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INTRODUCTION

Kuyttanad 1s a very unique agricultural tract
extending over 874 kmarang alstqibuted over 79 villages
which f£all in th; ﬁotfayam. Pathanamthitta and the
Alleppey districts of Kerala State. Of the total areca
of 874 kmz approximately 304 kma are garden land with
an average elevation of one metre above MSL and about
490 km® where the bed level ranges between 0.6 - 2.1 @
be;ow sea level are presently used for growing paddy,

The areas below sea level are subjected to severe flooding
during monsoon period, by the water drained by four rivers.
viz., Meenachil, Pamba, Manimala and Achenkoil.

According to Velu Pillay (1940) the entire arca
of Kuttanad was a bay in the geological past, Large
quantities of gediments were deposited in this bay by the
rivers year after year during monsoons. Sand embantments
were slowly formed and the nearest points were linked
together and the bay was thus converted into a lagoon
and this lagoon was gradually silted up and eventually
transformed into the present psddy lands and garden lands
of Kuttanad., Artificial reclamation was also carried sut
during various periods in the near past.



Based on the distinct soil, topograghy and water
conditions, the s0ils of Kuttenad can be classified into
three, locally known as Kari, Karapadom and Kayal solls,

The Karl lands are inferior swampy areas with
black peaty s0il seen in the northern (Thuravoor and
Valkom-Vadayar areas) and in southern (Purakkad) extre=
mities of Kuttanad. The Karapadog lands are 2ld reclama-
tions which are widely distributed in the upper Kuttenad
region. The Kaval lands are those which were reclaimed
in the southernmost part of Vembanad lake., The appraxie
mate extent of different soil groups are given below:
(KeSe5.P., 1978)

5211 group Extent
ha
Kart 64100
Karapadom 42,500
Raysl - 8,100

The whole area in Kuttanad where paddy is groywn
is divided 1nto.a nusber of padashekarams each of arca
50-230 ha. The padashekarags are formed on the basis of
topography, soil type, drainage channels and proximity

to rivers,



_ Efforts to develop Kuttanad as a rice growing
area, dates back to nearly a gentury. 1In the early
phases, reclamation of land and flood control work were
largely undertaken at the initiative of private farcers
through the active assisteance of the State Gavernuent,
But later on sowe Government projects were undertaken
which were intended ¢ ihtensiry paddy cultivation by
controlilng f£lo0ds and by pravgntlng intrusion of salinity
' ffom the backwaters, Thus a spillway was constructed at
Thottapally to control the flood water in Kuttanad during
‘the monsoon season., To prevent the 1ntruaioﬁ of salt
water from the sea into Kuttanad during suamer, a 1402 m
long salt water barrier (Thaneermukkom regulator) was
‘canstructed at Thaneermukkom. The combined effect of the
spllivay &nd the regulator is not, however, said to be
very satisfactory., A number of unexpected adverse aféncts,
both on farming and on the general ecclogy of the regisn
are alsc said to have surfaced after the completion of

these projects,

£

The area has many soll problems which sometivmes
make rice culture an uncertsin undertaking. Durdng
1982-83 the entire Keralg. especially Kuttanad experienced
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a very intense drought. Following this during 1933-84,

it wes reported that rice seadlings failed +o establish
in some parts of the region. Therefore i% was assuped
that excessive drying, followed by submergence had [iven
rice to certain conditions, the nature of which was not
fully understood. Farmers who had left their paddy f{iclids
dry reported that they experienced an edverse change in
the top 801l which resulted in the total feilures of the

succeeding crop.

Reclamation of potentially acid sulphate SWonDs

by preventiﬁg sea water intrusion at high tides often
lead to strong acidification and abandongent of the land,
Thislerfect becomes more serisus in areas with a pronﬁunced
dry season, Such an effect has cccurred in Sierra leone

following reclamation efforts (Bloomfield and Coulter,
| 1973)s Similar experiences were reported from China
(Huen=-Chi-Mao, .1958) and Bangladesh (Bloomfield and
Coulter, 5973). In such s8511s reduction after f1losding
is usually strong and the PH rises rapidly and levels of
.excess aluminium are shortllived. High iron content,
however, prevails for = long time and strong acidification
of the surface water is usually'cammon (Sudjadi et al.
1973). - Thus often crop failures have been reported from
such areas,



As condlitions similar to those reported above
from Sierra leone, China and Bangladesﬁ exist in Kuttanad,
the present inyestigatioh vas undertaken with the followe
ing objectives:

1. To study the general microblological and physicie
chemical properties of these solls

2. To study the erfégt of drying on their physical,

physico-chemicel and chemical characteristics

3o To study the effect of dryinz under simulated field

conditions on the soil characteristics
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REVIEW OF LITERATURE

Milliongs of hectares of land 5n the coastal plains
in different parts of the world are characterised by tho
presence of acid sulphate soils, which are used for paddy
cultivation. A typical paddy s0il is characterised ?y
aiternate periods of reducing conditions, when it 4§§
cropped to rice, and oxidising conditions during dry
secason. Intense drying of soll can take place in areas
with a pronounced dry season. These alternate periods
of drying and wetting of soil lead to merked changcs in
the physical, physico-chemical, chemical and microbioloe
glcal propertiea of such soils., York done on some of |
these aspects which have a bearing on the acid sulphate
80ils of Kuttenad is briefly reviewed in this chapter.

Acid sulphate soils

The acld sulphate s0ils of Netherlands were first
described by Linnaeus in 1733 (Poslman, 1973). These
' 8011s have & pH below 4,0, somewhere within a 50 cn dopth
that 18 directly or indirectly caused by sulphuric acid
formed by oxidation of pyrite or rarely of some other

reduced sulphur compound (van Breemen and Pons, 1978),



Genesis and Occurrence

It was believed that acid aulphate soilo were
derived usually from marine and estuarine sediments that
had high contents of-sulphidea (Wilshaw, 19403 Vatts, 19603
Nhung and Ponnamperuma, 1966; Kevie, 1973; van Breemen
and Pons, 1978). However Chenery (1954) and Poelman
(1973) have reported their genesis from parent materiols
other than marine and eatuarine sediments. The environ-
mental conditions under which acid sulphate asolls are
formed include a tropical climate, flat topography and a
vegetation of mangrove forests (Thorton end Giglioll,
1965; Marius and Turenne, 1968).

Cenesis of acld sulphate solls includes three
main stages, the cumulative and reductive geochemical
phase, oxidative phase and neutralization phase, Geo=
chemical phase includes the sedimentary pyrite formation
wh;ch_involves bacterial reduction of sulphate t5 suiphide,
partial oxidation of sulphide to elemental sulphur and
interaction between ferrous or ferric ion with sulphide
and elemental sulphur (Ponnemperuma, 1971; Richard, 1973

van Breemen, 1976).



The main -chemiocal reactions are as follows:
50, -~ + 4H, + 211"__>Has + BH,0

HyS5 + 30, — 3 + H,0

++

Fe + 5 — FeS

FeS + § ——  PeS,

In the oxidative phase the pyrite is oxidized,
by the lowering of the water table and the overall
reaction can be axpressed as follows,

2+

. . . +
Fe32 + 7/202 + HzO —> e » 23-04 + 24

The rate of this reaction is enhanced by the
bacteria Thiobacillus ferroxidans (van Dreemen, 1973;:
Bloomfield and Coulter, 1973).

In the neutralization phase the mulphuric acid
reacts with the bases in the sediments. 1f the émaunt
of bases in the sediments is amell compared to sulphates
present there will be extennive acldification of the
solls, the uitimate pH depending on the sulphurebase

ratio.

The aecld sulphate soils have been reported to

occur in various parts of the world, predominantly in the



tropical and subtropical deltas (Pons, 1973) and also
in certain inlend areas {Chenepry, 1954}, |

These solls have been reported o occur along
the Atlantic Coast of U,S5.A, (Beve, 1971), Finland,
Holland and Sweden (Coulter, 1973), Germany {Buuraan ot al,
1973), China (Kung and Chou, 1964), Philippines {(von Breeman
et al, 1977), South Korea (Park and Pwk, 1969), Thoiland
(Kevie and Yenm@nas, 1972), Vietnam {Tram and Fham, 1275)
and Japan (Murakemi, 1969).

In india aeid sulphate s30ils ocecur in the west
coast of Kerala in the Kuttanad region. They are locslly
known as Kari Soils (Sahadeven, 1966; ﬁurty, 1971;
Subramonsy and Sukumaran, 1973; Yadav, 1976; Bhargava
and Abrol, 1984),

Acid sulphate goils of Kuttanad - physieal, physico=-
chemical and chemical characterigtics

Texturally Kari soils can be classified as clay
or clay loam (Subramoney, 1957), with top horizons cone
taining more sand than lower horizons (Pillai, 1564),
Venugopal (1969) in a general study of Kerala soils
reported the lowest value of apparent density for Kaprd
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gsolls., Koshy and Varghese (1971) reported that Kari soils
are characterised by a deep black colour, heavy’texﬁura,
poor drainage, extremely high contents cof organic matter

and very atroﬁg‘acidtty. Varghese (1973) reported thot
Kart soils varied from sandy loam to clay. In e Thottapally
profile the maximum percentage of coarse sand was found,

He reported a particle density of 2.08«2,76 g cm‘a, o bulk
density of 0,96-1.62 g cn™) and a pore~space of 31,53-62.53%
for these £oils. BRhargave and Abrol (19684) reported a

great deal of heterogenity in Kuttonad soills, with regard

to soll characteristios such as colour of soll metrix end

mottles,

. Subramoney (1947) reported that the high acidity
of Kuttanad solls on drying is due t9 the oxidation of
sulphur eompounds to sulphuric acid., Pillal (1964) and
Sugeela Devi (1365) reported very low pH for the top
horizon of Kari soils which again got reduced on further
drying. As regards soll reaction the Karl soils are
extremely acidic with pH below 4,0. The other soil
groups of Kuttanad, viz., the Kayal and Karapadom soile
are less acldic than the Kari solls (Pisharody, 19653
Karthikekuttiomma, 1967; Kabeerathumma, 1969 and Ghosh et al.
1973). Kurup and Atyer (1973) got maximum end miniamum



values of soll pH when sampled during periods of October
to November and HMarch to April respectively. However
Bhargava and Abrol (1984) reported a wide variatiocn in
the pH of Ruttanad solls, '

Iyer (1928) reported that the infertility of Hari
solls was due to0 the enormous anmocunts of water soluble
salts in them, But Nair {1945) showed that the fertility
of Kuttanad solls and thelr salt concentrations have no
relation to each other. Gopalakrishnan (1963) was of the
opinion that the concept of saline soils, as commonly
understood 1s not fully applicable to the salt affected
| s0ils of Kerala., Suseala Devi (1965) reported that the
conductivity of Kari solils depended on the s0il, season
and horizon. She got a conductivity range of 8¢5=15,0
onhos cm'1 for air dried samples and 2.6-5.0 amhos cﬁ'1
for fresh samples, Varghsse (1973) also reported that
these soils ares slightly saline., Xurup and Aiyer (1973)
studied the seasonal variatiosns in conductivity and got
the minimum value in October to November and maximua
value in March to April corresponding to the periods of
monzoon £100ds and the sea water intrusion respectively.
Bhargava and Abrol (1984) reported wide vapriatisns in .
conductivify ViZey 0.5 mmhos cm ' £0 40,5 mohos o 'e



The total nitrogen content of these soils was
‘high because of the presence of high organic matter content.
Pillai (1964) reported available nitrogen in the range of
140-550 ppm in Karl soils. Kabeerathumpa (1969) reported
the available nitrogen content of Kari 2211 as 112 ppm
and Karapadom soils 23 185 ppme. This may be due to the
slow mineralization of organic nitrogen because of low
microbial activity.

The acid sulphate soils of Kuttanad are deficlent
in available P,0; content. Venugopal (1969), Varghesec et al.
(1970) end Ghosh et al. (1973) have reported a low P,Jg /"'
cqptent in these solls,

Pillgi (1964) reported en exchangesble potasaium
level of 60-77 ppm in Kari soils. But Kabeerathumms (1969)
and Varghese (1973) got comparatively low levels of
exchangeable potassium in Kari soils compared té the
Kayal and Karapadom soils. Ghosh et al. (1973) reported
exchangeable potassium content in the range of O.1h-ﬁ.20,
0.17-0.30 and 0.2~0.40 me 100 g1 in Kari, Karapsdog snd
Kayal lands respectively.

Subramoney (1960) proposed the presence of sulphur

compounds and sulphur oxidizing and reducing bacteria in
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Kuttanad soils., This author further reported the presence
of soluble chlorides and sulphides toO be one of the toxic
factors in Kuttanad soils. According to Murthy (1971)
the annual sea water intrusion adversely affected soll

fe!‘tili‘by.

Acid sulphate soils of Kuttanad are characterised
by high contents of exchangeable iron znd aluaminiug,
Pillai and Subramonian (1931) suggested that Kari soils
-contained large quantities of iron and alumihium salts
along with sulphur compounds. Money and Kurup (1361)
in their investigations on the scum formation of rice
s0ils in Kerala revealed that in the acld soils of

Kuttanad appreciable amounts of Fe<*

are brought into
solution by submergences., Analysis of this scum showed
18.,96% Fezaa. 11.863% A1203 and 36.60% sulphate (Sussela Devi,

1965).

Exchangeable aluminiun levels of these soils are
also high (Kurup, 1967; Karthikakuttiapma, 1957), They
reported KC1 extractabls aluminium contents of 685-3700,
85-202 and 216-2000 ppm in the Kari, Karapadom and Kaval
801ls respectively., Kabeerathumma (1969) reported 14,34
and 11,87 me 100 g'1 of exchangeable aluminium in the
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Kari and Karapsdom solls respectively. Ghash et als {1973)
reported 510-580, 20-130 and 20 ppm of exchangesble alumi-
nium in the Kari, Karapadom and Kayal lands respsctively.

Pisharody (1965) repaorted an exchangeable Fas
content of 41 ppm in Karapadom and 24 ppm in Kari solls
under waterlogged conditions and 30 ppm in Karapadom and
19.1 ppo in Kari soils under dry conditions, Kabeerathumra

2% of 105 ppm in Kari

(1969) reported an exchangeable Fe
soils and 70 ppm in Kerapadom soils. Chosh et al. (1973)
got exchangeable iron of 19=32 ppm in Keri, 8-13 ppa in

Karapadom end 22 ppm in Kayal lands,

Microblal Qrogert;eg

Wekasman (1923) reported that peat soils contoined
over six million bacteria 5’1 even at a pil as 1low a8 5.9.
Pochan (1956) found that acid peats (pH 3.6-4.5) shoved
low activity and population of soil micro-organism Aﬂd a
very low ratio of bacteria to fungi which may be due %o
the coabined effects of high acidity, high organic'matter
content end wide C/N ratio. Frencks and Puffee (1950)
g0t increased counts of bacteria and decreased counts of
fungl in moor soils whan the pH was increased from 3,2 tb
70,



1%

In Kuttanad soils the total microblal count
recorded is rather very low especlally when there is no
crop and the land is under water, Pillal (1964) recorded
very low microbial activity in gggg,solls je, 0,27 = C 4 m g"
at pH values ronging from 3.6 to 3.7. In top layers he got
a total count of the order of a few thousends only. Dut as
depth increased microbial count also increased. OSuscoela Devl
(1965) got lowest counts in Kari soils in the sample colle~
cted in the month of August. But the total count increased
gradually in the months that followed. Total'count varied
£rom 0,23 to 3.40 m g'1 in surface layer and at low pH
values the count was rather low. rungl predominated in
the uppsr layer whereas bacteria were more dominant in the

lover layer.

Herasen (1569) repsrted that £105ding with salt
vater decreased microbial activity. Ambroz (1970) while
studying the effect of drying and wetting on enzymatic
activity of soils reported that the eactivity of prateases
vas markedly decreased by air drying, Ré-moistening
activated it to a lesser extent and repeated drying and
vetting decressed enzymatic activity bayond recovery on
further wetting.,



Physico-chemical chanzes

Changes in pH

The pH of most soils tend to change towarda neutral
after submergence. Ponnamperuma (1955) reported that when
- an aerobic £5il is subserged its pH decreases during the
first few weeks, reaches a aoinianum snd then increases
asyeptotically to a fairly stable value of 6.7-7.2 after
a few weeks. In acid solls the overall effect is an
inocrease in soil pH. Mahapatra (1968), Chakravarty and
Kar (1970), Mukherjee and Basu (1971) end Islam and Islam
(1973) alao got similar results,

Initial decrease in pH shortly after submergence
is probably due to the accumulation of C02 produced by the
aerobic bacteria. The subsequent increase in pH is due to
8941 reduction (Ponnamperuma et al. 1966). According to
van Breemen and Pons (1978) the reduction of fersic oxides

2

to dissolved Fe“ 1s by a process that consumes acidity

which can be represented as follows:ie

Fe (0H)5 + '}I CH,O + 2H" —> Fe2* . % CO, + 11 /bH,0

But in acid sulphate soils flooding increases the
5011l pH only slowly and it raraly exceeds 6.0 after six
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months of submergence. Ponnamperuma et al. (1973) and
van Breemen (1976) attributed this slow incrnase-in‘pﬂ

to conditiona which are not conducive for microbial reduc-
tion. law contents of metaboslizable orzenic matter and

low contents of easily reducible ferric oxide. . Even more
important may be the high buffer capacity due to exchan-
geable and dissolved gluminium, the basic sulphates 5£
aluminiun and iron and adsorbed sulphate which reguires
reduction of large smounts of iron to produce a aigni-

ficant increase in piH.

Kabeerathumma (1975) reported that there wés cnly
a small 1ncrease in soil pH due to submergence of acid
aulphate soils of Kerala, and on no occesion did it exceed
5.0, She attributed this to low microbial activity, low |
initial pH and high exchangeable aluminium.

Drying of submerged seils increases snil acl&ity.
This wes reported as early as in 1923 by Rost and Fleger.
Krickman (1925) reported that sun drying enhsnced soil
acidity and that drying at higher tempersatures increaged
acidity still further. Raupauch (1951) suggested that
these chanées in pH consisted_or recogniiicn of all the

factors contributing to H' concentration., Bouvser and Leat



{1958) also attributeﬁ the variations in pH to chaiges

in s0i) moisture regimes, Moorman (1963) reported thot

pH values in acid sulphate soils were extrﬁmeiy variable, .
These seasonal variations were more pronounced in poriosdie
cally inundated lands. . During inundation pH Lnercaces

and eventually comes t9o neutral, whereas durlﬂg the £o1lowe
ing dry period it drops quickly. Upon drainage and ceraw
tion such so0ils show severe acidification due to oxidation
of sulphides which leads to the formation of sulphuric
acld. -

Low s2il pH of acid sulphate soils had a markod
effect on iron and aluminium concentrations, leading to

toxicities, az shown by the following equations:

pPH -~ % PF02+

= 5.4 (Ponnamperuma, 1955)
pH = 4 PAL, = 2,2 (Raupauch, 1963)
PAl - 0,77 pH + 1.78 (van Breemen, 1976)
Accordingly, the activities of water soluble aluple
nium and iron will be high et low pH values usually encoune

tered with drying of recently flooded acid sulphate soils.

At a pH below 3.5 to 4,0 rice in solution culture
As directly affected by ' (Ponnamperuma et al., 197%)1



Thawornwong and van Diest, 1974). But at such pH levels,
aluninium toxiclty becomes more important in goils. OJptioum
pH for rice is about 6.6 (Ponnamperuma, 1978). At that pH,
microblal release of nitrogen and phospidrus and availabie
1ity of phosphorus were high and supplies of copper, zine
and molybdenum were adeguate and iron and aluminiun bolow

toxic values,

Changes in specific conductance

Redman and Patrick (1965) studied specific conduc-
tance of 26 soils using 1:1 801l water suspansion. Sube
mergence for 30 days increased specific conductance of all |
the 26 soils studied. The specific conductance of the
solutions of most soils increased afte; subaergence,
attained a meximun and then declined to a fairly stable
value, which varied from s0il to s0il. The increasc in
conductance during the first few weeks of flooding was

e+

due to the release of Fa°* and Mn°* from insoluble oxide

hydrates (Ponnamperuma, 1976),

Janardhan and Murty (1972) reported that mortnlity
of see@l@nga of eight high yielding varieties of rice was
17.8, 58,1 and 77.0 percent at 2-4, 6«3 and 10-12 mamhos em™
respectlvely. Grain yield was only 933, 63% and 33 of
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control at these three salinity levels, The germinntion
was not affected upto about 12 mmhos cm-1 but seedling
growth was affected above 4,6 mmhos e (IRRT, 1953},
Ikehashi and Ponnamperuma (1978) reported 50% yleld reduce

tion in the salinity range of 6.0 to 7.0 mmhos cmf1.

Subraemoney (19561) attributed the toxicity in
Ruttanad soils to soluble salts consisting of chlorides
and éhlphates. Nair (1963) repsrted that rice plants
tolerated NaCl only upto a conductivity of 4 mamhos oo s
Aceording to Murty (1971) annual sea water intrusion had
an adverse effect on the fertility of these soils., Plonts
affected by salt injury showed leaf rolling and white

discolouration of the upper parts of the leaf blade,

Availability of Nitrogen

Nitrogen occurs in solls chiefly as complex organic
substences with only a small fraction (2-5%) being cone
verted to the inorganic form annually. Inorgenic forms
of nitrogen are NJ,~, NO,~ and NH,". In aerated solls
NOB- is the stable inorganic form resulting from the
dncdmposition of organic matter. 3Sut in flooded s0ils
due to paucity of oxygen, nitrogen mineralization stops

at the NH,* stage. However even in flooded soils there
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is an aerobic surface layer which causes instability of
nitrogen, by nitrification-denitrification reactions
(Patrick and Reddy, 1978). The mein reactions taking
place in & flooded soil include, accumulation of i, ",

denitrification and nitrogen fixation.

Mineralisation of orgenic nitrogen in submerpged
soils stops at the NH,” stage, so that it tends to accumu=
te, Anmonia is derived mainly from the anaerobic deami-
nation pracess, hydrolysis of urea and degradation of
pﬁrines; with less than one percent coming from nitrato
reduction (Woldendrop, 1965). Mohanty and Patunalk (1973)
also veported accumulation of NHQ* due to flooding,.

Eventhough anzerobic deaminetion is slower than
aerabic deamination, the release of inorganic¢ nitrogen
is larger and faster in éubmerged s801ls (Acharya, 1935),
¥illiam et al, (1968) reported nitrogzen release in strow
even at 0.6% nitrogen content. Broadbent and Reyes (1971)
also reported more nitrogen availability under submerged
conditions. |

Ponnamperuma (1972) reported 2-100 ppm nitrogen
after 2 waeks of submergence depending on texture and

organic matter content. Boko (1973) studied the changes
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in concentration of water soluble NHQ+-N in submerged

acid sulphate solls. He noticed an increasze in water

" soluble ammonia reaching peak values two weeks after
£1o0ding and then declining rapidly. 3But in acid sulphate
s0ils of Thailand, Kawaguchi and Kyuma (1969) and
Motomura et al, (1975) have reported low production of
ammonia due to low pH and the paucity of phosphorus,

Air drying the soil before flooding significantly
affects nitrogen availability, Mitsull (1955) conducted
research in Japen eand reported that the air drying of the
8911 between successive rice crops significantly affected
nitrogen availability. Drying treatments, prior to re-
submargence caused a flush of esmonification. This has
been reported by Yoshino and Dei (1974) and Marumots and
rdigashi (1977). According to Dei and Yamasaki (1979)
lthia kind of dryiné effect gives maximum benefit when
a vet land rice is followed by a dry lend crop in rotation
rather than when it is followed by a wet land rice croap,
Brondbent (1979) also got Qignlrlcant increase in nitrogen
availablility due to drying.

Air drying treataents have more significant
relationships with denitrification. Jognow (1972)
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reported that air drying for 3 and 21 weeks before wetting
showed no significant relationship in nitrogen minerglisa-
tion but denitrification was 1,221 + 0,706 times higher
after 21‘Qeeks of alr drying than after three weeks of

air drying. Ponnamperuma (1972) showed that the denitri-
fication reactions follow firat order kinectics, the
velocity constant being low for acid soils, Kohl et al,
(1976) also got similar results. Since denitrification
needs organic matter for carbon it is not of wmuch importance

in most Indian so0ils,

Alternate drying and weiting also causes sovere
nitrogen losses, This has been repd>rted by YWijler and
Deluriche (1954) and by Macrae et al, (1968), Reddy and
Patrick (1975) reported a greater nitrogen loss in a two
day aerobic-anaerobic cycle than in a 1onge} cycles, Howe
ever the conducive pH of soll micro-organism mediating
denitrification is between 6.5 and 7.2.

'ﬁhe well known ability of 2:1 type of clay minerals
to entrap amaonium ions between the silica sheets, often
accompanied by a contraction in interleyer spacing, has
only limited importance in rice soils, probably because
rixaéion is often assoclated with drying to moisture
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levels below those normally encountered in low land rice

culture (Broadbent, 1979).

Battacharya (1971) reported increase in Nﬁh'-ﬂ
in soil, on flooding due to expansion of clay lattice,
but Simpi and Savant (1975) reported that NH,® retention

vas gores under f{lsoded conditions,

Agrawal et al. (1971) reported that more nitrogen
was released from soil when it was incubated after air
drying. He attributed this to the microbial atimulafion
and increase in temperature of soil. Fiiapanen et al.,
(1953) reported that drying of peat in Finland caused a
reduction in total nitrogen content (8.65 vs 6.3%) but
it caused a four fold increase in soluble nitrogen com-
pounds., In pot trials in Japan, Nozoki (1933) found that
the drying of the soll for 43 days before potting increased
grain yields mainly through increases in panicle weight,
The effect of soil drying on mineralisation of nitrogen
persisted upto one month after transplanting.

Avatlability of phosphorus

The most important chemical chenge that occurs
vhen & 80il is flooded is the increased availability of
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phosphorus. Eventhough phosphorus is not directly involved
in oxidation-reduction reactlons in submerged soils its
behaviour is significantly affected by flooding due to its
reactivity with a nuagber of redox elements. Perhaps the
xost important effect of anzerabic conditions on phosphorus
is 1ts increased availabllity to wet land rice (Akoi, 19413
Mitsuli, 1960; Chiang, 1963). |

De Datta (1981) has summarised the phosphorus

transformations in a aubmergad aoil as f£ollows:

1. Reduction of insoluble ferric phosphate (FePDh 21,50)
to a more soluble ferrous phosphate;(?e3 (PO, ) 508150)
(Islam and Elahi, 1934),

2. Hydrolysis of aluminium and iron phosphate at a higher
soill pH that occurs after submergence (Ponnamperuma,
1955).

S« The dissolution of apatite because of the higher 002
pressur? in the soil solution (Khanaid Mandal, 1973).

4. Desorption of phosphorus from clay and oxides of clumi-

nium and iron.

5. Release of occluded phosﬁhate by reduction of hydrated
ferric oxide coating (Bradley and Seiling, 1933).
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6. Displacement of phosphate from ferric and aluminium
phosphate by orgenic aniona (Mandal and Mandal, 1973) e

Agong these reactions the reduction of ferric
phosphate to ferrous phosphate appears to ﬁe the dominant
one because iron phosphate is the mejor fraction of in-
organic phosphorus occurring in submergzed soils, Basal
and Battacharya (1962) reported that FeepP and Al-P cone
stituted about 46.6% of the total phosphorus of puddled,
alluvial rice soils of West Bengal.

Chang (1965), Khan and Mandal (1973) and Nair (1986)

reported the dominance of Fe-=P in rice soils.

Chlang (1963) and Hsu (1964) found that phosphate
added to a flooded soll 1s slowly converted into Fe-?, a
process that 1s greatly affected by the preasence 5f crop
roots and iron oxides. This transformation might be due
to the direct conversion of applied phosphorus into Foep
under subaergence (Mehapatra and Patrick, 1969) or due %o
the interconversion of Al-P formed at the initial stzges
to Fe-P with time (Srivastava and Pathak, 1972),

Thus phosphate chemistry in flooded soils is s9
1linked to iron chemistry and the conditions that increase
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the solubility of iron in soil, usuzlly increases phose-
phorus solubility also. So when such a goil is kept sube
merged the availability of phosphorus increases rapidly.
Shapirs (1958) reported that increase in available phos=
phorus by flooding as measured by a values of phosphorus
is considerable in an acid soil rich in Fe=P, but the
increase is not appreciable in a calcarecus soil low in
Fe=P., Thus he cangludnd that the phosphorus availobility
is mainly due to reduction rather than hydrolysis. David
{1960) also reported the beneficial effects of flooding
on phosphorus availability, depending on the intensity of
reduction and the iron content of the soil., In another
‘study with five flosded soils, Fatrick and Mahapatra (1968)
also reported that the increase in availability after
£1looding is primarily due to reduction of FeP0, end secon-
darily due to hydrolysis of AlFOb.

¥hen a soll is dried, the reoxidation results in
enhanced activity of the sesquioxide fraction of soil which
leads to an increase in phosphorus fixing capacity,.

Babayan and Gasparan {1952) reported that air drying
generally increased the soluble phosphorus content of non

calcareosus 50ils and decrceased it in calcareous soils,
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Ahmed (1967) studied the changes in the foras of
inorganic phosphorus under submerged and dry phages of
four rice soils of North Trinidad, During dry phase the
availability of phosphorus was significantly less thon
in the submerged phase, Chang (1§71) postulated the
changes in the avellability o Fe=P in soils as influenced
by submergence and drying. According to him changes in
avallability is partly due to changes in solid phase, ie.,
during drying the easily soluble c¢alloidal form changes
to crystalline form by dehydration and thus the availaoe
bility gets reduced. Goswami and Bonerjee (1978} reported
that differences in soil molsture regime cause inconaistent

responses of phosphﬁrus fertilizers in rice culture,

The high acldity coupled with high content of
sesquioxides will favour fixation of phosphorus. By
drying 2 soil phosphorus fixation is also enhanced. 3Soils
containing hydrated iron and aluminium oxides, halloysites
and allophane fix phosphorus in both upland and 1lswland
soils (De Datfa at al, 1966),

Yuan et al., (1960) reported that prolonged alter=-
nate wetting and drying reduced the percentage of Al-P

and increased the percentage of Fe-P. Mandal and Khan
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(1975), while studying the transformations of inorqsanic
phosphorus in rice 3oils of West Bengal, reported that
repeated cycles of alternate submefging and saturated
conditions lowered extractable phosphorus irrespective

of the nature of the soils. De Datta (1981) also reported
that alternate wetting and drying decreases the percentage
of phosphorus in alupiniua form ané increases the percen=

tage in iro form.

Drying a soll subsequent to floodling generally
decreases the solubilities of both native and added
phosphates (Paul and Dalong, 1949). Drying leads to
conversion of -soluble phosphates to less rapidly extrage
table forms and a.decrease in organic phosphorus fractiion
occurs, Savant et al. (1970) reported that resubmergence
of air drled or oven dried soil samples rasulted in
decreased availability of phosphorus in scid clayey solls,
possibly bacause of high contents qf active iron in thom.l

Availabllity of Potessiupg

The transformation of potassium in f1losded sails
has not been studied adequately., fotassium is present
in s0ll=s in four forms, which are in & dynamic aquili=
briun with each other which can be reprzsented as follows
(Su, 1976).
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Soluble K — exchangeable K — nan exchangeable X —

=—— mineral K’

’ Flooding a aoii may increase the availability of
potassium. Ponnamperunma (1965) reported that floading
a 801l increased the K* concentration in the s0il solu~
tiocn due to soil reduction and-increaae in speclfic con=-
ductivity. Islam and Islam (1973) observed that soil
subaergence increased the'concentration of potasaslun in
the =351l solution and that growth, yield and nutrient
content were higher in plants grown in submerged soils
than in plants graown 1n 30i1ls with moisture at fleld
capacity. Islam and Ullah (1973) also got similar results,
Biswas (1974) also attributed vigorous growth of rice in
subnerged soil to the increased avallability of potesaium.
Murty end Singh (1975) reported an initial decrease in
available potassium during the firat week of flosding,

followed by a gradual increase.

The mechanism governing pstassium Sixation and
release during drying and wetting of soils is not clearly
understood, In 1938, Bray and De Turk reported that heate
iné 201ls at 200°C could raléase non exchangeable potassium

in soils where initial exchangeable levels wers lav. They
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attributed this to the effect of heat in hegtening o
return to the eQUilibrium*psfassium level. Ayres (1248),
Seatz end Winters (1544) and lee (1946) reported poteosium

release during drying.

Attoe (1947) found that alr drying increased the
exchangeable potassiua content over that in molat stete
excépt for the sample of highest axchengeable level, ‘Vhen
these s01ls weres dried at relative humiditlies ranging from
10-100% release increased with reducing humidities. He
concluded that there are two types of potassium fixation

Viz-‘p
1., Fixatlon in woist solls which ls enhanced by liming

2. Fixation due to drying which is independent of pil

Rouse and Bertramsan {1949) repsrted that osven
drying of some Indlana soils at 70°C increased exchane
geable potassium over that in the moist state, the incrcase
being almost double in several cases, Neiderbudde (1967)
reported potassium fixation on drying in alluvial soils
of the Federal Republic of Germany, with high amounts of
organic matter. Singh and Ram (1976) found that continuous
subnmergence and a drying-wetting cycle of 30 days interval

increased exchangeable potassiuam content. The effect was



38

more pronounced in the alternate wetting and dryin; trcate
nent, Luo and Jackson (1985) reported release of patassiuu

during air drying.

Page and Baver (1933) related the fixation of
cations by 2:1 minerals upon drying to ths éize of the
unhydrated ions. The unhydrated ion due to its radii,
forns the most stable configuration. UDuring wet condition
only micas, vermiculite end illite ars able to fix pota=-
ssium but under dryness swectites also fix potassiun due
to the shrinksge of the mineral. Larson {1949) suggested
that release or fixation can take place during drying due
to a shift in the mechanism. The behaviour of clay ninerals
in relation to potegsium fixation or release on drving,
however, is by no means clear cut (Ahmad and Davis, 1971),
It is also uncertain how far the laboratory or field data
on fixation and release of potassium can be extended to

subzmerged soils in which rice is actively growing.

Avallsbility of Iron

The most important chemical chenge that takes
placﬁf'whon a 3011 15 submerged is the reduction of Fe-*

end the eccompenying increase in its solubildty. Excess
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of iron is toxic to rice. The chemistry of flovded soils
is dominated more by iron than by any other redox clemont,
the major reason being that large amounts of iron can
undergo reduction, usually exceeding the total amount of

other redox elements by & factor of 10 or more.

According to Motomura (1961) the reduction of iraﬁ
is a consequence of the anaerobic metabolism of bacterlda
and appears to be chiefly a chemical process brought about
by bacterial metabolites. But Kamura et al. (1963) and
Ottow and Glathe (1971) are of ‘the opinion that direct

raduction coupled with respiration may be involved.
2+

]

Alexander (1955) opined that the increase in fe” in a
vaterlogged soil was entirely the result of biological

action,

Subramoney and Kurup (1261) reported that consi-

o

dersble ['e™ weas brought into solution by acidity as well as

bacteria in Kuttanad soils.

The reduction of iron could be 1llustrated as
follows:

- X +

re(Oﬂ)3 4 %.CHEO + 24" Microbial

Reducible Organic 1low activity
Iron matter pH

—_— 3 2+
Fe + % CQ2 + 11/4 Hgo
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Agcording to Ponnamperuma (1972) such a reduction

is accompanied by the following four cans-quencaé:

1. Concentration of water soluble iron lncreases
2. pH increases

3, Cations are displaced

4, Solubility of phosphorus increases

Because of the consumption of ecid, the reduction

2+ causes an incremse in pH. PFonnamperuma

of Fe(GH)5 to Fe
(1965) reported a pH of 6.4 to 7.0 within 2-5 weeks after

flooding.

On the basis of their studlies with 26 solls
Rednan and Patrick (1965) reported that the FeZ* concene
tration after flooding ranged from 567 ppam to 2230 ppm.
Ferrous ion concentration sfter subaergence was positively
correlated with clay and organic matter with 'r! values

of 0,625 for clay and 0,674 for organic matter.

Most of the studies on acid sulphate soils agree
that upon £losding, the concentration of the dissolved
Fe®* fncreases, often rather gradually to peek values
between several hundreds to thousands ppm. Except when

. the pH 1s increased to near neutral reaction by liming,
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Fet shows 1little tendency to decrease to non toxic laycls.

as in most normal rice soils,

Connell and Patrick (1968) reported a prolonged
high concentration of F02+ in acid sulphate s2ils under
submergence. But sulfides formed from the reduction of

sulphates which are present in excess of Fe2* in these

2* vy precipitation of

s0ils, will eventually lower Fe
FeS, but below pH 5.0 sulphate reduction is a slow process

end so Fec' decreases only after prolonged submergence.

Ponnsaperuna (1972) showed that after a peak in
the concentration of water soluble iron, the activity of
Fe2* in most rice soils is relataed to pH ascording to the

equation,
1log (F32+) + 2 pH = log K

¥While log K generally varies between 9.9 amd 10,6,
this conatancy indicates apparent equilibrium between
Fe2* and Fe (0t)5, (hypothetical ferrous hydroxide) with a
solubility product of 20181 o 10-17.h. Assuping 1log K =
9.9 and an activity coefficient of 0.5, the equation
predicts thet the concentration of Fe<* is 8,9 ppm st ph 7,
89 ppm at pH 6.5 and 890 ppm at pH 6.
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Kuruvila and Patnaik (1973) alzo reported more than
100-300 ppm of F02+ in the acid sulphate solls of Kerala.

2+ concentrations as high

Ponnamperuma (1976) got Fe
as 5000 ppm within a few weeks of submergence in -acid
sulphate soils. RKhung and Ponnamperuma (1966) also reported
high persisting concentrations of Fe“' in acid sulphate
50ils under floocded conditions. After prolonged flooding
d1ssolved Fe2* will be lowered mainly by precipitation of
ferious sulphide, but this may take from six months to ome
year (van Breeman, 1976). However, care has to be taken
while extrapolating these data from pot experiments to the
field., 1In pots the dissolved ferrous sulphate formed in
reduced scid sulphate soils diffuses upward and is oxidised
to ferric hydroxide and sulphuric acid|near the surface
of the soil, giving the surface water pH values (2.4-3,5)
that hauper further soll reduction. The same process
takes place in the field but flood water is normally
rgplaced and drained laterally, so the effect is less.
Secondly when pyrite ocoura within sbout 52 cm of the
soil surface, reduction of ferric oxide by pyrite during
£1lo0ding contributes considerably to high levels of Fe-*

{van Breeman, 1976).
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On drying an acid sulphate soil, oxidetion of
pyrite takes place and the soil gets acidified (Brinkmon,
1970). Pyrite i3 oxidised to dissolved ferrous sulphate
and sulphuric acid. van Breeman and Pons {1978) expressed
the overall reaction as follows:

2+ 2

FeS, + 7/2 0, + H0 —Fe™" + 250, + aut

Chemical oxidation of pyrite is slow but the
oxidation rate increases greatly in the presence of
microbes of the genus Thiobacillus, These autotrophs,
some of which can function below pH 2,0 derive energy
from the oxidation of raduco@ sulphur compounds and in
2% to
Fe>*, Dissolved Feo' rapidly oxidises pyrite according

case of 7, ferroxidans, from the oxidation of Fe

to the equation

FeS, + 14 Fa>* + 8 H,0 —» 15 Fe2* + 16 u* + 2 50, %"

Iron toxicity can occur when dissolved iron is
in excess of 300-400 ppm (Ponnemperun2 et al., 1955).
Tomlinson (1957) reported iron toxicity &t 1000 ppm levels,
Ponneamperuma et al, (1973) reported death of plants due to
iron toxieity in acid sulphate soils of Philippines. A
physiological disease due to excess iron in the soils of

Kuttanad was reported by Subromoney and Kurup (1961).
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Farischa and Popnamperuma (1976) reported that high
salinity favour the production of Fea+, probably by slightly

depressing the soil pH, and by lowering the activity
2+

coefficient of Fe™ , causing higher equilibrium concentrae

tions.

Availability of Aluminium

Submerging an acid sulphate soll, decreases,
dissolved aluminium as the pH rises regardless of whether |
the pH increase is due to s0ll reduction, liming or leoche
ing. The solubility 6f aluminium is decreased with ine
creasing pH (Richenberg and Adams, 1970) end exchangeable
aluninium in soils is negatively correlated with pH
(Lav-Minzi et al,, 1971).

Dissolved A1®* in soil samples from Thailend ficlds
behaved as if regulated by the hypothetical basic aluniniun
sulphate A10HSO,, showing at constant $0,°~ activity, a
tenfold decrease per unit increase in pH (van Breeman ét al.,

1973). The effect of pH on aluminium avellability can be
shown by the equations.

pH — * P Alﬂ = 2,2 - 1
' Raupauch (1363)
PAl = 0,77 pH + 1.78 - 2
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Aceording to equation one, the activities of water

soluble alumninium at different pH are as follows:

hoit Concentration of water ssluble
alumintun (ppm)

340 700

Je5 70

4.0 7

5.0 + 0607

Thus toxic concentrations of aluminium can occur
below pH 4.0, Jackson {1953) and Mo Lean et al. {1954)
reported that above pH 5.0, polymerization of ALY is
set in and higher polymers of aluminium which were formed
at higher soll pH ware not displaced by KCi,

Continuous decrease in aluminiun concentration of
acid sulphate soils with increasing periods of submergence
was reported by Nhung and Ponnamperuma (1966) and

van Breeman (1376).

Ruruvila (1974) reported an initial increasze in
~ aluninium concontfation. folloved by continusus decreage
with 1ncreasin§ period of submergence in some acld sulphate

80ils of Kerala. Kabeerathumma (1975) reported a marked



decrease in exchangeable aluminium in Kari, Kole ami
Pokkaii goils, during the first 20 days attaining minimum
values in the range 88 to 316 ppm, after which a gradual
increase occurred during the next 50 days of f£looding.

In Karapadom and Kayal lands there was an initial decrcase,
which was fluctuated afterwards, BREut in all the throe
types, it continued to occur in moderate concentrations.
Cate and Sukhal (1964) suggested that under reduced cone
ditions of typical rice soils, exchangeable aluminium:

wan replaced by exchangeable iron prosbably by a neutraw

lization reaction which can be depicted as f£2llows:

2 Al - Clay + 3 Fe (OH) ——3 Fe Clay
+ 2 AL (OH)4

¥hen the soil got oxidised due to aubsequent
drying, Al reappeared probably through reverse neutrae
lization, |

Aluninium toxicitlies in acid sulphate soils woere
reported by Tomlinson (1957). Hesse (1963) and Kabeerathumma
© (1975). Young rice seedlings growing in the range of pH
3.5 to 5.4 suffered from 0,05-2.,00 ppn dissolved aluminium;
3=-4 week old plants suffered from madre than 2.5 ppm alumi-
nium (Cate and Sukhai, 1964; Thowornwong and van Diest,
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1974), Tomlinaon (1557) reported the critical level ag
250 ppm. Regardlesé of the type of acid sulphate soil,
such toxic levels occur at pH values below 4.5 to 5.0

for seedlings and below 3,5-4.2 for older plants,

Phosphate counteracts aluminium toxicity, partly
due to co-precipitation of aluminium and phosphorus out-
side the plants and in the roots (Rorison, 1973). The low
avallabllity and high fixation of phosphorus in acicd sul-
phate solls may therefore aggravate aluminium toxicity
(Hesse, 1963; Watts, 1969), Kabserathumma {1973) also
reported counteraction of phosphorus under conditions of
aluminium toxicity.

A high aluminiumz level, affects cell division,
disrupts certain enzyme systems and hampers intske of

phosphorus, calcium and potassium (ilorison, 1973).
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MATERIALS AND METHODS

Kutteanad is an unique agricultural tract, which
falls in the Alleppey, Pathanamthitta and Kottayam districts
of Herala State., There are three types of soils occurring
in Kuttaned, vhich are locally known as Karapadom, Xari
and Kayal soils, During 1382-83, the area experienced
very intense drought conditions., Following this, during
the succeeding crop season, it was reported that the rice
seedlings falled to establish in some parts of the rogion.
Preliminary studles shawed that the soil contained, exce=-
ssively 'large amounts of soluble iron. Excessive drying
followed by submergence had given rise ‘to certain condi-
tions the nature of which was not fully understood, Hence
the present investigation was intended for investigating
the effect 2f drying and wettingz on the physical, physico-
chemical and chemical properties of the submerged solls
of the Kuttanad region of Kerala, For convenience, the
whole project was split into three parts,

I. RYSICAL, PHYSICO=-CHEMICAL, CHEMICA:, AND MICRQ-
BIOLOGICAL PROPERTIES OF THE DIFFERENT SOILS IN

RUTTARNAD

For thls study the collection of soll samplos was
done during May=-June, 1985, All the surface stubbles and
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vwaeds ware removed and by the use of 2 spade, the vertical
0=15 cm depth of soil was removed and it was immediately
packed in polythene covers. A fotal number éf 31 samples
were collected, randomly, from different parts of Kuttanad,
14 samples from Karapadon lands, 11 from Egg; lande and

six frou Kayal lands. The location of the semples is
given below: o

Karapadom =0lls

Sample No. Location

1 Ayyanad West
2 Ayyanad PuthenkarieA
3 ~ Ayyanad Puthenkarlib
4 Chembil Padashekaram, Chennankari
2 Puthumada Punathuram, Kainskari-i
5 Puthumada Punathuram, Ksinakari-B
7 Puthupparam block |
a8 RRS, Moncompu, A Block
9 RRS, Moncompu, B Block

10 RRS, Moncompu, C Block

11 Nattayam padom, Champakulaa

12 Chattukampadom, Edathua

13 Mankotta, Edathua

4 Munduthodu, Edathus



Kari soils

Sample Na, Location

Kavil padom, Karumadl-A
Kavil padom, Karumadi-B
Munduthodu padom, Karumadl

Pathinettus padom, Karumadl

O @0 N oy o =

-d
0

Marackanmandu, Chennankara

-
-

Appathikirl, Purakkad

Kayal lands

Irumbenam kayal, Kalnakari
Funnackan kayal

Kannatta kayal
Kenakaseeri, Kainskari

Bhagavatl padom=-A

gr B =

Bhagavatl padom=-B
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vadakkeputhusseri Fadashekeram, Vadayar
Alamkari Padashekaram, Vadayar
Kolathér Padashekaram, Vadayar

Nadukkari Padashekaram, Vadayar

Thalithekke block, Thottapally

The s0il samples were packed in airtight polythene

covers and transported to the laboratory,

In the ladboratory,



4d

various analysis vere first carried out, maintaining the .
m0{l samples in the original moist cmditlon itself. The
molsture content of the soil samples was estimated using
gravimetric methods, so that from the weight of the moist
8011 teken for enalysis, the corresponding welght of the
dry soil could be known. The microbiological and physico=
chemical analyses were carried out in the molist soil

samples,

=

A portion of moiat s0il was taken air dried aend
vas pﬁwdered using a wooden hamner, Thé s0il wes then
passed through a 2 mn sisve and was uaéd for physical

analysis,

I. Physical Analysis
1. Mechanical snalysis: Mechanical analysis of the

301l was carried out using hydrometer method (Piper, 1956)

2, Bulkt density and particle density

Bulk density and particle density were measured
using a Keen-Raczkowskl box,

II. Physico=chemical Analysis

* 1. pH: Soil pH was deteramined in 2 1:2,5 s0il solution
ratio, after equilibrating for 30 minutes, in distilled
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varicus analysis were firsi carried out, maintaining the |
801l samples in the original moist condition itself, The
nolature content of the so5il samples was estimated using
gravimetric methods, 8o that from the weight of th? molst
8711 taken for analysis, the corresponding weight oI ihe
dry soil could be known., The microblological and physicoe
chemical analyses were carried sut in the molst soil

samples,

A partion of moist soil was taken air dried and
was powdered using a wodden hammer. The s2il was then
passed through a 2 mm sieve and was used for physical

analysis,

I. Physical Analysis
1. Mechanical gnalysis: Mechanical analysis of the

#01) was carried out using hydrometer method (Piper, 19956)

2, Bulk density snd particle density

Bulk density and particle density were measurcd
using a Keen-Raczkowsaki box.

1T, Physico-chemical Analysis

1. pHi: Soll pH was determined in a 1:2,5 soil solution
ratio, after equilibrating for 30 minutes, in distilled



water, using a Ferkin-Clmer pH mater,

2. pd_in salt solution: Soil pH was deterained in
N KC1 also to avoid fluctuations (Hesse, 1971).

5« Conductivity

Spacific conductance was measured by measuring

the electrical conductivity in 1:5 soil solution ratio,

using a so5lu bridge.

III. Chemicel Analysis
1. Available Nitrogen

Available nitrogen was determined by the alkzaline
permanganate method of Subbleh and Asija (1956).

2. Available phosphorus

Availeble phosphorus was extracted using Bray
R9.1 reagent and was determined colorimetrically, by
phosphomolybdo blue colour method in a Klett-Summersaon

Photoelectric Colorimeter, using a red filter,

3 Available patassiun

Available potassiua was extracted with neutral
normel ammonium &cstate and was determined using en

EEL flame photometer.



4, Forms of Iron

Three different extractants were used to extract
the available and exchangeable forms of iron. The
extractanta used were the following:

1. Neutral normal ammonium acetate (Jackson, 1967)

Froa the moist soil sample, 25 g of s80il was
Quickly waighed ocut, placed in a 500 ml conical flesk
and 250 ml of extractant was added, The auspenﬁion
was shaken vigorously for 20=30 aecaﬁda aﬁd was filtered
Quickly on a Buchner funnsl fitted with Whetaan Noe5
filterpaper. Three successive 50 m) portions of the
extractent was employed for further extraction. Entire
extraction was completed in 5 winutes, The filtrate
was evaporated to dryness and the traces of organic
matter were removed by treatament of the residue with
aqua-reglia, After evaporation; the iron was taken
into solution in 1 ml of IN HC1 followed by water to
give the correct dilution.

2. Normal KC1l

Using a funnel, fitted with a filterpaper,
ten g of soil was leached using 100 ml of extractant,



slowly, taking not less than two hours, The filtrate
was collacted in a 100 aml voluzetric flask and was

made up with the extractant,

3, 0,005 M DTPA (Lindsay and Norwsll, 1973)

[

The avallazble iron was extracted with a soll
solution ratio of 1:2, after shgklng for two hours,
After the treatment with aquae~regia the residue was
dissolved in 1 ml of IN HC1, followed by water to
give the correct dilution.

The iron was deterainad colorimetrically with
O-phenanthrdine, in a Klett-Summerson photo-electric

colorimeter, using a green filter,

5. Exchengeable Aluminium

Exchangeable aluminium was extracted with
IN KC1 (Pratt and Bair, 1961) and was read in a Atomic
Absorption Spectrophotometer (Model 3020).

IV. Micrabioloaical Analysis
Total ¢ount
Total microbial count was deterained using tho

Thornton's standardised agar media, having the follove
ing gonpoaitionf



Dipatasaium hydrogen phosphate, KQHPOb.- 1.00 g

Megnesium sulphate, MgSO, 7H20 0.20 g
Calcium chloride, CaCl, 2H20' 0,10 g
SOG;um chloride, haCl 0.10 gz
Ferric chloride, FeCl3 7H20 0.002 g
Potassium nitrate, KN05 0.50 g
Asparagin 0,50 g
Mannitol 1.0 g

Agar 15 g
- Distilled water = 1 1litre

The pH was adjusted to 7.4 using HC1 or KOH
and the medium was sterilized at 15 1lb pressure Zor

30 minutes.,

The solls were plated in the medium at 1:10,000
and 1:1,00,000 dilutions in two replications each,
The plates wers incubated for four days at 30°C and the
number of colonies developed in each plate was counted
and expressed in millions 5'1 Bacterial, fungal and

total microbial count were separately exprassed.

IT. THE EFFECT OF AIR DRYING AND SUN DRYING 0N THS
PHYSICO-CHEMICAL CHARACTERISTICS 0OF THE SOILS

Six samples of soil were selected for the

48
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experiment, tw> each from Rerl, Kaval and Kerapadon

region. The location of the selected samples ig given

balow:

Karapadsm A. Ayyanad puthenkari-A

3, HMankotta padom, Edathua

Kari A, Vadakkeputhussery, Vadayar
B. Kavil padom, Karumadl

Kayal A, Irumpbanam kayal
B. Punnackan kayal

The physicow=chemical properties of these selccted
samples are given in the Table 1,

The 851l samples were packed in polythene covera
and trenasported to the laboratory. In the labapatory
the samples vere sublected to three different treat-
ments, The wet 8211 in polvthene covers was divided
into three portlons. One portion for air drying,
second one for sun drying and the third one maintained

8t the molist condition to be used for control.

For alr drying of soil, six uniformly sized,
polythene covered wooden trays of size 69 x 40 x 10 ca

was taken and serially dencted as Karapadom=1, Karapzgdos-2,



Table 1 Physicoechemical propertics of samples (air dried) selected for experiment

g,_’;: Location

. Mechanical Analysis
ticle Coarse Fine Silt Clsy

Ex.
Al

1.

2.

1.

2.

Earapadom

Ayyanad
puthenkari-~A

Mankottapadom
Edathua

Kari

Vadakke-
puthusseri,
Vadayar

Kavilpadon,
Karumadi
Kayal
Irumbanaw
kayal

Purmackan
kayal

241

41

12

155

35

38

A
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Kari-i, Kari-2, Kayal-1 and Kayel=-2, corresponding to
each 5oil sample. The wet soll sample was spread at a
depth of 5 cmy; in the wooden tray. Thus six wWooden

trays were filled with wet soil corresponding to each
sample and was kept for natural air drying, in the
laboratory, for a.periqd pr 12 Wweeks,  As tha drying
proceeded, ana1§315 for pH, conductivity, available

NPK, ammonium ;cetabe extractable iron, potassium
chloride extractable iron and potassium chloride
extractable alusinium wes done, periocdically at intorvals
of 1 day, 1 week, 2 weeks, 3 weeks, 4 weeks, 8 weeks and

12 weeks.

The second portion of hulk sample was subjected
to sun drying. Wooden tfaya of silze €0 x 40 x 10 co
were taken, laid with polythene and the wet soll was
spread at a depth of 5 ¢m. The trays ware serially
nunbered corresponding €0 each soil sample as in the
above cage. The 5911 filled trays were subjected to
sun drying for a pariod of three months, Daily expoe
surs to sunlight was glven from 10 AM to 2 P¥ except
‘during a few rainy gnyé. Per}odical estimationa were

carried out for various peramsters as in the above case,



Table 1 Physicoechemical properties of samples (air dried) seiected for experiment

Bulk

Sl. Par= Machanical Analysis Ve LVe Av. Ave Ex,
No,  1Poatlon  gon.  ticle Taarse Fine 511t Clay A S
. sity;B den- gand sand '
g ca ~ sity s g PPa
g cm .~

Karapadom “
1. Ayyenad

puthenkari-A 1.21 2.18 28 11,1 22,8 38.1 295 16,0 201 .4.0 0.60 29 211
2. Mankottapadom ' : .

Edathua 1.13 2.05 20 25,0 14,0 42,0 239 16,9 110 4.7 0.05 26 41

Karl ’
1. Vadakke- .

puthusseri, 1.12 2,02 5 2.0 35,0 55.0 210 B.,7 348 4.4 0,60 37 12

Vadayar
2. Kavilpadon,

Karunadi 1.27 2.05 66 B0 8440 24,0 177 71 G2 3.3 0,70 30 155

_ Kayal

1. Irumbanam

kayal 1.12 2,20 27 10.0 3040 33,0 235 711 152 4.2 0,075 32 35
2. Punnacken

kayal 1.13 2.12 3 7.0 48,0 42,0 201 Geb 177 348 0,05 28 38
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The third portion of bulk sample was kept as
contr&l. It was maintained in the wet condition itself
packed in airtight polythene covera., Six polythene
packed soil samples wers thers, corresponding to each
soil sample. These polythene packed soll samples were
kept in the lahoratory for a periosd of three months,
Polythene covers were opened et periodical imtervals,
for drawing out the required quentities of so0il for
analytical estimations. While doing so, care was taken
to cause only minimum diasturbance to the control vet
so0il. Immediately after taking sanpples for analysis
the soil samples were again packed airtight. Periodical
estimations for different parameters were carried out

as in the case of aip drying and sun dryving.

Statistical Analysis

Data obtained were analysed ina 3 x 3 x 8
Factorial CRD with two replications,

Factor A So1l groups S, - Karapadom soil
8, = Kari soll
83 - Kaval soil
Factor B Soil treatment
Cq = wet soil
Cy, = air drying
C3 - sun drying
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Factor ¢ Period of obsorvation

P1 - J day P5 - 3 weeks
92 - 1 day 96 - 4 wecks
P5 - 1 week P7 = B woeks
Ph - 2 Week Pb - 12 woeks

Thers vwere 72 treatment combinations, The signie

ficance of variance was tested using ‘P! test.

III. AIR DRYING UNDER SIMULATED FIZLD CONDITIONS

Two 5011 samples from each zroup were selected
for this experiment aisd, The sclected samples were
the same as those used for the drying experiment, The
ssaples were intensively dried, powdered using a wooden
hagner and wes passed through a 2 zm sieve, PVC pipes
of length 187 and diamster 3% were taken Qnd each pipo
wags longitudinally split into tws equal halves and then
again Joined together, using cellophane tape, Dried
end sieved 3511 was packed in the reunited PVC pipes,
After £111ling with soil, the PVC pipes wefe labelled
with the name of the soil groun and location, The soil
filled PVC pipes were then kept vertical in Poreelein
pots containing sea wateyr, 8o that only the lower six

inches of the s2il was in contact with sea Qator.



NG UNDER FIELD SIMULATED CONDITIONS
<

- 12
- {1

Fic.:. AR DRYI

(10

e e PvC PIPE FILLED
LT WITH sSO0JL

L—_"1 I Sopre-- BRINE

L~ -- POT
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Diagrzmmatic representation of the arrangement is gilven
in the figure. This arrangement was to simulate the
field conditions in Kuttenad, During periods of extreme
drought the water table lowers &nd there will be an

influx of saline water from the sea,

The sca water used for the experiment had the

following compositions

N = 15 ppa
P =« 0,077
AL -« 0,01 "
Fe « 0,01 "
Cl = 10,000 ¥
Na - 10,500 "
K - 380
Ca = 400 ©
Mg -~ 1,350 "

Electrical conductivity - 58,35 mmhos cﬁ'1

The porecelain pots with FVC tubos packed with-
the 501l sanmples were kept in a vertical undisturbed
position in the laboratory using wooden stands. The
six inch level of sea water in the porcelain pots vas
checked dally and the decrease in level was made up by



adding additional quantities of sea water. For one
month the PVC tubes packed with 3241 samples were lkept
in six inch sea water for glving sufficient time fop
the salt water to rise up in the ®VC pipe, under coapl=
llarity. After the prescribed period of one month the
PVC tubes packed with samples were taken out, and the
cellophane tapes wore detatched, 3o that the two longie
tudinal halves of each PVC pipe were spiit open and the
5011 column was taken out, The s8oil column above and
below the water level was divided into segments of one
inch lengthe Thus there were six one inch portions
below the water table and twelve one inch portions

abave the water table,

From each portion of the coluan soil were drawn
out for verious estimations which included pH, conductie
vity and different forms of iron and aluminium. Molsture
content was estimatgd by gravimetric methods and the
weight of soll for each analysis was adjusted to that

equivalent to oven dried soil,

The data obtained wers analysed in a factarial
RBD,



Pactor 1. Soil group

81 - Karapadom s2il
32 - Kari soil

83 - Kayal goil
Factor 2., Height of soil above water column,
Dys ne D3 essece Dyg representing 11"-12", 109144
cveaesss 5% 3 TGU pespectively.
No. of Replications - 2

The values obtainad in lover 6" gubaerged crlumn
and upper 127 aerobic column were coapared. The analysis

of variance was tested using the 'P' iest.



RESULTS
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RESULIS

I. PHYSICAL, FHYSICO-CHEMICAL, CHEHICAL AND MICROBLOLIGICAL
PROPFRTIES OF DIFFERENT SOLLS OF KUTTANAD

Thirty one s0il samples were collected fronm
" various parts of Ruttanad and estimations for varicus

parameters were carried cut,

Frosh moist 851l was used for the physico-
chemical end chemical enalysis, Weight of moist s511
was adjusted based on the mosisture content deterained

previously, The results obteined are presented herec.

Hechanical analysis

Soil textural analysis by hydrometer method in
different soils is given in Table 2,

The Karapadom soils were predominantly claya
and clay loama. The clay content was highest in the
Munduthodupadom in Edathua, Out of the 14 soll semples
froe Karapadom nine wers clayey and fha remaining ones
clay loams. In Karl soils the sand portion was compaps=
tively high. Out of eleven-samples, four soils were

. clayey, six Bolls were sandy clay loams end the remoining
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Table 2 MECHANICAL ARALYSIS OF DIFFERENT SOILS

Coarse Fine 8Silt Clay Texture
send sand :
Fercentage

KARL_SOILS

1. Vadakkeputhusseri 5 2 38 55 Clay
Vadayear

2. Alamkari, 3 6 35 56 Clay
Vadayar

3. Kolathar, 4 3 37 56 Clay
Vadayar

4, Nadukari, 5 3 37 55 Clay
Vadayar : .

5« Kavilpadom, 66 6 4 24 Sandy clay loam
Karumadi A

6e " B 65 7 4 24 Sandy clay loam

7 Munduthadu, 33 9 25 32 Sandy clay loan
Karusadi ‘

8s Pathinettumpadom, 35 8 26 L1 Sandy clay loam
Karugpadi

9. Thalithekke block, 8 61 8 17 Sandy loam
Thottapally

10, Marackanmandu, 36 12 24 28 Sandy clay loam
Chemmankara . :

11. Appathikiripadom, 36 10 26 28 Sandy clay loam
Purakkad . ‘

KAYAL S0TLS

1., Irugbanam kayal 27 10 30 33 Clay loan

2. Punnackan kayal 3 9 40 43 Clay

3+ Kannatta kayal 30 18 26 26 Sandy clay loam

4, Kanekasseri kayal 26 14 20 49 Clay

S5« Bhagavati kayal A 4 & 490 52 Clay

6. § "B 3 3% 55 Clay




Table 2 contd.

81, '
No o Lacation S0IL PARTICLES Testural
Coarse F[ine Si1t Clay clags

sand sand

KARAPADOM SOILS

1 Ayyanad Yest 28 11 a3 38 Clay loan
2  Ayyaned 28 11 21 &0 Clay
puthenkart A
3 n B 28 11 21 40 Clay
&4 Chembll 2 19 28 5 Clay
padashekaran
5  Puthumada 5 31 28 36 Clay loam
punathuram A
6 n B 6 31 283 35 Clay loam
7 Puthupparam black 8 10 30 52  Clay
8 RR3, Moncompu A 7 12 40 41 Clay
9 RRS, Moncompu B 13 1 38 38 Clay ioan
10  RRS, Moncompu C 14 11 37 338 Clay 1sam
11  Nattayampadom 3 22 33 42  Clay
12 Chattukampedon, 4 4 49 52 Clay
Edathua
13 Mankottapadonm 20 20 20 4D Clay
14 Munduthodupadom 5 6 54 55 Clay




one was a sandy loam., The Ravilpadom, Karumsdi (72)
and Thottapally Kari soil (69%) recorded the highest
levels of sand fractions while cley cintents were
highest in the Vadayar Kari soils (53-56%). The Kayal -
s8041ls also were predominently of a cley texture. Out

of the six samples four were clayey, one was a clay loam
and one a sandy clay loam. The clay content was hipghast

in Bhagavati Kayal pedom (52-55%).

Bullk density and particle density

The bulk density and particle density of the
different soils are given in Table 3, There was no
significant difference between the bhulk densities of
Rarapadom, Kari and Keyal solls,

However there was significant difference in
particle density. Kari soils recorded & significantly
lower mean particle density of 2,01 g cﬁ'B, as campored
to 2.14 g ca™> for Karapadom soils, Keyal soils recorded
a mean particle density of 2,07 g cm73. which was on par
with Kari and Karapadom moils,

3011 pH in water

So1l piH of the different 30ila of Kuttansd as



Table 5 FPhysical snd physico-chemical properties of
Kgrapadom, Keri and Kaysl soils of Kuttenad

3011 Sl. ) - Speci-= Iole
group Mo Descripticn g:};tity zize'ti o, o 21, ca ) s}gure
g ca~> dens "%Y gg:.‘;c‘;"’ e
g cu mh,?s
cnﬂ
1 Ayyaned West 1.1 2.12 4.2 3.8 0.10_ 39.8
2 Ayyanad 1.21 2.18 t&oo 3-6 0.25 3905
Futhenkari A :
3 n B 1.21 2:02 3.7 346 0,10 38e2
4 Chembilpadom 1 010 2,08 3.? 3 ._8 Oe 20 3606
5 Puthumeda, 1.11 2.18 4,1 3,8 0,20 277
g Funathuram A
5 7 Puthuppar‘am 1.20 2e 30 hoh 4,0 0,03 l&‘iog
- 8 RAS, Moncompu A 1405 2,42 4.7 41 0,05  28.6
g g 0 n B 1.02 2,00 U4e¢5 3.6 0,05 25,6
= 0 o " C 1,08 2,07 442 3.5 0,10 26,0
11 Nattayampadom 1.12 2,18 3,8 3.1 0.710 29.4
12 Chattukaspadon 1,10 2,15 ".5 3.9 0405 35.8
1 5 Mankottapadam 1.1 3 205 4 06 5,0 O 30. 1
14 Munduthodupadom 1,10 2.02 4,3 3,7 0 47.0
Mean 1 .11 2.14 Q.ZO 30?[4 0.097 35-31




Table 3 contd.

501l group  S1l.  :Description = Bulk = Particle Conducti- Hoisture
No. ' density density Yy . PHg vity w
g c’™- g cm~? ' nmhos ca !
1 2 3 4 5 5 7 8 9
1 Vadakkeputhusseri 1.12 2.02 660 3¢5 0.10 Lt 7
2 Alam kari 1.08 2,01 3e5 3e2 0.30 32.0
3 Kolathar 1.07 1.95 3.1 3.0 120 5647
4 Nadu keri’ 0.98 1.97 3.8 41 020 5247
KARL SOILS 5 Kavil padog A 1.21 2.05 4,0 3.8 0«20 25.4
6 " " B 0,90 2,01 Ze8 3.1 0.08 26.4
7 Munduthodu 1.21 2.06 346 3.0 020 30.7
8 Pathinettum padom 1.08 2.05 3¢5 3.0 0,30 32.0
9 Thalethekke block 1.08 1.98 2,8 2.1 3.30 46.0
10 Marachkanmandu 1.12 1.98 o3 33 050 28.4
11 Appathikart 1.13 2,04 a8 3.4 0.40 . 16.8

{lean 1.02 2,01 . 3-66 J3.23 . 0.62 35 51




Table 3 contd,

1 2 3 4 5 & 7 8 9
1 Irumbanaas 1.42 2,20 540 4.5 0,05 28.7
2 Funnackan 1.13 2.12 5.0 4,7 0 3645
3 Kannatta 1 . 11 2.01 6-0 500 0 25-1
Kayal Soils 4L Kanakasseri 1.11 2,07 443 3.9 0,10 16.4
5 Bhagavati A 1.07 2403 Selt 541 0 16,0
6 Dhagavatl B 1.07 201 Sele 5.1 0 16.1
Mean 1 013 2.0? 5.25 4072 0.025 23.1 3
Co - 0.07 0-3&' 0.54 - 8.03
Karapadon vs XKard - 0.09 041 0.41 - Q.72
Karapadom vs Kayal = 0.09 0442 0.42 - 10.12
Kerli vs Kayal 3,02 0,02 Ne¢11 0,11 0,16 2460
SE

79



measured 15 532.5 30i1l-a5lution ratio 1s given in

Table 3. Théfe was significant difference bntﬁegn the
s0il pH of all the three soils. Kari soils were
extremely acidic with a mean pH of 3.7. The Kerapadon
soils had @ mean pH of 4.2 and Kayal solls had a signie
ficantly higher mean pH of 5.3. Thottapally Kari 60ils
recorded the lowest pH of 2.8 and Kannatta Kayal recorded
the highost pH of 6.0, | |

Soil pH in N HC1

Soil pH measured in N KC1 is given in Table 3,
The pH measured in salt solution recorded lovwer valueg
when coampared to the pH measured in water. This ﬂecreasé
was noticed in all cases, There was significant diffee=
\rencé between the three solls for tpe pi dn N KC1 as
in the case of pH in water. Korl soils recorded an
extrenely acidic mean pH of 3.2, Kerapasdom solils had
an intermediate mean pH of 3.7 end Kayal soils a high

mean pH of 4,7,

" Conductivity

The specific conductances of Karapadom, Kari
and Keyal soils are given in Table 3, All the threc

-
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so0ils rogisierad very low values of mean specific
conductance, The mean values were 0.62, 0.03 and

1 respectively in Keri, Kaval and

0,10 mmhos cm
Korapadom soils. There was no significant difference
in the mean specific conductance of the three soil

EroupS.

Avajlable Hftrogen

Available nitrogen content estimnted by the
alkeline permanganate method in the different soils
of Kuttenad i3 given in Table 4. Keranadon, Kari end
Kayal soils registered mean avallable nitrogen contents
of 233, 227 and 240 ppa respectively. There was, howe
ever, no slgnificant difference between the availabls
ﬁitragen contents of the Karapadom, Kari and Kayal
s80ils., In ths individual =01l samples nitrogen content
ranged from 122 ppa in Karl soils of Munduthodu padon
- in Karumadl to 334 ppm in the Karapadom soils of
Fankotta padashekaram in Edathua,

_ Available Phosphorus

_ Avallable phosphorus of the different soils of
Kuttanad are given in Table 4, Korapadog, Kari end



Table 4 Chemical properties of Karapzdom, Kari and Kayal soils of Euttanad

So2il1 group S1.

No. Desecription Av. B Ave P A, £ DTPAFe f%ﬂa- KCl-Fe Ex, Al
: OAC Fe
ppa
1 2 3 4 9 6 - T 8 9 10
1 Ayyanzad West 244 23 80 148 28 150 138
2 Ayyanad 302 10 220 - 131 - 52 45 250
Puthenkari A .
% Ayyanad 204 21 140 129 10 92 183
Puthenkeri B
4 Creambil padom 253 30 220 728 14 31 188
5 Puthumada 208 24 110 108 53 23 71
Punathuram A
6 Puthumada 237 25 160 17 16 523 27
Punathuram B
KARAPADOM 7 Puthupparan 237 9 130 106 17 1012 28
S0ILs 8 RRS, Moncompu A 181 19 59 82 6 . 452 36
9 =" 9 B 213 14 70 148 34 46 115
10 ¢ " C 224 2 119 137 1 38 114
141 Nattayam padom 200 21 90 131 14 38 294
12 Chettukam padon 272 5 50 129 12 362 55
13 Mankotta 334 13 110 132 4 442 26
14 Munduthoadu 225 17 200 123 6 692 27
Mean 2384 16,9 1263 1249 184 2819 110.9

L3



Table & eontd.

3 4 3 6 7 8 9 10

1 2
1 Vedakkeputhusseri 285 18 230 92 7 473 22
2 Alamkari 21 1 8 95 9 192 302
3 Holathar 131 25 Q0 60 30 188 400
4 Hadukarl 311 17 00 106 20 1346 18
5 FKavil padom A 231 37 & 131 1" 196 €6
KART SOLLS 6 L 181 22 140 122 9 154 248
7 Hunduthodu 127 r 100 120 14 269 147
8 Pathinettum padom 291 10 120 115 25 385 247
@ Thalethekke block 154 21 230 111 16 58 134
10 HMarackanaandu 224 35 253 122 10 19 105
11 Appathikari 228 153 3 103 5 42 32
Mean 2272 3244 1348.,6 107.2 1541 302.0 160.1

83



Table & contd.

1 2 3 &
1 T rumbonam 294
2 Punnackan 285
KAYAL S0I1S 3 Rennatta 224
4 Kanakasseri 189
5 Bhagavatl A 224
6 Bhagavati B 220
Mean 23225
Ch

Karanadop vs Karl -
Karapadon vs Reyal - ‘
Kardi vs Kayal -

SE 13.60



5 6 7 8 9 10
30 102 136 35 169 19
20 50 123 10 235 45
24 100 100 15 231 39
16 150 137 24 15 90
10 160 116 16 427 53
i0 158 120 18 520 35
18.3 119.7  121.7  19.7  261.7 43.5
6.78 15,64 Le71 2.93 83,74 26.75

63
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Kaval soll3 racorded mean avallable phosphorus contents
of 16,9, 32.4 and 15.3 ppm respectively., There was no
significant difference between tho different soils.

" However, within the individual sa0il groups there vere
significant variations. In individual acil samples tho
available phosphorus content widely ranged from 5 ppm
in Karapadom solls of R.R.S., Moncompu (C Block). to
153 ppm in Appathikari padom of Purakkad.

Available (exchanceable) Potassi

Bxchangeable potassiun extracted with neutral
normal ammanium acetate in the different soils of
Kuttanad are given in Table 4, Karapadom, Kari and
Kayal solls reglstered mean exchangeable potassium
contents of 124, 135 and 120 ppa respectively. But
there was no significant difference between the different
soll groups. In the individual soil samples exchangéable
potassiuz content varied widely from 50 ppm in Chattukam
Karapadom s>ils of Edathua to 250 ppa in Marackanmandu
Kari soils of Chennankara,

Different forms of Iron

ae PTPA extractable available iron

‘The availsble iron content of Karappdom, Kari
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and Kayal soils are given in Table &4, The mean aveilable
iron contents in Karapedom, Kari and Kaysl solils were
125, 107 and 122 ppm respectively. There was no signi-
ficant difference between soil groups or between the

individua2l soils of the same soil group,

‘'b. Ammoniun acetcie extractable Iron

Amponium acetate extractable iron contents of
different soils in ﬁutfanad are glven in Table 4. The
values were very low when compared to that of DTPA
extractable iron. The mean iron contents were 13, 15
and 20 ppm respectively in Karapsdom, Rari and Kayal
80ils., There was no significant difference between the
Birferent 801l gZroups. '

Ce Pqtgssium ghloride extractable Tron

Potassium chloride extractable iron contents
of different soils of Kuttanad are given in Table 4,
The values were higher than that of amaoniun ncebaﬁe
extractable iron. The mean values were 252. 302 and
262 ppa in Karapadom, Karl and Kayal soils respectivoly,
But there was no significant differsnce between Kapanadoy,
Kari and Kayal soils. However in the individual soil
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samples wide variations were noted from a mere 15 ppn
in Kanakasseri Kayal to 1346 ppa in Radukkeri padom Of
Vadayar, The values obtained were inconsistent within

the s0il groups.

Exchangeable Alusinium

Exchangeable aluminium contents of differsnt
solls are given in Table 4, The Karapgdom, Kari and
Kayal soils recorded mean contents of 111, 160 and
44 ppm respactively. There was no significant diffe-
rence between the three 851l groups. In individual
8511 samples wide variations of 18-400 ppm were noted

for this paramater.

Microbial count

The total aicrobial count recorded in differaent
801l samples using Thornton's agar media is given in

Table 5,

Total microbial-counts recorded ware very low

and the mean values were 0,27, 0.20 and 0.28 aillions g'1
in Karapadom, Karl and Keyal soils respectively, There
was no significant difference batween the three soils

of Kuttanad, In Earl soils the fungal poapulation was



Table 5 Microbial propertlies of Karapadom, Kari and Kayal soils of Kuttanad

304l group S1. Description Total Fungalti Bacterial
R W e
1 2 3 b 5 6
1  Ayyenad VWest, Pulimkunnu 0.36 0404 0.32
2 Ayyanad Puthenkari A Q.26 0.C4 0.22
3 " " B 022 0,02 0.18
4  Chembill padashekaram, D31 D.02 0.29
Chenankari
5 Puthuzada punathuram, 0.10 0.03 0.07
Kalnakari A
(5 o " B 0.26 0.01 D29
KARAPADOH 7 Puthuparam block 0.15 0.02 0.13
SOILS B R.R.S., Moncompu 0433 0,03 0.30
block A
9 R.R.S.; FHoncompu 023 0.01 022
block B
10 R.R.S., Moncompu 0,24 0.03 0.21
block C
11 Hattayampadon, Champakulam 0.25 0.04 0.22
12 Chattukanpadon, Edathusa 0.52 0.02 0.50
13  Mankottapadom " 0d2 0,02 0,40
14  Munduthodupadom 7 0153 003 Oe12 ﬁ
Mean 0,272 0.026 0. 245

EL-



Table 5 contd,

1 2 3 A 5 6
1 Vadekkeputhusaarl, D17 0.04 .13
Vadayar
2 Alemkari, Vadayar D426 .06 0.20
"3 Kolathar, Vadayar 0e26 0.04 0.22
4  Nadukeri, Vadayar 027 0.05 0.22
5 Kavilpadom, Karumadl A Oe2ls 0.06 0.18
. KARI SOILS 6 nm n g 019 0404 0.15
7 Hunduthadu, Karumadi Je03 0.03 0.0h
a8 Pathiuettumpadom, De25 0.02 De23
Karusadl
9 Thallthekke block, 0.17 0.04 0.13
Thottapally
10 Meracksnaandu, . 0:15 0.04 0.12
Chennankara
11 Appathikaripadom, 0.08 0.02 0.06
Purakkad
Mean 0195 0.04 0.153

7L



Table 5 contd.

1 2 3 4 5 6
1 Irumbanam kayal, D23 0.63 0.20
Kainakari
2 FPumnackan kayal 0a335 004 Da31
KAYAL 30113 3 Kanatta padashekaran Je26 0«03 D23
4 Kanakasserli kayal 0623 0.02 D.11
5 Bhagavatipadom £ 031 Q.01 0.30
6 o " B 0431 0.01 0430
Mean Q.282 0.023 0.242
C.Dse
Karapadon vs Kari - 0040 0.076 .
Karapadom vs Kayal - 0.011 0.092
Rari vs Kayal - D012 0,066
SE Q4024 0,003 0,025

142



aignificantly higher when compared to Kerapadom and
Kayal soils and the bacterial population was signl-
f£icantly lower in Hari soils, when compared to Kayal

and Xarapadom solls.
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1I. EFFECT OF DRYING ON THE DIFFERENT SOLL GROUPS OF
KUTTANAD

Different soils of Kuttanad viz,, Karapadom,
Kari and Kayel wera subjected to air drying and sun drylng
for a period of twelve wecks. So2il pH, aspecific coadug~ .
tanoe, availeble NPK and different forms of iron and
aluminiun were estimated after one day, one week, Twd
weeks, three weeks, four weeks, eight weels ard twelve

waeks, The results obtained are glven below:

Effect of drving on soil oH in water

Soil pH measured in water in the different soils,
under different types of drying treatments and at vardous

intervals are given in Table 6.

Thera was a marked decrease in 8oil pH in all
the soils due to drying. In Karapadom s0lla the pH
was reduced from an initial lavel of 5.6 to 4.2, 4,2
and 4,5 respactively as a result of air drying, sun
drying and wet soil incubation atthe end of 12 weeks,
In Xari =soils also, 12 weeks of air drying, sun drying
and wet soil incubation reduced the pt to 4.0, 3.9 and
4.5 respectively, from an initial pH of 5.6. In Kayal



Table & Effect of drylng on the soil pH,, of different s51ls of Kuttanad

Soil group Treatments Periods
04 14 1w 2w Jw 4 w 8w 12 w
Control 5.& 5655 5¢35 5.20 5010 4.90 Q.go Q.QB
Karapadon Air drying 5.60 5.65 4.75 4.55 G40 Le25 4.25 4420
Sun drying 9460 555 44,55 4,45 G4oliD 4,25 4,30 4,20
Contral 5460 5.60 5-40 S5e25 520 5.05 5.05 4.455
Kari Air drying 5.60 5.55 4460 Lo,25 ha15  b15 4015 4.00
Sun drying 560 5.60 4,43 4,20 . 4,05 4,10 3.95 3«30
Control 5-63 - 555 5-55 5«50 5.4‘0 5’015'0 535 5020
Kayal Afir drying 5,60 5.60 4.70 LoBO 8450 4,50 4.55 4455
Sun drying 5.50 5440 4,60 4el5 4,40 4,50 4,50 5,55

SE = 0,199

8.



Mean table

C, C, 03 Py P, Py Py, Py Pg ‘97 Pg Mean S

5.13 4,70 4,66 5.60 5.58 4.88 4,73 4463 446 4,48 428 4.83

5.20 4.56 448  5.60, 5.57.. 4482 4,57 447 443 438 L2 4JTh

S.44 4,83 4,75  5.60. 5.52 4.95 . 4.85 4,47 . 4.80 . 4.80 . 4.77 5.01
Meaan _

5.26 4,70 4,63 5.60 5,56 4,88 4,72 4.62 4,57 . 4.56 4,39

5.60 5.60 5.60 |

5,32 h.h? 4.37' CD(C) = 0.12

5°12 4‘32 2'28 . -CD(SC)= 0.20

5.10 °3 23 CD(SP)= 0.33

4,70 4,25 4,22
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gsoils froa an initial value of 5.6 the soil pil was
reduced to 4.6 in case of eir drying and sun drying
and 5.2 in the case of wet soil incubation after the

12 week periosd,

Beiween different solls the mean pH was slgni-
ficantly higher in Kayal soils (5.,0) when compared to
Kari soils (4.7) and Karapadom soils (4,8). The mean
a85il pii of wet soil at different pariods was signie-
ficantly higher (5.3). However air dried and sun dried
semples also reglstered a statistically equal mean pli

value,

The mean pH wvalue for different pericds of obscre
vation was gradually reduced from the first day onwards.
The reduction in s0il pH was faster in the initial
stages. There was significant reduction in the meen |
values of the pH at the end of the different periods
viz., ons, three and twelve vweeksg., There were signie
ficant differcnces between air dryving, sun drying and
wet 801l incubation during the differant periods of
asbservation. In all the three cases there was a sieady
decraase in 20il pH, But the decrease was quicker and
more significantly pronjunced in air dryingf In wet



moils the significant reduction in so0il piH had started
from the third week only, but in air drying and sun
drying significant reduction had started from the first
week of dryling itself,

S5i) pH measured in normal KC1

The s0il pH measured in N RCl in different soils,
maintained in wet, alr dried and sun dried conditions,
for different pariocds of observations ere glven in

Table 7.

Soil pH measured in salt solution also reglstered
a similar trend as in the above case, In Karapadom
80ils the pH dropped from an initial level of 5.5 to
348, 4.0 and 4.1 respectively in the wet, alr dried
and sun dried soil after the 12 week period. In Kari
82il from an initial pH of 5.6, air drying, sun drying
and wet incubation reduced the pi to 4,0, 4,1 and 3,7
respectively, In Kayal solls the pH was reduced froa
an initial level of 5.5 to 4.1 by alr drying, 4.0 by
sun drying and 4,6 by moist incubation at the end of
12 week,

In general the pH measured in salt solution
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Table 7 Effect of drying on the pHS of different solls of Ruttanad

Soll group Treatments Pericds
0d 148 1w 2w 3w b4 w 8w 12w
Control 5.50, 5045 5.20. 4.05  4a75 6235  4.05  3.80
Karapadon Alr @rying 5050  5¢50 5460  4.30 4430 4425  he25  4.00
Control 5055 5455 5,10  4.30 425 3.95 3.85  3.65
Kari ‘Air drying 5055  5.45 4445  4.35 4,90 8,05 430 54,00
Sun drying 5-55 5.&5 L-BO 4,10 4020 4,10 Q.OD i}.‘lO
Control 5685 5,45 5.45. 5.10 5,00 4.95 480 4.60
Kayal Alr drying 5,45 5,50 4.50 4.20 4410 4410 4,05 6405
Sun drying 545 5,40 4.15 4,15 4,10 4,10 4,00 4,00
ST = 0.176

¢3



HMean table

C

¢ p p B P
1 2 3 1 2 3 4 PS Pg '97 Pg Mean S
Sq 480 4459 4.56  5.50 547  4J75 452 4445 4,27 4,48 4,07 4.65
82 lh:ﬁ‘b 5.49 b.h&‘ 5-55 5.38 4.55 ‘*032 f+.12 LhO'? 1&.00 -l;.03 boﬁo
S5 5010 4,49 6437 545 5.22 4,70 4B 4,60 4,38 4.23  h.22  b.6L
Mean P
Mean € 5e81  4.53 446 550 5.36  4e67 bl Le32  6.24 4,96 L.11
Py 5450 5,50 5.50
Py 5.38 448 5.20 CDs
Py 5,18 4.52 4.30 CB(S) = 0.10
2, 4.85 4.28 4.18 enc) 16
Py 460 4.7 4.20 o
P 4.5 4.13 4.13 €o(P) = 0.17
P, 430 4.0 4.07 CD(sC) = 0.18
P,  4.23  4.02 5407 CD(SP) = 0.29

,E8



ghoved lower values when compared to the pH messured

in water,

The wean pi of Xarl soils (4,5) was significently
lower than that of the Karapadom (4.7) and Keyal soils
(4.,6). The mean pH of ihe air dried and sun éried
samples vas significantly lower than, thot of the wet
80il. Thers was a continuocus reduction in the mean pil
at the end of different periocds, t111 the end of the
12 week periocd, significant reductions sccurring at one

day, one week, throe weeks and eight weeks.

The behaviour of the different soils was not
consistent with regard to the treaiments. In Kari
82118 the mean pH values due to tho different drying
treatments were statistically on par. But in Karapedom
and Kayal soils the moan s0il pH in wet 50ll was signie
ficantly higher than that of air drying and sun drying,

The behaviour of soils was also not consistent
for the different periods of drying. The mean pHd at
the end of each period showed a gradual reduction,
throughout the experiment. In KRarapadom solls signie
ficant reduction in mean soil pH cccurred at the end

of the different periods of cbservation, viz., one,



85"

‘threz gnd 12 weeks, In Keri and Kayal solls slgnificaont
reductions asccurred at the end of the one week and thige
weeks period. 1n these s0ils the reductfon in sofil pii
hnd been faster and pH had got stabilised after threo
weeks of drying. But in Kerapadom =0ils, even at 12
weeks poriods, pi was getting reduced significantly,

but the rate of decrsase was slover.

speeific conductance

The specific conductance measured in 1:5 soil
water ratio in different soils under different methsds
of dryving for varying periods are given in Table 3,

There were no significent differences in conducti-
vity after the drying treatments, though z wmarginsl
increase was noted. In Karapadom soils, conductivity

' to 0.35 mahos e by

increased from 0.285 mzhoa cm’
gir drying and sun dyying for 12 weeks. Theyre wae no
chenge in the wet 1ncubated.aoil. In Kari aoils cou-
ductivity increased to 0.65 mmhos cm'1 from 0,60 mnhas_cm'1
by the cir drying and sunr drying treatments. In Kayal
50118 conductivity was incressed to D.07 mmhos cm- ! by
air drying and to 0.08 muhos ca™) by sun drying after

12 weeks from the initial level of 0.05 mahos cm'1.



Table 8 Effect of drying on specific conductance of different soils of
Kuttanad (mshos co™ ')

Periods
S2i1 group Treateents 0 d 14 1w 2% 3w how 8w 12 w
Control 0.28 0.28 0.28 0,23 0,23 0.28 U.28 0.23
Karapadom Alp drying 0e28 0428 0428 0,30 030 0433 D433 0,33
| Sun drying 0.28 0,28 0,33 9e33 0433 033 033 0.33
Control GabD 058 0e65 0655 0ab0 Q55 De55 055
Haprl Mr dr}ﬂ.ng 0060 ‘3.60 0.60 ‘3.65 0065 9065 0.65 0065
Sun drying D60 0.80 0.65 0465 0.65 0.65 (.65 .65
Contrsl 0.05 0.05 9.05 Q.OS 0.05 0005 0.05 0005
Rayal ALr drying 005 0405 0.0% 0,07 0,07 0,07 0.07 0.07
Sun drying 005  Ce05  0e07" 0u07 0,07 032 0,08 0.08
SE w 0,153
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Hzan table

o C, Cg P, P, Py Py _Ps Pe P, Pa Hean 3

8y  0.23 0,30 0u31T 0.28 0.28 0.28 0.30 0430 0.31  G.31 0,34 0.29

S, 0.58 0463 0483 0.58 0.59 0,63 0.63 0.63 0.62 0,62 0.62 0.61

S5 0.05 0,59 0.06 0.05 0.05 0.58 0,06 0,06 0.06 0,06 0.06 0.05
. : Mean P _
Mean € 0,30 0,33  3.3%  0.30 0.31 0,33 0,33 0,33 0,33 0,33 0.33

EH 0,30 030 030

P, 0430 0.31 0,31

2, 0.33  0.31 0,34 CD(3) = 0,08

2y 0431 0,34 0,35 |

Pe  0.31 0,34  0.35

Pe 0.2 0.35 0.35

P, 0429 0,35 0.35

Py 0620 0.35 0,35



There were significant differences between the

88

mean specific conductivities of differsnt soils. Specific

conductance was highest in Kari s511 (0,61 mphos 03'1),
followed by Karapadog soil (0.29 mahos cm'1) and leonst
in Kayal (0,06 mzhos cn™') soil.

In all the three soils, sun drying had proaduced
a faster increesse in specific conductance than air éry-
ing, For exemple, in Kerapadom scils cne week of sun
drying increased the conductivity of 0,33 mmhos et ond
theraafter, there was nod change. But it tosk four weecks

of air drying for reaching this value,

Avajilable Nitrogen

The avallable nitrogen content of the different
soils under different methods of drying treatments for
varying perisds are given in Table 9,

There were no significant changes in available
nitrigen due to air drying and sun drying for varying
periods. In EKerapadom soils from the initial level
of 316 ppm, the avallable nitrogen content decreased
to 252 ppm and 250 ppm respectively by air drying ans
sun drying. Yet soll incubation inoreased available



Table 9 Effect of drying on the available N content of different soils of Xuttanad (ppm)

Periods
801l group Treataents 04 14 1w 2w 3w 4w 8w 12
Control 316.0 318.0 324.0 357.5 3710 498.5 483.5 451.5
Karapadom Air drylng 31 6.0 31 305 292. 5 2-3‘!.0 237-5 329¢5 261 05 252-0
Sun drying 316.0 252.5 200.5 232,0 279.0 253.0 2€8.5 290,0
Control 258.0 258.0 265.5 314,5 302.0 341.0 322.5 313.5
Karl Ay drying 258,0 256,95 208,55 202,00 218.0 215.0 193.5 193.5
Contrsl 250,0 2080.0 309.0 352,5 326,5 418.5 374.0 368.0
Kayal Air drying 290,00 278.0 240.5 231.0 237.5 273.0 2%4.5 218.0
SE w 39,65
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Yean table

C 1 CZ C 3 91 ‘92 93 P& P5 P6 ,‘.3? Pa Hean S
Sg  390.0 28042 263.9 316.0 296.3 292,37 291.2 295.8 3I43,7 5578 317.8 3114
So 29649 2187 192.9 25B.0 222.7 21542 239,9 25045 233.7 £39.2 228.7 2560
85 341.1 252.8 245.1 290.0 263.5 270.0 287.5 27642 239.5 I01.2 253.3 279.7
¥ean P
Mean C 342.6 250.4 234.,0 288.0 20248 25042 27248 27h4,2 283.0 2u2.7 266.6
P.l 288.0 288.0 ' 283.0
?2 288,7 284, 5 215.5
Py 299.5 247.2 230.8 CH{3) = 20.5
P, 3%1.5 239.0 238,0 C{C) = 20.5
E’5 333.2 231.0 258.3 CD({SP)m 35,5
P 419.3 255.8 191.7 |
2 393.3 236.5 248.3
Po 3777 22%.2 201.0

06
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nitrogen content to 452 ppm after the 12 week pariod,
In the wet Karl soils, 12 week incubation increessed
aveilable nitrogen content to 314 ppm from the initlal
leQel of 258 ppxm whereas air drying and sun drying
decreaced the nitrogen content ¢o 194 ppm and 179 ppam
respectively., In Kayal aoils from en initlel available
nitrogen conten: of 230 ppm, vet soll incubation had

" increased it to 368 ppm, whoreas air drying and gun
drylng reduced it to 218 ppm and 174 ppa respectively
at the end of 12 weeks,

There were significant differences between the
mean availeble nitrogen content of different soils.
Koarapadom soils registered a mean value of 3171 ppm,
followed by ¥aval soils with 280 ppm and Xari soils
with 236 ppm. The mean availablse. nitrogen eontent was
significantly higher in moist soils (343 ppm) when
compared to air drying (250 ppm) and sun drying (234
PpD) . ?he mean avallable nitrogen contents recorded
at different perlods of drying were stetistically on
par. The values fluctuated between 259 and 239 ppme

At the varying periods of obaervation different
treatments behaved inconsietently. In the wet soil,



available nitrogen content increased significantly {rom
238 ppa to 419 ppm after four weeks and thereafter it
fluctuated and ended with 5782 ppa at the end of the 12th
week., In the case of air drying the available nitrigen
content wes gradually reduced in 12 weeks to 221 ppa
with a significent drop at the end of first week of
drying. In sun drying on the firat day itself the
available nitrogen content decreased significantly to
215 ppm and thereafter a marginel and gradual reduction
to 201 ppm was noticed. During leter perdods of drying,
there was not much of differences between alx drying

and sun drying.

Availilable Phnapho

The available phosphorua content of the different
8041ls under different methods of drying for varying
periods are given in Table 10,

Crying of the a0il had resulted in a significant
and marked reduction in the avallable phosphorus content.
In Kerapadom solls, from the initial level of 45 ppn,
air drying, sun drying and wet soil incubation decreased
the avallable P content ta 16.5, 15.5 and 31.0 ppa
respectively, after 12 weeks. In Kari soils, from the



Effect of drying omo the avallable P content of different solls of

Kuttanad (ppa)

Pariods
S211 group Ireataments
) oa 14 1w _ 2w 3w & v Sw 112w
Control 45,9 45,0 41,0 40.5 81.0 63,5 350 31.0
Karapadon Alr drying 45,0 23.0 21,0 19.0 17.5 180 2045 16.5
Sun drying 45,0 24,0 205 180 18.5 16,5 15,0 15.5
Control 37.0 35.5 29-5 29.0 ] 23.5 23.5 25.0 26.5
Kari Kir drying 370 1745 12.0 Ds5  TeP-  Ta5 7e5 8.0
Sun drying 37.0 175 10.5 11.0 1.9 Do5 6.5 5.0
Control 26.0 2&':5 1“.0 1600 1700 1""3-0 17.5 18.0
Kayal Alr drying 26,0 26,90 12.0 10.0 10,0 75 9.0 9.0
Sun drying 26.0 13.5 14,0 10,5 8.5 Ge5 6.5 6.5
SE o 7;21



Hean table

C1 Ca (:3 P1 Pe P3 P[‘ Ps Ps P7 Pa Mean 3
81 4042 22,5 21.6 45,0 30.6 27.4  25.8 2545 26,0 235 21,0 28.1
Sy 2846 135 13,6 37.0 234 17.5 1645, 14e2. 133 12,9 1352 1845
53 189 14,0 11.5 26.1 213 134 11,9 11.8 11,6 11,1 11.2 14.8
Mean P i ; . o :
Mean € 29,2 166 15,6 36,0 25,1 19,4 18,0 17.2 16,9 1152 15,1
Py 36,0 36,0 36,0
P, 3hs9 22,1 18.3 .
}5’3 28.2 V4,0 15,2 CD(S) = 4.2
P& 28.4 13,0 12.8 en(C) = 4.2
P5 271 1.5 12.8 CD(SC) = Te2
Pﬁ 28,2 1,7 11.0
P7 26,0 12.3 9.5
PB 2%.2 11.1 9.2

bl
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initial level of 37 ppm, 2ir drving, sun drying and

wet 801l incubation decreased the available phosphsrus
lavels to 8.0, 5.0 and 26,5 ppn respectively., 1In Hayal
gsoils alr drying, sun drying and wet soil incubatlon
decreased phosphorus levels to 9.0, 6.5 and 18.0 ppm

‘ reapectively after 12 weeks froa the initisl level of
26,0 ppu.

As regards the mgan avallable phosphorus content
there were significant differences between the aoils,
The mesn avallable phosphorus content wes highest in the
Karapedom soil (28.1 ppa) and least in the Kayal s01i)
(14.8 ppa) and intermediate (18.5 ppm) in the Eari ssils,
The wean availeble phosphorus contents of air dried
(16,6 ppa) end sun dried samples (15.6 ppm) were sighie
ricéntly lower than that of the wet incubated soils
(29.2 pem)e |

The sverage phosphorus content at the end of the
different pericds of observation was gradumlly decreased
from 36,0 ppm to 15,7 ppm at the end of 12 weeks, signie
ficant reductions occurring at the sne day and one week
periods. No eignificant interaction betwean faotora

was observed.



Available Potassiug

The avaeilabie potassium content of the different
soils under ditta’rint methods of drving for verying
periods are given &n Table 11,

36

The mean avallable potassium content had decreased |

~ with periods of drying, irvespective of the treatment

and group of s0il. In Karopadom solls from the inttial

level of 392 ppm, air drying, sun drying and wet soll .
1;eubation. decreased the avallable potassium content
to 156, 160 and 165 ppm respectively aftor 12 weeks,
In Xari solls also pstassium content decreased from
535 pom to 205, 215 and 145 ppm respectively on air
drying, sun drying and moist soil incubation for 12
veeks, In Kaynl soils, too, similar results wera
obtained, From the initial level of 337 ppm availadble
potassiun content decreased to 165, 175 and 95 ppa
respectively on air drying, sun drying and wet soil

incubation for 12 weeks.

The mean aveilable potassium content was signi-
ficently higher in Kari soila (327 pps) as compared to
Kerapadom {266 ppm) and Kayal soils (257 ppm), which



Table 11 Effect of drying on the available K content of different zolls of
Kuttanad (ppm)

Pericds
5011 group Treatments
0d 14 1w 2w 3w L w 8w 12w
Contral 392.0 389.5 362.5 223.0 203.5 2%4,5 191.0 165.0
Karapadonr Alr deying 392.0 370.0 274.0 303.5 260.5 24040 176.5 155.5
Sun dWing 392.0 368.5 22500 230.0 233.0 2&5&0 206.5 160.0
Control 534.5 534.5 310.5 305.0 287.5 297.0 189.0 145.0
“ Kari Alir drying 5304,5 414.0 303.5 292.5 281.5 500,00 2175 205.0
' Sun drying 5345 441.0 470.0 369.0 310.0 30,0 221.5 215.0
Control 386.5 360.5 280.5 243.5 206.5 214.0 241.0 95.0
Kayal Air drying 38545 38645 246.5 234,0 221.5 295.5 184,00 165.5

Sun drying 386.5 351.5 218.5 241.0 224.5 2339,0 220.0 175.0

SE » 83.53



Mean_table

C1 Ca C3 P,. P2 P3 F& P5 96 P.? ?8 Mean 3
Sq  267.6 271.5 258.0 392.0 376.0 288.5 252.2 232.,3 233.2 1913 160.2 265.7
Sy 35244 305.4 35041 501.2 463.2 341.3 322.2 291.3 299.0 209.3 188.5 32649
Sz 253.4 259.9 257.0 38645 366.2 248.5 239.5 217.5 236.2 215.0 14,8 256.8
Mean P : _ - - - -
Mean € 282.2 278.9 288.4 426.6 401.8 292.8 271.3 247.1 2561 205.2 1644
Py 437.7 4043 437.7 | | | |
P, 428.2 390.2 387.0
Py 317.8 274.7 285.8 C{8) = 48.1
P,  257.2 276.7 280.0
Py, 232.5 252.8 255.8 CD(SC) = 83.3
Pg 241.8 265.2 261,3
P, 207.0 192.7 216.0
Py 135.0 175.0 183.3

-1
RS
l.i
.



were statistically on par. Thare was no significant
difference between the different methods of s0il drying.
During the initial perlods of experiment, air drying
and sun drying produced a greater reduction ie avoiloble
potassium. EBut 1n later periods, wet soll incubation
resulted in o greater raduction in available potassium
more particularly with Kari and Xayal 20ils. With
increaso in period of drylng, the avallable potasaiun
content started decreasing from 427 ppa to 164 ppa,

at the ond of 12 vweek period; significant reductlions

occurring after one day and four weeks,

KCi extractable lron

The exchengeable iron content extracted with
N KC1 from differsnt soils under different methods
of deying for the varisus periods ara ziven in Teble 12,

There was a sharp reduction in the HCl extroce
table iron on drying. In Karapadom soils the initial
extractable iron content wams 640 ppm. By alr drying
it got reduced to 168 ppm on the first day and to 40 ppm
after the first week and to 235 ppm after the second woek
and thersafter got stablilised. Sun drying also produced
& similar result and the irsn content Qas reduced to

9¢



Teble 12 Effect of drying on the XCl extractable Fe content of different soils
of Rutianad (ppa)

Perlods

$oil group Treatuments 0d 14 1w 2 3w 4o 8w 12 w
. Control 6L0.0 637.5 424.,5 393.0 389,0 ;346¢0 9.0 366.0

Karapadon Alr drying 640.0 168.0 40,0 23,0 22,0 199 20,0 23.0
Sun drving Gh0.0 135.5 34,0 23,0 22,5 21.0 23.0 21.5

Control 6?6-0 67&90 ‘Q?G.O I 395-0 ) hﬁ?os ) 33&09 228,00 33&05

Keri Alr drying 676.0 444,0 1200 40,0 33.0 29,0 30,0 28,0
Control 9518.,0 328.0 3 Q.5 302.0 257-5 221 D 2&5.0 21 3.5

Kayal Alr dr‘y;lnﬂ 518,0 480.0 4345 35.0 26,0 2340 15.5 16.5
Sun drying 518.0 435.0 16.0 17.0 18.0 15.2 15,5 16.0

o1



Mean tahle

01 C2 . r::3 P1 P2 93 PQ PS P6 :P? PB Hean S
Sq 44046 119.4 115.1 64,0 313.7 166.2 146.3 145.5 128.7 130.7 130.2 225.0
Sp 453.3 179.0 176.4 676.0 525.3 228.3 158,0 139.2 133.7 132.7 132.8 26.8
Sz 293.6 1465.3 131.4 518.0 414,3 126.2 118.0 100.9 88,0 78S 82,0 190.7
Yean P )
Hean C 396.5 146.6 141.,0 6113 417.8 173.6 140.8 134.8 116.8 113.9 115.0
Fy 611.3 6113 611.3 ‘ -
Py 506.5 364.0 342.8 .
Py h06.8 67,7 46.2 CD(S} = 60,1
P, 363.7 32.7 26,0 CD(C) = 6041
Pg  351.3 27.0 26.2
P 300.3 25.3 24.7 ED(sE) = 104.2
Py  296.0 21.8 26.0
Py 298.0 22.5 24.5

10



23 ppm, in a periad of twd weeks, In incubated wet s0il
the iron content wasg reduced to 346 ppm at the end of
the twelfth week. In Eari soils also the exchangeable
iron content sharply decreased from the initizl level
af 676 ppm to 60 ppo and 38 ppm respectively due o

air drying and sun drying during a period of two weeks,
In the wet 5011 which was kept incubated, there wag a
gradual reduction of exchangeeble iron t9 335 ppa at the
end of the twelfth weeX. In Kayal s01ls, exchangéable
iron content sharply decreased to 44 ppm and 16 ppa
from the initial level of 518 ppm during the first veek
itzelf, due t0 alr drying and sun drying respectively,
Gradual reductions gccurysd in the wet soil which was

| kept incubated and the exchangeable iron content reachsd
a value of 2%4 ppm, et the end of the twelfth week.

The mean exchangeable iron sontent was signi-
ficantly higher in Keri solls (263 ppm) es compared 0
Kayal soi) (191 ppm). In Kerapadom soils, it was 225 ppa
and was on par with both the other soil types,

Tpe uean exchangeable iron content was signi-
ficantly higher in the wet soil which was kept incubated,
when compered €0 the samples subjected to ailr drying and
sun drying.
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As the periad of drying increased, tha average
exchangeaﬁla iron content got reduced from 611 ppa €9
115 ppm, significant reductions occurring on the £irst
day and at the end of the first week.

All the three different factors bshaved indenen=
dently. |

Ammonium acetute extractable Iron

The exchangeable iron extracted with neutral
normal ammonium acetate from different soils, under
different methods of drying £or varving periods are
given in Table 13, '

In this cage the three factor interaction was
significant, In Karapzdom asoils tﬁe initial exchan~
geable iran content wes 269 ppm. On air drying the
soil, it was significantly reduced to 76 ppm in one
day and again significantly reduced to 48 ppm in one
week and thereafter i¢ got stabilised, In the case of
sun drying on the first day exchangeeble irsn signi-
ficantly decreased to 71 ppn ond on the second week it
again got significantly reduced to 35 ppm and thereafter
it was stabilised, In the incubsted wet soll alss thore



Table 13 Effect of drying on the NH,- OAc extractable Te content of different
so0ils of Kuttanad (ppa)

Periads
5011 group Treatments 0 a 14 1w 2w 3 w Loy 8w 12 %
Control 268.5 268.5 124,00 53.5 51.0 '52.5 45.5 33.5
Karapadonm ALr drying 268,5 76.0 48.0 43,0 35,0 32.0 32.0 27.5
Sun dryj.ng 26805 70-5 6’0.0 32.5 36‘.5 2900 2800 28.0
Coantrol 32,0 32L.0 157.0 75.5 4B.8 43,0 48,0 45,0
Karl Alr drying 3260 60.5 9.5 44,5 35.0 35.03 33e5 33.5
Sun drying F24,0 645 53,0 09,5 36,0 3I2,5 38.3 35.0
Control 19,5 198.5 05,0 55,0 50,0 43,0 43,0 32.5
Kayal Alr dryving 189.5 550 41.0 35,0 32,0 32,0 32,0 2%.0
Sun drying 139.5 59.0 51.0 47.5 39.5 325 3862 35.5
SE = 8081‘



lican tabile

“9 G & K P P B B P P Py Means
Sqg M2 703 63,3 268.5 133.3  T7.3  43.0 38,5 378 35.2  29.7 83.5
Sy 13348 7649 7949 324.0 9.7 88.5 56,5 35348 4045 43,0 37.8 96.9
S3  89.7 56,9 63.h 199.5 104.5 62,3 45.3 40.5 38.2 377 3.7 70.0
Mean P .
Hean C 111.9 68.0 70,5 264.,0 130.8 75.4 484 359.6 38.8 357.6 3341
Py 264.0 26440 2640 ' '
Py 264.0 63.2 64,7 CD(S) = 5.1
Py 125.3  46.2  54.7 Co(C) a S
Py 1.3 0b0.8 43,2 CD(SC) ® 8.8
PS 59,8 3h 0 250 CIH{P) w» B3
Pg GT7.8 33.0 35,7 CD(SP) = 14.4
P, 05.5 32,5 3h.8 CD(CP) = 14,4
.‘?8 37.0 3060 3242 CD{SCP)= 24,9

T
" J

4
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were sharp significant decreaaés during the cne week _
and two week periods. After the second week, there
were no significant differences batween the three trant-
ments, though there was a slightly higher value in the
incubated wet soil., There was a significantly higher
exchangeable Fe, in the wet 8oil as compared to alp
dried and sun dried soils during the one day and one
weelt perlods, '

In Kari soils the initial level of exchangeable
Fe was 324 ppm. By air drying, there was a sharp signie
ficant roduction €o 61 ppm in one day and again & signie
ficant reduction to 35 ppo in the third week. The effect
of sun dryving was also simllar with a significant decrease
in exchangeable firon to &5 ppm in one day and to 3G ppa
after three vweeks. In the wet soll which was kept
incubated, significant reductlion in exchangeable iron
occurred. after one week, two week and three weelk porinds.
During the initial periods of drying {upto second weok),
there waa significantly higher exchangeable iron in vet
8241 when coppared to air drying and sun drving. lowever
during the later stagex all the three treatments were
statisticelly on par. |

In Kayal solls the initizl level of exchanzeabls
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iron was 200 ppm. By alr drying, it vas significantly
reduced to 55 ppa on the first day itself and again it

' got reduced with a significant drop to 29 ppa in twelve
wecks. Sun drying gave similer results with significant
decrease in the exchangeable iron occurring on the flrst
day and after 12 weeks, In the wet soll which was ltapt
incubated, significant reductions in @xchangeable 1irx
occurred during the first week (95 ppm) and further
during the second veek (55 ppm) also, During the initial
periods {upto first week) there wer:d significantly
higher exchangeable iron contents in wet soll, but after
" that all the three treatments were statiastically on par.

Ixchanzeable Aluminium

Exchangeatle aluminium extracted with N KC1
fron the different soils under differsnt methods of
drying for various periods are given in Table 14,

There were no significant changes in exchene
geable aluminiun content due to drying. In Karapadom
soils, from the initial exchangeable aluminiun level
of 430 ppm, &ir drying, sun drying and wvet soil incuba-
tion graduslly decreased the level to 141, 141 and



Table 14 Effect of drying on the available Al content of different solls of
Kuttanad (ppa)
reriods

501l group T;-eatments 39 4 i G 1 w 2 % w 4 w S w 12 w
Control 430.0 432.5 4£30.0 237.5 164.5 154.5 1315 150.0

Karapadon Air drying 4630.,0 %85.% 179.5 152.0 148.5 154,5 140,5 141.0
Sun drytng  430.0 198.5 163.5 152.0 146.,5 152,0 141.0 140.5
Contral 134.5 134.5 132.5 132.5 128.5 117.0 116.5 114.5

Kari 2ir dryinz 134.5 113.0 103.5 101.0 97.0 91.0 86.5 8345
Sun dr}fing 134.5 92.5 85,0 83,5 82,0 T2 59‘0 74,0
Control 64,5 64,5 64,0 B4.0 64,0 65,0 64,0 64.5

Kayal Alr drying 65,5 56,0 45.5 86,5 41,5 37.0 3640 3645
Sun drving 64,5 53.5 54,0 52.5 54,0 U1.,0 39,5 41,0
SE = 119,10

i3

80



Hean table

o c, Cy P P, Py | P, R Pg By Pg Hean S
84 302.1 216,04 146.3 '338.2 258.3 204.7 177.7 153.2 164.3 13.8 312.0 221.6
S, 1263 101.3  86.8 13,3 107.3 105.7 102.5 93,3 90.7 907 134.7 104.8
33 Eh,3 45,4 85,7 5847 545 5443 53,2 47,7 hLE.5 47,3  52.3 51.8
lean P - :
Mean C 164,2 121.0 92.9 170.1 140.1 134,9 1177 98.7 94,0 93,9 166.3
Py 209.8 184,88 115.5
Py 203.5 109.5 101.2
Py 208.8 99.8 96.0 cD(3) = 68.58
B, 1435 95.7  9h.2
95 1M1.7 96.2 28.3
Pe 111.2 87.7 83.2
Py 109.7 87.0 85.2
Ps 209.7 20%.7 T79.7

:
>

60
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150 ppa respectively, at the end of twelve weeks. In
Kori soils from initlel level of 135 ppm, exchangeabis
alupiniun content decremsed to 84, 74 and 115 poa
respectively due to air drying, sun drying and wet
301l incubetion for 12 weeks, In case of alr dryling
and sun drying sharp reductions vere noted on the first
" Gay itself. In Kayal solls also, drying failed to
praduce any‘significant changes. Fros the initial
level of 65 ppm, 2ir drving, sun drying and wet soil
incubation resulted in a reduction 1ﬁ axchangeable
aluniniua to 37, 41 and 65 ppm reapectively during a
12 week period.

The mean exchangeable aluminius ¢cmtent vas
significantly higher in Karapadom soils (222 ppm) as
compared to that of the Kayal (52 ppa) and Keri soil
{105 ppn), which were statistically on par, There
vere no siguificant differences in pscan exchangeable
alupinium contents for the different mathods of drying,.
The average aluminium content of differsnt periods
were also statistically on par, though a slightly

fluctueting decrease was noticed.

10
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IIY., EFFECT OF AIR DRYING UNDER SIMULATED FICLD CONDITIGHS

The results of the axperiment conducted to study
the effect of air drying under sinulated field conditicns

are élvpn here.

Soil pH in water

pH of Kari, Kayal end Kerapadom soils, under fleld
simulated alr drying is given in Table 15,

0f the different soils in Kuttanad, Kayal solls
recaorded, the highset sean pH of 35,0, which was on par
with Karapadom soila having a wean pH value of 4,9, Kari
soils recorded a significantly lower mosn pi of 4,2,

A definite pattern was noticed in all the three
soils, for the pH values recorded in different portions
of s0il coluzn. There was no significaent statistical
difference between the twelve aerobic top layers (0-1°,
1921 Lie0ee 117=12"), However significant difference
was obtained between the aerasbic and anserobic layers,
aven between the 0-1% and 0-"1" portions. In the saturated
soil portions, from 0-"17 t5 “6"="5", the mean pH values
vere sgain statistically on par for the different layers,
In the bottom saturated 6™ layer of the soll the pif was



Table 15 Effect of air drving under sisulated field
conditions on soil pﬂu. in different soil

types of Kuttenad

112

Height of 891l typss
s50L1 above Harzinal
water Xarapadon Rarl Kayal means
(inches)
11=-12 4,30 3.70 4,40 4,13
10-11 4430 3,65 bols5 4413
G«10 4430 375 LY/ 4,15
B=9 4,39 3470 455 be1G
78 4,25 3470 5,50 4,15
6=7 + &4430 380 4,50 4,20
Sty 4,20 3465 k55 413
bt %35 3,65 4,50 4,17
Fulp b4e20 370 4445 4,12
2=3 335 3470 Lea55 4,07
1-2 4,55 365 4,40 4,20
Qw1 S5e25 3.70 L.70 4,55
1=l Ge15 465 5405 5443
~2n"1 6.10 5.30 .00 - 5.80
"3"..2 601 5 5059 5¢95 505?
wlja"% 6415 5.45 590 5e83
"5"-£} 5.10 5.-45 5-95 5033
«B="5 5.10 5¢35 505 5433
Marginal
neans 4,94 4,20 5400

CD {s0ll type) = 0400
CD (height)

88

= Q,T0
= 0.2.;3
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aore or less stabilised and was significantly higher
then the pH of the 12% layer o9f top sexrsbic soil,

The Karapadop soils recorded a soll pi range of
6.,1=6.2 in the submerged layer and & pH range of 4.0«5.3
in the portion sbove the sea water. XHari solls recorded
& pH range of 4.,7-5.5 in the subaerzed soil column and e
pi range of 3.7-3.8 in serabic portion, Kayal solls
recorded a pH range of 5.,7-6.1 in the subserged soil
column and a pH range of 4,4«4,7 in the portion above .

the ses water,

Both factors viz, soil group and height of soil
absve water column behsved independently with no signie
ficant interaction between the two,

Sa in salt

Soil pii of the different s5ils in Kuitanad aeasured
in N Kp} under field sinmulated air drying is given in
Table 16.

The pH measured in IN, KC1 tended to be lower,
when conpared to the pH in water, in &)l the cases, But
the definite pattern, noticed in the former case was seen
here also. Kayzl soils recorded the highest mean soll pH
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Table 16 Effect of alr drying under simulated fleld
conditions on 251l pi, in diffarent so0il
types of Kuttanad

Helght of 5941 types
8941 above - Harginal
water Karapadan rari Kayal neans
(inches) ' |
1112 5465 23650 6.30 3e32
10-11 3480 350 4,30 3487
. S=10 480 3¢50 435 J.88
8=9 De30 3650 4435 3.83
T=38 . Z480 350 h.BD DeE7
G=7 3.75 3¢50 4.35 5487
Gud 3eT5 3450 4435 3.87
L=t 3.85 345 4430 3.87
Buby 3485 3¢50 4,30 3.88
2=} 3.60 3455 be25 3.80
1=2 350 3.45 4,05 3.80
=1 4,50 : 340 4,10 4,00
=1-0 S5.85 4,60 5490 Seltd
21 585 535 585 5.68
-3-"2 5475 540 5480 565
~be"3 580 555 5483 573
‘5'.5 5-75 5050 5090 5-72
~Ga" 5 585 530 559 5,68
Marginal

zeans 4,49 4,09 4,81

CD (soil type) = 90,1876
CD (depth) = 0,459,
58 x 0428
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of 4.8, £2llowed by Ksrapadom soils with a aean of 4,5
and Keori soils with a mean value of 4,1, All the three
solls significantly differed among themselves.,

‘As regards the second factor viz., the height of
the soil above water, there was significant difference
only between the aubuerg‘d aneerabic bottom six inchas
of soil column and the top aerated twelve inch lay=r.

The mean pH in the submerged portion varied from 5.5 to
5.7 and in the aerobic portion it varied from 3.8 to 4.0.
A mean pH of 4,0 was noted in the 0=17 layer and f{n ~1%=0
layer the mean soil pH was 5.5. Except these interxzediary
layers, serabic (3.8 t2 4,0} and snmerobic (5.5 to 5.7)
80il columns recorded almost uniform values within theme

selves,

In the submerged soil csluan the pH was signi-
ficantly higher. Ranges of 5.8«5,9, 446=5.6, 5,8=5,9
ware rocorded for pH in the Karapadon, Kari and Kaval
80113 in the subserged six inch column. In the aerobie
127 column the pH ranged £rom 3.6=4.5, J.4=3.5, b1=b. 0
respactively in these three soils.

Both factors, viz., s0il group and height of
#8011 behaved independently without any interaction betwoen

theaselves,



Speeific conductance

Specific conductance of the Kerapedom, Karl and
knigl Qoils. in the different layers, under alr drying
in simulated field conditions are given in Table 7.

The mean spacific conductance waz significantly
higher in the Karapadoy soils (5.8 mahos cu’j) than in
the Xari (3.0 mshos ca”') and Kayal soils (3.7 mzhos ca™ '),
which were statistically on par.

Between differsnt portions of soil c¢oluan the
marginal means ranged £rom 3.1 to 4.9 mohos ca ', But,
there vas no significant difference between the different
layers irrespective o5f the aerobic or anserobic conditions,
The two factors bshaved independenily witih no interaction,

between theaselves,

Diffsrent foras of Iron

a, DTPA extractable iron

DTPA extractable available iron content of the

Karapadom, Kard and Keyal soils, in the different cortions
| of soll oolumn under field simulated aip drying experiment
is given in Table 18.



Table 17 Effect of air drying under simulated field
conditions on specific conductance in different
s0il types of Kuttanad

Height of Soil types
soil sbove HMarginal,
vater Karapadon Kari Kayal neans
{inches) (mmhos ca™1)
11-12 5.60 2.45 2,75 3469
10~11 475 2.15 2,40 3.10
Qa10 4485 2,30 2.55 3.23
8-9 5430 2.45 275 3450
7=-8 535 2450 2.80 3.55
‘6-7 5465 2.70 3.10 3.82
1) 5.85 2450 330 4,02
L=5 5.70 3.00 3.45 4,05
=l : 5.50 3.05 3455 4.03
2=3 290 3405 3460 he18
1=2 6.00 3.15 3.95 4,37
0-1 6455 340 515 470
=1=0 6450 3455 4455 4 .87
~2= 1 5.80 345 he60 4.61
«Fu"2 5.95 345 4,50 bh.63
b3 6440 3.60 4,55 4.85
~G="4 6430 3.45 4,60 5,78
65 64,00 3.45 4,65 4470
‘Marginal
Beans 5.78 3.00 366

CD (808l type) = 0.906
38 - 1-36
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Table 18 Effect of air drying under sizulated field
conditions on DTPA extractable iron in
different s5il types of Kuttanad

Helzht of S04l types
501l above Marzinal
water Karapadoa Karl Kayal means
(inches) ppm
11=12 183.0 270,5 215.5 224,33
10=11 187.5 27445 217,0 . 226433
9=10 191,0 2855 222,5 253,00
Beg 198.5 281.0 237.0 238,33
7-2 192.5 291,0 243,5 242,33
C=7 183.5 280,0 2445 235,00
56 206,0 285.0 25245 247,83
L5 213.0 295.0 259,5 256,50
2 215.5 28740 25740 253,17
23 237.0 295,0 28340 273,00
=2 2L6.0 280,0 308475 275423
0=1 237.0 276.5 32540 286,50
«1<D 295.0 301,0 382.0 326400
-2‘-1 255 ° 5 300.0 371 10 398. 83
«Je"2 261.5 297.0 37140 276452
. 264.5 303.0 36240 309.83
“5="4 298.5 286.0 377.0 320630
-5=" 6 29545 310.5 37740 327467
Marginal 232.39 289,03 295,0

meana

CD (soll type) = 53,42
SBE = 79.97
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The Kayal end Kari soils recorded a significantly
higher meoan available iron content of 295 and 289 ppm
peapactively'when comparad to the mean svailable iron
content of 232 ppm in the Xarapadom s80ils., There was no
significant difference batween the different one inch
portions of the =04l column irrespactive 3£ the aerobic
or snaerobic conditions, The marzinzal means of different

partions ranged from 224 to 328 ppm.

. There was no factorial interaction. Both the
fzetors behaved independently.

b. Amgonium acetate extractable Iron

Ammonium acetate extractable iron contents in the
Karapadom, Keri and Kayal so5ils in air drying under
simulsted fleld cenditions are given in Table 19.

There was significant interaction between the
two factors, viz., so0il type and height of £5il ahove
the water level, In Karapadom soils, the exchangeable
iron content in the aerobic layers ranged from 17«113 ppn
and there was no significant difference between the diffe-
rent one inch portisna of the aerobic soil columm, oSut

in the anaorobic submerged layers of soil coluzn the



Table 19 Effect of alr drying under simulated field’
conditions on NH,-OAc extractable iron in
. different socll types of Kuttanad

Helight of Soil types
8511 above . Marginal
vater Karapadonm Kari Reyal means
(inches) Ppa
1112 1645 25,0 14,5 18,67
10~11 15.0 20,5 14,0 17483
9=10 19,5 22,0  15.5 19400
8~9 17,0 20,5 1545 17467
7-8 18.5 22,5 175 . 19450
6=7 18,0 - 18.5 20,5 19400
5 20,0 - 275 23,5 23,67
heS 20.5 28,0 2340 23,83
344 20,0 31,5 23,5 25,00
2-3 22.0 - 32,0 2645 26,83
1-2 3145 - 42,5 3645 36483
O=1 - M3.0 - 41,0 6745 73.83
0= 817.0 269,0 621,0 569,00
-2-"1 838.5 400,0 67640 638,17
“3"2 919.5 .  404,0 731.0 684483
~4="3 €845 400,0 721,0 668,50
~5="4 924,5 37340 69640 664450
-6="3 90345 461,5 80440 723,00
Marginal 312.39 146.61 252461
maarns .

Ch (soil type) = 49,26

CD (height) = 120,67

CD (sofl type x height) w 210,96
SE - 73 o75
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exchangeable iron content was significantly higher, the
values renging from 817 to 925 ppn.

in Kari soils alsc the top 127 asrobic soil column
recorded significantly lower exchangeable iron values in
the roange of 19«43 ppa. There was no significant diffae
rences bhetween the one inch so0il portions in the acrobie
column. In the subzerged column of =541, the exchangoable
iron contents were significantly higher and were in the
range 9f 269=-462 ppu. |

In Kayal soils also, there was significant diffee
rence, only between the submerged anaerobic column and
the aerobic coluan of the soil column, The ranges were
from 14.0 to 67.5 and 621 to 804 ppm respectively in the

eercbic and anserobic columns.

In the aubaerged aoil column, there wera significant
differences between the different so5il graups. In all
the thres aolls the exchangeable iron contents were very
high and in toxioc proportions. The Karanadom soils
recorded significantly highest aﬁarage exchangeable irog
content in the submerged layer, followad by the Kari =nd
Kayal solls. All the three soils differed significantly

with regard to the exchangeable iron content in subger;ed
soil laysr,
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Table 20 Effect of air drying under simulatad field
conditions on KC1 extractabls iron, in
different soil types of HKuttanad

Halight of Soll types
8041 above Marginal
water Karapadom Rayi Kayal uaans”
{inches) ppm
' 1112 13.5 21,0 4b 40 26,17
10-11 13.9 21.0 44,0 26,17
3«10 13,5 21,0 4440 26417
89 13,5 23.0 44,0 26,80
7-8 ~ 13,5 25.0 44,0 27,50
BT 13.5 27.0 44,0 28,17
5uf 13.5 27.0 43,0 29,50
4t 17.0 29,0 52,0 32,66
Sl 17.0 29,0 6145 35485
2=3 17.0 3340 6545 28450
1-2 303.5 . 33.0 710 135,83
0-1 42645 173.0 284,.5 294,67
lad 12465 1173.0 765.5  1061,67
2= 1 1323.0 1115.5% 86145 1102.00
=32 1631.0 1150.0 857.5  1212.85
wle"3 1592,5 1223,0 907.5  1241.00
G 4 1462,0 1334,5 81540 1203,83
G="5 1177.0 1384,5 75440 1105.,17
Marginal 517.03 435,69 322464
means '

CO (haight) = 485.84
5B = 295.92
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Ce KC1 extractable exchangeabls Iron

KCl extractable iran contents in the Karapadom,
Kari and Kayal soils upon fiold simulated eir drying is
given in Table 20,

KCl extractable exchangeable iran alss behaved
aimilar to the amnontum acetate extroctable iron in that,
significantly highor iron eontent was observed in the

submerged column than in the aerabic colusn,

There wes no significant factor interaction. Both
factors behaved independently, There vas no s.téni.ﬁ.eant
difference between the Kerapadom, Eari and Xayal soils,
However, there was significant gifference between the
aerobic and aneerabic soil columns, In the aerobic 12°
8911 ¢2lumn the mesan exchangeable iron eontent was sigtil=
ficantly lower and in the renge of 25+295 ppa. In the
subnperged 6¢ soll column the mean axcnaﬁgeable iron eontents

.yem very high (1062~1241 ppm) and in toxic concentrations,

Excha__ngaable Alugnigg

Exchengeable sluminium in the different portions
of the core samples, of Karapadom, Eari and Keyal soils
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under fleld simulated air drying is given in Table 21.

The Kari and Karapadom aocils registered signie=
ficantly higher mean valuss of 137 ppm and 123 ppm
respectively than the Kayal soils which shovaed a moan of

29 pprd.

There wvas also significant difference between
the different 30il layers. From 119129 to 0-17 the
marginal means were statistically on par, In the bottom
six inch submerged column also the means were on par,
But significant differences was noted between the O="179
layer and the 1"=2" layer. The interczediste layer beiwesn
aerobic and snaerabic 30;1 cadlumns ie, Q=17 portion
recorded on internediate value which was on par with the
values on either side, The exchangeable sluminium content
in the subzerged soil column was 5ignificant1j lower than
the aeribic soil column, In the aerobie 12v soil column
the renge of values was 120-205, 92-231 and 35+52 ppn
respactively in the karanggnm, Kari and Kayal soils, In
Eayal s08ls in the eerobic zone the exchanzeable aluminium
content was significantly lower than that of the other

two soils,

In the submerged six inch portion of 808k, exchine
geable aluainiun contents were reduced to negligible



Table 21 Effect of air drying under simulated field
conditions on KC1 extractable aluminium,
in different soll types of Kuttanad

Helght of §oil types
8011 above Marginal
watep Karapadon Kardi Kayal means
{inches) PRm
11=12 195.,0 230.5 51.5 159,00
10«11 183.0 164,45 5065 144,67
S=10 204.5 2035 42,0 - 151.33
8«9 182,25 181.5 3840 13725
7=8 1838.0 149.5 28¢5 125,33
S g 201.5 184,0 35.0 140,16
G=6 190.0 17445 37.0 133.83
L=5 184.0 164,5 42,0 130,16
S=ly 191.0 143.5 40,0 124,83
a=3 181.5 1583 43,5 127.85
w2 189,5 186.0 4440 136.83
Q-1 119.5 915 4640 85,67
== traces 675 traces 22,50
«2="1 K 755 s 25447
“3="2 LK 60,0 o 20600
“4="3 " " 7he5 " 24,83
e o " 74.0 " 24,67
b= 5 n 62,0 n 20467
Harginal 123.15 137.36 238,61
means :

CD (=mofl type) = 43,43
Ch (height) = 106.39
BE s 65,02
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values in the Harapadow and Rayal so0ils, Buf the Kari
80ils recorded significant @xchangeable aluainius contents
in the range of 60«76 ppm.

There was no factorial interactlon. Baoth the

foctors behaved independently.
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DISCUSSION

I. PHYSICO-CHEMICAL, CHEMICAL AND MICROBIOLOGICAL
PROPERTIES OF SUBMERGED SOILS OF KUTTANAD

The physical, physico-chemical and chemical
properties of the Kari, Karapadom and Kayal soils of
Kuttenad are briefly discussed_below:

Physical Qroger%ies

Tperelwg%‘no signifipant diftergpce in thgjpulk“
densities of the different soils. The average bulk
density of Kari soil was the lowest. This was due to
the relatively high content of organic matter.. Tpg
particle density of Kari soil (2.01 g cm 3) Was.éigni& |
fiééhtly lower than that of' the Karaéadom soils (2.14 g cn™>).
ggxg; soils had an intermediate value (2,07 g cu’ ). There
was a wide variation in 8oils with regard to goil, texture,
KaragadOm soils were predominantly of a clayey or clay -
loam texture. But in the cgse of Kari and-ggzgl;soils,
the proportion of sand was more and the texture Qaried
from clay to silty clay and sandy clay loams. Varghese
(1964), Venugopal (1969) and Varghese (1973) have reported
similer results for the physical properties of Kuttanad

soils,
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Phgsiga—egeg;cni properties

The 8011 pH was significantly lowsr in the Kari
soils (3.7) ss compared to the Kayal (5.3) and Rarapadog
soils (4.2). Thottapally Kari regisiered the minimum pi
of 2.8 and the Kannatta Kaval registered the meximum pH
of 6.0 The 801l pi measured in IN KC1 also followed. the
gaze trend, tut the valuea always tended to be lower thon
the pH measured in water, by a few decimal units. This
must be due to the fact that the K ions replace more H°
froa the exchange complex, thereby increasing the acidity,
Hesse (1969), Kabeerathuama (1969) and Ghosh et al, (1973)
also reported a low pH in Kari soils snd a slightly higher

pH in the Kayal and Karapedom aoils,
Speecific conductance of the different soils in
Kuttansad was very low and negligible., The mean specific

in Karapadom soils and 0,03 mzhos en™ !

in Kayal soils,
Many earlier workers have reported a higher specific
conductance in Ruttanad $o1ls. There are several reasons
for this low level of observed salinity, In Ruttanad
there is a seasonal fluctuetion in soil conductivity

(Ayer, 1975 and Bhargava and Abrol, 1984). The minimum

conductance was 0,62 aghos cm'1 in Kari soil, 0,12 nzmhos cmf1
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values of conductivity were reported during asnsosns -
£1o0ds, when fresh water washes off the ealinity and

the moximum during the suzmer seascn viz,, MarcheiApril,
carrespanding to sea water intrusisn., In the present

case, sampies vere collected in the month of June.

Besides, as the result of the coamilaioning of Thaneerﬁukk@m
bund and Thottapolly spilivay,. sea water intrusion nhod

been successfully prevented £or the past few years, which
might have resulted in a steady decrcase in the specific

canductance,

Available mitrients

The available nitrogen contents were Lairly high.
The average availleble nitrogen in the different soils
were 238, 227 and 240 ppm respectively in the Kerapadog,
Eeri end Kayal soils. But there was no significont,
difference betwecn the soils. Pillai (91964) has reported
similar results. But Kabeerathumma (1963) reported a
lower available nitrogen content in Kori solls and
suggested that this might be due to the low, microbial
activity and a consequently low nltrogen mineralizuaiion.

There Qas no significant difference in available
phosphorus content also, the mean eontent of avallabhle



phosphorus in Karapadom, Karl and Kayal soils being
16.9; 32.4 and 18.3 ppm respectively. Within the solla
theré existed wide varistions. Many carlier workers
have reported very low contents of available phosphorus
in Kuttanad soils (Venugopal, 1969; Varzhese et al,, .
1970 and Ghosh et al., 1973). 1In the prasent case the
wet 801l from the field was used for analysis without
alpr drying, after accounting for the moisture content
and hence the extractant wes able to extract a portism
of Fe=P, which will be available under submerged condie
tions. The sanctity of applying the soil test results
frow air dried samples to submerged soil conditions,
with regard to available phosphorus has been already
qQuestioned by many workers like Mahapatra and Patrick
(1971) and Hambiar ot al. (1973),

The mean exchangeable potassium content were
124, 135 and 130 ppa respectively in the K adoms,
Eari and Kaval soils. There was no aignificant difference
between soils. Chosh et al, {1973) have repsrted similer

results,

Exchangqnbla Iron and Alupinius

Exchangeable and avallable iron was extracted



ustng three different extractants, nnmly'mutral nornal
sazonium acetate, IN KC1 and 0,005 M DTPA., The wean
sxnoniun acotaté extracted iron content was 18.4 ppa

in Kerapadom soila, 15.1 ppa in Kspi soils and 19.7 ppa
in Kayal s011s. The mean KC1 extractable iron contents
were 281.9 ppm in Kerapadom soils, 302.0 ppm in Eard
solls and 261.7 ppm in Kayal soils, The mean DTPA
extracted available iron content were 'i2h.9 ppes in
Kerapadog soils, 107.2 pps in Kard soils and 121.6 ppm

in Hayal soils, Thers was no significant differénce
between the different soila, in all the thrce casea,
Within soils amnoniun acetste extractable iron content
and KC1 extractabls iron content registered wide varios |
tions. But DTPA available iron recorded rather consistent
valuen, Potassiun is a atronger cation than ammontum and
therefore it was able to dinpia}:e nare Flz* from the
exchange complex as shown by the higher contents of C1
extractable iron in the different soils, Pisharady (1965)
and Chosh et al. (1973) have reported mors or less similar
-va!.ues of ammonium acetate extractable iron in Ruttenad
soils,

Microbial count

The total microbial count recsrded in Kuttanad
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solls was very low and there was no significant diffeirence
between the soils, The mean total microbial counts worpe
0427, 0,20 and 0,28 mw &' respectively in the Karapadon,
Keri and Kayal soils. Pillai (1964) end Devi (1965)

bad reported only similar low microbial counts in Kuitanad
solle, The low microbial activity in acid sulphsate soils
is due to various inherent eoil characteristics that
hinders microblial growth. High acidity, high arganic
matter content and wide C/H ratio hinder aicrobisl
growth. Sea water inundation also decroases microbiel
activity (Harasen, 1959). As only surface soll samples
were token for analysis, the effect of pH was mors
pronounced. Besides the samples were taken during June
when there was no crop and when the land was under water,
There was a significantly higher fungal count in §g§1
80ils as conpared to the‘othar 80ils; but the bacterial
count was significantly lower. This was due to low pi

of Kari soils, as compared to othqr soils., Low pi will
inhibit bacterial growth, but fungal growth 18 not affected
and hence fungal population will predozinate at low soil
pHe

II. EFFECT OF DRYING ON THE DIFFERENT SOIL GROUPS OF
KUTTANAD -

The drying of a submerged rice soll, results in



several physicsal, chemical and biological chenges. The
cheaical changes are set in motion by the biologienl
redox processes tﬁat result from increased oxygen avoilae
bility.‘ These oxidation-reduction systexps have an
important bearing on‘the avallability of different
nutrients and physico=chemical charactaristics of the

" soil.

Changes in soil pH

In all the three soils, drying had produced a
marked decrease in soil pH, messured in water as well as
in normal KC1 solution, There was no significant diffee=
rences botween the effects of air drving\and sun drying.
But the mean soil pﬂw and pHB of the wet soll were signi-
ficantly higher than the meen pH values under conditions
of air drying and sun drying.

Drying an acid sulphate soil results in a decrease
of the soil pH, 1In well aerated, but msist soil, the
fine grained pyrite is oxidised to ferrous sulphate and
sulphuric acid, The overall reaction can be expressed

as follcws:

' Fesa + 7/202 + Hao-——+ Faa* + 23042' + 2q*
(Bloomfield and Coulter, 1973)



Chemlical oxidation is a slow process dbut the
rate is enhenced by the presonce of microbes of the -
genus Thicbacillus. The H* produced results in increased
acidity. Subdramoney (1947), Suceela Devi (1955) end
Kurup end Alyer (1973) have reported a drop 4n soil pi
during the drying of solls in Kuttanad and they attributed
this to the oxidation of sulphur compounds to sulphuric
~acid. Among the different soils studied Kori soils
became most acidic, as a result of the drying treatments.

In the incubated wet soil samples also, there was
a marked decreese in soil pH with increase in period of
timo, During the experinant the wet sasples were packad
airtight in polythene bags but the frequent disturbing
of the soll for taking analytical saamples, uight have
incrsased oxygen availability and thersby pyrite oxidse
tion, Moreover in cvar-dricd‘adil ssmples, pyrite oxida~
tion cannot take place as the reaction reguires msistuve
(reter equation), HMicroblal activity also decomes affected
at low moisture levels. But in mdist saaples, which wore
kept incubated, thers are greater chances of extress
acidity to develop.

Chenges in spacific conduectance _

The specific conductance of the different soils



was negligible and there weres no significant chénges- 
during sun drying and air drying. There was a sarginnl
increase, which could be attributed to concsntration

effects due to the evaporation of water,

Changes in the availability of nitragzen

Soil drying, both air drying and sun drying had
resulied in a decrease in the availability of nitrogen,
in all the three soils.

Nit;ogen ocours in soils chiefly as organic
constituents end only a'suull portion that is inorgzanic
is available to the plants, which includes Nﬁg, HOE and
NHZ. In a flooded 801l due to the paucity of oxygen,

NH; is the stable inorganic form while in an sersbic
soil Nog is the stable form. In submerged soils, avaiia-
bility of nitrogen is higher because of the accumulntion
of ammonia (Patneik, 1975; Murty and Singh, 1978). Cven-
though an aerobic deamination is siower, the releasze of
inorganic nitrogen is larger and faster in subnerged
80ils because of less immobilization. Broadbent and
Reyes (1971) alss reported increased availability of
nitrogen under submerged conditions. Hathew (1986) also
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reported increased nitrogen availability under suv=-
zargence in the acid sulphste 99111 of Kerala, During
the experimont available nitrogen of the wet soil,
increased with the period. The incrtage can aiss be
attributed to the microbial stimulation, due t> high

temperature and aeration (Agraval et al,, 1971).

-

Buring air drying and sun drying the ebove chénges
get reversed. As a result of oxygen pveilablility nitrogen
mnineralization proceeds upto the Hog level. The microbiul
immobilization will be more nnd drying to molsture contents
below field capacity further decreases mineralizaticn,
Drying the soil to moisture contents below those normally
encountered in low land rice culture can csuse fixation
of NHZ ions in between the lattices of 2:1 types of clay
minerals, thersby causing a reduction in the availability
(Broadbent, 1979). But this aspect needs further study
since contradictory results have been reported by
Bhattacherya {(1971) and several othars,

-

Changes in the availability of gngsgha;gg

The moat striking result obtained during soil
drying was.a reduction in the content of available
phoaphorus, 1In all the thrse soils available phosphorus
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got reduced significantly a3 a result of drying. 7he
mean valueﬁ?%vailable phosphorus were gsignificantly
higher in the soil which was kept under wet condition
when compared o that of the air dried and sun dried
samples, But during the entire period of ohservatiocn,
-in wet soil also available phosphorus registered a
warked decrease, though not as significant as in thoe

case of air dried and sun dried soils,

Fhosphate availability is a0 linked with iron
chemistry, that conditlons favouring availability of
iron, will also increase phosphorus solubility especially
in those §0ils where Fe-P is the dominant fraction. 4s
a general rule, Fe-P 1s the doaminant phosphorus fraction
in subnerged soils (Basak and Bhattacharys, 1962; Cheng,
19653 Khan anﬁ Mandal, 1973). The added phosphorus
fertilizers in such soils are gradually converted to
Fe~P (Chiang, 1963; Hsu, 1964). According to Nair (1986)
in Kuttanad soils also Fe-P is the dominant fraction.
Mathew (1986) reported inoreased availability of phosphorus
in acid sulphate soils of Kerala, '

. When a poil gets dried, the soluble ferrous
phosphate is slowly oxidised to ferric phosphate which



is less available. The decrease in the ovailability
of phosphorus on drying of soils con partly be due to
chinges in the solid phase reactions {Chang, 1971).

“¥When the soil becomes dry phosphorus deficiency
can also result, The major portion of the inorganic
phosphorus in Kuttanad aolls is constituted by Fe=?
and conditions which control the solubility of 1ranb
will control phosphorus solubility alsb. 55 soluble
ferrous phosphate under conditions of exposure to aip
will get oxidised to imsoluble ferric phosphate ond

become unavailable to plants,

Chenges in the availability of Potassfium

There was a continuous decrsase in the availg-
bility of potassium throughout the perisd of experiment
irrespective of the 8541 and the method of drying. Durding
the initlal periods of observation the rate of decrsase
in availability was high in the aip dried and sun dried
soils. But during the later psriods, the yate of docrease
in availability was high in incubsted wat soils. There
were nd significant differences between the available
potassiun contents at the end of three months drying.

Drying a soil can cause a reduction in the



availability of potassium. But when a 3211 is flooded,
mora X is displaced £rom the soil complex as a resuit
of reduétion’réactian leading to an incrsase in epocific
conductivity (Ponnamperuma, 1964)., During drying, the
reverse process way happen, which results in the reduced

availability of potassium,

Fization of K' fons in between the lattices of
clay ainerals can also é:auce the avallability of potacsium
Relderbudde (1967) reported increased X fixation on drying
of soils., Page and Baver (1940) related this fixation
of K by 2:1 minerals are due to the similarity in size
of unhydrated ions and the lattice hole. But Ayres (1944)
and lee (1548) have reported a release of exchangeable
potassium on drying, wherever initial exchangeable lcvels
were low. Attoe (1949) concluded thet two tyﬁes of £ixaw
tlﬂn can occur viz., (i) in moist soil which is enhanced
by liming and (i1) by drying which is independent of zoil
plie

However, the phenomenon of releace or.fi;atiah
of potassium on drying, 1s not clesrly understood (Ahmed
and Davis, 1971) and it is also highly uncertain how for
these data can be extonded to practical aituations,
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Chanses in exchangezble Iron

In all the three soils drying had resulfod in
significant and striking decrease the content of exchane
geable iro. In the wet ssil, iron content decreased
significantly and particularly during later stages of
drying, there was no significant difference between the

troatments.

On drying an acid sulphate soll oxidation of
pyrite takes place and the soil gets acidified (Brinkman,
1970). ‘The rate of oxidation is enhanced by the microbes
of the genus Thiosbaclillus, .

Changes in Exchangeable Alumunium

There were no signifiecant changes in the contents
of exchangeable aluminium during the period of experinent,
The main reason for this is the non-redox nsture of alumie
nium. But according to Cate and Sukhai {1964), when a
801l gets oxidised due to drying, more aluminium ions
reappear from the s2il complex as a result of a neutrae
lization reactisn. But in this case, no significant'
changes were obtained in the content of exchangeable

aluminiun due to drying of the sotll,
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ITI. AIR DRYING UNDER SIMULATED FIELD CONDITIONS

To simulate field conditions 4in Kuttanad, the
8otl after intensive drying was packed in PVC olpes
and was submerged in six inches of ses water in nareolain
pots. The reaulfs obtained after analysing the soil
coluan after & period of one month are briefly dlscussed

below:

Changes in 124

pi values meeasured in water as well as in salt
behaved sinilarly eventhough pHl, values were slightly
lower. There were significent differences betwsen mcan
8oLl pH of different soils. In the case of 801l pil
measured in water, Kari soils registered a significontly
lower mean pH of 4.2 when compared to Eayal (5.0) and
farapadog soils (4.9). But in the case of pil in salt
solution, the wean values of all the three soils differad
significantly, The pH values obtalned in salt s>lution,
were more homogenous as evidenced by low eritical diffce

rences,

ﬁaﬁween different layers of the sail column, there
was significant difference only between the bottom six
inches submerged soll columm and the top twelve inches
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serobic column. In the submwarged soil coluzn, piH had
increased significantly as compared to the upper portions,

as shiown below:

Soll pH range in aerobic column of different soils

pH range in bottom 67 pH range 4in top 129

submerged soil column serobic soil coluan
5¢48=5,87 4407=l 455
5-“5-5073 308’3-5058 )

When an serobic scid soil is submergaed its pH
decreases during the first few weeks, reaches a minimum

~and then increases asymptotically to a fairly stable

value of 6,7 to 7.2 after a few woeks { Ponnemperuna,
19553 Chakravarty and Kar, 1§70; Mukherjee and Dasu,

©197M).

Initial decrease in soil pH may be due to accumue
lation of CO, produced by aerocbic bacteria. BHut subsequent

increase is due to a reduction osf ferric oxides to

dissolved Fe>*, a process that consumes acidity.

Fo (CH)y + % CH0 + 24, re2" 4 %coa + 1M/6 Hy0

‘(ven Breemen and Pons, 1978)

In all the three soils, in subzerged soil c¢olumn,



the pH hed got reduced due to reduction but it rarely

exceeded 6,0,

Soil pH range in subxerged 89511 column of different: as

Karapadon Kars Kayal
P,  6.10-6,15 6,653,350  5.65=6,05

DHQ 50?5"‘5 085 4.60"5055 5030"5-90
(subnerged

801l column)

In EKari soils, which are uore of the acid sulphate
character, the increszae in pH was less, In acid sulphate
solls flooding incrsases ¢oil pH, only slowly,
Ponnanperusa et al, (1973) and van Breemen (1976) reported
that the pH of an acid sulphate s0il rarely exceeds 6,0
even after six aonths of submergence, XKabeerathuman
(1975) reported only a small increase in soil pH due to
submergence in acid sulphate s0ils of Kerala and on no
occasion it exceeded 5,0, The low increase in pH in
Kari soils on f£10oding can be attributed to the £9llowing

reasons:

1. adverse conditions for nicrobial reduction
2« low contents of metabslizable organic matter
3. low contents of easlily reducible ferric oxide
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4. high buffering capacity due to exchangesble and
dissolved aluminium, the basic sulphates of aluminium
and iron and adsorbed sulphate,

3¢ low initial pH of Rari soils compared to othor solls

In submerged anserobic coluan of moil the pH ia
more or 193? stabilised and tﬁo poaaib111t§ of a low pil
that can cause direct H' injury to plants does not arise
at all, But extremely low pH values that con cause direct
injury to plants was noticed in aerabic layer, but however
in the field this situation is not so common and it occurs
only when the water drains below the pyritic zone,

Changes i{n specific conducg;v;tg

The specific conductance of all the soila‘hsd'
increased on submergence. There was no significant
differences betwecn different sotl layers irrespective
of whether submerged or under aerobic canditions.

Ponnemperuna (1576) reperted incrasse in spscific
conductance on submergence. In this expariaent the =30i}
core samples vere kept freely in brine, so 83 to allow’
capillary rise and honce specific conductance had incressed
significantly. Basides rolease of an* and other ions,
from insoluble oxide hydrates also increased conductivity
(Ponnamperuna, 1976).



in Karapadom s0ils, the wean specific conductance
was significantly higher then thet of Kari and Kayal
soils and this can be attributed to the good physical
properties of Kerapadom s30ils, which had pesrmitted more
capillary rise of salt water. Karapsdon soils are of
earlier reclamations and are therefore older smong the
Kuttanad soila,

7o mgintiin 8 8ix inch level of sea water in
porcelain pots, the following quantitics of sea water
had to be added to compensate for capilliary and svapoe
rational losses, dﬁring one month period,

Karapadom soils « 340 ml

Kard soils - 85 nl
Kayal soils - 190 ml

This also reflects the incroased caplllary rise
in Karaggggg soils,

| During periods of extreme drought a salt water
influx has been repsorted in Kuttanad in S0ome areas, even
after commissioning of the Thaneeraukkom bund and this
influx can cauge salt injury to plants, Subramonay (1961)
attributed the toxicity in Kuttanad 82112 to goluble
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chlorides and sulphidez, Nair (1963) raported that rice
plants tolerated sodium chloride only upto a conductivity
of & mmhos cm'1. IRBI (1988) reported that germination

is ﬁamperad b# conductivities more than 12 mzhos cm™ |
and seedling growth by conductivities above 4.6 mohos cm'1.
So the higher values of specific conductance registerad

in the exporiment in some cases can be encountered in

practical situations also,

Changes in different forms of Irom
a2, DTPA extracted avallable iron

There was no significant differences betwesn
different s0il laysrs, irrespective of aersbic or anasrabic
conditions. DTPA can extract that portion of inarganié
iron which becomes avﬁilable'on submergence so it gives
consistent results irrespective of aersbic or anmersbic
conditions and hence 1t ia of less use, in studying the
chinges occurring during subnergence, Detween dif!breﬁt
soils, DTPA extracted iron showed significant diffcrences,

b, Exchgggeable iran

Exchangeable iron was extracted'uaing two di{ferent
axtractants viz., neutral norgal anmonium acetate and



normal potasaium chloride, There was significant
differences between the twelve inch asrobic coluzn and
the six inch submerged column of so1l column, 1In sube
merged 801l layers there were fairly high levels of
exchangeable iron. The range of values obtained usiqg
different extractants, in different soil layers end in
different soils are given in the following table, for

comparison,

SOLL TYHES

Kerapzdom  Xari Kayal

ppa

Submerged 817=925 269-462 621-804
NHQ-OAc column

extracted Aerobio 17=113 19«43 14-63
Fe column

Subgerged 1247-1631 1116-1382 754-308

column

KCl extruge

ted Fe Aerobic 14=427 16427 44205
column

In the subaerged soil column the range of exchangeablie
iron is very high and in most cases above tostic linmit
2nd in the aerobic soil column, exchangesble fran is

very low and below the toxic Helt, If a comparison is
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made between the two extractants, HC1l hed extracted
nore of exchangeable iron, becsuse potassium is a stronger

cation than amzonium.

The most important chemical chenge that takes
plucs, when soil is submerged, is the veduction of
iron and subsequant incresse in its solubility. Reduction
is by chemical as well as by micro=organisas (Motomura,
1961; Subramoney and Kurup, 195%; Alexander, 1972).

The process ceén be illusirated as follows

(Ponnomperuma, 1972).

Fe (03)3 ¥ %_Cﬂao + ZH + olcrobes

Reducible ircn orgaenie low pH
aatter

— ral* % co, + 1174 Ha0

Az a consequence of reduction, the conecentratisn
of water soluble iron incresses and due %o consumption
of hydrogen ions the pH increases. But sulphides f£orasd
from the reduction of sulphates which is present in
excess of Fa<' in these soils will evenituslly lower Feg*
by precipitation of Fes. Belw a pH of 5,0, however,
sulphate reduction is a slow process and Fe?* decreases

only after prslonged submergence (six months to one year)
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in acld sulphate soils (van Breemen, 1976). High salinity
conditions which existed in ths pots may also have

2+ Lrobably by slightly depreasing

favoured production of Fe
: 2

the pH and by lowering the activity codfficlent of Fo“*,

thereby causing higher equilibriun concentrations {(Insda,

1965),

Nhung and Ponnemperuma (1566) and Ponnamperuma
(1976) also reported persisting high contents of Fe?*,
even uptd 5000 ppm in acid sulphate soils. Kuruvila
and Patnalk (1976) reported 100-300 ppm, res* in the
acid sulphate s0ils of Kerala,

While extrapolating these data to practical
situation the following facts emerge,

According to van Breemen (376) in similer pot
experiments, dissclved fe 30, formed in reduced acid
sulphate solls, diffuses upwards and get oxidised to
ferric hydroxide and sulphuric acld, giving surface
vater pH values in the range of 2.4~3.5 that hamper
further soil reduction. But under field conditions,
eventhough the same process takes plece, due to reploce=

zent and drainege of flood water the effect will be much

o

less,



When pyrite occurs within about 50 cm of soil
surface, reduction of ferric oxide by pyrite during
- flooding ‘contributes’ considerably to high levels ¢
Fe2* (van Breoumen, 1976).

Even after one month of submergence, 2xchan-eabls
Fe2* levels failed to get stabllised and the concentrae
tions were well above yoxic linits, Pommamperuna et al, _
- (1973) reported that 300-400 ppm dissolved iron can ceuse
toxicity. According. to Tomiinson (1957} the criticol
i;val for iron toxicity is 1000 ppm. IJubraaoney and
‘Rurup (1961) reported a physiclogical disesse amonz rice
plents due to iron toxicity, the syaptoms of which wore
noticed during the crop damage succeeding the drouzht of
1982-83 also, .

Changes in Exchanzeable Aluminium -

There vae significant difference batween the
subzerged layers and the aerobic’layers in the soll
column with regard to exchangeable aluminium content
also, In the aubmergé@ six inch layer of soil column,
the exchangeable aluminium contents were significantly
low, In Karapodom snd Xayal soils it was only in traces.
But in Repi soils a range of 62«76 ppm waE noticed,



The reason for the low contents of aluminium is
the increased pH of submerged layer, The solubility of
aluzinium is reduced with increasing pH (Richenberz dﬁﬂ
Adams, 1970; Martinez, 1970). Dissolved Als’ behaves
as 1f regulated by the hypothetical basic elusiniunm
sulphate ALOHSO,, showing a constant 50,2 activity,

& tenfold unit decrease per unit increase in pl, In
lower six inches of soil, due to increase in pH, avallae
ﬁiiity of aluminium was reduged consideradbly. 1In case

of Kari soils, where there was 62-73 ppm of exchangeable
aluminius in subaerged coluun, the stabilised oY values
wers also significantly lower, when compared to Karaosadog
and Kayel soils, |

Cate and Sukhal (1964) suggested a neutralization:
reacticn for the reduction of aluminium, Exchangeable
aluminium wag replaced by exchangoable iron, probabiy

due to the neutralization reaction,
2 Al-Clay + 3 Fe (OH) —> 3 Fe Clay + 2 Al (rasi)3

As a result of such a reaction the eluxninium gots
precipitated as the hydroxide, Kuruvila (1974) and
Kabsorathumaa (1975) and Abraham (1385) have also reported

decreasc in exchangeable aluminium on submergence in the



acid sulphate soils of Kerala,

In the top twelve inch aersbic soll coluan,
exchangeable aluminium level was fairly high as depicied
by the following table,

Karapadon Kard Kayal
Exchangeable
aluminium in 181205 143=251 35=52
aerobic zone ' '
-ppo=

The significantly high values of exchangeable
alunminium in top layer were due to the lower pH in
those layers. The intermediate one inch soil batween
the aerobic and anaerobic zones registered an inter-
mediate value, which may be attributed o the inter-
mediate pH values of this portion,

Alupinium toxicity occurs only at low pd values
of 4.,5-5,0. The stabllised pli values of subnerged 501}
was higher than this, But exchangeable aluminium cone
centrations of the upper aersbic portions were well abaye
toxic concentrations, in some cases, 395 aluminiun taxie

city can occur only if the pH 1s reduced considerably



due to aeration or exposure of soil surface, when tle
lond is under rice croap. S!.xﬁpsan {(1953) has reported
that aore than 20 ppm aluminium extracted with neutral
noraal ammonium acetate, can cause toxicity. S5 chances
of aluminiun tox'icity in Keri soils, vhere exchangeable
alupiniug was higher even in the submerged column, connod
be overlooked., Kabeerathumna (1975) and Abraham {(1984)
have also reported Al toxicity in the acid sulphate soils
of Kerala,
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SUMMARY AND CONCLUSIONS

The effect of drying and wetting on the physicel,
physico~chemical and chemical characteriatics of the
subgerged soils of Knttapad region of Kerala étate, was
studied. Soil samples from Karapadom, Rari and 5525;"
s80ils were analysed for various physico-chaniéal Propor.
ties such as texture, particle density, bulk Qensity,
nicrobial count, pH, conductivity, available NPK and
different forms of iron and aluminium after meinmtaining
the 30il in fresh moist emdition itself, To study the
effect of drying, two samples from each soil groups vere
salected and were subjected to air drying and sun drying
ror & pariod of 12 weeks, A portisn of those samples
were maintained in wet condition to act as control,
Estimations of pH, cinductivity, available NPK and
different forms of iron and aluaminium were done at
intervals of 1 day, 1, 2, 3, 4. 8 aﬁd 12 weeks, and the
data analysed in a factorial RED. To simulate the drying
of soil under field conditions in Kuttanad, the soil
after intensive drying was packed in FVC pipes of length
18" and diameter 3" and was kept in porcelain pots con-
taining six inches of sea water. After one month the soil
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column was taken out separated into drisd and aubmergeﬁ

partions and divided into one inch portions, pi, cone

ductivity and different forms of iron and aluminium in

these samples were estimated. The results obtained are

briefly summarized below:

1.

2,

3

S

Texturally Kuitanad soils were predoninantly of
clay and clay loam nature. However sand portisn

was ngore in Keri soils,

Bulk and particle densities were liénificantly
lower in Keri soils due £» their higher organie

matter content.

The soils of Kari and Karapados soils wers extrenely
acidic. The Kayal asoils recorded a significantly
higher 821l pH. ‘

The specific conductance of sll the soil ZT0Ups was
negligible owing to the seasonal effecis and to the
coanissioning of Theneermuktkonm bund and Thottapally
spillway which has checked the intrusion of salt water,

The availability of major nutrients was falrly high
and no significant differences existed between anil
groups, The mean available phosphorus in Kerapadom,
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Ta

Be

e

Kari and Kayal soils was 16,9, 32,4 and 18,3 ppa
respectively, Since the analysis was carried sut
in molist state, the eﬁtractant was able to extract
that part of Fe-P also which becomes availsble to
plants during submergence of soils,

Exchangeable iron and aluminium, extracted using
different extractants, rochded wide variatiosns
between individusl samples, In few cases the levels
Were vwell above toxic limits. DTPA extracted iron

recorded amore or less unifora valuss,

The microbial count recorded was very low in all the
801l groups, owing to their inherent properties that
hinders microbial growth. Kari soils showed a pPredos

minance of fungi due £9 their low pH.

Drying of soil had resulted in marked changes in the
physico-chemical propertics of soils. Iowever in all
ceses air drying and sun drying behaved similayrly,

There was a sharp decrease in soil pil on drying.
However the pl of motst soils also got reduced dus to
froquent disturbance for sanpling and consequent oxidae
tion.



10. There was only a negligible increase in specific

11.

1z,

13.

14,

15,

16.

conductance on drying of soils,

The availability of all major mitrients reducéd on
drying, more particularly with phosphorus,

Exchangeable iron contents reduced sharply on drying
due to oxidation of iron to hydrated ferric oxides.

/
There was no significant change in the content of

exchangeable aluminius probably due to the noneredsx
nature of the element,

Under éonditlons of field simulated air drying, the
pH was stabilised to near neutral in the subzerged -
80l1l column of Kayal and Kerapadog soils. In Kary
soils, the pil was atill extremely acidic. In =erabic
8011 column, the pH wam extreasly acidic in all the
8311 groups,

Capillary rise and evaporation of sea water had
resulted in inoreased apecific conductance of all
s0ils. The conductivity of Karapsdom soils was higher

and was in the toxic levels.

Amsaonium acstate extracted iron and potassium chloride
extracted iron contents were extrenaly high and well



So, after an extreme drought, when a subssauent
cryp is raised during the next season, chances for lron
and aluminium toxicity ekists in Kuttanad. In Kari soils
the pH falled to get stabilised near neutral. Thers can
be a saline water influx, under conditions of extrome
drought which can cause salt injury to plants. The impact
of artificiel reclamation projects in Kuttaned also
requires through study from the point of view an their
impact on 801l properties and hydrolozical conditions
which decides the suitability of acid sulphate soils for
rice culture, In Siorra Leone, Bangladesh and China
(Bloomfield and Coulter, 1973; Huenchl Mso, 1958) where
prolonged dry seasons exists as in Kuttanad, such recla=
mation projects intented for preventing sea water intrusion
at high tides in acid sulphate soilg, had often lead %5
strong acidification and subsequent iron toxicity and

conszequent abandonment of land,



17.

above the critical levels of toxicity in the soil

colum in contact with sea water of all soil groupns,
The sercbic column recorded only negligible exchone
geable iron content, DTPA extracted iron gave cone

siatent results irrespective of geroby or ansersty,

Due to the stabilisation of pH to near neutrality,
exchangeable aluainium content was only in traces
in Xerapadog and XKaysl soils in submerged partion.
But Kari soils recorded an exchangeable aluminium of
62-76 ppm in submerged portion. In aerobic zonc the

contents were higher in all sosils,
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APPENDIX 1

Abstract of Anova of physical, physico-chemical, chemicel end aicrsdblological
properties of different types of solls in Kuttansd

M=an squares

Source d.f. Total Fungal Bacteriel Eulk Particle Molsture PHy PHy
count popule- popula= density density
tion tion
Treatments 2 0.0232° 8.10°x10™" 0.0295° 0.00174 0.0451°  367.18  4.942° 44306
Error 28 0.00783 1.38x10™" 0,00852 0.00615 0400796  94.72  0.170  0.171
Mean squares
Source defe ToSeS. Availa= Avalla~ Availa= DIPA-Fe  NH OAc KCl Fe  Availa-
ble ble . ble Fe ble
N P X Al
Tresatments 2 1.049 473.5 803.75 526.02 1020.05 51,91 3288.,63 26638.13
Error 28 0.3199 2598.86 643,20 3423.53 310.07 119.98 88174.65  10020.22




APPERDIX II
Abstract of anova of effect of drylng in different 304l types of Kuttanad

Saurce d.f. pH¥ TeSaSe pHs Av, N Ave P Av, X Aamoniua
acetate
Fe
k] [ 3 +* &* ¥* *
Treatment 71 8.272)  2.2863° 10.875.  3.805,  2.560,  1.325  95.538
Sol%st):ypo 2 10,790 80,11 S.340 27.084 21.81 5.023 554329
Type of 2 72.409°  0.329 27,647 6h.852°  26.773°  0.0792 186,167
drying (C)
sC & 49.027° 0.0585  85.481  1.162 8,498  10.515 735.815"
Period (P) 7 1,156  0.0422 9.689°  0.600 2,001 0.281 6.172"
Sp 1 . 3.859°  0.0286 2,719  4.251°7  0.608 0.153  58.573"
cp 1% 1.175  0.0154 1.025  0.442 0e2%4 0.187  17.723
SCP 28 0.0029 0.0089  0.595  0.359 0,161 0.157  2.029
Error 72

tSignificant at 5% levels of significance



APPENDIX II {(contd.) -

Source Quf. KC1 Fe Exchaﬁ%eable
Treatment ST LTk 0.715
Soll type (S) 2 34319 - 12,767 -
Type of : - :
drying  (C) 2 46.852" 2.184

.*.
s¢ - © 4 28,320 . 0.625 -
Period (P) 7 1.811 0.771
SP - A4 1185  0.205 -
CP - - 14 0:486 - . 0350 .
SCP . 28 0.274 . 0.202

Error .72




APPSNDIX IIL

Abstract of Anova of effect of air drylng under simulated fleld conditions
in different soll types of Kuttanad

MEAN SQUARES

Source d.f.
pHH i " TeSe5s KLliere DTPA=Fe NH - OAc=Fe ECl-Ail

Treatments 53  1.466° 1.682" 3.582 6016427  5345.33  211453.20  12483.55
{(A) Height

orlaoj.l 17 3.660% 4.533% 2.008 1722254° @177.24  568156.5  18406.17
coliumn . - .
(B) S0 2 7.255% 4.686% 75.620° 343286 43005.5  253749.8° 125799.4
ype | |
AxB 3% 0.0719 0.0788h 0.131  56533.3 1716.07  30613.49 2856.60

Error 54  0,1201 0.158 3,678 1763241 1275017 10876.85 8454.69

Total 108

*Significant at 5% level



FEFECT OF DRYING AND WETTING
ON THE PHYSICAL, PHYSICO-CHEMICAL AND
CHEMICAL PROPERTIES OF THE SUBMERGED
SOILS OF KUTTANAD

BY
RAJU BP. V.

ABSTRACT OF THE THESIS
SUBMITTED IN PARTIAL FULFILMENT OF THE
REQUIREMENT FOR THE DEGREE
MASTER OF SCIENCE IN AGRICULTURE

FACULTY OF AGRICULTURE
KERALA AGRICULTURAL UNIVERSITY

DEPARTMENT OF SOIL SCIENCE AND AGRICULTURAL CHEMISTRY
COLLEGE OF AGRICULTURE
VELLAYAN! - TRIVANDRUM.

1988



ABSTRACT

A study was undertaken at the College of Agri-
culture, Vellayani to know the effect of drying and
wetting on the phyaica-chnnlc_:al_properties of subaerzed
acid sulphste soils of Kutta;;ad which are known locally
as Rarapadom, Karg and Kayal soils. Random aoil samﬁlos
were collected from various parts of Kuttanad and their
physico=chemical properties such a.s pH, conductivity,
available NPK status end different forms of iron and
aluniniun wers estimated in moist state itself, Textue
rally Kuttanad soils were predoninantly of clayey nature,
Bulk and particle densities weres significantly lower in
Kari soils due to high organic matter as coapared to
Kerapedom and Kayal soil. The pH values of Kayal soils
ware significantly higher than that of Kari and Karaocadom
80113 which ware extremely acidic, The conductivity of
all soil groups were negligible probably due to seasomal
effects and also due to the commissioning of Thancermukkon
bund and Thottapally spillway which prevented the ingress
of sea water, The avallability of n2Jor nutrients was
fairly high and no significant differences existed batwaen
soils, Exchengeable ircn and alusinium varied greatly



in individual sazples and in few cases the levels were
in toxic concentrations. The microbial count recorded
was very low and the Kari soils showed a pmdominancg
of fungal population due to its low pH.

To study the effect of drying, two asamples from
each soil group werz subjected to air drying and sun
drying and compared with the soil incubated under molist
condition, Estimations for pH, conductivity, avalilsable
NFK ‘and different forms of iron and aluminium were carried
sut at intervals of 1 day, 1, 2,. 3y 4, 8 and 1; weeks,

o
e

Drying of soil had reg?tiitcd in a marked snd
significant decrease in soil pH. The availability of
all major nutrients got reduced, the moximuzm reductison
.being noticed in the case of phosphorus. Exchangeable
irsn levels also were reduced significantly as a result
of oxidation upon drying of soils., 'fhem vers no signie-
ficant changes in the specific conductance and exchane
gesbla aluminium content of the soil groups,  Sun drying
and air drying behaved sinilaprly in all cases,

To simulote the process of drying under field
conditions in Kuttanad, the selected soil sanples after
intensive drying were packed in V¢ pipes of 12" lensth



and 37 diemeter and were kept in porcelain pats‘cantmining
s8ix inches of sea water, allowing free capillary rigse,
After one month, the s0il column was taken out, divided
into portions of one inch each and eatimations for pi,
conductivity, and different forms of iron and aluminiun

were carried sut,

In the six inch submerged soil column, due t5 soil
reduction there had been an increase in soil pH, to near
‘neutral values except in Xari soils, The exchangeable
aluninium contents were only in traces in Karapadom ang
Kayal s0ils, but Kari soils recorded a range of 62=7G ppm.
The exchangeable iron, extracted using neutral norasl
azadniuz acetate and normal potassium chloride were very
high and above criticel levels for imparting toxicity,.
Due to capillary rise of the sea water and consequent
evaporation, the conductivity of the samples in the sail
column increased siznificantly. Karespadom s0ils racorded
a significently higher specific conductance,

In the aerobic 12" soil column, the soil reaction
was extremely acidic. Exchangeable iron content was

negligible and the exchangeable aluminium contents wers
in the range of 335~231 ppn.



So, after en extreme drought, when a subsegqucnt
crop 18 reised durdng the next sess0n, chances for iron
and aluminiua toxicity ekists in Kuitanad. In Xari soils
the pH falled to get stabllised near neuiral. There can
be a saline water influx, under conditions of extrome
drought which can cause salt injury to plants. The impact
of artificial reclamation projects in Kuttanad also
requires through study from the point of view on their
impact on soil properties and hydrologzical conditions
which decides the sultability of gmeid sulphate soils {op
rice culture., In Sierra Lesne, Bangladesh and China
(Bloomfield and Coulter, 19733 Huanchi Mao, 1958) where
prolonged dry seasons exists as in Kuttanad, such rocla=
mation projects intented for preventing sea water intrusiosn
et high tides in acid sulphate soils, had often lead to
strong acidification and subsequent iron toxicity and

consequent abandonment of land,



