nitrogen (ppm) of acid salinc s0lls on submorgence in
water for 10 periods of sampling over a periosd of threc mdaths.
Periods (weeks)
No. 1 {12
hours) 2(1) 3(2) 4(3) 5(4) 6(5) 7(6) 8(8) 5(10) 10(12)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
1 112 133 171 212 259 268 230 320 354 359
2 114 1335 180 228 273 279 283 328 360 365
3 118 137 178 231 273 279 251 335 372 375
4 115 135 170 211 252 264 280 322 361 %65
5 49 70 108 142 189 189 182 210 2351 236
6 94 104 135 165 198 229 246 273 301 309
7 132 148 193 233 287 338 374 L00 428 430
8 84 99 130 166 196 199 199 226 259 262
9 385 105 131 162 130 208 224 245 263 270
10 145 160 212 259 308 345 385 414 431 L34
11 52 75 112 147 180 190 190 211 235 241
42 147 165 207 259 303 345 385 415 4451 443
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Table 6{c) Avallable nitrogen (ppm) of acld sulphate s55i1ls on subacrgence in
water for 10 periods of sampling over a periosd of three months,

Pariods (weeks)

No. 1 (12 2(1) 3(2) 4(3) 5(4) 6(5) 7(6) a(s) 2(10) 10(12)
hours)
(1) {2) (3) (&) (3) (6) (7) (8) (2) {10) (11)
1 105 210 329 250 247 354 338 &40 u72 430
2 92 182 266 238 212 273 279 234 258 303
3 93 189 272 259 231 281 289 290 294 300
4 147 233 339 200 278 399 431 453 uH37 499
5 85 166 283 261 210 309 524 339 350 362
6 686 691 707 700 693 719 723 743 756 761
7 77 140 192 179 158 214 248 262 273 279
8 a1 164 292 264 212 396 324 341 357 364
9 110 224 336 311 275 385 428 474 495 498
10 629 640 688 677 669 700 721 759 T7h8 750
1 37 131 196 172 150 210 237 259 270 281
12 626 GLh 674 G63 658 690 718 729 Th0 752

S9



Table 6(d) Available nitrogen (ppm) of seline soils on submergence in
water for 10 periods of sampling over a perdoad of taree months.

Periods (weeks)

No. 1 (12 2(1) 3(2) 4(3) 5{4) 6(5) 7(6) 8(8) o(i10) 10(12)
hours)
(1) (2) (3) (4) (5) (6) (7) (3) (9) (10) (11)
1 121 159 194 236 272 350 448 554 616 658
2 207 240 318 393 462 531 580 622 - 651 620
3 104 145 1a2 228 260 348 453 512 531 647
4 210 45 539 420 476 540 594 646 638 728
5 257 98 390 498 581 634 678 710 748 769
6 140 B0 230 280 320 400 443 529 583 626
7 120 154 195 231 266 322 Lz2a 509 567 598
8 149 185 231 289 334 424 518 590 621 658
9 160 196 242 300 340 537 509 532 628 669
10 219 240 340 418 460 511 563 619 659 634
11 224 243 341 420 462 510 575 621 662 710

12 240 266 358 432 497 558 630 697 722 761
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Table 6(e) Available nitrogen (ppz) of rice s0lls on submergence in water : mean
values for 10 periods of sampling over a perlod of three wmonths.

Perioda (weeks)

8311 type 1 {12 2(1) 3(2) 4(3) 5(4) 6(5) 7({6} 8(8) 9(10)  10{12)
hours)

(1) (2) (3} (&) (5) (6) (7) (3) (2) {12) (1)
Alluvial 103 149 1690 167 180 201 218 215 242 202
Acid saline 105 122 161 200 243 261 277 33 357 353
Acld sulphate 231 202 382 360 335 403 427 Liy7 402 L84
Saline 179 213 280 311 394 464 5357 599 GhS 633
Cel fOor so0ils 1079 93 864 114,2 G557 91.7 5.2 9362 23e1 S1e2
-0 Foz Pesiods -~ Q&3

LS
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The avallable nitrogen continued to rise in the
saline and acld saline soils during the reat of the submere
gence perind, In alluvial soils maximum increase was obsere
ved at 10 weeks of submergence which was given 110} Aincrease
greater than the corresponding values f£op the dry soil and
after that it decreased. The acid sulphate soils showed
984 increass in avallable nitrogen at the end of two waeeks
period. The content of available nitrogen registercd a
decreasing trend during the third and fourth weeks, which
again increased and reached the maximum values by ths end of
the three months incubation period. Over a period of sub-
mergence for 12 weeks, the mean valus of avalilable nitrogen
recorded necrly four tiges increase f2r acld saline and
saline soila, the maximum being obtalned after 12 weeks of
incubation, Maximum values obtained for available nitrogen
were 242, 333, 484 and 633 ppm for alluvial, acid saline,
acld sulphate and saline soils respectively.

Available phosphorus Tables 7(a) to 7(e).

Flooding of the s50lls resulted in a rise in the con=
tent of available phosphorus in all the =oils, the most
significant changes being shown by the acid saline and saline
solls. The saline soils showed 685 incrcase in available



Table 7(a) Avallable phosphorus (ppm) 2f alluviel soilc on subaersence in
water for 10 periods of sampling over a periosd of three months,
Periods (wecks)
No. 1 (12 ~2(1) 3(2) 4(3) 5(4) 6(5) 7(6) 8(3) g(10) 10(12)
hours)
(1) (2) (3 (&) (5) (6} (7) (e) () (10) (11)
1 200 148 175 201 227 258 294 220 157 106
2 118 65 70 74 77 8h 22 67 52 32
> 130 69 75 81 a8 35 109 92 Th 52
4 136 T4 82 93 105 123 142 110 g1 56
5 168 120 127 135 143 6L 197 152 125 80
6 156 104 111 117 125 144 167 132 93 70
7 161 116 130 145 158 178 204 180 128 82
8 100 63 68 73 7€ 86 93 73 54 35
9 191 139 160 188 206 234 265 200 145 90
10 156 105 110 117 124 142 1€0 129 100 70
11 148 82 a0 100 112 128 145 118 93 60
12 128 65 69 74 77 84 95 T4 56 38
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Table 7(b)

Available phosphorus (pom) of 2cid 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(s)  7(6) a(8) 9(10) 10(12)

hours)

(1) (2) (3) (&) (5) (6) (7) (8) (9 (10} (11)
1 114 345 385 432 480 432 363 338 429 450
2 110 252 310 392 442 378 286 287 290 320
3 98 209 276 %50 331 314 244 240 288 319
4 134 298 340 392 460 392 319 337 756 !

5 101 224 299 375 423 364 257 324 395 522
6 116 238 311 369 407 300 264 270 264 310
7 160 305 339 430 462 400 336 342 267 304
8 134 351 400 L0 4g7 337 363 389 407 424
9 171 704 750 839 892 751 705 700 700 700

10 126 389 432 478 512 469 397 400 £19 428

11 124 506 620 709 784 682 550 579 597 610

12 131 517 624 700 793 648 553 584 60O 612

0L



Table 7(c} Available phosphorus {ppm) of acid sulphate 50ils on subaepzence
in water for 10 periods of sampling over & periad of three aoonths.
Periocds (weeks)

Nos 1 (12 2(1)  3(2) &3 (4 65  7(6)  8(8) 9(10) 10(12)

hours)

(1) (2) (3) (4) (5) (6) (7 (8) (9 (10) (11)
1 130 162 194 223 254 250 216 261 avh 280
2 139 179 227 269 209 308 248 252 255 258
3 99 147 189 234 281 275 174 250 %24 332
4 193 181 230 262 284 284 179 249 280 300
5 65 20 129 171 200 172 158 145 133 140
& 14 58 61 63 en €5 77 160 Sty 55
7 137 179 190 209 221 200 182 127 86 95
8 198 189 200 207 226 200 189 130 o8 100
9 65 88 127 157 182 165 151 140 138 142

10 44 69 65 168 68 68 33 80 72 76

11 134 167 186 197 207 210 219 220 222 225

12 49 59 29 60 61 65 80 75 66 70
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Table 7(d) Available phasphorus (ppm) of saline s0lls on submergence iIn
water for 10 perlods of sampling over a pericd of threc months,.

Perioda (weeks)

Noe 1 (12 2(1) 3(2) 4(3) 5(4) 6(5) 7(6) 8(s) 9{10) 10(12)
hours)
(1) (2) (3) (&) (5) (6) (7) (8) (3) (10) (11)
1 162 165 201 241 271 279 234 390 477 488
2 158 158 163 200 235 243 256 bk 453 465
3 158 158 1280 204 235 245 255 371 &4L8 454
4 170 227 242 261 2387 292 293 394 479 489
5 94 G9 110 128 145 181 215 258 278 290
6 120 121 130 142 155 193 246 297 324 340
7 111 120 131 140 152 185 216 239 358 360
8 176 230 252 271 294 295 257 392 431 492
9 120 124 138 147 157 208 244 336 L22 430
10 85 98 109 121 132 179 204 214 4511 418
1 111 121 128 136 144 191 232 278 hat 439
12 132 142 145 150 155 197 246 348 431 437
~



Table 7(e)

Available phosphorus (ppa) of rice soils on submergence in water : nean
values for 10 periods of sempling cver a perlod of three aonthe,

Soil type 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) (13) (1)
Alluvial 149 97 106 417 127 143 164 127 95 64
Acid saline 126 3561 430 494 Sy 456 388 40 426 L4a
Acid sulphate 106 130 155 185 197 189 163 172 167 173
Saline 133 147 162 173 197 224 246 335 416 425
C.D f£or solls 2068 672 752 76 a7 73,2 71,6 70e5 756 723

C.D for periods - 71.8

£4
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phosphorus at the end of 12 hours of submergence and after
that by a steady inorease reached the maximum value of

425 ppm by the end of 12 weeks. The available phosphorus
content recorded 47% increase in the case of acid sulphate
s01ls at the end of 12 hours of flooding. It continued to
increase end raached the peak value (197 ppm) after four
weeks of submergence and decreased slowly from the £ifth
week, ti1ll the end of 12 weeks,

The acid saline solls recorded more than four fold
increase in available phosphorus in the firat week of sube
perzence, In the second and third veeks the increase was
1958 and 15% and at the end of four weeks attained the maxla-
wum value (544 ppm). After the fifth and sixth weeks, a
decrease of 15«167% of availeble P was obtained, followed by
an increasing tendency during the romaining periods of sube

®OrZeNce.

A 40% increase in avallable phosphorus was obhserved
in alluviel socils at 12 hours of flooding, efter which,
submergence ahowed no effact on phosphorus avallabllity
over the initial velue till the end of four weeks, The
highest increage obtzined at the end of six weeks was

164 ppe in alluvial soils after which a significant decrease
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was noted.
Exchangeable potassium Tebles 8(a) to B(e),

A decrease in exchangeable potasaium was observed in
all the soil types after one week of aubmergeonce and after
that it showed an increasing trend. The savimun increase
was noted for saline soils (232 ppn) at the end of ailx weeks
of submergence {(four times greater than the inttial value)
after which a declining trend was notieed, The acid sulphate
80118 recorded three times increase in exchangeable potie-
ssium afier being submerged for five veeks ahowinz a signi-

ficant decrease aftervards.

The mean valuss of exchangeasble potassiunm showed
2luctuations betveen different periods of submergence in
alluvial soilz, Howsver, a 443 increase was recsrded after
two weeks of flooding with a value of 188 ppme The content
of exchangeable potassium in acid saline soils dsoubled at
the end of six weeks, The initial level of exchangeable
potassiun was more for acid saline and alluvial solls
(143 and 131 ppm) compared to the saline'(so ppn) and aecid
sulphate (82 ppm) soils,

Exchangeable calcium Tables 9{a) to 9{e).



Table 8(a) Exchangeable potassium (ppm) of alluvial soils on subaergence in
water £or 10 periods of sampling over a period of threc months.
Periods (weeks)
Ba. 1 (12 2(1) 3(2) 4(3) 5(4) 6(5) 7(6) 3(8) 9(10} 10(12)
hours)

(1) (2) (3) (%) (5) (6) (7) (8) (39) {10) (11)
1 87 57 98 107 120 270 270 228 292 191
2 30 99 101 112 126 103 72 72 T2 72
3 30 93 100 115 126 120 114 100 104 100
4 a0 26 105 116 128 82 78 77 75 74
5 141 158 221 246 279 2M 270 230 220 200
5 123 222 258 293 03 288 270 232 217 198
7 66 78 78 78 78 78 78 75 72 72
8 54 78 73 78 75 78 78 76 76 75
9 72 213 220 225 228 171 122 122 120 120
16 72 Sn 100 118 125 125 74 70 86 65
11 108 123 184 252 271 139 135 107 90 90
12 35 105 108 139 129 123 1256 120 114 108

9L



Teble 8(b) Exchangeable potassiua (ppn) of acld saline sS0ils on sublergence
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) g(12) 10(12)
hours)
(1) (2) (3) (&) (5) (6) (7) (8) (3) {10) (11)
1 159 180 201 223 231 261 2582 201 194 111
2 162 189 204 231 238 267 285 204 234 204
3 126 186 282 300 312 312 309 200 %00 232
4 121 138 156 171 174 243 285 225 192 183
5 161 178 195 231 246 261 290 195 168 150
6 20 120 141 176 180 243 243 189 120 120
7 159 170 255 300 315 315 312 306 303 300
8 160 1a1 204 234 240 273 270 213 184 162
9 75 86 411 162 171 282 288 198 14 120
10 132 138 153 180 186 248 248 201 174 153
Yk 50 108 162 195 210 222 243 165 117 114
12 84 96 159 189 201 228 240 153 105 93

LL



Table 8(¢c) Fxchangeable potassium (ppa) of acid sulphate solls on submergence
in water for 10 periods of sampling over a period of three aonths.

Periods (weeks)

Wo. 1 (12 2(1) 3(2) 4(3) 5(4) 6(5) 7(6) 8(8) g{10) 10{12)
hours)
(1) {2} (3) (4) (5) (6) (7) (8) (9) (10} (11)
1 204 180 243 291 312 312 2n2 261 223 222
2 168 126 237 288 309 312 135 128 128 120
3 186 135 225 282 303 309 162 153 152 150
4 102 90 192 252 294 300 126 126 123 120
5 69 69 174 201 234 282 66 90 114 111
& 60 80 S0 102 126 147 57 30 as 88
7 30 8k 108 111 144 192 60 102 102 96
8 156 123 198 252 291 297 126 126 118 109
9 90 a7 120 149 150 172 120 105 114 102
10 36 33 90 102 120 144 56 54 48 48
11 5% €0 g6 114 141 165 117 105 111 99
12 36 40 93 99 123 141 S4 57 52 48

8L



Table &(d)

Exchangeable potassium (ppm) of saline soils on submergence in water

for 10 periods of sampling over a period of three months.

Noe 1 (12 2(1) 3(2) 4(3 5(%) 6(5 7(€) 8(8} 9(10) 10(12)
hours)

(1) (2) (3) (&) {5) (6) (7) (8} (9) {19) (11)
1 36 G0 T2 102 120 282 303 30 28, 291
2 93 73 84 120 141 243 282 246 245 234
3 87 4 me 129 150 255 206 200 203 294
4 122 90 111 123 150 261 333 00 20D 291
5 L8 48 06 126 156 2865 »n5 310 312 299
5} 87 8h 105 120 150 240 235 207 258 252
7 111 a5 102 117 153 240 2a1 236 234 234
8 Q3 78 S0 1G5 108 252 297 282 282 270
9 99 81 g3 111 17 246 201 270 262 252
10 108 84h 108 132 147 213 264 246 244 241
1 96 75 87 110 1%1 258 2082 252 =52 246
12 105 21} 108 1%2 144 294 =00 326 305 200
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Toble 8(e) Exchangeable potassium (ppm) of rice soils on subgergence in water @
mean values for 10 perisds of sampiing over a periad Of three months.

Perisds (weeks)

S04l type 1 (12 2(1) 3(2) 4(5) 5(4) 6(5) 7(6) 8(8) 2{10) 19(12)
houra)

(1) (2) {3) (&) (5) {6) (7) (&) (3) (10  (11)
Aliuvial 91 120 183 157 167 154 142 126 119 114
Acid saline 127 147 185 161 225 a5 275 213 173 1656
Acid sulphate 104 ol 156 186 212 231 113 116 115 150
Saline 29 72 9% 119 137 256 232 276 27k 267
Col} £or s0ils 318 %2 42,3 50 527 479 53,6 41,5 L3.T7 45.6

S.5 for pEI‘iOdS - 16.8

08
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Table 9{a) Exchangeable calcium (ppm) of alluvial soils on submergence in water
for 10 periods of sempling over a perdod of three months.
Periods (wecks)
No. 1 (12 2(1) 32) 43 5(8)  &(5) 76)  8(8) %(10)  10(12)
houyrs)

(1) (2) (3) (4) (5) (6) (7) (3) (3) 18} (1)
1 104 120 158 174 204 194 183 180 174 170
2 283 3N 6L9 815 904 624 492 485 472 468
3 381 292 342 375 403 368 310 298 254 275
4 284 196 243 285 332 204 301 235 243 240
5 203 156 229 279 21 244 200 200 200 188
6 439 298 788 859 1142 758 508 530 308 364
7 310 205 258 329 334 342 296 286 253 259
8 4350 392 780 3930 1010 T4 500 500 4329 400
9 286 185 256 200 358 313 282 269 242 228
10 294 193 282 389 465 380 339 209 289 265
1 210 152 235 286 324 268 192 178 175 172
12 345 345 389 b4 430 414 339 310 300 285

I8



Table 9(b)

Exchangeable calcium (ppe) of acid saline s2ils on submercence in
water for 10 periods of sznpling over a period of three oonths,

Pericis (weeks)

No. 1 (12 21y 32)  4(3)  s)  6(5) 7(6)  8(8)  3(10) 10(12)
hours)
(1) (2} (3) (&) (5) {G) (7) (83) () (10) (1)
1 371 398 400 356 316 271 235 231 223 222
2 440 L6 466 370 335 284 237 235 231 230
3 390 396 400 351 396 264 237 230 235 225
4 312 320 325 204 265 230 200 183 1783 175
5 176 196 200 158 120 101 91 85 85 83
6 148 174 19 132 110 99 eg 88 ak 81
7 614 628 632 5746 502 424 320 300 279 254
8 136 154 145 118 o8 89 77 75 75 71
9 628 634 637 568 500 442 319 260 232 224
10 923 1013 1015 794 732 728 725 720 720 219
11 914 998 1000 782 730 7283 728 725 725 723
12 339 353 360 3t 321 320 36 310 310 303

c8



Table 9(c) Exchangeable czolciun (pom) of acid sulphate s82ils on subnoergence
in water for 10 periods of sampling over three months,.
Pericds (weeks) ‘
Ho. 1 (12 2(1) 3(2) 4(3) 5(4) 6(5) 7(6) a(8) 9(10) 10(12)
hours )
(1) (2) (3) (&) (5) {6) (7) (8) (s) (10} (11)
1 621 638 793 833 893 654 570 494 329 320
2 756 789 309 831 986 653 560 582 357 332
3 243 275 701 328 352 324 294 261 234 219
& 350 370 398 412 431 368 320 310 506 291
5 178 198 204 219 227 210 196 195 191 169
& 840 248 1020 1048 1094 S45 854 798 721 709
7 359 389 404 421 433 372 34 312 310 294
8 176 207 208 212 221 200 192 138 96 83
9 400 409 428 449 b3 393 326 283 254 239
10 943 5065 712 g42 1047 923 809 762 730 684
11 243 136 152 168 177 165 156 118 77 72
12 95 506 781 918 999 912 791 730 712 692
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Table 9{d) Exchangeable calcium (ppm) in saline soilis on submergence in water
for 10 periods of sampling over three months.

Perisds (wecks)

Hoao 1 (12 2(1) 3(2) 4(3) 5(4) 6(5) 7(6) 8(8) 2(10? 10(12)

hours)

(1) (2) (3) (4) {5) (6) (7) (8) (9) (10) (1)
1 1124 525 500 432 L69 396 320 300 232 234
2 1248 606 581 549 523 445 334 310 330 289
3 1054 520 421 391 360 705 258 256 239 228
& 825 470 384 346 244 2040 160 150 134 128
5 810 462 370 292 239 199 156 150 149 131
6 830 472 374 300 249 200 162 150 136 131
7 1259 609 584 551 531 438 337 322 307 292
8 828 470 380 314 245 206 169 150 WU 130
9 1106 522 392 328 266 228 192 180 163 150
10 1268 610 587 562 541 448 340 318 300 291
11 1088 521 463 402 365 315 264 250 240 270
12 1014 500 431 360 258 226 180 168 155 14

vg



Table 9(e) -Exchangeable calcium (ppm) of rice goils on submergence in water :
pean values for 10 periods of sampling over & period of three months.

Periods (weeks)

Soil type 1 t(lgnam) 2(1)  3(2) &(3)  5(4) 6(5)  7(6) a{s) 3(10) 10{%1)
(1) (2) (3) (4) (5) (6) {7) (8) (9) (10) (11
Alluvial 132 284 285 463 361 413 723 150 228 275
Aeid saline 432 477 431 404 361 332 239 287 251 276
Acld sulphate L2 454 517 564 610 512 449 407 257 344
Saline 1041 524 456 401 358 300 234 225 213 202

C.I’ for solls 230.8 156.,2 196.2 20h.& 242,6 175.6 150,7 155 1614 139.3

S.E for periods - 46

Gg
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The tendency of exchangesble calcium to decrease
with incresasing pericds of subaergence was evident Lfrom the
results obtained for all soil typss., However, the alluvial
s0ils ghovwed 387% increase at the end of three weeks, The
mean velues of exchuangeable celcium recorded a gradual
increase in acid sulphate soils though not significant between
psriods and reached the maximun (510 ppa) at the end of four
weeks of flsoding, after which it significently decreased,
Bo significant change in exchangeable calcium was noted for
two weeks in acid saline and 12 hours in saline soils,
eventhough a significant decrease was observed in both the
soils after this period.

Exchangeable magnesium Tebles 13(a) to 10(e),

Highly significant decrease in the mean values of
exchangeable magnesium were obaerved in saline and acid
saline s50ils at the end of 12 hours of flooding. A gradual
increase hetween periods was noted until they attalned maxi-
mun valuss of 1254 and 477 ppn at the end of aix weeks of
submergence, After this period, the content of exchangea=
ble magneslum gradusally decreasad. The acld sulphate soils
registered a meximum value of 634 ppas in the first week, a
58% increase over the inltial level and after that it showed

a significant decrease. Changes in exchoangeable magnesius



Table 10(a) Exchangeable magnesium (ppm) in alluviel soils on submergence
in water for 10 perlods of seopling over three monthse.

Periods (weeks)

No. 1 (12 21)  3(2) a3 ) 6(5) 76 88  9(10) 10(12)
hours)
(1) (2) (3) (4) (5) (&) (7) (8) (9) {10} (1)
4 91 120 148 172 203 162 150 129 100 95
2 150 196 305 688 903 630 339 265 209 194
3 144 185 296 670 820 618 239 250 200 130
4 115 152 193 232 320 283 252 208 181 149
5 68 90 120 152 190 185 183 140 121 20
5 158 202 400 722 a3n 647 330 200 257 183
7 130 156 208 271 324 311 296 251 154 151
8 204 278 5432 794 1100 708 441 321 266 203
9 163 205 329 706 1002 669 393 310 274 198
10 131 163 234 295 355 %24 303 273 220 180
1 92 130 179 200 234 219 200 188 171 163
12 160 202 %94 700 as5 592 391 293 240 199

L8



Table 10(b)

Exchangeable magnasium (ppm) in acid saline solls on subnergence
in water for 10 periods of sampling over three aonths,

No. 1 (12 2(1) 3(2) 4(3) 5(4) 6(5) 7(6) a(8) 2(10)  10(12)
hours)
(1) (2) (3) (a) (5) (6) (7) (8) (9) {10} (1)
1 58 153 214 280 376 454 580 555 549 520
2 89 160 231 329 383 634 793 692 585 540
3 92 205 338 482 540 780 821 740 621 £00
4 60 30 199 288 353 528 634 630 557 308
5 B85 144 200 250 287 445 539 9518 597 500
6 5 121 170 200 240 242 259 250 244 238
7 2 6 31 79 101 123 158 109 64 60
8 113 208 341 435 614 897 1215 1012 915 854
9 3 60 80 9l 114 138 150 110 67 65
10 2 59 70 S35 111 131 153 120 75 75
1 8 140 145 150 150 170 192 125 82 8D
12 8 144 150 151 155 169 193 123 83 85

88



Table 10(c)

Zxchangeable magnesium (ppm) in acid sulphate solls oa submergence

in wvater for 10 periods of sampling over three manths.

Periods {(weeks)

No. 1 (12 2(1)  3(2) (3 s 6&(8)  7(6) 88  9(10) 10(12)

hours)

(1 (2) (3) (&) (5) (6) (7) () (9) (10) (1)
1 608 776 504 462 390 338 & 300 293 290
2 773 805 538 521 4es 387 340 328 557 355
3 177 4035 328 300 281 254 235 225 229 216
4 380 463 288 232 193 135 182 181 176 175
5 117 154 122 100 83 80 77 73 63 68
6 96 S00 804 709 616 564 505 470 364 380
7 346 472 358 335 281 255 221 170 120 115
8 103 105 88 73 66 65 &4 62 €0 &2
9 599 772 464 371 296 220 2388 280 280 171

10 779 799 508 434 381 370 365 358 554 330

11 303 430 281 260 253 240 232 228 220 218

12 1500 1520 1100 953 870 800 752 682 585 580

68



Table 10(d) Exchangegble wmagnesium {ppm) in saline s9ils On submergence
in water for 10 periods of sampling over threse months,

Periods (weeks)

No. 1 (12 2(1) 3(2) &(3) 5(4&) 6(5) 7(6) 8(83) g{10) 10(12)
haurs)
(1) (2) (3) (4) (5) (6) (7 {c) (9) (10) (11
1 1 600 632 758 824 898 a7 952 40 930
2 31 530 625 752 815 830 063 948 4D 932
3 57 612 (36 720 780 920 1015 1000 G50 950
& 58 614 £39 781 844 1000 1118 1053 1110 1000
5 55 610 80 714 787 980 1039 1000 1000 998
6 153 718 T40 772 830 1200 1453 1400 1400 1200
7 G4 6351 700 758 800 1195 1350 1300 1238 1110
8 165 765 730 200 807 1200 1589 150G 1484 1233
9 65 €20 690 724 738 1195 1409 1364 1320 1115
10 70 692 722 755 759 1150 14610 1355 1300 1100
11 172 772 513 842 895 1400 1614 1519 1550 1300
12 46 600 678 700 719 a15 980 955 950 Lo

06



Table 10{e)

Exchangeable magnesium {ppm) 9f rice soils on submergence in water i
wean values f£or 10 perlods of sampling over 2 perlzd »f tiiree months.

Periods (weeks)

S0il type 1 (42 2(1) 3(2) £{3) 5(4) 6(5) 7{6) 5(8) 3(10) 10(12)
hours)

(1) {2) (3) (4) (3) (6) (7) (8) (9) (10) (11)
Alluvial 136 176 270 467 229 451 02 243 203 167
Acid saline Lk 124 181 241 195 3595 477 015 363 344
Acid sulphate 582 634 457 396 348 319 258 280 255 255
Saline 82 651 705 756 806 1074 1254 11386 1111 1068
C.D f£or anlils 170.7 1833 133 160,6 136.,2 181.7 197.3 1738 236e5  139.8

SW.E for periods - 359

Ie
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were significant hetween periods in the alluvial soils end
1t racorded five times increase over the initial level at
the third week with a maximum value of 467 ppms After this
period, the content of exchdngeable magnealum decrsased conw

siderably.

3. A comparison of the effect of submergance on chonges
in physico chemical properties of four soll types,

The reosults of the pooled analysis of the data
obtained after f£losding of 80ils in water for various
periods are given in appendix. 1.

From the results it may be seen that of the soil
properties studied, pH, EC, lime requireament, availeble
nitrogen and aveilable phosphorus were significantly affected
by submergence while the effect of flooding for different
periods was not significent for exchongeable cations like

poteasium, celcium and megneailum.

4, Correlation hetween different soil properties and
periods of submergence.

From the results of correletion analysis it may be
seen that the pH of the salls throughout the perisd of sube
gorgence ald not significantly influence the EC valuss in
glluvial, acid saline end saline soils, EBut a2 negative and
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significant correlation was obtained between these factors

in the acid sulphate soils,

The pil of the soils showed a negative effect on liwe
requirenent in all the 25il types, which waa einificant in
acid sulphate and saline solls and not appreciable in allﬁp
vial snd acid saline soils, Its relastionship with organic
carbon was nogative and significant in fcld saline and acid

sulphate soils.

The pH of the 50ils showed no significant effect

on .avalileble nitrogen of the four soil types. Similar was
the case with available phosphorus also except in acid sule
phate soils, where the effect was positive and significant.
Among the exnhangaable cations, potassium recorded a signie-
ficant positive correlation with pH at different periods of
submergence in acid sulphate soils while in all other soll
types the exchangeable catlimma were least influenced by pH
throughout the period of submergence.

EC showed positive and significant correlation with
organic carbon during initial and later periods of incuba-
4ion in acid saline soils, while in acid sulphate sd0ils the
relationship of EC with all availaeble nutrients and organic
carbon was significant throughout the period of submergence.
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The correlation between lime requirenent and oxganic
matter wasg positive and significent in all the s211 types.
Lime requirement and avallable P showed a negative end
significont relation during the initial periods in acld
saline soils and throughout the period of submergonce n

acid sulphate and saline soils.

The avsilable nitrogen presented a significont and
positive correlation with total nitrogen and orgenic carbon
and a significent negative corralation with exchangeable
potassing throughout the 12 week period of flooding in acld
sulphate soils. In saline goils, the relationship of avale
iable nitrogen was nagative and significant with orpganic

carbon,

The available phoephorus showed & significant pPogie
tive correlation with totel phosphorus throughout the period
of submergence in all the scoil types, except in acid sule
phate =3oils, vhore it showed a significant negative correlae-
tion with total phosphorus, organic carbon, lime requirement

and clay content.

The relatlonship of exchangeable  potassiun with CEC
and clay was positive and significant during the first few

weeks 0f £looding in ailuvidl end acid saline soils, while
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it was significantly negative in acid sulphate solls,

The axchangeable calcium and magnesium were Corres:
latad to each other po3itively and significently in allue
vial and acid sulphate soils. A similar relatlonship was
observed between CEC and exchangeable calcium and magnesium
in acid sulphate soils,



DISCUSSION



DISCUSSION

30i1 test values for rice solls based on the alr
dried samples do not very often reflect actual field cone
ditions prevailing under submerged conditions. Flooding
of a soil instantly sets in motion a series of physical,
chemical and biological changes which affect the status of
nutrients couing into avallablie form. This altersd condi-
ticn is known to create a more congenlial scil environment
favourable for the growth of paddy. Therefore, it is impore
tant, to monitor the changes in soil properties, espscially
the dynanics of nutrient availability of flooded rice soils
in order to mmsge soil, fertilizer and moisture regimes

and to maximise production in a given environment.

The sallent results obtained on the pattern of
changes in 804l reaction, lime requiremsnt and nutrient
avallability of four important types of peddy soilz in
Kerala due to flooding for -a comtinuous period of 12 weeks

gre discussed here.

In general, the soil reasction as indicated by pH,
of all the s0il types tended to chenge towards neutrality
after being submerged for a period of 12 weeks, The lime

requirement also ghowed a decreasing trend throuzhout the
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perlod of submergence for all the soll types. The spacific
conductance inoreased due to f£looding, attained a maxliwmum
within four to six weeks period and then declined, The
available nitrogen and phoaphorus increased appreciebly in
all the soll types, while the estimated values of exchangea=-
ble cations like potassiun, oalcium end megnesium widely
varied showing & pattern of rendom increase and decrease,

Soil reaction and 1lime requirement

The pH values of the alluvial, acid saline end salins
20118 increased and reached near neutral values (G.dy 7.2
and 7.3) whersas the acid sulphate soils recorded maximum
value of 4,9 only during the 12 weeks of submergence, Such
an increase in pH values on £102ding of s2ile has been
amply raported in literature. This phenomenon has been
explained as a consequence of the reduction of oxides of
iron, sulphates, manganic salts etc. and to an accumulation
of ammonia due to the stoppage of biological nitrification

under the anserobic conditions that prevail in a flooded
soil.

Bostrom (1967) found that the increase in pi of acid
50ils efier subaergence depends not only on the release of
OH™ ions and consumption of H' fons but also on the ratio
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of B* ions consumed to electrons consumed, Since this patio
is meximun for the raeduction -of iron, it follows that higher
pH values on £loading can be obtained for soile rich in
iron. Gotoh et al. (1974) have sttributed the rise in pH
to the reduciion of ferric oxidesz to ferrous iron, & pro=

cess that oonsunes acidity.

One of the most important factors responsible for
the rise in pH of the soils used in the present study may
be attributed to 2 reduction of large amounta of farric
oxides present in them., Kabssrathumma (1975) snd Alice
Abrahen (1984) hsve reported very high concentrations of
ferrous iron coming into solution due to floading of these
saoils for @ period of two to three months. Since most of
the paddy soils of Kerala contain appreclable emounis of
mangenece salts (Rejendran, 1981) their reduction mey elso

bring about & rise in pH as proposed by Dev and Sharaa (1971).

The existence of sulphide toxicity in the acid soils
of Kerale (Subrambney and Kurup, 1961) is an indicstion of
large quantities of sulphstes getting reduced to soluble
sulphlides wnder the reduced soil conditions of flocded soils,
The accumuleoted ammonia released by esnaerobic mineralisation

of soil organic matter and smaller amounts of amesniuam result-



92

ing from the release of entrapped amaonium ions from the
clay minerals (Broadbent 1978) may. also halp to meintain a
highsr pH level throughout the period of submergence,

The resistance of acid sulphate =m0ils to riee
beyond a pH value of 5.0 as observed in the present study
hes been previously reported by IRRI (1964), Kebeerathumma
(1975) and Alice Abraham (1984). This mey be attributed
to the greater buffering cepacity of the acid sulphate soils
owing to the presence of a rather high content of organic
matter and/or to the buffering acticn of iron and manzanese
redox systems (Ponnsmperume et al. 1966, 1967, 1969),

The slight decline in the pH of alluvial soils during
the ‘ist week of submergence (from 5.3 to 5.0) may be due to
an accunulation of €0y produced by the aarobic soil microe-
flora as pointed out by Patrick and Reddy (1978).

Eventhough, the pH values of the s0ils registered
a gradual rise, the limes requirement values have not coae
down to en appreciably low level, This finding may not
have much practical relevance, since the farmers are not
2dvised to resort to liming practices dased on 1R values
which are very high and hence uneconomic for practical pure
poses. Only 600 kg lime/ha is norwally recommended for
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neutralising the acidity generated from applied fertilizers,

The raising of pH and neutralization of soil acidity
can howsver, have some stimulatory effects on the anaersble
heterotrophic community of the soll which ara engazed in
the nineralisation of soll organic matter. Under the improved
conditions of s011 reaction, their ackivitles nmay result in
e greater relosse of available nutrients into the environ-

aent.

Electrical conductivityse

With the onset of reducing conditions conseguent to
£loading, the specific conductance in all the solils showed
an appraciable increase during the firat few weeksa and then
dininished to values which were only slightly higher than
the initial values.

The meximum increase in electrical conductivity was
observed in the gsaline soils (6. units) followed by acid
saline (3,7 units), acid sulphate (3.1 units) and alluvial
(0.38 units) soils over the dry soil values at the end of.
four, =ix, five and four weeks of submergence after which

it decrcased significantly.

The high increase in spscific conductance especially
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of the saline soile might be due to the effect of reduction
of iron and manganese as well as to a part of the soluble
jons slready present in the soll solution exchanging with
1ons of higher conductance present in the exchange complex.
The increase in specific conductance of the other soils
way be attributed mostly to the reduction of ferric ond
menganic compounds which result in more of Terrsus ions

coning into soluble foym (Ponnamperuma, 1965).

The specific conductance of most solls after sub-
mergence was found to be highly correlated to the original
organic matter content of the soil. A high organic matter
content of the s0il is known to speed up the reduction pro-
ceszes which inturn have enhanced the successive reduction
process of various elements (Ponnamperuma, 1972 end Yoshida,
1975).

Nitrate, manganic oxides and ferric oxides vhich are
reduced by facultative anaerobes in the process of anaers-
bic respiration contridute to soluble ionic forms {Redman
end Patrieck, 1965). Such en increase in the concentratlon
of soluble ions in the goll solution due to flosding has
been identified .ms the main reason £or the rise¢ in conduc~

tance of solls due to flooding (Ponnamperuma, 1955, 1965).
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The lonic speclies of calciun, magnesium, potassium, amzo-
nium, forrous iron and manganious as well as bicarbonate
anions are highly mobilised in waterlogged szoils, which
have contributed. largely to the observed increase in spe-

cific conductance,

The decline in specific conductance after =& steep
increase noted for all the 501l types might be due to the
repracipitation of water soluble iron and mangenese con-
pounds due 4o surface oxidation (Ponnamperuma, 1973).

Lack of appreciable rise in EC in the aliuvial s02ils might
be due to0 a lower rate. of release of soluble ions, as these
s0ils have inherently low conductivity values, Simllar
rise and fall of the EC values for the important soil types
of Xerals have been reported by Kabeerathumma {1974) and
Alice Abraham (1984).

Baged on the values of air dried semples for electipri-
cal conductivity, the alluvial s01ls are grouped under
class 'zerc', acid sulphate soils under class ‘one’, acid
saline soils under class 'three' and saline soila under
class 'f£ive' as per the classification of soll test values
and guidelines for recommendations by Kerala Agriculiural

University. The class zero is rated as normal for all.
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varieties and class 'one' as normal for semitolerant varig-
ties, while class three end five are rated as high for all

varietiea of rice.

Values of electrical conductivity exceeding 4 amhos/en
which norgelly come under class 'four' and 'nine' for clayey,
loamy and sendy soils is deemed heraful for rice {Panname
peruma, 1678). The results obtained froa the present study
raveal that the effect of submergence on electrical conducti-
vity is not significant in the case of alluvial soils as the
specific conductance did not exceed even the lower Limlt
fixed for rice. The specific conductance of the saline
so1ls (5.5 mmhos/cm) which was very high even in the air
dried state itself reached the peak value of 12 mmhos/ca
after a period of four weeks of submergence. This enhanced
salinity level may definitely create a very unfavourable
condition for rice growth in them.

Apart from the direct effect of high salt content on
the rice plant which may result in reverase osmosis, the
accumulation of ions increases the ionic strength and
alters the ionic composition of the solil solution. This
inturn may affect the ionic equilibria and upset the upe
take of plant nutrients by the rice roots and magnify or
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modify lonic antegonisms, The weaker tolerance of rice
plant for high levels of ion concentration at the early
growth steges than at later growth ateges {Fonnemperuna,
1978) indicates the significance of the altered specific
conductence durdng submsrgence., Of the various parameters
that are affected by flooding, the rise in conductance of
asoils which already possess a high degree of conductance
sesns to assume more practical implication in badly affecte
ing the establishment of rice plants,

Avatlable nitrosen

Flooding of the soils for varying periods of tlue
has resulted in & vrapid increase in the atatus of avalla-
ble nitrogen in all the soil typea. The increase was highest
(327%) in the case of saline soils followed by acid saline
sodls (250%), acid sulphate moils (203%) and alluvial soils
(110%)s Significent increase in availsble nitrogen was
obtained after five weeks in the casze of alluviel solls end
one, two end thrae weeks in the case of the acid sulphate,

geline and acid selin= s04ls respectively.

This rapid increase in the content of avallabhle
nitrogen in all the solls might have resulted from the
mineralisstion of soil organic matter or through blological
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nitrogen fixation taking place more efficiently under the
anaerobic conditions exlsting in flooded soll systems.

The activity of nitrogen fixing blue green algae encoun-
tergd in the rice f£lelds of Kerala is studied and reported
by Atyer (1355)a

Hitrogencus compounds present in the soll organle
fraction elena account for nearly 95% of the total supply
of soil nitragen (Brady, 1684). Addition of organic matler
in the form of c¢rop residuss, organic manures, FIrecn wanuras
etc. helps to maintain 2 sufficiently lerge organdc pocl in
the soils. Isotops studles have suggested fthat even crops
recelving a regular.supply ¢f nitrogensus fertillzers may
derivse more than 607% of their nitrogen requirement £raw
miteralisation of organic nitrogen (Koyama et al. 1973).

It follows that the organic nitrogen pool in the soil can
be monaged to satisfy both long term and short term goals

of crap production.

It is quite pasaible that the major factor contri-
buting t2 the increased status of avallable nitrogen in
a8ll these 50ils might bo due €0 the aineralisation of orga-
nic materisls present in them (Kai et al. 1984, Sahrawsat,

1983), It may be noted that aill the soil types except the
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8liuvial z0ils poscmssed & very high content of orgenic
watter in them which qualify them to be classified under

the higheot class 73" for available nitrogen based on s5o0ll
organic natter leval as pepr the guldelines for fortllizer
reconaendations based on soil tests evolved during the work-
shop on package of practices held in 1975 by Kerole Agri-
aultural University. This stote denotes the cepasity of

the soil to provide a very high status of aveilshle nitri-
gen for an ensuing rice crop. The slluvisl soile recorded
comparatively lessexr amounts of organic matter and could be
clessified wnder the class 977 which also is eonsidered to be
capable of supplying a feirly high smount of avallable nitro-

gell.

It is interesting to find that in all the soils
exceopt the aaline soila, there exlisted & posltive correlaw
tion hatween avalliable nitrogen and organie matter content,.
The process of mineralisatiam of soll organic matfer to
ralease fixed or imaobilised nitrogen is largely conirolled
by the avallability of oxygen and other eavironmental cone-
ditions. However, under the anceroblic conditions of a
fiooded soil where the avallability of oxygen can be critie
cal and influenced by other pravailing conditions, nltragen

mineralisation can only proceed st a slover rate than in the
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aerabic 801l (Alexander, 1975). #Anaercbes in the submerged
solls, eventhowgh are less efficlient and derive only much
leas energy f£or growth and activities from a given amount
of organic matter mineralised, release more nitragen into
the available pool since. the rate of immobilization of
nitrogen under-such conditions is comparatively vary low
(Abichandeni and Patnail, 1958, Droadbent and Nakashima,

- 1970) .

The four soil types studied hers, oventhough are
in the moderately acidic range vhich can limit heterdtrophic
mineralisation processes, are better conditioned due t2
flooding, as their acidity is brought down to & near neu-
tral level. This is a condition most congenial for micro=-
bial activitics. In the absence of the rice plant o utle
1ize the released nitrogen, it is being accumulated to give

a cueulative value with progressive periods of submergence,

The available nitrogen recorded for the acid asulphate
80ils however, showed a decreesing tendency during the third
and fourth weeks and for alluvial soils after 10 wveeks of
gsubmergence. This wmight be explained as due to some of the
minerslised nitrogen being immobilised or getting denitrie
f£1led due to the presencs of oxidised and reduced interfaces

(Mitsul, 1955, Patrick and Reddy, 1976). It may also be due



108

to tixation of amzonium ions in tr;'e exchange sites on the

exchange complex (Pasrichs and Ponnamperuma, 1976).

In addition to the nitrogen becoming avallable from
the orgenic pcol through mineralisation, the possibility of
biological nitrogen fixation contributing to the available
nitrogen pool cannot be precluded. A wide range of anaeyoe
bic and micromerophilic organdses are known to f£ix nitrogen
in flcoded soils (Chang end Knowles, 1965).

Rewetting of alr dried soils are also known to relcase.
wore eveilable nitrogen (Shiga and Ventura, 1976) which may
also contribute appreclably to the totel level of available
nitrogen when an air dried soll is flooded,

The results of the study have revealed a rapld and
significant increase in the status of avellable nitrogen
in all the s0il types at the end of six weeks which cone
tinued till the end 9f 10 weeks, after which it elther

slizhtly decreased or remeined more or lesas static,

Based on s0il test valuss for available nitrogen
in the air dry state, the alluvial {230 kg/ha) and aecld
saline soils (200 kg/ha) could be classified as low
{< 290 kg/ha) and the acid sulphate (384 kg/ha) and saline
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(318 kg/ha) so0ils as medium (250 to 500 kg/ha) in thelr
ability to supply nitrogen as per the ratings for classi-
fication of solls as astablished by Subblah and Asija (1956).

The levels of available nitrogen obtained during
gubmergence for the acid sulphate, saline and acid saline
s0ils were much higher than the limit fixed (> 500 kg/ha)
by Subblah and Asija {(1956) for classifying soils as having
& vary high capacity to supply available nitrogen for crope.
The alluvial soils were raised to & medium level (250 to
500 kg/ha) only due to submergence.

In view of more nitrogen hecoming available due to
£1coding, At appears that application of nitrogenous fertie
lizers at the usual recommended levels to-flooded soils
cultivated to puddy in the msoil types studlied here can in
effact provide npuch more nitrogen to the c¢rop then what ia
anticipated from ususl soil test data. It is possible
that under such conditions, a judiclous application of
nitrogenous fertilizers may be resorted to prevent luxury
consumption of nitrogen which may lead to more succulent
vegetative growth making the rice plant more prone to pest
infestation as well as to lodging.
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Phosphoruss

The phosphorus supplying capecity of a flooded soil
is reported to be much hipgher than that of aerobic uplend
soils (Aoki, 1941 and Mitsui, 1960). Phosphorus is not
directly involved in oxidation reduction reactions in the
redox potentiul range encountered in submerged soils.
However, because of its reactivity with a nuaber of redox
elements like iron, vanganese etc., its behaviour ia alas
significantly affected by fiooding.

The results obiained from the present study rsveal
a significant increase in the atatus of avallable phospho-
rus even after a very short period of submergence for 12
hours 4in the acid sulphste and saline soils and afier one
weelt. in the case of acld saline soils. Though not signi-
ficant, the alluvial soils also showed &n increase in the
phosphorus availability immediately after submergence
follaowed by a periodical decrcace =mnd increase till the
end of 12 weeks, The highest increase in phosphorus
availebility was obtained in the acid saline solls (606%)
at the end of four weeks followed by saline (4313%), acid
sulphmte (174%) and alluvial (545) moils at the end of
twelve, four and six weeks of submergence respectively,
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3541 phosphorus iz consitituted by organic fractions
like phospholiplds nuclelc acids, phytin etc. and incrganic
phosphates much as those of 1ron, aluminium and calclum.
The available phosphorus status of a 821l 1s to a pgreat
extent determined by the mineralisation of organic phos«-

phorus and solubllisation of inosrganic phosphates,

Mineralisation of organic phosphorus and solubili-
sation Of inorzenic phosphates is largely brousht about
by bionlogical and chemical processes regulated by soll
physical and chemliosl conditions.

Both these processes play an important role when an
air dry soil iz submerged for paddy cultivation. [Hineralie
sation of organic phosphorus is related to the analogous
reactions of nitrogen and phosphate release ic foumd to be
more rapid under conditlons favouring nitrogen mireralisa-
tion (Alexander, 1975). It follows from the results of the
present mtudy (tables 6(e) and 7(e) that the rate of whieh
the avallsble phosphorus is getting mobilised fram the
organic pool roughly parallels the nitrogzen mineralisation
rates in the acid sulphate, saline and acid saline soils,
The alluvial soils which showed only lesser increase in

avallable nitrogen also shoved the least increase in aveale
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lable phosphorus status,

The increasa in wataer soluble znd available phospho=-
rus on £looding of soils is attributed to the release of
phosphorus from organic matter particularly iron phytates
{Mahapatra and Patrick, 1971). Ponnemperuma (1972} has
propased that upto 604 of the water asluble phosphorus can
originate from organic forms. It may be noted that avallable
phosphorus showed a strong positlve correlation with total
phosphorus which inturn was positively correlated to orga-
nic matter in all the four =0il types. This observation
highlights the significence of mineralisation processes in
maintaining a high levels of avallable phosphorus.

Phosphate chemistry in flooded soils 48 iinked €0
iron chenistry and conditisns that increase solubllity of
iron in the s85il is known to increase the phosphorus sdlue
bility also. The lowering of oxidation -~ reduction poten-
tial due to flooding is assoclated with more solubllization
of iron phosphates in the form of ferrous phosphiate. Under
favourable reduced conditions, organic acids released fronm
the decomposition »f orgonic matter wmay stabilize ferrous
ions by complex formation (Savant and Ellis 1964 and
Purnachendra Rao, 1366) end maintain phosphorus in an availlae

ble form. The higher the organic matter content, the greater
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will be the intensity of soil raeduction under submerged
condition=, &s a consequence of which release of avaiilable
ph2sphorus due to submergence will be highest (Mandal end
Nandl, 1971).

When ean acid soil is submer;ed, there is 3 siriking
increase in the content of s0luble phosphorus coapared to
solils which are not so acidic, This increase in concentra=
tion of soluble phosphorus can result from the hydrolysis
of ferric and aluminum phosphates and through the reduction
of ferric to ferrous forn with liberation of chemically
bound phosphorus into soluble products (Ponnamperuma, 1972).

Submerging of the acid soils of Kerale is raported
to release appreciable apounts of iron (Kabeerathumua,
1975 and Alice Abreham, 1984) which may be regarded ag an
indication of the magnitude of phosphate cominz into solu-
ble form (Chang 1976, Shinde et al. 1978).

Thus, the increese in availability of phosphorus
observed in the varisus soil types can be the result of
a cumulative effect of both minerallisation and aolubili-
sation processes, Increase in avallable phosphorus due
to submergence of soils has been reported by Ponnamperuvea,
1972 and Goswani, 1978,
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The positive correlation of available phosphorus to
pH observed in these solls suggests that the phosphorus
increase caun 2lso be due to pH effact (Lindsay and Morend,
1960, Tanaka et el. 1965 and Verma and Tripatht, 1982),
The increase in pH favours the soslubility of aluainum and
iron phiosphates and desorption of phosphorus from surfaces
of clay and oxides of aluminum end iron (Stumm and torgan,
1970).

Haymen (1975) reported that €O, produced abundently
in the so0il enhances solubility of phosphates in soil. He
also coitciuded that with the anaeroblc conditions 0f floosded
851ls, many bacteria produce H53, which may increase the
availabllity of iron phosphates by converting them to ferrous
sulphide and liberating phogphorié acide Reports on the
existence of hydrogen sulphide toxicity (Bubrasoney and
Kurup, 196%1) in the acid s01ls of Keralza lend support to
this view,

The lack of apprecisble rise in the available phose
phorus status of ths alluvial soils and the observed de-
crease in available phosphorus after eisht veeks of sube
mergence oy be attributed o thelr high phosphorus fixe
ing capacity (Panda et al. 1981). The significant nega-
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tive corrslation obtained for available phosphorus with
exchangeable calcium in alluvisl soils suggests that the
decline in the avellable phoasphorus content after eight
veeks way be due 40 reformation.of insoluble calcivm phose
phates as these solls possessed & high content of exchane-
geable caleium (336 ppa). Corrasponding decresse in the
level of available phosphorus of the other soil types may
ba due to its reprecipltation as iron phosphates on eaccount
of the high content of iron beasming soluble due to flood-
ing (3ingh and Ram, 1977).

The levels of svallable phosphorus racorded for the
four soll types in the air dry state itself were much higher
than the values fived {54.5 ug/ha) for classifying them as
"highest® in the status of P, They ocome in the highest
class Y9% gs per the gulidelines for fertilizer reconrendation
bassed on soll tests., Submerging of these solls result in
further increase in the levels of available phosphorus
which are very much higher ihsn the estimated regulrements
of -the rice crop.

Application of phosphatic fertilizers as basal
dreesing even at 253 of the gensralised recommendation for

medlum clasg soils appears unnecessary and wasteful under
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such conditions, The lack of response 1o applied phos-
phorus reported from the variocus Rice Research Statlons

of the State (Anon 1984) may be explained in the light of
this observation. When very high phosphorus levels of the
order of 323 to 1088 kg/ha are being maintalned by the solls
wnder flooded conditions, further addition of phosphorus
contributed from 1/3rd of the recommended levels of phom-
phatic fertilizers (35 to 45 kg/ha) for peddy may not pro-

duce any remarkable effect on the rice crop.

The results from the present study thus poimt to
the need for a reevaluation of the phosphorus requirenents
of rice crop end maensgement of phosphorus under £looded cone-
ditions, Skipping of phosphatic fertilizers may de thought
of for specific areas on & scientific basis taking into
occount the total phosphorus status and organic matter
content of the 8211 end the probable amount of phosphorus
coming t0 the available pool during a cropping period.

Bxchengeable gotasoius, calclys and megnesium

The transformations and availebility of potassium,
calciun and magnesium in soils have not been studied exten-
sively, po3sibly becausze these nutrlients have not so far

bean knovn as liwniting factors for optimum rice production,
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although at times, their application is found to imprave
yields, The transformaticn and avallability of potassium,
calcium and magnesium are prigarily governed by the silt
and clay content of the 201l md this inturn is deternined
by the total amounts of these elements present in o soil

(Mokanty and Patnalk, 1977).

The availability of these cations showed periodical

increase and decrease on flooding in all the four soil

types.

The exchangeable potassiuam in the alluvial solls
showed @ 31% decrease from the dry soil value immediately
after submergence, followed by an increzme (376 kz/hn) at
the end of 2 wecks of submergence after which it decreased,
In acid saline soils, the exchangeable potassium levels
recorded 1ittle variation till the end of one week and it
began to show an increase upto four weeks followed by a
dscrease (36% of the value on dry basis) in the £ifth week,
The maximum increase (8451 over dry soll value) was ohserved
at the end of slx weeks of submergence after which & decree
asing tendency was noted for the remaining period, The
acid sulphate and saline soils recorded a gradual increase
in the atatus of exchangeable potassiua with its poak (462
and 582 kg/ha) at the end of five and six weeks of submere
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gence after which they showed a significant decreasa,

The significent end positive correlations obtained
for exchangeable potassium with clay content and CEC in the
alluvial snd scid saline aoils suggest that the increesed
K* concentration upsn £looding might be the result of an
exchange Teaction dus to increase in 72t and Ma*
{Ponnamperunz, 1963). This may also bz due to their dis-
placenent by the action of weter through hydration and

hydrolysis of clay (Mohanty end Patnailk, 1977).

The increased concentration of exchangeable pota-
ssium in acld sulphate and saline soils upon submergence
can result from the release of potasaium froa veathered
prigary mirerals (Sunoan et al. 1970)s The releace of K¥
from the non exchangeable forms (Ramanathan and Krishna-
moorthy, 1973) may also contribute to an increase during
subniergence, The significent negative correlation obiained
betwesn avelilable nitrogen end exchangeable potessivm in
acid sulphate and saline aoils suggests that the decroase
in sxchangeable potassium end an increase in avalleble
nitrogen towards the later stages of incubation wight be
partly due £0 isonmorphus replncsnént of ammonium ions by
potassium fona because of their similarity in lonisé radii
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(Bear, 1964},

Since the pstassium fixing capacity of solls is
known to increase with rise in soil pH, the solls which
ahowed a rize in pd due to submergence may promote pota=
ssium fixation ond show 2 low level of exchangeable pota=
ssium (Singh and Rem, 1975)s The high clay eontent of
aliuvial, saline and acid sulphste soils may he considered
as 8 factor in bringing about potassium flxation as propo=
sed by Sinsh and Ram (1975). Fixetion of K may result in
a degrease in exchangeable potassiua as observed in the
alluvial, saline and acid suiphate soils which possess a
high clay eontent,

Based on the exchaengeable potassiun values obtalned
for dry soil, the acid sulphate and saline soils can he
grouped under as 1low, aliuvial soils and acid seline solls
es medium s per the guldelines for fertilizer recomuenda=
+iong based on soll tasts. Submergence has helped o
ralse the lavels of exchangeable K in 21l these solls to
velues coming in the very high or moderately high catego=
ries,

in alluvial soils both the exchenzeeble calelium
and magnesium reached peek values (463 and 467 ppa) after
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three weeks of submergence, after which they tended to decre-
ase. The exchanzeable calciua incrzaged gredually end reached
1t peak (481 end 610 ppm) at the end of two and four weeks

of submergence in the case of acid saline and acid suiphate
soils, efter which a decreasing tendency was nated, The
saline soils on the other hand recbrded a significeant in-
eraase in exchangeable calcium immediately after submergence
at the end of 12 hours snd thon shoved a drastic decrsase
until the end of 12 weeks,

The pattern of changes in exchangesble megnesium
throughout the period of submergence followed the seme
trend in acld saline and maline 5oils, A highly significant
decranse 1n exchengeable magnesium was observed till the end
of four woeks and then increased gradually and the mexdmum
values (477 and 1254 ppa) wers attained at the end of six
weeks of submergence in ecid saline and saline soils which
then tended to decrease graduelly. The highest increase
(5% over dry solil value) in exchengeable magnesiun was at
the end of one week period in aecid sulphate soils after
which it showed a decreasing trend till the end of 12 weeks
period of submergence,

The peak values of exchangeable calcium availabiliiy
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pay be attributed to increase solubility of calciua compounds
in the soil due to combined effect of CO, plus incressed pH
(Kabeerathumma and Patnaik, 1978}

The increased calcium eluviation in flooded solls
of reduced condition dus to exchange of calcium ions by
ferrous iron as proposed by Kewaguchi &nd Kewachi (1969)

might te the reason for the decrease in exchangeable bases,

fixation by clay minerals from s21l solution might
be a reason for decreased magnesium avallability during
submergence. Mz2* replaces ALY in 211 clay minerals
through isomorphus replucement (Bear, 1964),

The Chlorite and vermiculite mineyals have & greater
amount of magnesium in the lattice. Therefore, these mine-
yals may £ix magnesium and micaceous minerals may £ix potae
ssium, The shifting of mont morillonite to vernmiculite or
chlorite type minerals in seq water seems to confirm the
view thet the high content of anegnesium Iin =ea vater 1is
responsible for bringing about this alteration of mineral
type (Konwar, 1976). Similar type of chlorotisation like
resctions can happen in s0ils when excess of magnesiuz is
available, Copalsswami (1969) has pointed out the presence
of chlorite like minaerals in some of the acld solls of Kerala,
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The differential pattern of shift in the content
of exchangsable potasaium, calciuz and magnesium may be
thus due to the difference in the total content of those
alements in inorganic soil components in various soils as
well as 1o the rise in pi snd speclfic¢ cmductance which
can alter the ionlc strength end induce lunic displacement,



SUMMARY



SUMMARY AND CONCLUSIONS

An 1nv§splgntzon was carried out to quantify the
changes due to submergence in the status of available,
N, Py, Ky Ca and Mg, EC, pH and lime requirament in four
important types of paddy growing soils of the states The
study consigted of tho following two pario:
1. Studies on the bagic physico chemical properties of the
85ils,

2+ Incubation experiment to monitor the chunges in nutrient
availability under f£loosded comdéition with 5 ca of stande
ing water,

The first part of the investigation was carried out
by analysing 12 samples each of typical alluvial, acid
saline, acid sulphate and saline soil samples collecied from
differont parts of the state, The various physics chemical
properties of these soils in the dry siate were deternined
and their inter relationshins studied,

The incubation experiment was conducted by keeping
the rice solls under flooded conditions with 5 cm of atande
ing vater for a psriod of three months., The pericdieal
changes in 351l reaction, lime requirement, specific conduce
tence snd availaeble status of N, », K, Ca and Mg were eatimated
by analysing the wet soll samples withdrawn at weekly inter-
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vals. The deta obtained were subjected to statistical

analysis to bring out the significance of the important

chenges observed in the various parameters in the different

gail types.

The important f£indings from these studies ore sunmarie

sed below:

(1}

(2)

(3)

(4)

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

very low and sulted for even the most sensitive crops,

The acid saline 351ls were sendy loem in texturc. These
s0ils wore moderately acidic in resction and the electyie
cal conductivity was slightly above the ceritical 1limit
fixed for all crops (1.9 mwmhos/cm).

The acid sulphate and saline soils were extremely acidic.
The CEC of these soils was found t0 be very high (20-24
me/100 g). The electrical csnductivity of acid sulphate
230ils was normal for semi tolerant crops, while it was
very high and meximum in saline soils (5.5 mzhos/cm) and

exceerded the maximum tolerance limit fixed for rice.

The organlc matier content was high in all the four soil
types. It was lowest in alluviel soils {1.2)) and highest
in acid saline and acid sulphate s21ls (6.4 and 6.31).
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The saline s0ils recorded a valus of 5,.2¥%,

(5) Based on the moil test values in the air dry state, the
alluvial and acid seline solls were classified es low
and acld sulphate and saline soils as medium in the
status of avallable nitrogen. The values of available
nitrogen were 115, 100, 153 and 160 ppm in alluvisl,
scid saline, acid sulphate and saline solls respectively,

(€) The available phosphorus content was in the hipgh range
for all 501l types. The highest value of available
phosphorus (107 ppm) was observed in alluvial soils,

(7) The exchangeable potassium status was high for alliuvial
and acid saline soile (131 and 149 ppm) and aedium for
acid sulphate and saline solls (82 and BO ppm).

(8) Of the exchangeable cations, calcium end megnesiuam cone
tents were miniamum for alluvial soils and maximua for
saline soils. The values of these exchangeable cations
were in between thuse for saline and alluviml zoils in
acid saline and acld sulphate solls,

(9) Lime requirement was least for alluvial soils (9.7 t/ha)
and maximue for saline and zcid sulphate soils (15.4 t/ha)
and intermediate for acid saline soils (15.2 t/ha).

(10) A significant negative correlation vas observed between
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o and lime requirement in all the soil types,

(11) The relatlonship of-CEC with clay was significant end
positive in all the soil types except in saline soils,
CEC and organic matter showed a negative relatianship
in the alluvial and acid maline soils indicating that
the exchange properties of these soils were wainly due
to the inorganic fractions. The CEC of acid sulphate
poils was depsndent on both organic and inorgenic frac-
tions since the relationship of CEC with organic carbon
and clay was significant and positive, The positive
covrelation of CEC with organic carbon elone in the
saline soils attribute thelr eichange property rostly

due to organic fraction.

{12} The exchangeable potassium, calcium and magneaium shoved
significent positive correlation elther to clay or to
CEC in most of the soils.

{13) The available nitrogen and phosphorus had & positive
correlation either to their total contents or to organlc
carbon in all the four ssll types.

(14) Considerable difference was noticed between the values
obtained for available nutrienta by routine methods of
soil testing of dry soils and their actual avaiiabllity



(15)

(16)

(17)

under subaerged condition in all the soll types,
Similer wag the case with pH, lime reguirement and

electrical conductivity also,

Flooding for a period of three months resulted in a

rise in pH of all the soil types. The sallne and acid
seline soils recorded the maximum shift in pil values,

pH reaeined more Or leas steady after reaching the peak
values in a psrlod of one week in acid sulphate solls
and in a2ll other soll types stability was ettained after
four to eight weeks. Conzequent to the increase in pH,
a corresponding decrease in lime requirement was obser=-
ved in @1l the soils,

A yise in EC was observed in all the soil types due to
submergence. The highest value of 12 mohos/ca was
obtained after four weecka of submergence in saiine
soils, The rise in conductance of soils which already
poscess a high degree of conductarice agsumes more pPrace
tical importance in sffecting the rice plant unfavoura=
bly. EC showed 2 decreasing tendency with tima after
four to six weeks, owing to the reprecipitation of sope
of the dissolved ions,

All the soils showed & progressive increase in available



128

nitrogen content with increase in the periosd of flood-
ing. 7The alluvial soils were raised from low to a
medlun level after the first week of gubsmergence and
remained more or less steady till the end of the 12th
week. In the other soil types, the levels of available
nitrogen attained values which were much highege than
that fixed for cleseifying & soil as high in avallable
nitrogen. Significant incresse in available nitrogen
content was observed after one, two and five weeks of
sulisergence in acid sulphate, seline and acid saline
50118 respectively and 1t waa maintained till the end

of 12 weeks.

(18) A significant rise in the content of availeble phoze
phorus was observed in all the goils, The acid saline
80ils recorded the maximun increase in available phose
phorus at the end of four weaks of submergence, after
which it graduslly decreased., The peak values for
avallable phosphorus wers recarded at the end of four
and six weeks in acid sulphate and aliuvial soils,
after vhich it decrcased, The zaline 80ilas showed &
progressive incraase throughout the period of flsoding.
The levels of avallable phosphorus recorded for the
four goil types in the air dried state . iftaelf wore much
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higher than the value fixed for placing them in the
highest c¢lass for available P as per the guldelines for
fertilizer recomnendations. Submerging of these soils
has resulted in a further manifold increase in the cone
tent of avallable P, In the licht of these observatlons,
it may be concluded thet in these 504l typesn further
additison of phosphatic fertilizerz is not likely to prow
duce any remarkable respons® on the paddy crop which can
meet its complete P requirement froam the native goil P
itaelf.

(19) The availabiliiy of exchengeable cations like potessiun,
calciua and magnesliun, howaver, shovwed a periodical
increase and decrease on flooding in all the four solil
typeg. This differential pattern of ghift in the cone
tent of exchangeable cations may be due €2 the diffe-
rences in the total content of these c¢clements in various
solls as well as to the changes in s0ll reaction, ionic
displacement and other related properties that arise

consequent to flooding.

From the investigation carried out, it has bhoen possle
ble to obtain a systematic account of the extent and nature

of the changes in =01l resction amd nutrient availaobility
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that result from floosding in water in some of the typical

rice soils of Herala,

The results of the study have clearly brought out the
pignitude of the changes that result in the status of each
nutrient upon flooding of 20ils for wetland paddy cultivas-
tion. There has been more then three fold increase in the
centent of available N and P in all the solls after two to
four weeks of submergence. It clearly implies thet addition
of fertilizer ! and P wunder such conditions is not likely to
produce sny significant effect on rice wnless the varieties
are highly responsive to these two nutrients, Obviously,
the lack of response to phosphorus in paddy reported on
several occasions msy be fully explained in the 1light of
these results, The feasibility of reducing the quentity
of fertilizers to be appiied or even skipping of fertilizera
for one or two seasons may be considered taking into eccount
the responsiveness 0f the rice variety as well as other ecoe
nomic factors, These may be verified and ascertalnsd by
careful and planned location specific experimentation and
if the results are found encouraging, a substantial reduce
tion 1n the quantity of fertilizers end other related inputs
can be made without affecting the net returns froa a siven

area.
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APPENDIX-1,

Physico chemical properties of 30ils on submorgonce in water - Abstract of ALOVA,

Avallable Exchangeab;q

Source ar pH EC in N P X Ca Hg
Period (p) 1MW 13,65 5.75  11.5  9.7F 2.4 1.6 1.4 1,2
Sotl (8) 3 29.0° 143,55  9.25  30.0° 21.4% 1.8 2.1 2.6
Sxa 303 11.2 16.9 9.3 4D 11.6 1448 5.7 8.4
{exrror)

x significant at 1% and 5% level

xx significant at 53 level
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ABSTRACT

Laboratory incubation studies were conducted to
quantify the changes in pH, EC, lime reguirament end availaw
bility of important nutrients such as N, Py K, Ca & M due
to submerzence 9f alluvial, acid saline acld sulphate and

saline rice soils of Kerala,

The study has reveaied that pli of all the g0ll types
increased imnedistaly after flooding of the air dried soils,
reached a maximun and remained more or less steady throughe-
out the pariod of threze months submergence. Conseguent to
the increase in pH, & corresponding decresse in lime require-
ment was observed. in al) the soils, Maximum reduction in
lime requirement was noticed for the saline and acid sallne
s0ils,

A rise in EC was observed in all the soll typaes due
to submergence during the first four o six weeks, It shouwed

a decreasing tendency afterwerds.

All the s0ils showed a progressive incresase in aveailoe
ble nitrogen content with increase in the period of £1looding.
The increase was in the range of 75 « 3935% for the various
soil types. Maximum increase was.recorded by saline adils
(395) and minimum by alluvial soils {75%).



The levels of available phosphorus recorded for the
four 801l types in the air dried state were in the low to
sediun range for rice. Sutmersing of these soils has resulted
in a manifold increasze in the content of available phosphorus.
The incresse was maximum £or acid saline soils (7007%) and
minimum (55%) for alluvial soils.

The availability of exchzngeable cations like potassium
calcium and magnesium, however, showed a periodical increease

and decrease on £looding in all the four soll typas,

The rasults of the study have clearly brousht out the
magnitude of the chanses that result in the status of sach
nutrient upon f£looding of s2ils for weflend paddy cultiva-
tion,

The manifold increase in the status of mejor nutrients
1like ¥ and P upon flooding of soils 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 respconsive to thess nutrients, The feasibie
1lity of reducing the quantity of fertilizers to be applied
or aven skipping of fertilizers for one or two seasons may
be considered taking into account the responsivencss of the

rice variety as wvell as other sconoaic factors,





