
EFFECT OF SUBMERGENCE ON THE SOIL 
TESTING PARAMETERS OF PADDY SOILS

TH ESIS  SUBMITTED IN PARTIAL FULFILMENT OF 

THE REQUIREMENT FOR THE DEGREE 

M ASTER O F S C IE N C E  IN A G R IC U LT U R E  

FACULTY OF AGRICULTURE 

KERALA AGRICULTURAL UNIVERSITY

DEPARTMENT OF SOIL SCIENCE AND AGRICULTURAL CHEMISTRY 

C O LLE G E  OF A G R IC U LT U R E  
VELLAYANI, TRIVANDRUM

1986

USHA MATHEW
BY



DECLARATION

I hsreby declare that this thesis entitled 
°Effect of submergence on the soil testing parameters 
of paddy soilsB is a bonofide record of research work 
done by me during the course of research and that the 
thesis has not previously formed the basis for the 
sn*ard to me of any degree, diploma, aaeociateship, 
fellowship or other similar title of any other University 
or Society*

W —1
X  -  *

(USHA MATHEW)

Vellayani,
986.



CERTIFICATE

Certified that this thesis entitled “Effect of 
submergence an the sail testing parameters of paddy soils" 
is a record of research work dons independently by 
Kiim* Ueha Mathew under ay guidance and supervision and 
that it has not previously formed th* basis for the award 
of any degree, fellowship or associ&teship to her*

Vellayani, 
27— 5— 1936.

(Alice Abraham) 
Chairman, 

Advisory Committee* Professor of Soil Science 
and Agricultural Chemistry*

APPROVED BYs

Chairman;
Dr, Alice Abraham



ACKNCK-1LODGEMENT

I wish to place m record my deep sens© of grati­
tude and indebtedness to;

Dr* Alice Abraham, Professor of the Department of 
Soil Science end Agricultural Chemistry and 
Chairman of the Advisory Committee for her very 
valuable guidance in the planning and execution 
of this work, for the advice and encouragement 
given throughout the period of the investigation 
and preparation of the thesis?

Dr* R.3. Aiyer, Professor* and Head of ’the Depart­
ment of Soil Science and Agricultural Chemistry 
and member of the Advisory Committee for the 
useful Suggestions offered and for critically 
going through the manuscript;

Shri* !l, Abdul Heuaeed, Professor of the Department 
of Soil Science end Agricultural Chemistry and 
member of the Advisory Committee for the esrpert 
advice and valuable suggestions for the best 
conduct of the study?

Dr* P, Saraswathy, Associate Professor of Agri­
cultural Statistics and member of the Advisory



Committee for the guidance and help in the? 
statistical analysis of the data;
Dr* M*n. Koshy, Bean-in-charge, Faculty of Agri­
culture, Kerala Agricultural University for 
providing the necessary facilities;
All staff members and fellow students of the 
Department of Soil Science and Agricultural 
Chemistry for their kind co-operation; 
to the I*C*A,R. for the fellowship made available 
to me during the period of the post graduate pro­
gramme and to ths Kerala Agricultural University 
for providing me the facilities for research work.

USHA MATHS?.



INTRODUCTION
REVIEW OP LITERATURE
MATERIALS AND METHODS
RESULTS

DISCUSSION

SUMMARY AND CONCLUSIONS

REFERENCES

APPENDIX



LIST OF TABLES

Table

1(a)

1(b)

1(c)

Kd)
2

3(a)

3(b)

3(c)

3(d)

3(e)

4(a)

Physico chemical properties of alluvial 
soils.
Physico chemical properties of acid saline 
soils.
Physico chemical properties of acid sulphate 
soils.
Physico chemical properties of saline soils.
Physico chemical properties of rice soilss mean values.
pH of alluvial soils on submergence in water for 10 periods of sampling over a period of 
three months.
pH of acid saline soils on submergence in 
water for 10 periods of sampling over a period of three months.
pH of acid sulphate soils on submergence in water for 10 periods of sampling over a period of three months.
pH of saline soils on submergence in water 
for 10 periods of sampling over a period of three months.
pH in water of rice soils on submergence in 
waters mean values for 10 periods of sampling over a period of three months.
EC of alluvial soils on submergence in water for 10 periods of sampling over a period of three months.

Page

34

36

39

42
43

46

47

48

49

50 

52



■Page

53

54

55

56

57

58

59

60

61

63

64

EG of acid saline soils on submergence in water for 10 periods of sampling over a period of three months.
EC of acid sulphate soils on submergence in water for 10 periods of sampling over a period of three months.
EC of saline soils on submergence in water 
for 10 periods of sampling over a period of three months.
EC of rice soils on submergence in water: mean values for 10 periods of sampling over a period of three months.
LR of alluvial soils on submergence in water for 10 periods of sampling over a period of three months.
LR of acid saline soils on submergence in 
water for 10 periods of sampling over a period of three months.
LR of acid sulphate soils on submergence in water for 10 periods of sampling over a period of three months.
LR of saline soils On submergence in water 
for 10 periods of sampling over a period of three months.
LR of rice soils on submergence in water: 
mean values for 10 periods of sampling over a period of three months.
Available nitrogen of alluvial soils on submergence in water for 10 periods of 
sampling over a period of three months.
Available nitrogen of acid saline soils 
on submergence in water for 10 periods of sampling over a period of three months.



Table

6(c)

6(d)

6(e)

7(a)

7(b)

7(c)

7(d)

7(e)

8(a)

8(b)

8(c)

Available nitrogen of acid sulphate soils 
on submergence in water for 10 periods of sampling over a period of three months*
Available nitrogen of saline soils on submergence in water for 10 periods of sampling over a period of three months*
Available nitrogen of rice soils on sub­mergence in waters mean values for 10 periods 
of sampling over a period of three months*
Available phosphorus of alluvial soils on 
submergence in water for 10 periods of sampling over a period of three months.
Available phosphorus of acid saline soils on submergence In water for 10 periods of sampling over a period of three months*
Available phosphorus of acid sulphate soils 
on submergence in water for 10 periods of 
sampling over a period of three months*
Available phosphorus of saline soils on sub­
mergence in water for 10 periods of sampling over a period of three months*
Available phosphorus of rice soils: mean values for 10 periods of sampling over a 
period of three months.
Exchangeable potassium of alluvial soils on 
submergence in water for 10 periods of 
sampling over a period of three months.
Exchangeable potassium of acid saline soils 
on submergence in water for 10 periods of sampling over a period of three months.
Exchangeable potassium of acid sulphate soils on submergence in water for 10 periods 
of sampling over a period of three months.

Page

65

66 

67

69

70

71

72

73

76

77

78



80

81

02

83

04

85

87

88

89

go

91

Exchangeable potassium of saline soils 
on submergence in water for 10 periods of sampling over a period of three months.
Exchangeable potassium of rice soil: mean values for 10 periods of sampling over a period of three months.
Exchangeable calcium of alluvial soils on submergence in water for 10 periods of 
sampling over a period of three months.
Exchangeable calcium of acid saline soils 
on submergence in water for 10 periods of sampling over a period of three months.
Exchangeable calcium of acid sulphate soils on submergence in water for 10 periods of 
sampling over a period of three months.
Exchangeable calcium of saline soils on 
submergence in water for 10 periods of sampling over a period of three months.
Exchangeable calcium of rice soils: mean values for 10 periods of sampling over a period of three months.
Exchangeable magnesium of alluvial soils on submergence in water for 10 periods of 
sampling over a period of three months.
Exchangeable magnesium of acid saline soils 
on submergence in water for 10 periods of 
sampling over a period of three months.
Exchangeable magnesium of acid sulphate soils on submergence in water for 10 periods of sampling over a period of three months.
Exchangeable magnesium of saline soils on submergence in water for 10 periods of 
sampling over a period of three months.
Exchangeable magnesium of rice soils: mean values for 10 periods of sampling over a period of three months.



LIST OF FIGURES

1. Changes in pH of soils with time due to flooding.

2. Changes in lit of soils with time due to flooding*

3. Changes in EC of soils with time due to flooding#
4# Changes in available nitrogen of soils with time

due to flooding#

5# Changes in available phosphorus of soils with time 
due to flooding#

6# Changes in exchangeable potassium of soils with time 
due to flooding#

7* Changes in exchangeable calcium of soils with time 
due to flooding.

8# Changes in exchangeable magnesium of soils with time 
due to flooding#



INTRODUCTION



INTRQEUCTION

Host of the world’s rice crop is grown during the wet 
season when rice fields remain waterlogged for the greater 
part of the growing period# In soils* which remain permanently 
waterlogged or only temporarily during the rainy season* faraero 
have opted to grow rice possibly since no other crop can be 
grown# In the past* rice has been continuously produced in 
flooded soils in vast areas of Asia without even moderate 
fertiliser Inputs* indicating their inherent potential to 
provide and possibly regenerate a satisfactory fertility level#

Many physical* chemical and biological systems vitally 
important to the nutrition of rice plants are known to be 
Influenced by anaerobic conditions prevailing# The chemical 
changes are mainly set In motion as a consequence to the 
biological oxidation process taking place under oxygen deficient 
status of flooded soils where alternate electron acceptors are 
available. The net result of these changes provide both 
benefits in terms of increased nutrient availability and 
disadvantages such as toxicity due to excess of iron., manga­
nese etc# for rice cultivation#

The cognisable effects following soil submergence are 
an increase in the content of available forms of both major 
and some of the micronutrientse decrease in the availability
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of zinc, an excessive increase in the content of ferrous 
iron and formation of sulphides and organic acids.

The flooded soils that support rice culture thus 
serve as a natural source of increased nutrient supplye 
In the present system of fertilizor-use in rice produc­
tion technology, Agronomists and Soil Scientists have 
not paid adequate attention to this aspect of the flooded 
soils acting as a potential source for increased nutrient 
supply to rice. A definite idea on the pattern and magni­
tude of the changes that are taking place in the various 
parameters of practical significance to the rice crop is 
highly imperative for drawing up a package of practices 
for wet land rice cultivation.

The chemistry of submerged soils has been elabora­
tely reviewed by Ponnamporuma <1965, 1972), Patrick and 
Mahapatra (1968), Patnaik and Reddy (1978) and several 
others* The chemical changes in submerged rice soils and 
their effect on rice growth have also been generally 
characterised (Da Datta, .1981).

Much information on the changes in the natural 
supply of plant nutrients in rice fields, which are 
flooded by irrigation or by natural rains, is not availa­
ble for the rice soils of Kerala which show wide variation 
in nutrient status as well as physico chemical properties.
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Routine testing of soils in the soil testing laborato­
ries for making fertilizer recommendations for specific crops 
is done only on the air dried soil samples* However, the 
recommendations for rice based on the results of such analysis 
can only be an escalated one in the event of the nutrient 
status of soils getting improved due to the onset of flooding 
and related management operations for rice culture* Thus 
recommendations very often are much higher than what are 
optimally needed*

The recommendations can become more meaningful only 
when they are based on the available nutrient status of each 
soil type under wetland conditions* It is needless to say that 
the scope for such analysis is often impracticable and very 
remote* Nevertheless, a quantification of the net changes in 
the various soil testing parameters of rice soils due to sub­
mergence assumes great importance in the light of the soaring 
coat of fertilizers and the socio-economic conditions of the 
farmers which compels him to prefer a wider cost benefit ratio*

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

(i) To quantify the changes due to submergence in the status
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of available M, Pt K, Ga, Mg and line requirement in 
four Important types of paddy growing soils of the State*

(11) To correlate the above variation in nutrient status in 
each soil type with the basic physico chendcal proper­
ties of the soil*

(ill) To compute possible changes that can be made in the 
fertilizer recommendations based on soil testing in 
each soil type*
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REVIEW OF LITERATURE

The majority of the rice soils of Kerala are subject 
to rhythmic spells of wet and dry periods consequent to 
changes in weather conditions. Alternate wetting ana drying 
brings about changes in the physical, physico chemical, bio* 
chemical and electro chemical properties of the soils which 
are of wide ecological and agricultural importance.

Rice is a crop suited to grow under such situations 
because many of these changes consequent to flooding in water 
are often favourable for its growth and nutrition. Such 
changes that take place in a soil whan it remains submerged 
in water for a continuous period of three to four months, 
covering the entire duration of the rice crop have been 
monitored and amply reported in literature, a brief review 
of the more recent literature on changes in electro chemical 
properties and nutrient availability in the submerged soils 
is presented,

A, Electro chemical properties
(1) Oxidation - Reduction potential (Eh)

One of the most important electro chemical parameters 
used to characterise submerged soils is the redox potential, 
which Is a measure of the oxidation * raduction potential of
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a soil. It Is a useful guide to the sequence of coll reduc­
tion, but it does not Indicate the capacity of the soil to 
resist Eh changes. Once the soil is waterlogged, the air 
from the pore space is fully displaced and it Is never reple­
nished to the original level, Pearsall (1938) has observed 
that when the oxygen supply is limited, a proportion of the 
soil micro organisms make us© of electron acceptors other 
than oxygen for their respiratory oxidation, leading to a 
state of chemical reduction, which ia reflected in the lower­
ing of the oxidation - reduction potential. He also showed 
that the high demand for oxygen in the flooded soil as com­
pared to the low supply rate leads to the formation of two 
distinct soil layers - an oxidised or aerobic surface layer 
and underlying reduced or anaerobic layer where no free oxygen 
is present (Ponnaaperueaa, 1972).

The diffusive movement of oxygen la waterlogged soils 
is very slow and consequently in a freshly flooded soil, res­
piring aerobic micro organisms will reduce the oxygen concen­
tration to zero within a few hours (Scott and Evans, 1955).

Savant and Ellis (196^) noticed a sharp decrease in 
redox potential values within 15-20 days after submergence 
which reached near equilibria© conditions after 75 days sub­
mergence.
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Ponnamperuaa (1955, 1965) has reported that when an 
aerobic soil is submerged, its Eh decreases during, the first 
few days and reaches a minimum, then it increases, attains a 
maximum, and decreases again asymptotically to a value chara­
cteristic of the soil after 8-12 weeks of submergence#

Chakravarthi et al« (1970) have stated that redox 
potential on submergence is characterised by a sharp fall 
for a period of three weeks followed by a more gradual decrease 
to an almost constant value at the end of three months*

Mukherjee and Basu (1971) have shown that Eh values 
decrease gradually under waterlogged conditions and the values 
are lower with increasing soil depth# He has found that the 
rate and magnitude of the Eh decrease depends on the kind of 
organic matter, the nature and content of electron acceptors, 
temperature and the duration of the submergence#

According to Ponnamperuaa (1972) when an aerobic 
mineral soil is submerged, it undergoes reduction and the 
redox potential drops to a fairly stable value of +0.2 to 
-0#3 v depending on the soil, while the potential in the sur­
face water and the first few millimetres of top soil remains 
at +0#3 to +0#5 v*

Islam and Islam (1973) observed a sharp decline in
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redox potential and indicated negative values after five weeks 
of submergence*

Moraes (1973) has stated that the Eh of soils decreased 
slowly between the fifth and seventh week of submergence and 
then became stable showing values ranging between -200 and 
-300 asv.

Qhlsson (1979) reported that after one day of water­
logging the redox potential declined and reached negative 
values after six days*

(ii) Soil reaction (pH)

Soil reaction is perhaps the most important single 
chemical character of soils which affects the growth of plants 
both directly and indirectly through its control on the avai­
lability of nutrients and the activity of micro organisms* 
Considerable changes in the pH values of soils have been 
noticed during submergence in water*

Ponnamperuaa et al. (1966ap 1966b* 1967, 1969) have 
reported that the pH of most soils tends to change toward 
neutrality after submergence. An equilibrium pH In the range 
of 6*5 to 7.5 Is usually attained. The pH buffering action 
of submerged soils is attributed to iron and manganese redox
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systems and carbonic acid,

Mukherjee and Baau (1971) observed a gradual increase 
in soil pH after a alight initial depression and reached neu­
trality under waterlogged conditions,

incubation studies conducted by Dev and Sharaa (1971) 
on 12 soil samples, collected from areas essentially growing 
paddy year after year, revealed that on submerging for 15 days, 
pH values increased in all soils except those which are not 
calcareous in nature* Submergence for 30 days did not increase 
pH further end they suggested that increase in pH was prima­
rily due to an increase in reducible manganese content in soil 
on submergence.

Ponnaaperuma (1972) observed that pH increase in iron 
deficient soil is usually small* Peat soils and some acid 
sulphate soils may have pH values of 5*0 even in the flooded 
state* Soils high in organic matter and reducible iron attain 
a pH of 6*5 within a few weeks of flooding at temperatures 
above 50°c*

According to Moraes (1973), flooding increased the pH 
of acid soils and decreased that of alkaline soils* The pH 
of acid soils increased to 6,6 during the first few days and 
then remained steady*
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Haphade and Childyal (1973) have shown by laboratory 
experients that increasing the degree of puddling end modify­
ing the water regimes from field capacity to saturation and 
flooding significantly increased the pH of the soil solution* 
Tha pH increase was found to be associated with reduction 
processes in the soil*

KuruvlXla sad Patnaik (1973) reported that the pH of 
most flooded acid sulphate soils increased slowly and rarely 
exceeded 6*0 evenafter 6 months of submergence* The increase 
in pH upon flooding was mainly due to reduction of ferric 
oxides to soluble Pe * a process that consumes acidity*

The slow increase in pH in moat acid sulphate soils 
has been attributed to adverse conditions for microbial 
reduction* low contents of metabolizable organic matter and 
easily reducible ferric oxide (Ponnsmperuaa et al» 1973)*

In samples of two sandy loam sails of pH 9.35 and 
6*63* flooded to a depth of 2.3 cm and incubated for 100 days* 
Ghosh et al» (1975) observed on increase in pH which reached 
more or less constant values at near neutral point during the 
first 30 days of incubation.

The overall effect of submergence, according to 
Ponnaapemna (1976) was to Increase the pH of acid soils and
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to depress the pli of sodic and calcareous soils* Thus, sub* 
mergence makes the pH values of acid soils (except those low 
in iron) and alkaline soils converge to pH 7. Although the 
pH values of acid soils increase after submergence and oodic 
soils decrease, soil properties markedly influence the pattern 
of changes* Soils high in organic matter and active iron 
rarely exceed a pH of spr® than 3*0 even after months of sub­
mergence* Organic matter magnifies the decrease in pH of 
sodlc and calcareous soils (IRRI, 196$) low temperature 
(IRRI, 1963) and presence of nitrates (IRRI 1963) retard the 
increase in pH*

Moore ©t si. (1932) stated that during submergence of 
soils under laboratory conditions, soil pH and exchange aci­
dity gradually increased to stabilized values In the neutral 
range, while pH dependent acidity showed a decrease and reached 
fairly stable values*

Kafeeerathusuaa and Patnalk (1982) reported an increase 
in pH on flooding of the acid soils of Kerala.

Alice Abraham (1934) has reported significant rise 
In pH of the different soil types of Kerala due to submer­
gence in water* Changes in pH over a period of flooding for 
two months were highest for the coastal sandy soils, and lowest 
in the case of kari and pokkali soils*
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(lii) Specific conductance {EC)

The specific conductance of flooded soils represents 
a balance between th© production of ions and their inactiva­
tion or replacement due to the various processes that result 
during flooding*

PonGaaperuffia (195?) reported that specific conductance 
increased after submergence* attained a maximum and then 
declined* Accordins to him* the increase In conductance 
during the first few weeks after flooding Is due to mobili­
sation of Fe2* and Mn2%  accumulation of ECO-" and
ncaeT and displacement of cations from soli colloids by 
Fe2* Mn2* and NH4+ ions*

Kasaara et al* (190) were of the view that the increase 
in electrical conductivity was due to the increased Ionic con­
centration in the soil solution caused by reduction of insolu­
ble oxides of Fe* Mn and accumulation of ammonia during flood­
ing*

Ponnasparusa (1965) stated that flooding a ©oil caused
. qan increase In the concentration of ion® such as €a * tig 9 

* Fe*2* Mn+2 and H C O ^  which become acre mobile in 
the soil under waterlogged conditions* The increase in con­
centration of these ions is considered to be a secondary effect
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of flooding and subsequent reduction and Is mainly due to 
solvent action of C02, Ponnanperuma at al, (1966b) periodi­
cally determined the specific conductance of a soil solution 
from submerged soils in pots and reported that it increased 
after submergence, attained a maximum and then declined.

Incubation studies by Dev and 3haraa (1971) in paddy 
soils revealed that on submerging the soils for 15 days, EC 
values of supernatant liquid showed an increase.

According to Ghosh et al* (1975), conductivity of * 
sail increased from 0,2 to 0,7 mtahos/cm on submergence for 
100 days. Similar results have been obtained by fJaph&de et al, 
(1973)*

Moore et al, (1902) reported that due to submergence, 
the electrical. conductivity of soils almost doubled end the 
peak values were obtained at the fourth week of submergence 
which remained constant upto five weeks and then slowly decrea­
sed. The initial increase in the electrical conductivity was 
due to the increased ionic concentration in the soil solution 
caused by reduction of Insoluble oxides of Fe» Mn and accumu­
lation of

According to Alice Abraham (1984), changes in EC were 
significant in the different rice soils of Kerala during sub­



14

mergence. She reported that maximum rise in SC was observed 
by the 20th day and after that a significant diminution was 
observed, This trend persisted till the end of the two months 
period, showing a quadratic pattern in the sequence of chan­
ges.

Effect of submergence on available nitrogen

Nitrogen in flooded soils is subjected to a variety 
of transformations. Ammonia sources are subjected to fixa­
tion by clays, loss by volatilisation and to nitrification 
followed by loss through denitrification. Immobilisation of 
nitrogen due to microbial fixation into organic fraction of 
wetland soils, although lower than in dry land soils Is taking 
place to a certain extent.

Japanese Agronomists have long recognised that drying 
of rice soil before submergence makes the rice grow better 
(Mitsui, 1960). The effect was attributed to the accumulation 
of inorganic nitrogen in the soil by microbial mineralisation 
of organically bound soil nitrogen.

Hirose and Kuaada (1963) reported that nitrogen minera­
lisation increased with increasing moisture and length of 
incubation period. According to them, air drying a soil 
prior to flooding increased the rate of mineralisation of
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native nitrogen. Waring and Bretaner (1964) stated that mine­
ralisation was more rapid in flooded soil than in non-flooded 
soil. A rapid rate of N mineralisation due to alternate wett­
ing and drying cycles of soils has also been reported (Patrick 
and Mahapatra, 1-368).

Ponnaraperuma (1964* 1955) was of opinion that soils 
vary widely in their capacity to produce ammonia. He found 
a rapid release of nitrogen when soils rich in organic matter 
are submerged. He obtained nearly 3900 ppa of - K when 
such soils were submerged in water for a period of 30 days. 
However, soils low in organic matter, liberate only much 
smaller amounts of HHj and that too at a slower rate. He 
also reported that availability of nitrogen in flooded soils 
is higher than in non flooded soils. Eventhough organic 
matter is mineralised at a slower rate in anaerobic soils 
than in aerobic soils, the net amount mineralised is greater 
because only less nitrogen is immobilised. The availability 
of nitrogen in flooded soils increases with Increase in nitro­
gen content of the coll, soil pH and temperature (Ponnamperuaa, 
1965).

Bartholomew (1965) attributed the observed increase 
in ammonia production in flooded soils to a consequence of 
the shift in microbial community on flooding. When the aero-
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bie population is replaced by the anaerobic flora, there is 
lesser assimilation with a corresponding increase in the net 
release of available nitrogen* Similar observations have been 
made by Broadbent end He yes (1971)*

Kawaguchi (1966) observed that under flooded condi­
tions the nitrogen supplying power of many soils was high 
in Philippines* He was of the view that soils having a fine 
texture and high GEC were less easily exhausted in plant 
nutrients than sandy soils low in organic matter end low CEC* 
Kawaguchi and Kyuma (1968) found that the amount of ammonium 
nitrogen produced during two weeks of anaerobic incubation 
ranged from 4*1 to 9.7# of the total nitrogen in the soil*

Bhattacharya (1971) reported an increase in the exchan­
geable - H content In many soils on waterlogging ©s a 
result of the expansion of crystal lattices of the clay mine­
rals to release the fixed ammoniacal nitrogen* Lin et al* 
(1973) found that ammonia production after one week of water­
logged incubation closely approximated nitrogen uptake by the 
rice plant* IRRI (1973) has reported continuous nitrogen 
mineralisation in flooded soils at a constant rate throughout 
an incubation period of two weeks* Reddy et al. (1976) obser­
ved that the existence of aerobic and anaerobic sones in close 
proximity in the rice soils is responsible for the occurrence



17

of denitrification. Diffusion of ammonias fro® the? anaerobic 
to the aerobic soil layer accounted for more than 50% of the 
total nitrogen loss fro® columns of flooded soils*

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

The studies conducted by Vancleeaput et al* (1976) 
have revealed that under acid conditions, significant amounts 
Of hg0 and HO were formed in reduced situations* At higher 
pH, nitrate reduction rate was slightly less* The signifi­
cant production of NO under acid conditions suggested the 
likelihood of self-decomposition of nitrous acid as a major 
mechanism of nitrogen loss*

Hassen (1977) reported an increase in tho status of 
available nitrogen as well as P and K in the laterlte soils 
of Kerala consequent to submergence for a period of 10 days*

Reports from IRRI (1973) have shown that drying of a 
wet field may encourage mineralisation of nitrogen and there­
by increase its availability*
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Dei and Yamasaki (1979) nwe reparsed that water 
management and temperature markedly influence the rate and 
amount of ammonium released and that a dry soil whan flooded 
release more ammonium than a wet soil*

Vlek and Craswell (1979) have shown that soil pH has 
little effect on the pH of the flood water and thus on the 
ammonia volatilization losses* Ammonia volatilisation losses 
were generally reduced by factors such a» increasing soil CEC 
and reduced nitrogen application which help to reduce the 
level of aaasoniacal nitrogen in the flood water. Correla­
tion analysis by Sahrawat (1935) has shown that ammonium 
production was correlated to total nitrogen, organic carbon 
and C/U ratio. Organic carbon content is considered to be a 
good index of mine rail sable nitrogen in tropical wetland rice 
soils*

According to Reddy and Rae (1983) the sequential 
nitrogen transformations operating in a flooded organic soil 
include amaonlficatlon in the anaerobic soil layer, upward 
diffusion of NH^+ from the anaerobic soil layer to the flood 
water, nitrification In the flood water, downward diffusion 
into the anaerobic soil layer and denitrification in the 
anaerobic soil layer* Ammonification and ammonium diffusion 
functioning at a slower rate are probably the limiting
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processes of nitrogen lose from a flooded organic soli.
Kai et al. (1984) have shown that tropical wetland rice 
soils are very diverse in their inherent fertility. Incuba­
tion of air dried soil resulted in a large increase in the 
quantity of nitrogen mineralised, the main source of minera­
lised nitrogen being the amino acid and amino acid sugars*.

Effect of submergence on available phosphorus

Phosphorus is not directly involved in oxidation - 
reduction reactions in the redox potential range encountered 
in submerged soil* But, because of its reactivity with a 
number of redox elements like iron, manganese etc* its beha­
viour is significantly affected by flooding* The increase 
in concentration of voter soluble and available P due to soil 
submergence was reported as early as 1940 (Aoki* 1940, 
Mortimer, 1941).

According to Mitsui (1960), the most important effect 
of the anaerobic condition on phosphate was Its Increased 
availability to wetland rice.

Bssak and Bhattacharya (1S62) reported organic phos­
phorus to be the dominant fraction (41*6$ of the total phos­
phorus) in alluvial soils of West Bengal* They observed a 
release of about 420 kg PgQ^/ha from the mineralisation of
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organic phosphorus in th© course of a ric* growing season.

Savant and Ellis (1964) were of the view that the 
increase in availability of native soil P on flooding of 
soils was related raore to a decrease in redox potential*

Broeehart et al. (1965) have observed that flooding 
increased the availability of soil phosphate in rice soils 
in which free CaCO^ is absent. Purnachandra Rao (1966) 
noted that availability of phosphorus increases with flood­
ing due to solubilization of ferri© phosphates to ferrous 
phosphate associated with a lowering of oxidation - reduc­
tion potential of the soil. Chakravarfci and Kar (1970) 
reported that water soluble phosphorus Increased in all 
soils gradually with the period of submergence. Savant et al. 
(1970) observed that submergence followed by drying of soil 
prior to resubmergence Increased the availability of native 
phosphorus in acid soils of Maharashtra. Mahapatra and 
Patrick (1969* 1971) have stated that available soil phos­
phorus is known to increase when a soil is submerged. The 
increase in water soluble phosphorus has been attributed to 
the release of P from organic matter•

Handal and Nandi (1971) found that the' higher organic 
matter content, the higher intensity of soil reduction under



submerged conditions* as a result >f which available P 
Increased.

Islam and Islam (1973) reported. that the concentration 
of water soluble phosphorus increased upon submergence fi 
reached a aaxiiaun and then decreased. Sanches and Briones 
(1973) found that the increase in availability of phosphorus 
on flooding benefited rice only on low phosphate soils.

The results of laboratory incubation studies by Patel 
(1975) have indicated that the rice soils (sandy loam to 
eandy clay loam) have low P fixation capacity and on submer­
gence the availability of native phosphorus Increased.

Manual and Khan (1975) concluded that continuous 
waterlogging increased the availability of native soil phos­
phorus in acid soils. Chang (1976) noted that during sub­
mergence crystallised iron phosphate tend* to change into 
colloidal iron phosphate through solution and precipitation 
resulting in its greater availability.

Singh and Bahsaan (1976) .obtained an increase in avai­
lable P-after 10 days of incubation when clay loam acid soils 
with pH 5.7 and organic carbon 0.9$ were kept waterlogged* 
They have also recorded a decrease in available phosphorus 
after 20 days of incubation.

2i



22

Mohanty and PatnaIk (1977) found that suteaorgence 
Increased available P during the first 20 to 30 days because 
of reduction of iron and manganese compounds; afterwards 
there was a decrease because of the precipitation as phos­
phates*

Singh and Ram (1977) concluded that available phos­
phorus Increased during tillering stage of wetland rice and 
that it tended to decrease after that stage* They related 
the increase in available P in slightly acidic soil (pH 6*6) 
to a decrease in Fe-P and Ca-P concentrations* The decrease 
in available P was considered to be due to the reformation of 
insoluble Fe-P and Ca-P* According to Khalid et al* (1977) 
anaerobic soils have a strong capacity for fixing phosphates 
from solutions high in phosphates*

Panda et al* (1931) reported that phosphorus availa­
bility is low in alluvial soils because of their high P fixing 
capacity,

Veraa and Trip at hi (1932) reported that all the native 
inorganic phosphate fractions increased upon waterlogging 
with the max in UK increase of 70*7% In ’fe-P.

Reddy and Rao (1933) opined that the major processes 
that take place. In an anaerobic soil with phosphorus were
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mineralisation of organic phosphorus, adsorption, desorption 
and diffusion from underlying sediments to overlying water.

Effect of submergence on eKchaiaeable__pA^3sj?ĵ Ĵ colclj@ 
and magnesium.

Sturgis (1957) has reported that the availability of 
soil potassium increased by flooding particularly as the 
water temperature increased. Ponnamperuma (19655 has shown 
that flooding a soil Increased the potassium concentration 
in the soil solution as a result of an exchange reaction due

A rt
to increase in Pe and Hn'**. Ramanathan and Krishnamoorthy 
(1973) were of the view that the available K increased with 
the period of submergence due to release of K from the non 
exchangeable form. Islam and Islam (1973) observed that 
soil submergence increased the concentration of potassium in 
tb© soil solution. They also observed a rapid increase in 
the concentration of Ca and Mg with time of submergence. 
Calcium concentration continued to increase and attained 
peak value In the ninth week while magnesium concentration 
reached Its peak in the fifth week. After attaining the peak 
value, both calcium and magnesium showed a tendency to decrea­
se.

Islam and Ullah (1973) reported that soil submergence
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favoured an increase in the uptake of nutrients by rice 
including potassium, Kadrekar and Kibe (1975) chewed that 
potaseiua release took place only after 50-60 days In a con­
tinuously moist soil, Biswas (1974) attributed the differen­
tial release of non exchangeable potassium in submerged and 
non submerged soils to the more vigorous growth of the crop 
in waterlogged soils.

According to Gaikwad et al, (1974) in flooded rice 
soils, the soil maintains a fairly high concentration of 
exchangeable and non exchangeable potassium due to transfor­
mation of potassium from minerals. They postulated a dynamic 
equilibrium between reserve, non exchangeable and exchangeable 
for® of potassium#

Singh and Has (1975) reported that the potassium 
fixing capacity of paddy soils rich in clay increased with a 
rise in pH, consequent to flooding,

Murty and Singh (1975) reported an initial decrease 
in available potassium during the first week of flooding, 
followed by a gradual increase. They also observed a sharp 
Increase in water soluble calcium during the first week, 
but later the changes were found to be inconsistent,

Singh and Rata (1976) found that continuous submergence
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as -well as a drying and yetting cycle at 50 days Intervals 
increased the exchangeable potassium content.

Mohanty and Patnaik (1977) reported that the trans­
formation and availability of potassium, calcium and magne­
sium were primarily governed by the silt and clay content 
of the soil which inturn determined the total amounts pre­
sent. The availability of these three cations increased 
on flooding on account of their displacement by the action 
of water through hydration and hydrolysis and reached a peak 
in about 30 days and then decreased.

laboratory incubation experiments with acid sulphate 
soils by Kabeerathumma and Patnaik (1978) showed that flood­
ing resulted in increased availability of calcium and pota­
ssium.

According to Silverman and Munoz (1980) the rate of 
release of calcium and magnesium differed in soils incubated 
in air and under anaerobic conditions. In air the quantities 
Of calcium and magnesium concentrations increased for the 
first 5-10 days and then decreased. Under anaerobic incuba­
tion, calcium and magnesium concentrations either reached 
maximal values in 7-10 days with no subsequent decrease or 
continued to increase during the period of submergence.
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Muthuvel and Krishnamoorthy (1981) reported that 
the available potassium content of soils was not influenced 
by the soil moisture regimes.



MATERIALS AND METHODS



The effect of submergence on soil testing parameters 
of paddy soils was investigated using four soil types 
representing the alluvial* acid saline* acid sulphate and 
saline soils of Kerala.

MATERIALS AMD METHODS

1. Collection of soil samples

Surface soil samples (0-15 cm) were collected during 
December* 1984, after the second crop season from fanners* 
fields. The details and locations of collections ere given 
below.

Soil type Order Location District Mo. of"nmi ” samples
Alluvial Inceptisol Ko2hencherry, Pathanaathitta 12

Pathanemthi- & Chilian.
tta and
Punaloor.

Acid Inceptisol Vytilla Emakulam 12
saline
Acid Entisol Ambalapuzhft* Alleppey & 12
sulphate Karuaadi* Kottaya®.Thottapally 

and Kallara.
Saline Alfisol Karakkal, Emakulaa 12

Puthuvaippu.

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



passed through a  2 ass sieve and used for subsequent studies*

2* Phvaico chealcal properties

The basic physico chemical characters of the soils 
such as pH* EC, mechanical composition, cation exchange 
capacity, lime requirement, organic carbon, total and availa­
ble nitrogen and phosphorus, exchangeable cations like 
potassium, calcium and magnesium were determined by adopting 
standard analytical procedures as detailed be lows-

pH pH meter method Jackson (1972)
EC Solu bridge method Jackoon (1973)

Mechanical Analysis Hydroaetermethod Black (1963)

Cation exchange capacity Aaaoniua acetate 
method Jackson (1973)

Use requirement Hutchspn and Me LennaX*& 
method

Butchson and Me Lennal (1914)

Organic carbon W&lkley and 
Black#s rapidtitration method

Jackson (1973)

Total nitrogen Mcrokjeldahl
method Jackson (1973)

Available nitrogen Alkaline -
permanganate
method

Subbiah and 
Aslja' (1936-)
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Total phosphorus Chlorostannous - Jackson (1975)reduced molybdo phosphoric blue 
colour method, in sulphuric
acid system

Available phosphorus Dick®an and Jackson (1973)
Bray’s molybdenum 
blue method

Exchangeable cations Keutral normal Black (19&&) ammonium acetate extraction method

3* Incubation Experiment

The soil samples were filled in tali porcelain pota 
of size 23 x 13 cm and flooded with water to remain above 
the soil surface. The soil in each pot was stirred with a 
thick glass rod to ensure uniform mixing# The pots were 
placed for incubation on a level surface in the laboratory. 
The level of water on the soil surface was maintained at 
5 cm by addition of fresh water so as to simulate the 
situation available in flooded paddy soils. Wet soil samples 
were drawn by a funnel using the technique suggested by 
ABichandanl and Patnaik (1957) from each pot at fixed inter­
vals of 12 hours, 1 9 2, 3, 4, 3, 6, 8, 1d ana 12 weeks end 
analysed for the various parameters.

4. Analysis of soil samples
The wet soil samples were analysed for the different
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parameters, after tasking suitable allowance for the amount 
of moisture present in each sample*

a* pH of the samples were determined in 1 ;2*3 soil
water suspension using the glass electrode of the Perkin- 
Blaer pH meter*

b* Total soluble salts:-* Total soluble salts were determined
in 1:5 soil water suspension using a solu—bridge and expressed 

2on ®ahos/cm «

c* Lime requirement:- Ths lime requirement of the soil was 
determined by the method of Hutlfchson and He Innniul <1914).
A weighed quantity of soil was treated with measured volume 
of standard CaCHCO^Jg solution* The suspension was stirred 
well and filtered after 5 hours. Measured Volume o£ the 
fliterate was titrated against standard sulphuric acid using 
methyl orange as indicator, A blank was run with the same 
volume of standard Ca(HC03>2 solution. The difference bet­
ween the titre values showed the- ©mount of Ca(HCC>3)2 used, 
from which the amount of lime (as Caco*) per hectare of soil 
to a depth of 6 inches was calculated*

d* Available nitrogen:- Available nitrogen was determined 
by alkaline - permanganate method (Subbiah and Asija, 1956) 
by distilling 20 g of soil in a distillation flask with
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0*32jS potassium peraangnate and 2.5?i sodium hydroxide solu­
tions for 30 minutes. The ammonia released was absorbed in 
standard acxa ana zae excess acid was titrated with standard 
alkali. Fro® the volume of acid consumed by ammonia, the 
nitrogen content was calculated.

e. Available phosphorus:- Available phosphorus was estimated 
by Dickman and Bray's molybdenum blue method (19^0) in a 
Klett S timers on photo electric colorimeter. The soil was 
extracted with Bray's- reagent no. 1 (0*03 N in 0.025 H 
HC1). Estimation was done in 5 ml aliquot of the extract.

f. Exchangeable potassium*- Exchangeable potassium was 
determined in the neutral normal ammonium acetate extract 
by the flame emission method using EEL Flame photometer.

g. Exchangeable calcium and magnesium:- Exchangeable calcium 
and magnesium were determined in the neutral normal ammonium 
acetate extract using a Perkin - Elmer 3030 model Atomic 
Absorption Spectrophotometer.

Statiatical Analysis:-
The data generated from the incubation experiment in 

completely randomised- design with four soil typos were analy­
sed statistically for each character. The pooled analysis of
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variance was also don# for "the 11 periods of observation. 
Correlations among various characters for ©ach soil type in 
different periods were computed to bring out the relationship 
between the characters (Panse and Sukhatae 1967)•



RESULTS



RESULTS

Tii* results of the laboratory studies for monitoring 
the changes in nutrient availability on flooding of four 
typical soil types of Kerala are presented in this chapter.

1* Basic physico chemical properties of rice soilss Alluvial 
soils (Table 1a).

The 12 samples of this soil type were representatives 
of riverine alluvial soils of Pathanamthitta and Quilon dis­
tricts. These soils were slightly acidic and showed pH 
values ranging from 4*8 to 5.9 with an average lime require­
ment value of 9.7 t/ha. The electrical conductivity was very 
low and it was less than 0.1 amhos/cm for most of the soils. 
The mean value for organic carbon was 1 .®S. The total nitro­
gen content was rather high and ranged from 0.07 to 0.1 S?i 
and the available nitrogen varied from 33 to 191 ppa with an 
average of 115 ppm* The total phosphorus was also similarly 
high end ranged from 0.04 to 0*17& with mean value for avai­
lable phosphorus as 107 ppm. The CEC was also fairly high 
and ranged from 9 to 12 me/100 g soil with an average of 
10 me/100 s. Of the exchangeable cations, the mean values 
for potassium, calcium and magnesium were 131, 336 and 98 ppm



Table 1(a) Physico chemical properties of alluvial soils

Sample pH BC Organic L.FS Total Total Aval- Aval- CBC ExchangeableHo. (Ho0) ashos/ carbon (t/ha) N ('0 ? (y'>) lable lable (me/ .. cations .(ppm),
d cm (:3) N P 100 g) K Ca Mg

(ppo) (ppm)
r n  W) m  nn o )  (6) w  w

1 4.9 .. 1.7 10.3 0.09 0.17 83
2 4.8 1.4 11.0 0.10 0.04 92
3 5.0 «• 1.4 10.2 0.08 0.08 144
4 5.3 - 1.9 9.6 0.10 0.07 76
5 5.1 0.1 1 .1 9.8 0.08 0.09 118
6 5.9 - 1.6 3.3 0.09 0.06 149
7 5.2 0.1 2.9 9.8 0.07 0.11 191
a 5.4 - 1.9 9.5 0.11 0.04 83
9 5.5 - 2.6 9.6 0.14 0.12 122

10 5.3 - 1.6 9.6 0.11 0.07 113
11 5.6 0.1 1.1 8.9 0.13 O.OS 104
12 5.7 • 1.9 9.0 0.15 0.06 110

(9) fio) CT5 J (13J 03.' (.TCT
186 9 76 193 68 Clay loam
58 11 124 474 110 Clay
105 10 118 312 107 Clay
107 11 122 334 33 Clay
140 12 160 207 33 Clay
116 12 208 516 116 Clay
119 8 76 315 96 Clay loam
49 7 76 504 145 Clay loam
177 12 204 296 123 Clay
116 10 118 333 100 Clay loam
114 12 156 221 71 Clay
95 1 1 128 346 1 J O Clay

CO»£»
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respectively# These 12 samples of alluvial soils varied in 
texture from clay to clay loasu

Of the different soil characters studied, the pH in 
water showed a significantly high negative correlation to 
lime requirement (~0#93), while the relation of pH with 
clay content was positive and significant <0.59)* Though 
not significant, a positive correlation was there between 
pH and available nitrogen, exchangeable potassium, calcium 
end magnesium. A similar relationship was evident in the 
case of available nitrogen and phosphorus to their total 
contents and organic matter level in the soil.

Other correlations of significance were between 
exchangeable calcium and magnesium (0.78), exchangeable 
potassium and clay content (0.81) and CEC (0.84) and between 
DEC and clay (0.94).

Acid saline soils (Table 1b).

The acid saline soils were located aainly along the 
coastal parts of Emakulam district, locally known as 
f,Pokkalin soils. A single crop of paddy alone is raised 
during the period between May and August-Septeober* These 
soils were sandy loam in texture and 3howed a variable pH



Table 1{b) Physico chealcal properties of acid saline soils*

SampleNo, pH<h2q)
EC Organic L.R Total Total Avails* (snnhos/ C (50 (t/ha) N ($>) P {%) ble N cm) (ppa)

Availa­ble P 
(pps)

CEC(me/
100 g)

Exchangeable cations (dihbj 
k ca Mg

Texture

(O (2) (3) (4) (5) (6) (7) (8) (9) (10) (1 1) (12) (13) (14)
1 4.2 1.9 6.2 15.0 0.20 0.08 110 58 10 196 355 368 Sandy loan
2 4.9 2.0 6.1 14.4 0.17 0.07 114 51 10 202 434 564 Sandy clay 

loam
3 3.8 2.9 8.3 16.0 0.15 0.05 116 42 9 140 382 573 Loamy sand
4 4.9 1.5 5.6 14.5 0.13 0.05 113 70 9 136 309 400 Sandy loam
5 3.2 2.4 6.60 16.4 0.03 0.05 50 44 11 206 160 536 Sandy clay 

loam
6 3.5 2.0 6.5 16.2 0.21 0.05 87 55 9 66 131 65 Loaay sand
7 5.0. 1.3 6.5 14.4 0,20 0.06 120 116 m 1*51 602 37 San&v loam
8 4.6 1.2 4.S 14.S 0.11 0.09 84 76 10 202 128 1050 Sandy clay loaa
9 5.3 2.6 5.6 14.0 0.15 0.15 92 167 9 64 619 46 Sand

10 3.6 1.6 7.6 16.2 0.64 0.10 130 84 10 176 317 36 Sandy loam
11 4.4 1.9 7.1 15.2 0.11 0.12 52 31 9 128 816 92 Sandy loam
12 4.1 1.7 5.5 15.0 0.42 0.14 131 86 9 124 339 94 Sandy loam

Co05
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from 3.2 t? 5.3. The EC ranged from 1.2 to 2.9 aahos/osa 
with average. value of 1.9 Qsaahos/csi. Their line requirement 
was very high with an average value of 15.2 t/ha. These 
soils had a high organic carbon content ranging from 4,8 
to 0.3/a. The average content of total nitrogen and phos­
phorus were 0,21 and 0.08^ respectively. The available 
nitrogen varied froa 52 to 131 PPB and that of available 
phosphorus froa 44 to 165 ppn. The aeon value of CEO was 
10 »e/100 g. The exchangeable potassiua ranged froa 64 to 
206 ppa with a mean value of 149 ppa and the average value 
of exchangeable calcium and magnesia* were 424 and 322 ppa 
respectively.

In this soil type the pH did not show any signifi­
cant relationship with other soil characters except with 
available phosphorus which was positive and significant 
(0,62). The relationship of available nitrogen with total 
nitrogen was positive while that with organic carbon was 
negative. The influence of total phosphorus on available 
phosphorus was also positive and significant (0.62). The 
available phosphorus was negatively correlated with clay 
content (-0,63)» while it was weak and negative (-0,2$) 
with organic carbon. A significant and negative correlation
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was obtained between pH and line requirement (*0*89) end a 
significant and positive correlation between pH and organic 
carbon (0.72).

The CEO was correlated significantly and positively 
with day content- (0.80)* The effect of clay on exchangea­
ble cations like potassium and magnesium also were signifi­
cant and positive (0.9"/, 0.64), A similar relationship was 
evident in tha case of available potassium and GEC (0.77 )•

Acid sulphate soils Table 1(c).

The 12 samples of this soli type belonged to the hari 
soils of Alleppey and Kottayam districts. Three samples of 
acid sulphate soils from Kottayam district showed distinctly 
different values for ©11 soil properties compared to other 
samples.

These sails recorded the lowest pH among the four 
soil types and ranged In values from 2 to 3.7. The mean 
value of EC was 1.0 mmhos/c® cosing in the range from 0.2 
to 5.3 mmhos/cm* The organic carbon varied from 1.1 to 
10.4$ with a'nesn value of 6.3$. The lime requirement 
ranged from 15.7 to 17.1 t/ha. The CEC varied from 13 to 
30 me/100 g with a mean of 20 me/100 g. The . total nitrogen



Table 1(c) Physics chemical properties of acid sulphate soils.

SampleNo. ?h20) EC Organic L.R Total Total Availa- (mrahos/ C ($4) (t/hs) N {%) P 00 bl* N 
ca) (pp»)

Availa­ble P(ppa)
■ CEO 
(me/
100 s>

Exchangeable cations (dim)
K Ca m

Texture

(1 ) (2) (3) (4) (5) (6) (7) (8) <9) (10) (1 1) (12) (13) (14)
1 3.6 0.6 4.6 15.8 0.10 0.05 108 53 19 204 515 330 Sandy clay
2 3.7 0.4 1.1 15.7 0.09 0.03 85 81 21 120 577 425 Clay loaa
3 3.6 0.3 5.1 15.9 0.25 0.03 93 77 13 144 194 171 Sandy loan
4 3.0 0.4 4.9 16.3 0.08 0.02 155 88 16 100 267 191 Sandy clay loam
5 2.9 0.4 7.2 16.4 0.14 0.03 68 56 20 68 116 83 Sandy clay
6 2.0 3.2 10.4 17.0 0.44 0.08 530 63 28 22 704 868 Clay
7 3.0 0.5 7.0 16.3 0.17 0.01 63 70 13 52 281 174 Sandy loam
8 3.1 0.2 7.4 16.2 0.11 0.04 67 151 16 118 134 77 /Loam
9 3.4 0.3 4.4 16.0 o.oe 0.02 117 51 16 52 327 264 Sandy loam

10 2.3 2.6 9.9 17.1 0.42 0.07 495 44 28 20 543 648 Clay
11 2.8 0.2 3.6 16.4 0.10 0.02 43 91 14 50 109 104 Sand
12 2.1 3.1 9.6 17.1 0.42 0.07 488 39 30 36 577 1483 Clay

toC£
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was very high and ranged from 0*1 to u• 45̂  while the total 
phosphorus was low with n aeon value or 0*04/3* The available 
nitrogen for the throe samples was very high (350# 493 and 
488 ppm), while It ranged only from 43 to 135 ppia for the 
other samples* The status of exchangeable calcium and 
magnesium was also distinctly high, while available phospho­
rus and exchangeable potassium were very low for the three 
samples* In addition, these three samples were highly 
clayey (45̂  clay) in texture and rich in organic matter 
(10*4%) recording the lowest pH (2*0) and highest CEO 
(50 me/100 g)«

The texture of acid sulphate soils varied from clay 
to sand* Of the exchangeable cations, magnesium showed 
Values as low as 77 to as high as 1483 ppm and calcium from 
116 to 704 ppm, while potassium ranged from 20 to 204 ppa 
with a mean value of 82 ppm only.

In this soil type, pH showed a significant negative 
relationship with FO (-0.04), lime requirement (-0.93), 
available nitrogen (-9*32), exchangeable magnesium (-0*67), 
organic carbon (-0*84) and CEC (-0*72). EC was signifi­
cantly and positively correlated ;ith lime requirement,
CEC, clay, available nitrogen, exchangeable magnesium anc
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organic carbon (0,83* 0.91, 0.76, 0.93, 0.9 and 0.7S res* 
pectlvely). The relationship of available nitrogen -with 
total nitrogen (0.92) and organic carbon (0.77) was direct 
and significant while that of available phosphorus with 
total phosphorus (—0*34) and organic carbon (-*9.26) was 
weak and-inverse. CSC had a significant and positive 
influence on exchangeable calclua (0.79), exchangeable ©ague— 
slum (0.873 and to organic carbon (0*63). The effect of CSC 
ami clay on exchangeable potass iusa was weak and negative 
while that of pH was significant and positive (0,79).

Saline soils Table 1(d)*

These soils were mostly clayey in texture ane were 
frequently subjected to sea water intrusion, fro© different 
parts of Vyppin island* These soils, eventhough si eh in 
exchangeable bases, were extremely acidic with pH values 
ranging between 2,9 and 3.5* The us an value of EC was 
3.5 ©mhos/cm which is above the critical level fixed for 
the rice crop* The CEC ranged fro® 20 to 30 tae/100 g with 
an average of 2k ae/100 g» The average value of lima 
requirement was 16.4 t/ha. The organic carbon ranged from 
4.1 to 6.8$. The mean values of total nitrogen .and phos­
phorus were 0.3$ and 0.08$. The available nitrogen ranged



Table 1(d) Physico chemical properties of saline soils*

SampleNo-.
pH(h2o) EC Organic (rcmhos/ C (%) 

cm)
L.R Total Total Availa- (t/ha) N (TO P (TO ble N

(ppa)
- Availa­ble P 
(ppm)

CEC
(me/
100 g)

Exchangeable cations (so®) 
K Ca rig

Texture

(1 ) (2) (3) (4) (5) (6) (7) (8) (9) (10) (1 1 ) (12) (13) (14)

1 3.4 5.0 4.7 16.2 Q.24 0.09 102 93 30 26 1084 791 Clay
2 3.2 6.2 4.8 16.2 0.29 0.08 183 74 22 83 1123 731 Clay
3 2.9 5.3 6.5 16.8 0.34 0.03 83 74 25 80 909 1086 Clay
4 3.5 6.0 4.3 16.2 0.36 0.11 199 119 21 96 654 1071 Clay
5 3.0 5.7 4.1 16.4 0.23 0.04 242 51 21 44 630 1042 Clay
6 2.9 5.0 6.3 16.9 0.21 0.07 129 81 22 SO 650 1428 Clay
7 3.0 5.1 5.6 16.4 0.24 0.03 93 75 25 100 1118 1239 Clay
8 3.2 6.1 5.2 16.3 0.26 0.10 132 113 25 80 648 1434 Clay
9 3.0 6.6 6.7 16.4 0.32 0.07 148 80 25 as 926 1258 Clay

10 3.3 5.9 4.1 16.3 0.34 0.05 190 42 27 94 1142 1294 Clay
11 3.1 4.1 4.2 16.3 0.35 0.06 191 61 20 84 904 1489 Clay
12 3.1 5.8 4.9 16.2 0.36 0.03 214 86 22 95 897 799 Clay

N3



table 2 Physico chessleal properties of rice soils : mean values*

Soil type 
and texture

pH
(h2o)

EC Organic L.R Total Total Avails- 
(sMShos/ C (>i) (t/ha) H (>■'') P (%) ble n 
ca) (ppm)

Availa­
ble P
(ppm)

CEC
(a®/ _
100 g)

Exchangeable cations
■ ■ (poa) . ....._K Ca l%

(D (2) (3) (4) (5) (6) (7) (s) (9) (10) (1 1) (12) (13)

Alluvial
(Clay) 5*3 - 1.8 9.7 0.11 0.08 115 107 10 131 336 98

Acid saline 
(Sandy loas) 4*3 1*9 604 15.2 0.21 0.08 100 77 10 149 424 322

Acid sulphate (Sandy clay 
Xoaa) - ~

3.0 1.0 6.3 16.4 0.20 0.04 193 72 20 82 362 402

Saline
(Clay) 3.1 3.5 5.2 16.4 0.30 0.08 160 79 24 80 890 1143

<u>-
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froia a? to.242 ppm. The average, Of available phosphorus 
was 79 pp® which ranged from 42 to 119 ppm. The mean value 
of available potassium was SO ppm and the average values of 
exchangeable calcium and magnesium were 39Q and 1142 ppa.

The pH. la water was significantly and negatively 
correlated to organic carbon (-9,59) and clay content (—0.66)* 
while the relationship with lime requirement was inverse and 
weak (-0.23). The available nitrogen was only weekly corre­
lated to the total nitrogen (0.32) and showed a negative 
correlation to organic carbon (-0.64), Available phosphorus 
showed a high.correlation to total phosphorus (0.94), while 
that with pH and organic carbon was weak and positive (0*41 
and 0,3). A significant negative correlation was observed 
for clay with total phosphorus (-0.66) and available phos­
phorus (-0.65).

2, Incubation studios on typical rice soils.

The results of the laboratory incubation studies on 
the effect of submerging four important soil types of Kerala 
under five centimetres of standing water for a period of 
three months on the soil testing parameters are presented.

The data on changes in pH, EC, lime requirement,
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available nitrogen, available phosphorus and exchangeable 
cations like potassium* calcium and magnesium are presented 
in tables 5 to 10 and figures 1 to 8.

pH Tables 3(a) to 3(e)*

Pro® the results ■ it may be seen that significant 
changes in pH were obtained for the different soil types due 
to submergence in water for varying periods of time* Average 
values of pH over a period of flooding for three months was 
highest for saline soils (7*3) Immediately followed by acid 
saline soils with a value of 7*2* The samples representing 
the alluvial and acid sulphate soils recorded comparatively 
lower values (6*4 and 4.9) only. It m y  be noted that the 
maximum shift in pH from the initial'values was recorded for 
saline and acid saline soils (4.2 and 2,9) followed by the 
acid sulphate soils recording a shift of 1.9 units* The mini­
mum shift of 1*1 units was registered by the alluvial soils*

The pH of acid sulphate and saline soils rapidly 
increased even after twelve hours and it continued to increase 
significantly till the end of second week, after which it 
attained a more or less steady state in acid sulphate soils, 
while it was stabilised at the end of six weeks only in 
saline soils* The alluvial sails showed a decrease in pH



T a b le  3 ( a )  pH  o f  a l l u v i a l  s o i l s  o n  s u b m e rg e n c e  i n  v a t e r  f o r  1 0  p e r i o d s  o f
s a m p l in g  o v e r  a  p e r i o d  o f  t h r e e  m o n th s .

1 (12
hours) 2(1) 3(2) 4(3) 5(4) Periods

6(5)
(■weeks) 7(6) 8(3) 9(10) 10(12)

(D (2} (3) (4) (5) (6) (7) (a) (9) (10) (1 1 )
1 4.0 6.0 6.0 6.1 6.1 6.1 6.1 6.1 6.2 6.2
2 5o2 5.9 6.0 6.0 6.0 6.0 6.0 6.2 6.2 6.2
3 5.1 5.8 5.9 5.9 6.0 6.0 6.2 6.2 6.3 6.3
4 4.9 6.1 6.3 6.5 6.5 6.5 6.5 6.5 6.5 6.5
5 5.1 5.5 5.7 5.9 6.0 8.0 6.2 6.2 6.3 6.4
6 5.3 5.5 5.6 5.3 6.3 6.3 6.5 6.5 6.7 6.7
? 5.4 6.2 6.2 6.2 6.2 6.2 6.2 6.4 6.4 6.4
3 4.9 5.5 5.5 6.0 6.1 6.1 6.1 6.5 6.5 6.5
9 5.2 5.8 5»9 5.9 5.9 6.2 6.5 6.5 6.5 6.5

10 4.5 5.5 5.9 6.0 6.0 6.0 6.3 6.3 6.5 6.5
11 4.8- 5.8 -5.8 5.8 5.9 6.0 6.5 6.5 6.5 6.5
12 5.1 5.9 5.9 5.9 5.9 6.3 6.3 6.5 6.5 6.6

tf*CO
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T a b le  3 ( b )  pH o f  a c i d  s a l i n e  s o i l s  o n  s u b m e rg e n c e  i n  w a t e r  f o r  1 0  p e r i o d s  o f
s a m p l in g  o v e r  a  p e r i o d  o f  t h r e e  m o n th s *

Periods (^eeks)1 (12 2(1) 3(2) 4(3) 5(4) 6(5) 7(6) 8(8) 9(10) 10(12)hoars)
(2) (3) (4) (5) (6) (7) (3) (9) (10) (1 1 )
4.6 4.8 5.5 6.6 6.8 6.8 7.0 7.1 7.2 7.2
5.3 5.3 6.5 6.6 6.7 6.7 7.0 7.1 7 .2 7.2
3.8 6oQ 6.0 6.5 6.5 6.5 6.9 7.0 7.1 7.1
4.7 4.9 6*9 6.5 6.5 6.5 •6.9 7.0 ?oQ 7.1
3.6 4.8 5.0 6.5 6.7 6.8 7.0 7.Q 7d 7.2
3.7 5.2 6.6 6.6 6.9 7.0 7.0 7.2 7.2 7.4
5.1 5.1 6.4 6.5 6.5 6.3 -7.0 7.0 7.0 7.0
4.8 5.4 6.5 6.5 6.6 6.7 7.0 7.0 7.0 7.1
5.4 5.5 6.5 6.5 6.5 6.7 7.1 7.1 7.1 7.1
3.S 4.7 6.3 6.6 6.7 7.0 7.2 7.2 7.3 7.4
4.6 5.4 6.4 6.4 6.8 6.8 7.0 7.2 7.2 7.2
4.4 4.9 6.5 6.7 6.9 7.0 7.0 7.3 7.3 7.3

i£i■Nj



Table 3(c) pH of acid sulphate sells on submergence in water for
10 periods of sampling over a period of three souths*

Ho* 1 (12 ho­
urs)

2(1 ) 3(2)
Periods (weeks) 4(3) 5(4) 6(5) 7i 6) 8(8) 9(10) 10(12)

(D (2) (3) (4) (5) (6) (7) (S) (9) (10) (1 1 )

1 4.2 5.5 5.7 5.7 5.7 5.7 5*7 5.7 5.7 5.7
2 4.5 5.6 6.0 6.0 6.2 6.4 6.4 6.4 6.4 6.4
3 4.5 5.5 5.8 5.8 5.2 6.2 6.4 6.4 6.4 6.4
4 4.3 5.5 5.5 5.6 5.6 5.6i 5.3 5.8 5.© 5.8
5 3.8 4.0 4.0 4.1 4.1 4*1 4.1 4.1 4.1 4.1
6 3.8 4.0 4.0 4.0 4.0 4.0 4.1 4.1 4.1 4.1
7 4.0 4.0 4.0 4.1 4.1 4.2 4*2 4.2 4.2 4.2
8 4.0 4.2 4*2 4.2 4*2 4.3 4.3 4.3 4.3 4.3
9 4.2 5.0 5.5 5.5 5.6 5.6 5.6 5.6 5.6 5.6

10 3.7 4.0 4.0 4.1 4.2 4.2 4.2 4.2 4.2 4.2
11 4.1 4.1 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2,
12 3.8 4.0 4.1 4.1 4.1 4.1 4*1 4.1 4.1 4.1

it
00



T a b le  3 ( d )  pH  o f  s a l i n e  s o i l s  on s u b m e rg e n c e  In v ; a t e r  f o r
10 . p e r i o d s  o f  s a s s p l in g  o v e r  a  p e r i o d  o f  t h r e e  a o a t h s .

No. 1 (12 hours) 2(1 ) 3(2) 4(3)
Periods
5(4)

(weeks) 
6(5) 7(6) 8(8) 9(10) 10(12)

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

1 4.7 5.6 6.2 6o5 6.5 6.8 7.0 7.1 7.2 7.2
2 4.0 5.4 6.2 6.3 6.4 6.6 6.9 7.1 7.1 7.1
3 4.0 5.0 5.5 5.6 5.9 6.5 6.7 6.9 6.9 7.0
4 4.5 5.5 6.0 6.3 6.4 6.9 7.1 7.1 7.2 7.3
5 3.9 5.0 5.8 6.0 6.1 6.5 6.6 6.9 7.0 7.1
6 4.5 5.7 5.9 5.9 6.0 6.3 6.5 6.3 7.0 7.0
7 4.2 5.5 6.0 6.0 6.2 6.3 6.6 6.7 6.9 7.1
S 3.9 5.0 6.0 6.1 6.3 6.5 6.8 7.1 7.1 7.1
9 4.1 5.0 5.7 6.0 6.2 6.5 6.9 7.0 7.1 7.1

10 4.0 5.4 5.9 6.2 6.4 6.8 6.3 7.0 7.0 7.2
11 4.3 5.1 5.8 6.0 6.0 6.5 6.6 7.0 7.1 7.1
12 4.0 5.0 5.7 6.1 6.1 6.5 6.7 6.9 7.0 7.1



T a b le  3 ( e )  pH  I n  w a t e r  o f  r i c e  s o i l s  o n  s u b m e rg e n c e  i n  w a t e r  :  m ean  v a l u e s
f o r  1 0  p e r i o d s  o f  s a m p l in g  o v e r  a  p e r i o d  o f  t h r e e  m o n th s *

Soil type 1 (12 hours) 2(1 ) 3(2) 4(3)
Period5(4) (weeks)6(5) 7(6) 8(3) 9(10) 1 1 (12)

(D (2) (3) (4) (5) (6) (7) (0) (9) (10) (1 1)

Alluvial 5*0 5*8 5.9 6.0 6.1 6.1 6.3 6.4 6.4 6.4
Acid
saline 4*5 5*2 6.4 6.5 S.? 6.8 7.0 7.1 7.1 7.2

Acidsulphate 4.1 4*6 4.8 4*8 4*9 4.9 4.9 4.9 4.9 4.9

Saline 4*2 5.3 5.9 6.1 6.2 6.6 6.8 7.0 7.1 7.3

C.D for soils 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4

C.D for periods - 0.4

o



Si

at first and then recorded a significant increase, recording 
the peak value in the first week itself. The pH continued 
to,increase significantly for acid saline soil, registering 
peak values in the second week#

EC Tables4(&) to 4(e),

Changes in EC were also significant in the four soil 
types during submergence, Electrical conductance was highest 
in the saline soils (5,5 aahos/cui) and lowest in alluvial 
soils (0,03 mahos/ca), Maximo© rise in EC was observed by 
the fourth week in alluvial and saline soils (0,4 and 11,3 
cmhos/cifl), sixth week in add saline and fifth week in acid 
sulphate soils (3,6 and 4*1 ©ajhQs/ca), Thereafter a signi­
ficant diminution was observed in all the soil' types, which 
persisted till th<s ©nd of the three month period, The highest 
EC was noted for the saline soils (11,5 aahos/ca) and mini­
mum for the alluvial soils (0,4 minnoa/aa).

Lime requirement Tables 5(a) to 3(e),

Submerging the sails in water for a period of three 
months brought about appreciable reduction in lime require­
ment of all the soils. Initial lime requirement was maacimuB 
for the acid sulphate and saline soils and minimum for allu-



T a b le  4 ( a )  EG ( n K a h o 3 /c a )  of- a l l u v i a l  s a i l s  o n  s u b m e rg e n c e  i n  w a f e r  f o r *
1 0  p e r i o d s  o f  s a m p l in g  o v e r  a  p e r i o d  o f  t h r e e  r e o a th s .

Ho. 1 (12hours) 2(1 ) 3(2) 4(3) 5(4) 6(5) 7(6)
Periods
8(8)

(weeks ) 
3(10) 10(12)

(D (2) (3) (4) (5) (6) (7) (8) (9) (10). (1 1)
1 * 0.1 0.2 0.2 0.3 Qo3 0.2 0.2 0.1 0.1
2 - 0.1 0.2 0.2 0.3 0.3 0.2 0.2 0.1 0.1
3 - 0.1 0.2 0.3 0.4 0.3 Qo3 0.2 0.1 0.1
4 - 0.1 0.2 0.3 0.4 0.3 0.3 0.2 0.1 0.1
5 0.1 0.1 0.3 0.3 0.4 0.3 0.3 0.2 0.1 0.1
6 - 0.1 0.3 0.4 0.4 0.4 0.3 0.3 0.1 0.1
7 0.1 0.1 0.2 0<>4 0.4 0.4 0.3 0.3 0.1 0.1
8 - 0.1 0.2 0.4 0.4 0.4 0.3 0.3 0.1 0.1
9 - 0.1 0.2 0.3 0.4 0.3 0.2 0.2 0.1 0.1

10 - 0.1 0.2 0.3 0.3 0.3 0.2 0.2 0.1 0.1
11 0.1 0.1 0.3 0.4 0.4 0.3 0.2 0.2 0.1 0.1
12 0,1 0.2 0.3 0.3 0.3 0.2 0.2 0.1 0.1

Olro



T a b le  4(b) EC (m m h e s /c a )  o f  aeid s a l i n e  s o i l s  o n  submergence i n  w a t e r  for
10 p e r i o d s  o f  ss a p l i n g  o v e r  a  period of three m o n th s  *

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

(D (2) (3) (4) (5) (6) (7) (s ) (9) do) (1 1 )

1 2.6 2.6 3.2 3.9 4.4 5.5 5o6 2.9 2.0 1.8
2 2.9 2.9 3.3 4.0 4.5 5,4 5.6 2.9 1.9 1.8
5 3o6 3.8 4.0 4.4 4.9 5.6 5»3 3.2 2.4 2.4
4 2.5 2.8 3.3 4.1 4.6 5.5 5*6 3.0 2.1 1.8
5 3.0. 3.2 3.7 4.3 4.9 5.7 5.8 3.1 2.1 2.1
6 3.0 3.2 3.6 4.3 4.8 4.9 5.4 2.7 1.9 1.9
7 3.0 3.1 3.1 4.3 4.8 5.3 5.7 5.0 2.0 1.7
B 2.4 2.5 3.6 .4.3 4.8 5.2 5.3 2.7 1.9 1.6
9 3.0 3.1 3.4 4.3 5.0 5.7 5.8 3.0 2.0 2.0

10 2.6 2.9 3.6 4.1 4.7 5.3 5.5 2.8 1.9 1.8
11 2.9 3.1 3.7 4.4 5.0 5.4 5.5 2.9 1.9 1.9
12 2.5 3.0 3.5 4.7 5.1 5.3 5.4 2.6 1.8 1.8

Crico



T a b le  4 ( c )  EC ( a m h o s /c m )  of a c i d  s u l p h a t e  s o i l s  o n  s u b m e rg e n c e  i n  w a t e r
f a r  1 0  p e r i o d s  o f  s a m p l in g  o v e r  a  p e r i o d  o f  t h r e e  m o n th s *

PTo* 1 (12hours) 2(1 ) 302) 4(3)
Periods (weeks; 
5(4) 6(5) 7(6) 8(8) 9(10) 10(12)

(D (2) (3) (4) (5) (6) (7) (s) (9) (10) (1 1 )
1 0*9 1.5 2.9 3.8 3.9 3.9 1.6 1*6 1.5 1.2
2 0*6 1.3 2.5 3.3 3.3 3.3 1.2 1.2 1.1 1.0
3 0.6 1.2 2.4 3.1 3.3 3.3 1.2 1.1 1.0 0.9
4 0*6 1.2 2.0 3.0 3.1 3.1 1.0 1.0 0.9 0.9
5 0.6 1.2 2.0 3.0 3.2 3.2 1.2 1.0 9.9 0.9
6 4.2 5.0 5.3 6.0 6.0 6.0 4.8 4.0 4.0 3.3
7 0.8 1.6 2.9 4.0 4.1 4.1 3.1 3.0 3.0 2.6
3 0.4 1.0 2.0 3.0 3.8 3.8 1.5 1.0 1.0 0.9
9 0.6 1.2 2.2 3.0 3.3 3.3 1.2 1.0 1.0 0.9

10 4.0 4.1 5.1 6.0 6.0 6.0 5.0 4.0 4.0 3.9
11 0.3 0.3 1.9 2.9 3.6 3.6 1.3 1.1 1.0 0.9
12 4.2 5.0 5.2 6.1 6.1 6.1 4.8 4.1 4.0 3.8

07



T a b le  4 ( d )  EC ( s m h o s / c a )  o f  s a l i n e  s o i l s  o n  s u b m e rg e n c e  i n  w a t e r
f o r  1 0  p e r i o d s  o f  s a m p l i n g  o v e r  a  p e r i o d  o f  t h r e e  m o n th s *

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

(1 ) (2) (3) (4) (5) (6) (7) (8) (9) (10) (1 1)
1 3.1 7.1 9.1 9.3 9.9 11.3 9.2 7.1 6.1 6.1
2 6.6 7.4 9.2 9.5 10.3 11.5 10.9 8.1 7.1 6.9
3 5.8 7.8 9.5 9.7 10.7 11.6 10.0 7.9 7.1 6.6
4 6.1 7.9 9.7 9.9 10.8 11.7 10.1 8.1 7.1 6.7
5 5.9 7.7 9.5 9.6 10.2 11.4 9.2 7.1 6.3 6.1
6 5.1 7.0 9.1 9.2 9.9 11.8 10.1 8.1 7.1 6.2
7 5.1 7.1 9.1 9.3 9*8 11.2 8.8 6.7 5.9 5.7
8 6.1 8.0 9.7 9.9 10.7 11.6 9.7 7.3 6.2 5.8
9 6.9 7.9 9.7 9.9 10.8 1 1. S 9.8 7.2 6.2 6.1

10 6*0 7.1 9.1 9.3 9.8 11.0 8.3 6.7 5.3 5.6
11 5.0 6.6 9.1 9.4 10.2 11.3 9.1 6.9 6.1 8.0
12 6.1 7.9 9.7 9.5 10.3 11.4 9.3 7.1 6.0 5.3

C/t
CJl



Table 4(e) EC (mahos/ca) of rice soils on submergence in water : mean values
for 10 periods of sampling over a period of three months#

Soil type 1 (12 
hours) 2(1 ) 3(2)

1i

4(3)
Periods (weeks) 
5(4) 6(5) 7(6) 8(8) 9(10) 10(12)

(D

r-N*
CM (3) (4) (5) (6) (7) (3) (9) (10) (1 1 )

Alluvial 0.03 0.10 0.23 0.32 0.37 0.33 0.25 0.23 0.10 0.10

Acid saline 2.8 3.0 3.5 4.3 4.3 5.4 5.6 2.9 2.0 1.9
Acid sulphate 1.5 2.1 3.0 3.9 4.1 4.1 2.3 2.0 2.0 1.8

"Saline 5.8 7.4 9.4 9.5 11.5 9.5 7.4 7.2 6.4 6.1

C.B for soils 0.7 0.7 0.6 0.6 0.5 0.5 0«? 0.6 0.6 0.6

C.D for periods - 0.8

CfT03



T a b le  5 ( a )  U\ ( t / l i a )  o f  a l l u v i a l  s a i l s  o n  s u b m e rg e n c e  i n  w a t e r  f o r
1 0  p e r i o d s  o f  s a m p l in g  o v e r  a  p e r i o d  o f  t h r e e  m o n th s .

No. 1 (12hours) 2(1 ) 3(2) 4(3)
Periods 
5(4)

(weeks)
6(5) 7(6) 3(8) 9(10) 10(12)

CD (2) (3) (4) (5) (6) (7) (B) (9) (10) (1 1 )

1 9*3 9.5 9.4 9.4 9.3 9.2 9.2 9.1 9.1 9.1
2 9.8 9.5 9.4 9.5 9.2 9.2 9.1 9.0 9.0 9.0
3 10.0 9.9 9.6 9.5 9.4 9.4 9.3 9.2 9.2 9.2
4 9.4 9.4 9.4 9.4 9.3 9.3 9.1 8.9 8.9 3.9
5 9.6 9.4 9.4 9.4 9.3 9.3 9.2 9.1 9.1 9.1
6 9.4 9.4 9.4 9.3 9.2 9.2 8.9 8.7 8.7 8.7
7 10.0 9.9 9.5 9.5 9.4 9.4 9.2 9.1 9.1 9.1
8 9.8 9.5 9.4 9.5 9.4 9.4 9.3 9.2 9.2 9.2
9 9.4 9.4 9.4 9.4 9.3 9.3 9.2 9.1 9.1 9.1

10 9.4 9.4 9.4 9.4 9.3 9.3 9.2 9.1 9.1 9.1
11 9.6 9.5 9.5 9.3 9.2 9.2 9.1 9.0 9.0 9.0
12 9.4 9.4 9.4 9.3 9.2 9.2 3.9 8.7 8.7 8.7

cn*sj



NO.

crj
1
2
3
4
5
6
7
8
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T a b le  5 ( b )  LR  ( t / h a )  o f  a c i d  s a l i n e  s o i l s  o n  s u b m e rg e n c e  i n  w a t e r  f o r
1 0  p e r i o d s  of s a m p l in g  over a  p e r i o d  of t h r e e  m o n th s *

Period (weelss)
(12
hours) 2(1 ) 3(2) 4(3) 5(4) 6(5) 7(6) 8(0) 9(10) 10(12)

(2) (3) (4) (5) (6) (7) (a) (9) (10) (1 1)

14.9 14.6 14.1 13.9 13.5 13.1 11.9 11.9 11.9 11.9
15.1 14.9 14.2 14.0 13.S 13.2 12.0 11.9 11.9 11.9
15.3 15.0 14.4 14.2 13.8 13.2 12.0 12.0 12.0 12.0

14.9 14.9 14.0 13.9 13.4 13.1 11.9 12.0 12.0 12.0

15.1 15.1 14.1 14.0 13.6 13.3 12.1 12.2 12.2 12.1

14.9 14.8 14.1 14.0 13.5 12.9 12.7 11.5 11.5 11.5
15.1 14.9 14.3 14.2 13.7 13.2 12.1 12.1 12.1 12.1
14.9 14.8 14.3 14.1 13.7 13.4 12.0 12.2 12.2 12.1

14.7 14.4 14.0 13.S 13.4 13.0 12.1 11.7 11.7 11.7
15.1 14.9 14.5 14.4 14.0 13.4 11.7 12.3 12.2 12.2
15.0 15.0 14.6 14.3 13.9 13.4 12.3 12.3 12.2 12.2

14.9 14.5 14.1 13.9 13.4 12.9 11,7 11.7 11.6 11.6

CoCC



No.

~

1
2
3
4
5
6
7
8

9
10
11
12

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

1 (12 2(1) 3(2) hours)
(2) (3) (4)

15.5 14.2 14.2
15.5 14.5 14.1
15.6 14.6 14.3
15.3 14.4 14.3
15oS 14.6 14.4
16*8 16.4 16.0
13.6 14.5 14.5
15.6 14.3 14.3
15.S 14.2 14.0
16.9 16.6 16.0
16.0 14.5 14.5
16.8 16.3 16.3

Periods (weeks) 
4(3) 5(4) 6(5)

(5) (6) (7)
14.0 14.0 13.3
14.1 13.9 1 3.S
14.0 14.0 14.0
14.2 14.1 14.0
14.2 14.2 14.2
16.0 16.0 16.0
14.3 14.3 14.2
14.0 14.0 14.0
14.0 13.0 13.8
16.0 16.0 16.2
14.1 14.1 14.1
16.0 16.0 16.2

7(6) 8(8) 9(10)

(Q) (9) (10)
13.6 13.5 13.5
13.5 13.5 13.5
14.0 14.0 14.0
14.0 14.0 14.0
14.0 14.0 14.0
16.0 16.0 16.0
14.2 14.0 14.0
14.0 14.0 14.0
13.6 13.6 13.6
16.0 16.0 16.0
14.0 14.0 14.0
16.0 16.0 16*0



T a b le  5 ( d )  LR  ( t / h a )  o f  s a l i n e  s o i l s  o n  s u b m e rg e n c e  i n  w a t e r  f o r
1 0  p e r i o d s  o f  s a m p l in g  o v e r  a  p e r i o d  o f  t h r e e  m o n th s *

Periods (weeks)
Ho. 1 (12 2(1) 3(2) 4(3) 5(4) 6(3) 7(6) 8(3) 9(10) 10(12)hours)

CD (2) (3) (4) (5) (6) (7) (3) (9) (10) (1 1 )
1 16.0 14.2 14.2 14.0 14.0 13.8 13.4 13.2 13.0 13.0
2 16.0 14.6 14.2 14*2 14.2 14.0 13.6 13.4 13.0 13.0
3 16.4 15.3 15.8 15.6 15.6 14.8 14.2 14.0 13.6 13.6
4 16.0 14.8 14.4 14.0 14*0 13.8 13.2 13.2 13.0 13.0
5 16.1 14.9 14.4 14.3 14.2 14.0 13.4 13.4 13.2 13.0
6 16.5 15.7 15.7 15.6 15.6 15.0 14.2 14.0 13.5 13.5
7 16.1 15.2 15.2 15.2 15.2 T4o8 14.0 14.0 13.6 13.5
8 16.Q 14.9 14.4 14.2 14.2 13.9 13.2 13.2 13.0 13.0
9 16.1 15.6 15.5 15.2 15.2 14.6 14.0 13.8 13.4 13.4

10 16.0 15.4 15.0 15.0 15.0 14.5 13.3 13.8 13.5 13.4
11 16.0 15.4 15.0 15.0 15.0 14.5 13.8 13.5 13.5 13.2
12 16.0 14.8 14.5 14.2 14.0 13.8 13.2 13.2 13.2 13.0



T a b le  5 ( e )  L im e  r e q u i r e m e n t  ( t / h a )  o f  r i c e  s o i l s  o n  s u b m e rg e n c e  i n  w * a te r  j m ean
v a l u e s  f o r  1 0  p e r i o d s  o f  s a m p l in g  o v e r  a  p e r i o d  o f  t h r e e  m o n th s .

Soil type 1 (12
hours)

2(1) 3(2) 4(3)
Periods (weeks)
5(4) 6(5) 7(6) 8(8) 9(10) 10(1 1 )

(D (2) (5) (4) (5) (6) (7) (3) (9) (10) (1 1 )

Alluvial 9.6 9.5 9.4 9.4 9.3 9.3 9.2 9.0 9.0 9.0

Acid saline 15.0 14.3 14.2 14.0 13.6 13.2 12.0 12.0 12.0 12.0

Acid sulphate 16.0 14.9 14.7 14.6 14.5 14.5 14.4 14.4 14.4 14.4

Saline 16.1 15.1 14.9 14.7 14.7 14.3 13.7 13.6 13.3 13.2

C.D for soils 0.3 0.5 0.4 0.4 0.5 0.5 0.5 0.5 0.4 0.4

C.-0 îO'a - o-̂ -
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W e E K «

FI <3 • I . C H A N G ES  IN pH OF SOIL-S WITH TIM E  DUE T O  FLOODING,

w er kr K 5
F IG  • 2 . C H A N G E S  IN UR  OF SOll-S WITH T IM E  DUE TO  FLOO D IN G



EC 
(m

F I G - 3.  CHANGES IN E C  OF" SOILS WITH TIM E DUE TO  FLOODING.



62

vial sails* The reduction in lime requirement at the end 
of one week period of submergence was in the order of 1 *3,
1*4, 1.0 and 0.2 t/ha for saline, acid sulphate, acid saline 
and alluvial soils respectively* Kith increase in the period 
of submergence, the lime requirement value decreased for all 
the soils* The reduction in lime requirement was maximum m  
saline and acid saline soils (3*2 t/ha) and minimum for allu­
vial soils (0*7 t/ha)*

Available nitrogen Tables 6(a) to 6(e)*

The available nitrogen was significantly different 
for the different periods in all the four soil types. It 
may be noted that the available nitrogen of all the soils 
used in the present study registered an increase due to 
flooding.

The effect of submergence in increasing the content 
of available nitrogen was maximum In saline soils, followed 
by acid saline and acid sulphate soils and it was minimus in 
alluvial soils* After 12 hours of submergence, alluvial 
sails showed a slight decrease in available nitrogen (13 ppm), 
while acid saline soils recorded a slight increase (A ppm),. 
The increase was in the range of 20 to 38 ppm for saline and 
acid sulphate soils at this period*
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T a b le  6 ( a )  A v a i l a b l e  n i t r o g e n  ( p p m )  o f  a l l u v i a l  s o i l s  o n  s u b m e rg e n c e  i n
w a t e r  f o r  1 0  p e r i o d s  o f  s a m p l in g  o v e r  a  p e r i o d  o f  t h r e e  m o n th s

Periods (weeks)
No. 1 (12 2(1) 3(2) 4(3) 5(4) 6(5) 7(6) 8(8) 9(10) 10(12)hours)
(1 ) (2) (3) (4) (5) (e;
1 93 141 152 164 163
2 130 156 187 201 217
3 56 139 148 153 160
4 98 143 152 168 182
5 63 140 150 154 161
6 84 14? 156 164 175

112 154 161 168 182
6 175 182 190 197 217
9 98 147 151 156 168

10 93 141 148 156 161
11 128 161 174 189 210
12 89 141 150 153 161

(7) (8) (9) (10) (11)
179 203 210 213 230
220 224 235 245 265
180 191 200 200 219
212 226 261 2S0 295
184 205 212 217 237
198 224 244 266 267
200 224 253 273 294
245 273 280 301 312
198 219 222 231 250
102 203 208 210 224
213 224 238 259 278
196 202 208 210 234

00
CO



T a b le  6 ( b )  A v a i l a b l e  n i t r o g e n  (p p m )  o f  a c i d  s a l i n e  s o i l s  o n  s u b m e rg e n c e  I n
w a t e r  f o r  1 0  p e r i o d s  o f  s a m p l i n g  o v e r  a  p e r i o d  o f  t h r e e  m o n t h s .

Ho. 1 (12
hours) 2(1 ) 3(2) 4(3)

Periods (weeks) 
5(4) 6(5) 7(6) 8(8) 9(10) 10(12)

(D (2) (3) (4) (5) (6) (7) (8) (9) (10) (1 1 )
1 112 133 171 212 259 268 280 320 354 359
2 114 133 180 228 273 279 283 32Q 360 365
3 118 137 178 231 273 279 291 335 372 375
4 115 135 170 211 252 264 280 322 361 365
5 49 70 108 142 189 189 189 210 231 236
6 91 104 135 166 198 229 246 273 301 305
7 132 140 193 233 267 338 374 400 428 430
Q 84 99 130 166 196 199 199 226 259 262
9 95 105 131 162 190 208 224 245 263 270

10 145 160 212 259 303 345 335 411 431 431
11 52 75 112 147 180 190 190 211 235 241
12 147 165 207 259 303 345 335 415 441 443

CO



T a b le  6 ( c )  A v a i l a b l e  n i t r o g e n  (p p m )  o f  a c i d  s u l p h a t e  s o i l s  o n  s u b m e rg e n c e  i n
w a t e r  f o r  1 0  p e r i o d s  o f  s a m p l in g  o v e r  a  p e r i o d  o f  t h r e e  m o n th s #

No. 1 (12 hours) 2(1 ) 3(2)
Periods
4(3)

(weeks)
5(4) 6(5) 7(6) 3(3) 9(10) 10(12)

(1 ) (2) (3) (4) (5) (6) (7) (8) (9) (10) (1 1 )
1 105 210 329 290 247 354 393 440 472 490
2 92 182 266 238 212 273 279 234 288 303
3 93 189 272 259 231 281 239 290 294 300
t* 147 233 339 300 278 399 431 463 497 499
5 85 166 283 261 210 309 324 339 350 362
6 686 691 707 700 693 719 723 743 756 761
7 77 140 192 179 153 214 248 262 273 279
8 01 163 292 264 212 306 324 341 357 364
9 110 224 336 311 275 335 428 474 495 498

10 629 640 688 677 669 700 721 739 748 750
11 37 131 196 172 150 210 237 259 270 281
12 626 644 674 663 658 690 71Q 729 740 752

cncn



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

No. 1 (12
hours)

2(1 ) 3(2)
Periods (weeks) 
4(3) 5(4) 6(5) 7(6) 8(8) 9(10) 10(12)

(1 ) (2) (3) (4) (5) (6) (7) (9) (9) (10) (1 1 )

1 121 159 194 236 272 350 448 554 616 65S
2 207 240 318 399 462 531 580 622 651 690
3 104 145 132 228 260 348 459 512 531 647
4 210 45 339 420 476 540 594 646 698 728
5 257 9B 390 498 531 634 678 710 748 769
6 140 BO 230 280 320 400 443 529 538 626
7 120 154 195 231 2 66 322 423 509 567 598
6 149 183 231 289 334 424 518 590 621 658
9 160 196 242 300 340 437 509 532 628 660

10 219 240 340 418 460 511 563 619 659 694
11 224 243 341 420 462 510 575 621 662 710
12 240 266 358 432 497 558 660 697 722 761

CD
03



T a b le  6 ( e )  A v a i l a b l e  n i t r o g e n  ( p p m )  o f  r i c e  s o i l s  o n  s u b n se rg e n .e e  I n  w a t e r  ;  m e a n
v a l u e s  f o r  1 0  p e r i o d s  o f  s a a p l i n g  o v e r  a  p e r i o d  o f  t h r e e  m o n th s *

Soil type 1 (12hours) 2(1) 3(2) 4(3)
Periods
5(4)

(weeks) 
6(5) 7(6) 3(3) 9(10) 10(12)

(1 ) (2) (3) w (5) (6) (7) /"S CD (9) (10) (1 1)

Alluvial 103 149 160 16? 180 201 21S 215 242 202
Acid saline 105 122 161 200 243 261 277 303 337 353
Acid sulphate 231 302 332 360 333 403 427 447 462 484
Saline 179 213 280 311 394 464 537 599 045 633

C,D for soils 107.9 93 8So4 114.2 99.7 91.7 91.2 93.2 39.1 91.2

C- 0  -Fo'J A.iod.5  - CJfj. 7
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The available nitrogen continued to rise In the 
saline and acid saline soils during the reat of th© submer­
gence period. In alluvial soils maximum increase was obser­
ved at 10 weeks of submergence which was given 110?S increase 
greater than the corresponding values for the dry soil and 
after that it decreased. The acid sulphate soils showed 
9S?S increase in available nitrogen at the end of two weeks 
period. The content of available nitrogen registered a 
decreasing trend during the third and fourth weeks* which 
again increased and reached the maximum values by the end of 
the three months incubation period. Over a period of sub­
mergence for 12 weeks, the mean value of available nitrogen 
recorded nearly four times increase for acid saline end 
saline soils » the maximum being obtained after 12 weeks of 
incubation. Maximum values obtained for available nitrogen 
were 242, 333* 434 and 683 ppm for alluvial» acid saline* 
acid sulphate and saline soils respectively.

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

Flooding of the soils resulted in a rise in the con­
tent of available phosphorus in all the soils* the moat 
significant changes being shown by the acid saline and saline 
soils. The saline soils showed 63% increase in available



No,

7j)
1
2
3
4
5
6
7
8

9
10
11
12

T a b le  7 ( a )  A v a i l a b l e  p h o s p h o r u s  ( p p m )  o f  a l l u v i a l  s o i l s  o n  s u b m e rg e n c e  i n
w a t e r  f o r  1 0  p e r i o d s  o f  s a m p l in g  o v e r  a  p e r i o d  o f  t h r o e  m o n th s .

Periods (weeKs)
1 (12 2(1 ) 3(2) 4(3) 5(4) 6(5) 7(6) 8(8) 9(10) 10(12)
hours)
(2) (3) (4) (5) (6) (7) (S) (9) (10) (1 1)

200 143 175 201 227 258 294 220 157 106
118 65 70 74 77 84 92 67 52 32
130 69 75 81 88 96 109 92 74 52
136 74 32 93 105 123 142 110 81 56
16B 120 127 135 143 164 197 152 125 80
156 104 111 11? 125 144 167 132 93 70
161 116 130 145 158 173 204 163 123 82
100 63 63 73 78 86 93 73 54 35
191 139 160 183 206 234 265 200 145 90
156 103 110 117 124 142 160 130 100 70
148 82 90 100 112 128 145 118 93 60
128 65 69 74 77 84 95 74 56 38

CDCO'



No.

T o
1
2
3
4
5
6
7
B
9

10
11
12

T a b le  7 ( b )  A v a i l a b l e  p h o s p h o r u s  (p p s s )  o f  a c i d  s a l i n e  s o i l s  o n  s u b m e rg e n c e  i n
v i a t o r  f o r  1 0  p e r i o d s  o f  s a m p l in g  o v e r  a  p e r i o d  o f  t h r e e  m o n t h s *

Periods (weeks)
1 (12 2(1) 3(2) 4(3) 5(4) 6(5) 7(6) 8(8) 9(10) 10(12)
hours)

(2) (3) w (5) (6) (7) (8) (9) (10) (1 1 )

114 345 335 432 480 432 363 393 421 450
110 252 310 392 442 37Q 286 287 290 320
99 209 274 350 381 314 244 240 288 319
134 298 340 392 460 392 319 337 356 338
101 224 299 375 423 364 257 324 395 422
116 23S 311 369 407 300 264 270 284 310
160 305 5B9 430 462 400 336 342 367 394
134 351 400 440 487 337 363 389 407 424
171 704 780 839 892 751 705 700 700 700
126 389 432 473 512 469 397 400 411 428
124 506 620 709 784 682 550 579 597 610
131 517 624 700 793 64a 553 584 600 612

*vjo



ND.

To
1
2
3
4
5
6
7
S
9

10
11
12

T a b l e  7 ( c )  A v a i l a b l e  p h o s p h o r u s  ( o p s )  o f  a c i d  s u l p h a t e  s o i l s  o n  s u b m e rg e n c e
I n  w a t e r  f o r  1 0  p e r i o d s  o f  s a m p l in g  o v e r  a  p e r i o d  o f  t h r e e  m o n th s  o

Periods (weeks)
1 (12 2(1 ) 3(2) 4(3) 5(4) 6(5) 7(6) 8(3) 9(10) 10(12)
hours)

(2) (3) (4) (5) (6) (7) (Q) (9) (10) (11

130 162 194 223 254 250 216 241 274 280
139 179 227 269 309 308 248 252 255 258
99 147 189 234 281 275 174 250 324 332
193 181 230 262 284 234 179 240 200 300
65 90 129 171 200 172 158 145 133 140
34 58 61 63 68 65 77 160 54 55
137 179 190 209 221 200 182 127 86 95
198 189 200 207 226 200 189 130 98 100
65 88 127 157 182 165 151 140 138 142
44 65 65 168 68 63 03 80 72 76
134 167 184 197 207 210 219 220 222 225
40 59 59 60 61 65 SO 75 66 70

'vj



Ho.

£12
1
2
3
4
5
6
7
G
9

10
11
12

T a b le  7 ( d )  A v a i l a b l e  p h o s p h o r u s  (p p m )  o f  s a l i n e  s o i l s  o n  s u b m e rg e n c e  i n
w a t e r  f o r  1 0  p e r i o d s  o f  s a m p l in g  o v e r  a  p e r i o d  o f  t h r e e  m o n th s .

Periods (weeks)
1 (12 2(1) 3(2) 4(3) 5(4)
hours)
(2) (3) (4) (5) (6)

162 165 201 241 271
153 158 1G3 200 235
158 153 180 204 235
170 227 242 261 237
94 99 110 128 145

120 121 130 142 155
111 120 131 140 152
176 230 252 271 294
120 124 133 147 157
35 93 109 121 132

111 121 128 136 144
132 142 145 150 155

6(5 ) 7(6 ) 3 (3 ) 9(1 0) 1 0(1 2)

(7) (8) (9) (10) (1 1 )

279 284 390 477 433
243 256 344 453 465
245 253 371 448 454
292 293 394 479 489
181 215 253 273 290
193 246 297 324 340
185 216 299 353 360
295 257 392 431 492
203 244 356 422 430
179 204 314 411 418
191 232 278 427 431
197 246 343 431 437

"xlf\J



T a b le  7 ( e )  A v a i l a b l e  p h o s p h o r u s  ( p p a )  o f  r i c e  s o i l s  o n  s u b m e rg e n c e  i n  w a t e r  :  m e a n
v a l u e s  f o r  1 0  p e r i o d s  o f  s a m p l in g  o v e r  a  p e r i o d  o f  t h r e e  m o n th s .

Soil type 1 (12hours) 2(1 ) 3(2) 4(3) 5(4) 6(5) 7(6) 0(3) 9(10) 10(12)

CD (2) (3) (4) (5) (6) (7) (3) (9) (10) (1 1 )

Alluvial 149 97 106 117 127 143 164 127 95 64
Acid saline 126 361 430 494 544 456 383 404 426 443

Acid sulphate 106 130 155 185 197 189 163 172 167 173
Saline 133 147 162 173 197 224 246 335 416 425

C.D for soils 30.3 67.9 75.2 76 37 78.2 71.6 70.5 75.6 72.3

C.D for periods - 71.3

~vlCO
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phosphorus at the and of 12 hours of submergence and after 
that by a steady inortase reached the maximum value of 
425 ppm by the end of 12 weeks* The available phosphorus 
content recorded 47$ Increase in the case of acid sulphate 
soils at the end of 12 hours of flooding* It continued to 
increase and reached the peak value (197 ppa) after four 
weeks of submergence and decreased slowly from the fifth 
week, till the end of 12 weeks*

The acid saline soils recorded more than four fold 
increase in available phosphorus in the first week of sub­
mergence* In the second and third weeks the increase was 
19$ and 15% and at the end of four weeks attained the maxi­
mum value (544 ppm)* After the fifth and sixth weeks, a 
decrease of 15-16# of available P was obtained, followed by 
an increasing tendency during the remaining periods of sub­
mergence*

A 40$ Increase in available phosphorus was observed 
in alluvial soils at 12 hours of flooding* after which, 
submergence showed no effect on phosphorus availability 
over the initial value till the end of four weeks* The 
highest increase obtained at the end of six weeks was 
164 ppm in alluvial soils after which a significant decrease



75

was noted*

Exchangeable potassium Tables 8(a) to 8(e).

A decrease in exchangeable potassiua was observed in 
all the soil types after one week of submergence and after 
that it showed an increasing trend. The maximum increase 
was noted for saline soils (292 ppm) at the end of six weeks 
of subaergence (four times greater than the initial value) 
after which a declining trend was noticed. The acid sulphate 
soils recorded three times increase in exchangeable pota­
ssium after being submerged for five weeks showing a signi­
ficant decrease afterwards.

The mean values of exchangeable potassium showed 
fluctuations between different periods of submergence in 
alluvial soils. Howeverf a 44$ increase was recorded after 
two weeks of flooding with a value of 188 pp». The content 
of exchangeable potassium in acid saline soils doubled at 
the end of six weeks. The initial level of exchangeable 
potassium was more for acid saline and alluvial soils 
(149 and 151 ppm) compared to the saline (80 pptj) mid acid 
sulphate (82 ppm) soils.

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



No.

To
1
2

4
5
6
7
0
9

10
11
12

T a b le  Q ( a )  E x c h a n g e a b le  p o t a s s i u a  ( p p a )  o f  a l l u v i a l  s o i l s  o n  s u b m e rg e n c e  i n
w a t e r  f o r  1 0  p e r i o d s  o f  s a m p l in g  o v e r  a  p e r i o d  o f  t h r e e  m o n th s *

Periods (weeks)
(12
hours) 2(1 ) 3(2) 4(3) 5(4!

(2) (3) (4) (5) (6)

87 87 98 107 120
90 99 101 112 126
90 93 100 115 126
90 96 105 116 128
141 150 221 246 279
125 222 253 293 303

66 78 78 78 78
54 78 73 73 75
72 213 220 225 228
72 90 100 113 125
108 123 104 252 271
95 105 108 139 139

6(5) 7(6) 8(8) 9(10) 10(12)

(7) (S) (9) (10) (11)

270 270 228 200 191
103 72 72 72 72
120 114 100 104 100
82 78 77 75 74
271 270 230 220 200
238 270 232 217 198
78 70 75 72 72
73 73 76 76 75
171 122 122 120 120
125 74 70 66 65
139 135 107 90 90
123 126 120 114 108

-sjcn



NO.

122
1
2
5
4
5
6
7
S
9

10
11
12

T a b le  8 ( b )  E x c h a n g e a b le  p o t a s s iu m  (p p m )  o f  a c i d  s a l i n e  s o i l s  o n  s u b m e rg e n c e
i n  w a t e r  f o r  1 0  p e r i o d s  o f  s a m p l in g  o v e r  a  p e r i o d  o f  t h r e e  m o n th s

Periods (weeks)
(12hours) 2(1 ) 3(2) 4(3) 5(4]

(2) (5) (4) (5) (6)

159 180 201 228 231
162 189 204 231 238
126 136 282 300 312
121 138 155 171 174
161 178 195 231 246
90 120 141 174 180
159 170 255 300 315
160 181 204 234 240
73 36 111 162 171

132 138 153 180 186
90 10S 162 195 210
84 96 159 189 201

6(5) 7(6) 8(8) 9(10) 10(12)

(7) (Q) (9) (10) (11)

261 232 201 114 111
267 283 204 234 204
312 309 300 300 232
243 235 225 192 133
261 290 195 168 150
243 243 189 120 120
315 312 306 503 300
273 270 213 184 162
232 288 193 141 120
248 248 201 171 153
222 243 165 117 111
228 240 153 105 93

'sj



T a b le  8 ( c )  E x c h a n g e a b le  p o t a s s iu m  ( p p a )  of a c i d  s u l p h a t e  3 0 i l s  o n  s u b m e rg e n c e
I n  w a t e r  f o r  1 0  p e r i o d s  o f  s a m p l in g  o v e r  a  p e r i o d  o f  t h r e e  m o n th s  •

•

SB 1 (12
hours) 2(1 ) 3(2) 4(3)

Periods (weeks) 
5(4) 6(5) 7(6) 8(8) 9(10) 10('

<D (2) (5) (4) (5) (6) (7) (8) (9) (10) (1 1 ;

1 204 180 243 291 312 312 282 261 223 222
2 168 126 237 288 309 312 135 12Q 128 120
3 186 135 225 282 303 309 162 153 152 150
4 102 90 192 252 294 300 126 126 123 120
5 69 69 174 201 234 282 66 90 114 111
6 60 60 90 102 126 147 57 90 83 83
7 90 84 108 111 144 192 60 102 102 96
8 156 123 198 252 291 297 126 126 118 109
9 90 87 120 141 150 172 120 105 114 102

10 56 53 90 102 120 144 56 54 48 48
11 54 60 96 114 141 165 117 105 111 99
12 56 40 93 99 123 141 54 57 50 48

CO



T a b le  8 ( d )  E x c h a n g e a b le  p o t a s s iu m  (p p m )  o f  s a l i n e  s o i l s  o n  s u b m e rg e n c e  I n  w a t e r
f o r  1 0  p e r i o d s  o f  s a m p l in g  o v e r  a  p e r i o d  o f  t h r e e  m o n th s *

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

(D (2) (3) (4) (3) (6) (7) (3) (9) (10) (1 1 )

1 36 60 72 102 120 282 303 330 294 291
2 93 7a 84 120 141 243 282 246 240 234
3 87 84 108 129 150 255 306 300 303 294
4 102 90 111 123 150 261 333 300 300 291
5 48 43 66 126 156 285 315 310 312 299
6 87 34 105 120 150 240 285 267 258 252
7 111 93 102 117 153 240 281 236 234 234
8 93 78 90 105 108 252 297 282 282 270
9 99 31 93 111 117 246 291 270 262 252

10 108 84 108 132 147 213 264 246 244 241
11 96 75 37 110 111 253 232 252 252 246
12 105 96 108 132 144 294 3-39 306 306 300

"0cc



T a b le  8 ( e )  E x c h a n g e a b le  p o t a s s iu m  (p p m )  o f  r i c e  s o i l s  o n  s u b m e rg e n c e  i n  w a t e r  i
m e a n  v a l u e s  f o r  1 0  p e r i o d s  o f  s a m p l i n g  o v e r  a  p e r i o d  o f  t h r e e  m o n th s *

Soil type 1 (12 h0UT3) 2(1 ) 3(2)
Periods (weeks) 
4(3) 5(4) 6(5) 7(6) 8(8) 9(10) 10(12)

(D (2) (3) (4) (5) (6) (7) (a) (9) (10) (1 1 )

Alluvial 91 120 18S 157 167 154 142 126 119 114
Acid saline 127 147 185 161 225 96 275 213 179 166
Acid sulphate 104 91 156 1Q6 212 231 113 116 115 130
Saline 69 79 95 119 137 256 232 276 274 267

C.D for soils 31.4 32 42.3 50 52.7 47.9 43.6 41.5 43.7 45.6

3.E for pGx'ioas — 16*0

CDo
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d u e  t o  f l o o d i n g .
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Ho.

i 2
1
2
3
4
5
6
7
8
9
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12

Table 9(a) Exchangeable calciua (ppa) of alluvial soils on submergence In water
for 10 periods of sampling over a period of three months.

Periods (weeks)
(12hours) 2(1) 3(2) 4(3) 5(4;

(2) (3) (4) (5) (6)

104 120 158 174 204
383 371 649 815 904
381 292 342 375 403
284 196 248 285 332
203 156 229 279 321
499 398 788 959 1142
310 205 258 329 394
490 392 780 950 1010
286 185 256 300 358
294 193 232 389 465
210 152 235 286 324
345 345 389 414 480

6(5) 7(6) 8(8) 9(10) 10(12)

(7) (3) (9) (10) (11)

194 183 180 174 170
624 492 485 472 463
363 310 298 284 275
304 301 285 243 240
244 200 200 200 188
758 503 500 398 364
342 296 286 233 250
741 500 500 439 400
313 232 269 242 228
380 339 309 289 265
263 192 178 175 172
414 339 310 300 285
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2
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T a b le  9 ( b )  E x c h a n g e a b le  c a l c i u m  (p p m )  o f  a c i d  s a l i n e  s a i l s  a n  s u b m e rg e n c e  i n
w a t e r  f o r  1 0  p e r i o d s  o f  s a m p l in g  o v e r  a  p e r i o d  o f  t h r e e  m o n th s .

Periods (weeks)
1 (12 2(1) 3(2) 4(3) 5(4) 6(5) 7(6) 8(8) 9(19) 10(12)hours)
(2) (3) (4) (5) (6) (7) (0) (9) (10) (11)

371 393 400 356 316 271 235 231 223 222
440 466 466 370 335 284 237 235 231 230
390 396 400 351 306 264 237 230 225 225
312 320 325 294 265 230 200 183 173 175
174 196 200 153 120 101 91 85 05 83
148 174 190 132 110 99 83 88 84 81
614 62Q 632 574 502 424 320 300 279 254
136 144 145 110 98 89 77 75 75 71
623 634 637 568 500 442 319 260 232 224
923 1013 1015 794 732 728 725 720 720 719
914 993 1000 782 730 728 728 725 725 723
339 353 360 344 321 320 316 310 310 303

COro



Mo.

£ 2
1
2
3
4
5
6
7
8
9

10
11
12

T a b le  9 ( c )  E x c h a n g e a b le  c a l c i u m  ( p p a )  o f  a c i d  s u l p h a t e  s o i l s  o n  s u b m e rg e n c e
i n  w a t e r  f o r  1 0  p e r i o d s  o f  s a m p l in g  o v e r  t h r e e  m o n t h s .

Periods (weeks)
1 (12 2(1) 3(2) 4(3) 5(4) 6(5) 7(6) 8(8) 9(10)hours)

(2) (5) (4) (5) (6) (7) (Q) (9) (10)

621 668 793 833 893 664 570 494 329
756 7Q9 309 831 986 653 560 482 357
243 275 301 328 352 324 294 261 234
350 370 39 q 412 431 383 320 310 306
178 198 204 219 227 210 196 195 191
940 938 1020 1048 1094 945 854 799 721
359 389 404 421 433 372 314 312 310
176 201 203 212 221 200 192 138 96
400 409 428 440 463 393 326 239 254
943 505 712 942 1047 923 809 762 700
243 136 152 16B 177 165 156 118 77
95 500 701 918 999 912 791 730 712



T a b le  9 ( d )  E x c h a n g e a b le  c a l c i u m  (p p m )  i n  s a l i n e  s o i l s  o n  s u b m e rg e n c e  i n  w a t e r
f o r  1 0  p e r i o d s  o f  s a m p l in g  o v e r  t h r e e  m o n th s .

No. 1 (12hours) 2(1 ) 3(2) 4(3)
Periods (weeks) 

5(4) 6(5) 7(6) 8(8) 9(10) 10(12)

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

1 1124 525 500 432 469 396 320 300 292 234
2 1248 606 581 549 528 440 334 310 300 289
3 1094 520 421 391 360 305 253 256 239 228
4 825 470 384 346 244 204 160 150 134 128
5 810 462 370 292 239 199 156 150 140 131
6 830 472 374 300 249 200 162 150 136 131
7 1259 609 584 551 531 438 337 322 307 292
8 828 470 380 314 245 206 160 150 140 130
9 1106 522 392 328 266 223 192 130 163 150

10 1268 610 587 562 541 443 340 318 300 291
11 1088 521 463 402 365 315 264 250 249 230
12 1014 500 431 340 258 226 180 168 155 141

oc



T a b le  9 ( e )  - E x c h a n g e a b le  c a l c i u m  (p p m )  of r ic e ?  s o i l s  o n  s u b m e rg e n c e  i n  w a t e r  :
m oan  v a l u e s  f o r  1 0  p e r i o d s  o f  s a m p l i n g  o v e r  a  p e r i o d  o f  t h r e e  m o n th s *

Soil type 1 (12 hours) 2(1 ) 3(2)
Periods (weeks] 

4(3) 5(4)
I
6(5) 7(6) 8(8) 9(10) 10(1 1 )

(1 ) (2) (3) (4) (5) (5) (7) (3) (9) (10) (1 1 )

Alluvial 132 284 385 463 361 413 328 150 238 275

Acid saline 432 477 481 404 361 332 293 237 201 276

Acid sulphate 442 454 517 564 610 512 449 407 357 344

Saline 1041 524 455 401 358 300 234 225 213 202

C.D for soils 230.8 156.2 196.2 204.6 242.6 175.6 150.7 155 141 o4 139.3

S.E for periods - 46

occn.
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fig 7 changes in exchangeable calcium of soils with time due to flooding
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The tendency of exchangeable calcium to decrease 
with increasing periods of submergence was evident from the 
results obtained for all soil types. However, the alluvial 
soils showed 385i increase at the end of three weeks* The 
mean values of exchangeable calcium recorded a gradual 
increase in acid sulphate soils though not significant between 
periods and reached the Maximum (610 ppm) at the end of four 
weeks of flooding, after which it significantly decreased.
No significant change in exchangeable calcium was noted for 
two weeks in acid saline and 12 hours in saline soils, 
eventhough a significant decrease was observed in both the 
soils after this period.

Exchangeable magnesium Tables 10(a) to 10(e)*

Highly significant decrease in the mean values of 
exchangeable magnesium were observed in saline and acid 
saline soils at the end of 12 hours of flooding* A gradual 
increase between periods was noted until they attained maxi* 
mum values of 1254 and 477 ppm at the end of six weeks of 
submergence* After this period, the content of exchangea­
ble magnesium gradually decreased. The acid sulphate soils 
registered a maximum value of 634 ppm in the first week, a 
5E& increase over the initial level and after that it showed 
a significant decrease. Changes in exchangeable magnesiue



no.

To
1
2
3
4
5
6
7
8
9

10
11
12

( 1 1 )

95
194
190
149
90
183
151
203
198
160
163
199

oc•vj

T a b le  1 0 ( a )  E x c h a n g e a b le  m a g n e s iu m  (p p tn )  i n  a l l u v i a l  s o i l s  o n  s u b m e rg e n c e
i n  w a t e r  f o r  1 0  p e r i o d s  o f  s a m p l in g  o v e r  t h r e e  m o n th s .

1 (12 2(1 ) 3(2 )hours)

’  (5) o) !a7

91 120 148
150 196 305
144 185 296
115 152 193
68 90 120
158 202 400
130 156 208
204 278 432
163 205 329
131 163 234
92 130 179

160 202 394

Periods (weeks) 
4(3) 5(4) 6(5)

"(5) T i T  (?T

172 203 162
688 903 690
670 890 618
232 320 239
152 190 185
722 938 647
271 324 311
794 1100 703
706 1002 669
295 358 321
200 234 219
700 935 592

7(6) S(Q) 9(10)

(3) (9) (10)

150 129 100
339 265 209
309 250 200
252 208 131
183 140 121
390 300 237
296 251 194
411 321 266
393 310 274
303 278 220
200 188 171
391 293 240



No*

To
1
2
3
4
5
6
7
8
9

10
11
12

T a b le  1 0 ( b )  E x c h a n g e a b le  m a g n e s iu m  (p p ta ^  I n  a c i d  s a l i n e  s o i l s  o n  s u b m e rg e n c e
i n  w a t e r  f o r  1 0  p e r i o d s  o f  s a m p l in g  o v e r  t h r e e  m o n th s *

1 (12 2(1) 3(2) 4(3) 5(4) 6(3) 7(6) 8(0) 9(10) 10(12)
hours )
(2) (3) (4) (5) (6) (7) (8) (9) (10) (1 1 )

58 153 214 280 376 494 580 555 549 520
89 160 231 329 383 634 783 692 533 540
92 205 333 482 540 760 821 740 621 600
60 90 199 288 353 523 634 630 537 503
85 144 200 250 237 449 539 513 507 500
5 121 170 200 240 242 259 250 244 238
2 6 31 79 101 123 148 100 64 GO

113 208 341 495 614 897 1215 1012 919 854
3 60 80 94 114 133 150 110 67 65
2 59 70 99 111 131 153 120 75 75
8 140 145 150 150 170 192 125 G2 SO
8 144 150 151 155 169 193 128 80 35

00cc
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1
2
3
4
3
6
7
a
9
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12

T a b le  1 0 ( c )  E x c h a n g e a b le  m a g n e s iu m  (p p m )  I n  a c i d  s u l p h a t e  s o i l s  o n  s u b m e rg e n c e
I n  w a t e r  f o r  1 0  p e r i o d s  o f  s a m p l in g  o v e r  t h r e e  m o n th s *

Periods (weeks)
1 (12 2(1) 3(2) 4(3) 5(4) 6(5) 7(6) 8(a) 9(10) 10(12)
hours)
(2) (3) (4) (5) (6) (7) (8) (9) (10) (11

608 776 504 462 390 338 314 300 293 290
773 805 59S 521 46S 387 340 328 357 355
177 405 328 300 281 254 235 225 220 216
380 468 238 232 193 135 102 181 176 175
117 154 122 100 03 80 77 73 69 68
96 900 804 709 616 564 506 470 364 360
346 472 393 335 281 255 221 170 120 115
103 105 83 73 66 65 64 62 60 60
599 772 464 371 296 290 283 280 200 1?1
779 799 508 434 381 370 363 358 354 350
303 430 281 260 253 240 232 228 220 218
1500 1520 1100 953 670 300 752 632 585 5S0

Oc



T a b le  1 0 ( d )  E x c h a n g e a b le  m a g n e s iu m  ( p p m )  i n  s a l i n e  s o i l s  o n  s u b m e rg e n c e
i n  w a t e r  f o r  1 0  p e r i o d s  o f  s a m p l in g  o v e r  t h r e e  m o n th s .

Ho. 1 (12hours) 2(1 ) 3(2) 4(3)
Periods

5(4)
(weeks)

6(5) 7(6) 8(3) 9(10) 10(12)

(1 ) (2) (3) (4) (5) (6) (7) (0) (9) (10) (1 1 )

1 41 600 632 758 824 898 971 952 940 930
2 31 530 625 750 815 890 963 948 940 932
3 57 612 686 720 780 920 1015 1000 990 950
4 53 614 699 781 849 1000 111S 1053 1110 1000
3 55 610 660 714 787 980 1099 1000 1000 998
6 158 713 740 772 800 1200 1493 1400 1400 1200
7 64 651 700 758 800 1195 1390 1300 1298 1110
3 165 763 790 800 807 1200 1539 1509 1484 1239
9 65 620 690 724 798 1195 1400 1364 1320 1115

10 70 692 722 755 799 1190 1410 1355 1300 1100
11 172 772 313 342 895 1400 1614 1519 1500 1300
12 46 600 678 700 719 315 980 955 950 940

COo



T a b le  1 0 ( e )  E x c h a n g e a b le  m a g n e s iu m  ( p p c )  o f  r i c e  s o i l s  o n  s u b m e rg e n c e  i n  -w a te r  :
m ean  v a l u e s  f o r  1 0  p e r i o d s  o f  s a m p l in g  o v e r  a  p e r i o d  o f  T h r e e  m o n t h s .

Periods (weeks)
Soil type 1 (12hours) 2(1) 3(2) 4(3:

(D (2) (3) (4) (5)

Alluvial 134 174 270 467
Acid saline 44 124 181 241

Acid sulphate 482 634 457 396
Saline 32 651 705 756

C.D for soils 170.7 163.3 133 1 60.6

S.S for periods - 39

5(A) 6(5) 7(6) 6(8) 9(10) 10(12)

(6) (7) (9) (9) (10) (11)

229 451 302 243 203 167

195 395 477 415 363 344

348 319 293 280 255 255
806 1074 1254 1196 1111 1068

136.2 181.7 197.3 173 206*9 139.8

CD
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were significant between periods in the alluvial soils and 
it recorded five tinea increase caver the initial level at 
the third week with a maximum value of 467 ppm. After this 
period, the content of exchangeable magnesium decreased con­
siderably*

3. A comparison of the effect of submergence on changes 
in ohvslco chemical properties of four soil types.

The results of the pooled analysis of the data 
obtained after flooding of soils in water for various 
periods are given in appendix 1 •

From the results it may be seen that of the soil 
properties studied* pH* EC# line requirement# available 
nitrogen and available phosphorus were significantly affected 
by submergence while the effect of flooding for different 
period© was not significant for exchangeable cations like 
potassium* calcium and magnesium.

4. Correlation between different soil properties and
periods of submergence.

From the results of correlation analysis it may be 
seen that the pH of the soils throughout the period of sub­
mergence did not significantly Influence the EC values in 
alluvial* add saline and saline soils. But a negative and



93

significant correlation was obtained between these factors 
In the acid sulphate soils*

The pH of the soils showed a negative effect on lice 
requirement in all the soil types* which was significant in 
acid sulphate and saline soils and not appreciable in allu­
vial and acid saline soils* Its relationship with organic 
carbon was negative and significant in acid saline and acid 
sulphate soils*

The pH of the soils showed no significant effect 
on-available nitrogen of the four soil types* Similar was 
the case with available phosphorus also except in acid sul­
phate soils* where the effect was positive and significant* 
Among the exchangeable cations, potassium recorded a signl- 
flcant positive correlation with pH at different periods of 
submergence In acid sulphate soils while in all other soil 
types the exchangeable cations were least influenced by pH 
throughout the period of submergence*

EC showed positive and significant correlation with 
organic carbon during initial and later periods of incuba­
tion in acid saline soils* while in acid sulphate soils the 
relationship of EG with all available nutrients and organic 
carbon was significant throughout the period of submergence*
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The correlation between lime requirement and organic 
matter was positive and significant in all the soil typos* 
Lime requirement and available I? showed a negative end 
significant relation during the initial periods in acid 
saline soils and throughout the period of submergence in 
acid sulphate and saline soils*

The available nitrogen presented a''significant and 
positive correlation with total nitrogen and organic carbon 
and a significant negative correlation with exchangeable 
potassium throughout the 12 week period of flooding in acid 
sulphate soils. In saline soils, the relationship of avai­
lable nitrogen was negative and significant with organic 
carbon*

The available phosphorus showed a significant posi­
tive correlation with total phosphorus throughout the period 
of submergence in all the soil types, except in acid sul­
phate soils, where it showed a significant negative correla­
tion with total phosphorus, organic carbon, lime requirement 
and clay content*

The relationship of exchangeable potassium with CEC 
and clay was positive and significant during the first few 
weeks of flooding in alluvial end acid saline soils, while
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i t  was s ig n if ic a n t l y  n e g a tiv e  in  a c id  s u lp h a te  s e lls *

The e x ch an g e ab le  c a lc iu a  and aagneaiutn w ere c o rre ­

la t e d  t o  e a ch  o th e r  p o s it iv e ly  and s ig n if ic a n t l y  i n  a l l u ­

v i a l  and a c id  s u lp h a te  s o ils *  A s im ila r  r e la t io n s h ip  was 

o b se rved  betw een CEG and e x ch a n g e a b le  c & lc iu a  and a& g n e slu a  

i n  a c id  s u lp h a te  s o ils *



DISCUSSION



DISCUSSION

S o i l  t e s t  v a lu e s  f o r  r ic e  s o i l s  b ase d  on th e  a i r  

d r ie d  sam p les do n o t v e r y  o fte n  r e f le c t  a c t u a l f ie ld  con­

d it io n s  p r e v a ilin g  u n d e r subm erged c o n d it io n s . F lo o d in g  

o f a  s o i l  in s t a n t ly  s e t s  i n  m otion a  s e r ie s  o f  p h y s ic a l,  

c h e m ic a l and b io lo g ic a l  ch an g es w hich  a f f e c t  th e  s t a t u s  o f  

n u t r ie n t s  com ing In t o  a v a ila b le  fo rm . T h is  a lt e r e d  c o n d i­

t io n  i s  known t o  c re a te  a  more c o n g e n ia l s o i l  enviro nm ent 

fa v o u ra b le  f o r  th e grow th o f  p ad d y. T h e r e f o r e , i t  i s  im p o r­

t a n t  t o  m o n ito r th e  changes in  s o i l  p r o p e r t ie s , e s p e c ia lly  

th e  d yn am ics o f  n u t r ie n t  a v a i l a b i l i t y  o f  flo o d e d  r ic e  s o i l s  

in  o rd e r t o  manage s o i l ,  f e r t i l i s e r  and m o istu re  reg im es  

end t o  m axim ise p ro d u c tio n  i n  a  g iv e n  e n v iro n m e n t.

The s a l ie n t  r e s u lt s  o b ta in e d  on th e  p a tte r n  o f  

changes In  s o i l  r e a c t io n , 11m s re q u ire m e n t and n u t r ie n t  

a v a i l a b i l i t y  o f f o u r  im p o rta n t ty p e s  o f paddy s o i l s  in  

K e r a la  due t o  f lo o d in g  f o r  a  co n tin u o u s p e rio d  o f  1 2  weeks 

a re  d is c u s s e d  h e r e .

I n  g e n e r a l, th e  s o i l  r e a c t io n  a s  in d ic a t e d  b y  pH , 

o f a l l  th e  s o i l  ty p e s  ten d ed  to  change to w ard s n e u t r a l it y  

a f t e r  b e in g  submerged f o r  a  p e rio d  o f  1 2  w eeks. The lim e  

re q u ire m e n t a ls o  showed a  d e c re a s in g  tr e n d  th ro u g h o u t t h e
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p s r io d  o f  subm ergence f o r  a l l  th o  s o i l  ty p e s*  The s p e c if ic  

co n d u ctan ce  in c re a s e d  due to  flo o d in g *  a t t a in e d  a  maximum 

w it h in  f o u r  t o  s ix  w eeks p e rio d  and th e n  d e c lin e d *  The  

a v a ila b le  n itro g e n  and phosphorus in c r e a s e d  a p p r e c ia b ly  in  

a l l  th e  s o i l  t y p e s , w h ile  th e e stim a te d  v a lu e s  o f  exchangea­

b le  c a t io n s  l i k e  p o ta a e iu a , c a lc iu m  and m agnesium  w id e ly  

v a r ie d  show ing a  p a tte r n  o f ra n d  ora in c r e a s e  and d e cre a se *

S o i l  r e a c t io n  and lim e  re q u ire m e n t

The pH v a lu e s  o f th e . a l l u v i a l ,  a d d  s a lin e  and s a lin e  

s o i l s  in c re a s e d  and re a ch e d  n e a r n e u t r a l v a lu e s  (6 * 4 , 7 . 2  

and 7 * 3 )  w hereas th e  a c id  su lp h a te  s o i l s  re co rd e d  maximum 

v a lu e  o f  4 ,9  o n ly  d u r in g  th e  1 2  weeks o f subm ergence* S u ch  

a n  in c r e a s e  In  pH v a lu e s  on f lo o d in g  o f  s o i l s  h a s  been  

am ply re p o rte d  i n  l it e r a t u r e *  T h is  phenomenon h a s been  

e x p la in e d  a s  a  conseq uence o f th e  re d u c t io n  o f o x id e s  o f  

ir o n , s u lp h a t e s , m anganic s a lt s  e tc *  and to  an a c c u m u la tio n  

o f  ammonia due to  t h e  sto p p ag e o f b io lo g ic a l  n i t r i f i c a t i o n  

u n d e r th e  a n a e ro b ic  c o n d it io n s  t h a t  p r e v a il  i n  a  flo o d e d  

s o il*

B o stro a  ( 19 6 7 )  found t h a t  t h e  in c r e a s e  i n  pH o f  a c id  

s o i l s  a f t e r  subm ergence depends n o t o n ly  on th e  r e le a s e  o f  

OH io n s  and consum ption o f  H io n s  b u t a ls o  on th e  r a t io
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o f  H* Io n s  consulted to  e le c t r o n s  co n sulted . S in c e  t h is  r a t io  

i s  maximum f a r  th e  re d u c tio n  o f  ir o n , i t  f o llo w s  t h a t  h ig h e r  

pH v a lu e s  on f lo o d in g  c a n  be o b ta in e d  f o r  s o i l s  r i c h  in  

iro n *  G otoh © t a l ,  ( 19 7 4 )  have a t t r ib u t e d  th e  r is e  in  pH 

t o  th e  re d u c t io n  o f  f e r r ic  o x id e s  t o  f e r r o u s  ir o n #  a  p ro ­

c e s s  t h a t  c o a su c e s  a c id it y .

One o f  th e  m ost im p o rta n t f a c t o r s  r e s p o n s ib le  f o r  

th e  r i s e  in  pH o f  th e  s o i l s  u sed  i n  t h e  p re se n t s tu d y  may 

be a t t r ib u t e d  to  a  re d u c tio n  o f la r g e  am ounts o f f e r r i c  

o x id e s  p re se n t in  them , Kabeerathum m a ( 19 7 5 )  end A lic e  

Abraham  (19 8 4 ) h ave re p o rte d  v e r y  h ig h  c o n c e n tra tio n s  o f  

fe r r o u s  ir o n  com ing in t o  s o lu t io n  due to  f lo o d in g  o f th e s e  

s o i l s  f o r  a  p e rio d  o f  two to  th re e  m o n th s, S in c e  m ast o f  

th e  paddy s o i l s  o f K e r a la  c o n ta in  a p p r e c ia b le  am ounts o f  

m anganese s a lt s  (R a je n d r a n , 19 8 1)  t h e ir  re d u c tio n  may a ls o  

b r in g  abo ut a  r is e  i n  pH a s  proposed b y  D ev and Sharsaa ( 1 9 7 1 ) *

‘The e x is te n c e  o f s u lp h id e  t o x ic it y  i n  th e  a c id  s o i l s  

o f K e r a la  (Subraraoney and Kurup# 1 9 6 1 )  i s  a n  in d ic a t io n  o f  

la r g e  q u a n t it ie s  o f s u lp h a te s  g e tt in g  re d u ce d  to  s o lu b le  

s u lp h id e s  u n d e r th e  red u ced  s o i l  c o n d it io n s  o f  flo o d e d  s o i l s .  

The accu m u lated  ammonia re le a s e d  b y  a n a e ro b ic  m in e r a lis a t io n  

o f  c o l l  o r g a n ic  m a tte r and s m a lle r  am ounts o f ammonium r e s u lt -
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in g  from  th e  r e le a s e  o f e n tra p p e d  aaaonium  lo n e  from  th e  

c la y  m in e r a ls  (B ro adb ent 19 7 Q ) may a ls o  h e lp  t o  m a in ta in  a  

h ig h e r  pH le v e l  th ro u g h o u t th e  p e rio d  o f subm ergence*

The r e s is t a n c e  o f  a c id  s u lp h a te  s o i l s  t o  r i s e  

beyond a  pH v a lu e  o f  5*0  a s  observed In  th e  p re se n t s tu d y  

h a s been p r e v io u s ly  re p o rte d  b y  IR fU  (19 6 4 ) ,  Kabeerathum m a 

( 1 9 7 5 )  and A lio e  Abraham  (19 3 4 )*  T h is  may be a t t r ib u t e d  

to  th e  g r e a te r  b u f f e r in g  c a p a c it y  o f  t h e  a c id  s u lp h a te  s o i l s  

ow ing t o  th e  p re se n ce  o f a  r a t h e r  h ig h  c o n te n t o f o r g a n ic  

m a tte r a n d /o r  t o  th e  b u f fe r in g  a c t io n  o f  ir o n  and m anganese 

red o x  system s (Ponnamperuma e t  a l*  19 6 6 , 19 6 7 , 19 6 9 )*

The s l ig h t  d e c lin e  i n  th e  pH o f a l l u v i a l  s o i l s  d u r in g  

th e  1 s t  week o f  subm ergence (fro m  5* 3 t o  5 * 0 ) s a y  be due to  

an a c c u m u la tio n  o f  CO^ p roduced by th e  a e r o b ic  s o i l  m icro *  

f lo r a  a s  p o in te d  out b y  P a t r ic k  and Reddy ( 19 7 3 ) *

E ve n th o u g h , th e  pH v a lu e s  o f  th e  s o i l s  r e g is t e r e d  

a  g ra d u a l r i s e ,  th e  lim e  re q u ire m e n t v a lu e s  h ave n o t come 

down t o  a n  a p p r e c ia b ly  low le v e l*  T h is  f in d in g  may n o t  

h ave ouch p r a c t ic a l  r e le v a n c e , s in c e  th e  fa rm e rs  a re  n o t  

a d v is e d  t o  r e s o r t  to  lim in g  p r a c t ic e s  based on LR v a lu e s  

w h ich  a re  v e r y  h ig h  and hence uneconom ic f o r  p r a c t ic a l  p u r*  

p o ses* O n ly  609 kg lim e /h a  I s  n o rm a lly  recommended f o r
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n e u t r a lis in g  th e  a c id it y  g e n e rate d  from  a p p lie d  f e r t i l i s e r s .

The r a is in g  o f pH and n e u t r a lis a t io n  o f s o i l  a c id it y  

can  how ever,  h ave some s t im u la t o r y  e f f e c t s  on th e  a n a e ro b ic  

h e te ro tr o p h lc  com m unity o f th e  s o i l  w h ic h  a re  engaged in  

th e  u in e r a lis a t io n  o f s o i l  o rg a n ic  n a t t e r . U n d er th e  im proved  

c o n d it io n s  o f s o i l  r e a c t io n , t h e ir  a c t i v i t i e s  may r e s u lt  in  

a g r e a t e r  r e le a s e  o f  a v a ila b le  n u t r ie n t s  in t o  th e  e n v iro n ­

ment*

E l e c t r i c a l  c o n d u c t iv it y ; -

W ith  th ©  o n set o f  re d u c in g  c o n d it io n s  co nseq uent t o  

f lo o d in g , th e  s p e c if ic  co n d u cta n ce  i n  a l l  th e  s o i l s  showed 

an  a p p r e c ia b le  in c r e a s e  d u rin g  th *  f i r s t  few  w eeks and th e n  

d im in ish e d  t o  v a lu e s  w hich  w ere o n ly  s l ig h t ly  h ig h e r  th an  

th e  i n i t i a l  v a lu e s .

The syaxiiqum in c r e a s e  in  e l e c t r i c a l  c o n d u c t iv it y  was 

o b se rve d  in  th e  s a lin e  s o i l s  ( 6 .u n it s )  fo llo w e d  b y  a c id  

s a lin e  (3 * 7  u n it s ) ,  a c id  s u lp h a te  ( 3 , 1  u n it s )  and a l l u v i a l  

(D ,3 Q  u n it s )  s o il®  o v e r th e  d r y  s o i l  v a lu e s  a t  th e  end o f. 

f o u r , s i x ,  f iv e  and f o u r  w eeks of subm ergence a f t e r  w h ich  

i t  d e cre a se d  s ig n if ic a n t l y .

The h ig h  in c r e a s e  i n  s p e c if ic  co n d u ctan ce  e s p e c ia lly
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o f th e  s a lin e  s o ile  m ig h t be due t o  th e  e f f e c t  o f re d u c t io n  

o f ir o n  end manganese a s  w e ll  ao t o  a  p a r t  o f  th e  s o lu b le  

io n s  a lr e a d y  p re se n t i n  th e  s o i l  s o lu t io n  e x ch an g in g  w ith  

io n s' o f  h ig h e r  co n d u ctan ce  p re se n t in  th e  exchange co m p le x. 

The in c r e a s e  i n  s p e c if ic  co n d u ctan ce  o f  th e  o th e r s o i l s  

may be a t t r ib u t e d  m o stly  t o  th e  re d u c tio n  o f  f e r r ic  and 

m anganic compounds w h ich  r e s u lt  in  more o f fe r r o u s  io n s  

com ing in t o  s o lu b le  f o r a  (Ponnaoperum a, 1 9 6 5 ) .

The s p e c if ic  co n d u ctan ce o f  m ost s o i l s  a f t e r  su b ­

m ergence was fo u n d  t o  be h ig h ly  c o r r e la t e d  t o  th e  o r ig in a l  

o rg a n ic  m a tte r c o n te n t o f  th e  s o i l .  A h ig h  o r g a n ic  m a tte r  

co n te n t o f th e  s o i l  i s  known to  speed up th e r e d u c t io n  pro­

c e s s e s  w h ich  In t u r n  have enhanced th e  s u c c e s s iv e  re d u c tio n  

p ro c e ss  o f  v a r io u s  e lem en ts ( Porniamperuma t 19 7 2  and Y o s h id a , 

1 9 7 5 ) .

N it r a t e  t m anganic o x id e s  and f e r r i c  o x id e s  w hich  e re  

red u ced  b y  f a c u lt a t iv e  an aero b es i n  th e  p ro c e ss  o f a n a e ro ­

b ic  r e s p ir a t io n  c o n tr ib u te  t o  s o lu b le  io n ic  form s (Redman 

and P a t r ic k ,  1 9 6 5 ) . S u ch  an in c r e a s e  I n  th e  c o n c e n tra tio n  

o f s o lu b le  io n s  in  th e  s o i l  s  o lu tio n  due t o  f lo o d in g  h a s  

been id e n t if ie d  va s  th e  m ain  re a so n  f o r  th e  r i s e  i n  conduc­

ta n c e  o f  s o i l s  due t o  f lo o d in g  (P o nnasp eru aa* 1 9 5 5 ^ 1 9 6 5 ) .
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Th« I o n ic  s p e c ie s  o f c a lc iu m , m agnesium , p o ta ssiu m , ammo­

n iu m , fa rr o u a  ir o n  and manganCious a s  w e ll a s  b ic a rb o n a te  

a n io n s  a re  h ig h ly  m o b ilis e d  in  w ate rlo g g ed  s o i l s » w h ich  

have c o n tr ib u te d , la r g e ly  to  th e  o b served in c re a s e , in  sp e ­

c i f i c  conductance*

The d e c lin e  i n  s p e c if ic  co n d u ctance a f t e r  a  ste e p  

in c r e a s e  n o ted  f o r  a l l  th e  s o i l  ty p e s  m ig ht be due t o  the  

r e p r e c ip it a t io n  o f  w ate r s o lu b le  ir o n  and m anganese com­

pounds due to  s u r fa c e  o x id a t io n  (Ponnamperuma, 19 7 3 )*

L a c k  o f  a p p r e c ia b le  r is e  i n  EC in  th e  a l l u v i a l  s o i l s  m ight 

be due to  a lo w e r r a te  o f r e le a s e  o f  s o lu b le  io n s  ,  a s  th e se  

s o i l s  have in h e r e n t ly  low c o n d u c t iv it y  v a lu e s *  S im ila r  

r is e  and f a l l  o f  th e  EC v a lu e s  f o r  th e  im p o rta n t s o i l  typ e s  

o f K e r a la  h ave been re p o rte d  b y  Kabeerathumma ( 19 7 4 )  and 

A lic e  Abraham (19 8 4 )*

B ased on th e  v a lu e s  o f a i r  d r ie d  sam p les f o r  e l e c t r i ­

c a l  c o n d u c t iv it y , th e  a l l u v i a l  s o i l s  a re  grouped u n d e r  

c la s s  'z e r o * , a c id  s u lp h a te  s o i ls  u n d e r c la s s  'o n e ', a c id  

s a lin e  s o i l s  u n d e r c la s s  't h r e e ' and s a l in e  s o i l s  u n d e r 

c la s s  ' f i v e '  a s  p e r  th e  c la s s if ic a t io n  o f  s o i l  t e s t  v a lu e s  

and g u id e lin e s  f o r  recom m endations b y  K e r a la  A g r ic u lt u r a l  

U n iv e r s it y . The c la s s  z e ro  i s  ra te d , a s  norm al f o r  a l l
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v a r ie t ie s  and c la s s  ‘ o n e1 a s  no rm al f o r  s e ra ito le ra n t v a r ie ­

t ie s *  w h ile  c la s s  th re e  and f iv e  a re  ra te d  a s  h ig h  f o r  a l l  

v a r ie t ie s  o f  r ic e *

V a lu e s  o f  e l e c t r ic a l  c o n d u c t iv it y  e x ce e d in g  h m m hos/ca 

w h ich  n o rm a lly  come u n d er c la s s  ’ fo u r*  and 'n in e *  f o r  c la y e y *  

loam y and sa n d y  s o i l s  i s  deemed h arm fu l f o r  r ic e  (Ponnam - 

p e ru s a , 19 7 8 }#  The r e s u lt s  o b ta in e d  from  th e  p re se n t s tu d y  

r e v e a l t h a t  th e  e f f e c t  o f subm ergence on e l e c t r i c a l  c o n d u c ti­

v i t y  i s  n o t s ig n if ic a n t  i n  t h e  ca se  o f  a l l u v i a l  s o i l s  a s  th e  

s p e c if ic  co n d uctance d id  n o t exceed even  t h e  lo w e r H a l t  

f ix e d  f o r  r i c e .  The s p e c if ic  conductance o f  th e  s a lin e  

s o i l s  < 5 .5  m m hos/ca) w h ich  was v e r y  h ig h  eve n  i n  th e  a i r  

d r ie d  s t a t e  i t s e l f  re ach e d  th e  peak v a lu e  o f 1 2  sab o s/cm  

a f t e r  a  p e r io d  o f  fo u r  w eeks o f subm ergence. T h is  enhanced  

s a l i n i t y  le v e l  may d e f in it e ly  c re a te  a  v e r y  u n fa v o u ra b le  

c o n d it io n  f o r  r ic e  grow th i n  them .

A p a rt from  th e  d ir e c t  e f f e c t  o f  h ig h  s a l t  c o n te n t on 

th e  r ic e  p la n t  w h ich  may r e s u it  i n  re v e rs e  o sm o sis*  th e  

a c c u m u la tio n  o f  io n s  in c r e a s e s  th e  io n io  s tre n g th  and  

a lt e r s  th e  io n ic  c o m p o sitio n  o f t h e  s o i l  s o lu t io n . T h is  

in t u r n  may a f f e c t  th e  io n ic  e q u i l ib r ia  and u p se t th e  up­

ta k e  o f  p la n t  n u t r ie n t s  b y  th e  r ic e  ro o ts  and m a g n ify  o r
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m o d ify  io n ic  antag o n ism s* The w eaker to le ra n c e  o f  r i c e  

p la n t  f o r  h ig h  le v e ls  o f io n  c o n c e n tra tio n  a t  th e  e a r ly  

grow th s ta g e s  th a n  a t  la t e r  grow th s ta g e s  (Fonnaap eruaa#

19 7 8 )  in d ic a t e s  th e  s ig n if ic a n c e  o f th e  a lt e r e d  s p e c if ic  

co n d u ctan ce  d u rin g  subm ergence* O f th e  v a r io u s  p aram e ters  

t h a t  e ra  a ffe c te d  by f lo o d in g #  th e  r is e  in  co n d u ctan ce  o f  

s o i l s  w hich  a lr e a d y  p o sse ss  a  h ig h  d eg ree o f co n d u cta n ce  

seem s t o  assum e more p r a c t ic a l  im p lic a t io n  in  b a d ly  a f f e c t ­

in g  th e  e s ta b lis h m e n t o f  r ic e  p la n ts *

A v a ila b le  n itro g e n

F lo o d in g  o f th e  s o i l s  f o r  v a r y in g  p e r io d s  o f  tim e  

h a s r e s u lte d  in  a  r a p id  In c r e a s e  in  t h e  s t a t u s  o f  a v a ila ­

b le  n itro g e n  i n  a l l  th e  s o i l  t y p e s . The in c r e a s e  was h ig h e s t  

( 3 2 7 $ )  In  th e  c a se  o f s a lin e  s o i l s  fo llo w e d  b y  a c id  s a lin e  

s o i l s  (2 5 0 :0 »  a c id  s u lp h a te  s o i l s  (2 0 3 ?0  and a l l u v i a l  s o i l s  

( 1 1 0 /0 *  S ig n if ic a n t  in c r e a s e  in  a v a ila b le  n itr o g e n  was 

o b tain e d  a f t e r  f iv e  weeks i n  th e  c a se  o f a l l u v i a l  s o i l s  end 

one# two and th re e  weeks in  th e  c a se  o f  th e  a c id  su lp h a te #  

o n lin e  and a c id  s a lin e  s o i l s  r e s p e c t iv e ly *

T h is  r a p id  in c r e a s e  i n  th e  co n te n t o f  a v a ila b le  

n itr o g e n  in  a l l  th e  s o i l s  m ight h ave r e s u lt e d  from  th e  

m in e r a lis a t io n  o f s o i l  o rg a n ic  m a tte r o r  th ro u g h  b io lo g ic a l
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nitrogen fixation taking, place more efficiently under the 
anaerobic conditions existing in flooded soil systems*
The activity of nitrogen fixing blue green algae encoun­
tered in the rice fields of Kerala is studied and reported 
by Alyer (19S5)«

Nitrogenous compounds present in the soil organic 
fraction clone accowb for nearly 95£ of the total supply 
of soil nitrogen (Brady, 1934). Addition of organic matter 
in the form of crop residues* organic manures, green manures 
etc. helps to maintain a sufficiently largo organic pool in 
the soils. Isotope studies have suggested that oven crops 
receiving a regular ̂ supply of nitrogenous fertilizers may 
derive more than 6o;$ of their nitrogen require me nt from 
mineralisation of organic nitrogen (Koyama et al. 1973)*
It follows that the organic nitrogen pool in the soil can 
be managed to satisfy both long tern and short term goals 
of crop production.

It is quite possible that the major factor contri­
buting to tb.e increased status of available nitrogen In 
ell these soils might bo duo to the mineralisation a? orga­
nic materials present in them (Kai et ©1. 1934, Sahravsvt, 
19B3). It may be noted that all the soil types except the
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alluvial soils possessed a very high- content of organic 
matter in them which qualify them to be classified under 
the highest class tt9" for available nitrogen based on soil 
organic matter level as per the guidelines for fertiliser 
recommendations based on soil tests evolved during the work­
shop on package of practices held in 19 7 5  by Kerala Agri­
cultural University* This state denotes the capacity of 
the soil to provide a very high status of available nitro­
gen for an ensuing rice crop* The alluvial soils recorded 
comparatively leaser amounts of organic matter and could be 
classified under the class n7n which also is considered to be 

capable of supplying a fairly high amount of available nitro­
gen*

It is interesting to find that in all the soils 
except the aaline soils, there existed a positive correla­
tion between available nitrogen and organic matter content* 
The process of mineralisation of soil organic matter to 
release fixed or immobilised nitrogen is largely controlled 
by the availability of oxygen and other environmental con­
ditions* However, under the anaerobic conditions of a 
flooded soil where the availability of oxygen cun be criti­
cal and influenced by other prevailing conditions, nitrogen 
mineralisation can only proceed at a slower rate than In the
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a e r o b ic  s o i l  (A le x a n d e r , 19 7 5 )*  A naerobee  in  th e  subm erged 

s o i l s ,  eventhough a re  le s s  e f f ic ie n t  and d e r iv e  o n ly  much 

le a s  e n e rg y f o r  grow th and a c t i v i t i e s  from  a  g iv e n  amount 

o f o r g a n ic  m a tte r m in e r a lis e d , r e le a s e  more n itr o g e n  In t o  

th e  a v a ila b le  p o o l s in c e , th e  r a t e  o f im m o b ilis a t io n  o f  

n itr o g e n  u n d er- su c h  c o n d it io n s  i s  c o m p a ra tiv e ly  v a r y  low  

(A b ic h a n d a n l and P a t n a ik , 19 5 8 , B ro ad b en t and N ak ash im a, 

1 9 7 0 ) .

The f o u r  s o i l  ty p e s  s tu d ie d  h e r e , oventhough a re  

in  th e  m o d e ra te ly  a d d le  ran g e  vftiich can  l i m i t  h e te ro tro p h ic  

m in e r a lis a t io n  p ro c e s s e s , a re  b e t t e r  c o n d itio n e d  due to  

f lo o d in g , a s  t h e ir  a c id it y  i s  brought down t o  a  n e a r  neu­

t r a l  l e v e l .  T h is  i s  a  c o n d it io n  most c o n g e n ia l f o r  m icro ­

b i a l  a c t i v i t i e s .  I n  th e  a b sen ce  o f th e  r i c e  p la n t  to  u t i ­

l i s e  th e  r e le a s e d  n it r o g e n , i t  i s  b e in g  a ccu m u la te d  t o  g iv e  

a c u m u la tiv e  v a lu e  w ith  p r o g r e s s iv e  p e r io d s  o f subm ergence.

The a v a ila b le  n itro g e n  re co rd e d  f o r  th e  a c id  s u lp h a te  

s o i l s  how ever, showed a  d e c re a s in g  te n d e n cy  d u r in g  th e  t h ir d  

and fo u r th  w eeks and f o r  a l l u v i a l  s o i l s  a f t e r  10  w eeks o f  

subm ergence. T h is  m ig h t be e x p la in e d  a s  due t o  some o f th e  

m in e r a lis e d  n itr o g e n  b e in g  im m o b ilise d  o r  g e t t in g  d e n it r i ­

f ie d  due to  th e  p re se n ce  o f  o x id is e d  and red u ced  in t e r f a c e s  

( M it s u i, 1 9 3 5 , P a t r ic k  and R eddy, t 9 7 6 ) . I t  may a ls o  be due
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t o  fixation o f  ammonium ions in th e  exchange s i t e s  on th e  

exchange com plex ( P a s r ic h a  and Ponnaaperuraa, 1 9 7 6 ) .

I n  a d d it io n  t o  th e  n itro g e n  he co o in g  a v a ila b le  from  

th e  o r g a n ic  p o o l th ro u g h  m in e r a lis a t io n ,  th e  p o s s ib i l i t y  o f  

b io lo g ic a l  n itro g e n  f ix a t io n  c o n t r ib u t in g  t o  th e  a v a ila b le  

n itr o g e n  p o o l can n o t be p re c lu d e d . A w id e ran g e o f a n a e ro ­

b ic  and m ic r o a e r o p h lllc  o rg an ism s a re  known t o  f i x  n itr o g e n  

in  flo o d e d  s o il*  (Chang and K n o w les, 19 6 5 )*

R e w e ttin g  o f  a i r  d r ie d  s o i l s  a re  a ls o  known to  r e le a s e  

more a v a ila b le  n itro g e n . (S h ig a  and V e n tu r a , 19 7 6 )  w h ich  may 

a ls o  c o n tr ib u te  a p p r e c ia b ly  to  th e  t o t a l  l e v e l  o f  a v a ila b le  

n itro g e n  when a n  a i r  d r ie d  s o i l  i s  f lo o d e d .

The r e s u lt s  o f  th e  s tu d y  have re v e a le d  a  r a p id  and 

s ig n if ic a n t  in c r e a s e  in  th e  s ta tu e  o f  a v a ila b le  n itro g e n  

i n  a l l  th e  s o i l  ty p e s  a t  th e  end o f  s ix  w eeks w h ich  con­

t in u e d  t i l l  th e  end o f 1 0  w e eks, a f t e r  w h ich  i t  e it h e r  

s l ig h t l y  d e cre a se d  o r  rem ained more o r  le s s  s t a t i c .

Based on s o i l  t e s t  v a lu e s  f o r  a v a ila b le  n itro g e n  

i n  th e  a i r  d r y  s t a t e , th e  a l l u v i a l  (2 3 0  k g /h a ) and a c id  

s a lin e  s o i l s  (200  k g /h a )  c o u ld  be c l a s s i f ie d  aa low  

(<c 2 5 0  k g /h a ) and th e  a c id  su lp h a te  (3 8 4  k g /h a ) and s a lin e
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( 3 1 8  k g /h a )  s o i l s  a s  medium (2 3 0  t o  30 0  k g /h a ) i n  t h e ir  

a b i l i t y  to  s u p p ly  n itr o g e n  a s  p e r th e  r a t in g s  f o r  c l a s s i ­

f ic a t io n  o f s o i l s  a s  e s t a b lis h e d  b y S u b b ia h  and A a ija  (19 5 6 )*

The le v e ls  o f  a v a ila b le  n itro g e n  o b ta in e d  d u rin g  

subm ergence f o r  th e a c id  s u lp h a t e ,  s a lin e  and a c id  s a lin e  

s o i l s  w ere much h ig h e r  th a n  th e  l im it  f ix e d  ( >  900 k g /h a )  

b y S u b b ia h  end A s i ja  ( 19 5 6 )  f o r  c la s s if y in g  s o i l s  a s  h a v in g  

a v e r y  h ig h  c a p a c it y  t o  s u p p ly  a v a ila b le  n it r o g e n  f o r  crop*  

The a l l u v i a l  s o i l s  were r a is e d  t o  a  sodium  le v e l  (2 5 0  t o  

500 k g /h a ) o n ly  due t o  subm ergence*

I n  view  o f  s o re  n itro g e n  becom ing a v a ila b le  due to  

f lo o d in g , i t  a p p e a rs  t h a t  a p p lic a t io n  o f  n itro g e n o u s  f e r t i ­

l i z e r s  a t  the u s u a l recommended le v e ls  to  flo o d e d  s o i l s  

c u lt iv a t e d  to  poddy i n  th e  s o i l  ty p e s  s tu d ie d  h e re  c a n  in  

e f f e c t  p ro v id e  much more n itr o g e n  t o  th e  cro p  th a n  w hat i s  

a n t ic ip a t e d  from  u s u a l s o i l  t e s t  d a ta *  I t  . is  p o s s ib le  

t h a t  u nder su ch  c o n d it io n s , a  ju d ic io u s  a p p lic a t io n  o f  

n itro g e n o u s f e r t i l i z e r s  may be r e s o r te d  to  p re v e n t lu x u r y  

consum ption o f  n itr o g e n  w hich  n a y  le a d  to  more s u c c u le n t  

v e g e t a t iv e  grow th m aking th e  r ic e  p la n t  mors p ro n e  to  p e s t  

in f e s t a t io n  a s  w e ll a s  t o  lo d g in g *
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PhsBDhonxa;

The phosphorus s u p p ly in g  c a p a c it y  o f  a  flo o d e d  s o i l  

i s  re p o rte d  t o  be much h ig h e r  th a n  th a t  o f a e r o b ic  u p lan d  

s o i l s  ( A o k l, 19 4 1 and M it s u i,  19 6 0 )*  Phosphorus i s  n o t  

d ir e c t ly  In v o lv e d  i n  o x id a t io n  re d u c tio n  r e a c t io n s  in  th e  

redo x p o t e n t ia l range en co u n te re d  i n  subm erged s o ils *  

How ever, b ecau se o f i t s  r e a c t iv it y  w ith  a  num ber o f redo x  

elem en ts l i k e  iro n *  m anganese e t c * , i t s  b e h a v io u r i s  a ls o  

s ig n if ic a n t ly  a ffe c te d  b y  flo o d in g *

The r e s u lt s  o b ta in e d  from  th e  p re se n t s tu d y  r e v e a l 

a  s ig n if ic a n t  in c r e a s e  I n  t h e  s t a t u s  o f a v a ila b le  phospho­

ru s  even a f t e r  a v e r y  s h o r t  p e r io d  o f subm ergence f o r  1 2  

h o u rs i n  th e  a c id  su lp h a te  and s a lin e  s o i l s  and a f t e r  one 

week in  th e  c a se  o f  a c id  s a lin e  s o ils *  Though n o t s ig n i­

f ic a n t ,  th e  a l l u v i a l  s o i l s  a ls o  shewed an in c r e a s e  i n  th e  

phosphorus a v a i l a b i l i t y  im m e d ia te ly  a f t e r  subm ergence  

fo llo w e d  b y  a  p e r io d ic a l d e c re a se  end in c r e a s e  t i l l  th e  

end o f 1 2  w eeks* The h ig h e s t  in c r e a s e  in  phosphorus  

a v a i l a b i l i t y  was o b ta in e d  i n  t h e  a c id  s a lin e  s o i l s  (6 0 6 $) 

a t  th e  end o f  f o u r  weeks fo llo w e d  by s a lin e  ( 4 3 1 $ ) ,  a c id  

s u lp h a te  (174$ )  and a l l u v i a l  (5 4 $ ) s o i l s  a t  th e  end o f  

tw e lv e , f o u r  and s ix  weeks o f  subm ergence r e s p e c t iv e ly *



3oil phosphorus is constituted by organic fractions 
like phospholipids nucleic acids, phytin etc* and inorganic 
phosphates such as those of iron, aluminium and calcium#
The available phosphorus status of a soil is to a great 
extent determined by the mineralisation of organic phos­
phorus and solubilisation of inorganic phosphates*

Mineralisation of organic phosphorus and solubili­
sation of inorganic phosphates is largely brought about 
by biological and chemical processes regulated by soil 
physical and chemical conditions*

Both these processes play an important role -when an 
air dry soil is submerged for paddy cultivation* Minerali­
sation of organic phosphorus is related to the analogous 
reactions of nitrogen and phosphate release io found to be 
more rapid under conditions favouring nitrogen mineralisa­
tion (Alexander, 1975)* It follows from the results of the 
present study (tables 6(e) and 7(e) that the rate of which 
the available phosphorus is getting mobilised from the 
organic pool roughly parallels the nitrogen mineralisation 
rates in the acid sulphate, saline and acid saline soils* 
The alluvial soils which showed only lesser increase in 
available nitrogen also showed the least increase in avai-
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lable phosphorus status.

The increase in water soluble and available phospho­
rus on flooding; of soils is attributed to the release of 
phosphorus from organic matter particularly iron phytates 
(Wahapatra and Patrick, 1971). Ponnamperuma (1972) has 
proposed' that upto 60$ of the water soluble phosphorus can 
originate from organic forms. It may be noted that available 
phosphorus showed a strong positive correlation with total 
phosphorus which inturn was positively correlated to orga­
nic matter in all the four soil types. This observation 
highlights the significance of mineralisation processes in 
maintaining a high levels of available phosphorus.

Phosphate chemistry in flooded 3oils is linked to 
iron chemistry and conditions that increase solubility of 
iron in the soil is known to increase the phosphorus solu­
bility also. The lowering of oxidation - reduction poten­
tial due to flooding is associated with more solubilisation 
of iron phosphates in the form of ferrous phosphate* Under 
favourable reduced conditions, organic acids released from 
the decomposition of organic matter may stabilise ferrous 
ions by complex formation (Savant and Ellis 1964 and 
Pumachandra Rao, 1966) end maintain phosphorus in an availa­
ble form. The higher the organic matter content, the greater
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w i l l  be th e  in t e n s it y  o f  s o i l  r e d u c tio n  u n d er subm erged  

c o n d it io n s , a s  a  conseq uence o f w h ich  r e le a s e  o f a v a ila b le  

p hosphorus due t o  subm ergence w i l l  be h ig h e s t  (M andal and 

N a n d i, 1 9 7 1 ) .

When an  a c id  s o i l  i s  subm erged, th e re  i s  a  s t r ik in g  

in c re a s e  i n  th e  co n te n t o f  s o lu b le  phosphorus compared to  

s o i l s  w h ich  a re  n o t so  a c i d ic .  T h is  in c r e a s e  in  co n ce n tra ­

t io n  o f s o lu b le  phosphorus can  r e s u lt  from  th e  h y d r o ly s is  

o f f e r r ic  and a lu a ln u a  p h o sp h ate s and th ro u g h  th e  re d u c tio n  

o f f e r r ic  t o  fe r r o u s  fo r a  w ith  l ib e r a t io n  o f  c h e m ic a lly  

bound phosphorus in t o  s o lu b le  p ro d u cts (Ponnatnperum a, 19 7 2 )  .

Subm erging o f  th e  a o id  s o i l s  o f K e r a la  i s  re p o rte d  

t o  r e le a s e  a p p r e c ia b le  am ounts o f ir o n  (K ab eerathuam a,

19 7 5  and A lic e  Abraham , 19 8 * 0  w h ich  may be reg ard e d  a s  an  

in d ic a t io n  o f  th e  m agnitude o f  phosphate com ing in t o  s o lu ­

b le  form  (Chang 19 76 * S h in d e  © t a l .  19 7 Q ).

T h u s, th e  in c r e a s e  i n  a v a i l a b i l i t y  o f  p hosphorus 

o b se rve d  in  th e  v a r io u s  s o i l  ty p e s  can  be th e  r e s u lt  o f  

a  cu m u la tiv e  e f f e c t  o f  b o th  m in e r a lis a t io n  and s o l u b i l i ­

s a t io n  p r o c e s s e s . In c r e a s e  in  a v a ila b le  phosphorus due 

t o  subm ergence o f  s o i l s  h a s been re p o rte d  by Ponnamperuma, 

19 7 2  and C o sw a n i, 1 9 7 8 .
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The p o s it iv e  c o r r e la t io n  o f  a v a ila b le  phosphorus to  

pH o b se rved  In  th e s e  s o l le  su g g e sts  t h a t  th e  phosphorus 

in c r e a s e  ca n  a ls o  be due t o  pH e f f e c t  (L in d s a y  and M oreno, 

19 6 0 , T a n ak a  e t  e l*  1969 and V ern a and T r ip  a t  h i ,  1 9 3 2 ) .

The in c r e a s e  i n  pH fa v o u rs  th e  s o l u b i l i t y  o f  alum inum  and  

ir o n  p h o sp h ates and d e s o rp t io n  o f pho sp ho rus from  s u r f a c e s  

o f c la y  and o x id e s  o f  alum inum  and ir o n  (Stum ® and M organ, 

1 9 7 0 ) .

H ayson ( 1 9 7 5 )  re p o rte d  t h a t  COg produced a b u n d a n tly  

in  t h e  s o i l  e n h a n ces s o l u b i l i t y  o f p h o sp h ates i n  s o il*  Ha 

a ls o  co n clu d ed  t h a t  w ith  th e  a n a e ro b ic  c o n d it io n s  o f  flo o d e d  

s o i l s ,  many b a c t e r ia  produce H ^ S , w h ich  may in c r e a s e  th e  

a v a i l a b i l i t y  o f  ir o n  p h o sp h ates b y  c o n v e rtin g  the®  to  fe rr o u s  

s u lp h id e  and l ib e r a t in g  p h o 3 p h o ric  a c id *  R e p o rts on th e  

e x is te n c e  o f hydrogen s u lp h id e  t o x ic it y  (Subrasaoney and 

K u ru p , 1961) i n  th e  a c id  s o i l s  o f  K e r a la  le n d  su p p o rt to  

t h i s  view *

The la c k  o f  a p p r e c ia b le  r i s e  i n  t h e  a v a ila b le  phos­

phorus s t a t u s  o f th e  a l l u v i a l  s o i l s  and th e  o b served de­

c re a s e  I n  a v a ila b le  phosphorus a f t e r  e ig h t  weeks o f  su b ­

m ergence Bay be a t t r ib u t e d  t o  t h e ir  h ig h  phosphorus f i x ­

in g  c a p a c it y  (Panda e t  a l .  19 3 1) *  The s ig n if ic a n t  n e g a -
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t iv *  c o r r e la t io n  o b ta in e d  f o r  a v a ila b le  phosphorus w ith  

e x ch a n g e a b le  c a lc iu m  i n  a l l u v i a l  s o i l s  su g g e sts  t h a t  th e  

d e c lin e  i n  th e  a v a ila b le  phosphorus c o n te n t a f t e r  e ig h t  

w eeks s a y  he due to  re fo rm a tio n  o f  In s o lu b le  c a lc iu m  phos­

p h a te s a s  th e s e  s o i l s  p o sse sse d  & h ig h  c o n te n t o f  e x ch an ­

g e a b le  c a lc iu m  (3 3 6  pp a)# C o rresp o n d in g  d e c re a se  in  th e  

le v e l o f  a v a ila b le  p ho sp ho rus o f th e  o th e r  s o i l  ty p e s  may 

be due t o  i t s  r e p r e c ip it a t io n  a s  ir o n  p h o sp h ates on a cco u n t  

o f th e  h ig h  co n te n t o f  ir o n  becom ing s o lu b le  due to  f lo o d ­

in g  (S in g h  and Ham, 19 7 7 )*

The le v e ls  o f  a v a ila b le  phosphorus re co rd e d  f o r  th e  

f o u r  s o i l  ty p e s  in  th e  a i r  d r y  s t a t e  i t s e l f  w ere much h ig h e r  

th e n  th e  v a lu e s  f ix e d  (3 4 * 5  k g /h a )  f o r  c la s s if y in g  them  a s  

" h ig h e s t"  i n  th e  s t a t u s  o f P . Th ey come i n  th e  h ig h e s t  

c la s s  l,9R a s  p e r  th e  g u id e lin e s  f o r  f e r t i l i z e r  recom m endation  

based on s o i l  t e s t s *  Subm erging o f  th e s e  s o i l s  r e s u lt  in  

f u r t h e r  in c r e a s e  in  th e  le v e ls  o f  a v a ila b le  phosphorus  

w h ich  a re  v e r y  much h ig h e r  th a n  th e  e stim a te d  re q u ire m e n ts  

o f th e  r ic ©  cro p #

A p p lic a t io n  o f  p h o sp h a tlc  f e r t i l i z e r s  ao b a s a l  

d r e s s in g  even a t  25 p  o f th e  g e n e r a lis e d  recom m endation f o r  

medium c la s s  S o ils  a p p e a rs u n n e ce ssa ry  and w a s te fu l u n d er
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su ch  c o n d it io n s *  The la c k  o f  re sp o n se  t o  a p p lie d  phos­

p h o ru s re p o rte d  from  th e  v a r io u s  R ic e  R e se a rch  S t a t io n s  

o f th e  S ta t e  (Anon 19 8 *0  may be e x p la in e d  i n  th e  l i g h t  o f  

t h is  o b se rv a tio n *  When v e r y  h ig h  p ho sp ho rus le v c ln  o f  th e  

o rd e r o f  3 2 3  t o  10 3 8  k g /h a  a re  b e in g  m a in ta in e d  b y  th e  s o i l s  

u n d er flo o d e d  c o n d it io n s , f u r t h e r  a d d it io n  o f  phosphorus  

c o n tr ib u te d  from  1 /3 r d  o f  th e  recommended le v e ls  o f  p h o s - 

p h a t lc  f e r t i l i z e r s  ( 3 5  t o  4 5  fag/ha) f o r  paddy may n o t p ro ­

duce a n y  rem arkab le  e f f e c t  on th e  r i c e  crop*

The r e s u lt s  from  th e  p re se n t s tu d y  th u s  p o in t  to  

th e  need f o r  a  r e e v a lu a t io n  o f th e  p hosphorus re q u ire m e n ts  

o f r ic e  cro p  and management o f pho sp ho rus u n d er flo o d e d  con­

d it io n s .  S k ip p in g  o f  p h o ap h a ttc f e r t i l i z e r s  may be th o u g h t  

o f " f o r  s p e c if ic  a re a s  on a  s c ie n t i f i c  b a s is  ta k in g  in t o  

a cco u n t th®  t o t a l  p ho sp ho rus s t a t u s  and o rg a n ic  m a tte r  

c o n te n t o f  th e  s o i l  and th e  p ro b ab le  amount o f phosphorus  

com ing t o  th e  a v a ila b le  p o o l d u rin g  & cro p p in g  p e rio d *

Exchangeable qata^lum- calcitn a n d  jsignesitni

The tra n s fo rm a tio n s  and a v a i l a b i l i t y  o f  p otassium #  

c a lc iu m  and magnesium i n  s o i l s  have n o t been s tu d ie d  e x te n ­

s iv e ly ,  p o s s ib ly  b ecau se  th e s e  n u t r ie n t s  have n o t so  f a r  

been known a s  l im it in g  f a c t o r s  f o r  optimum r ic e  p ro d u c tio n ,
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a lth o u g h  a t  t in e a , t h e ir  a p p lic a t io n  i s  found t o  im prove  

y ie ld s *  The tra n s fo rm a tio n  and a v a i l a b i l i t y  o f p o tassiu m *  

c a lc iu m  and magnesium o ra  p r io a r i ly  governed b y  th e  s i l t  

and o la y  c o n te n t o f th e  s o i l  «nd t h is  in t u m  i s  determ ined  

b y th e  t o t a l  am ounts o f  th e s e  e lem en ts p re s e n t in  a s o i l  

(Mofeanty and P a tn a Ik , 19 7 7 )*

The a v a i l a b i l i t y  o f  th e s e  c a t io n s  showed p e r io d ic a l  

in c r e a s e  and d e c re a se  on f lo o d in g  in  a l l  th e  f o u r  s o i l  

t y p e s .

The exchangeab lo  p o ta s e iu a  in  th e  a l l u v i a l  s o i l s  

showed a  3 1 S* d e cre a se  from  th e  d ry  s o i l  v a lu e  im m e d ia te ly  

a f t e r  subm ergence* fo llo w e d  b y  an  in c r e a s e  (3 7 6  k g /h a ) a t  

th e  end o f  2  weeks o f subm ergence a f t e r  w h ich  i t  d e c re a s e d . 

I n  a c id  s a lin e  s o ils *  th e  ex ch an g eab le  p o ta ssiu m  le v e ls  

re co rd e d  l i t t l e  v a r ia t io n  t i l l  th e  end o f  one week and i t  

began t o  show an in c r e a s e  u p to  fo u r  w eeks fo llo w e d  b y  a  

d e c re a se  (3 6 #  o f  th e  v a lu e  on d ry  b a s is )  i n  th e  f i f t h  w eek. 

The maximum in c r e a s e  (84;5 o v e r d r y  s o i l  v a lu e )  was o b se rved  

a t  th e  end o f  s ix  weeks o f  subm ergence a f t e r  w h ich  a  d e c re ­

a s in g  te n d e n cy  was no ted  f o r  th e  re m a in in g  p e r io d . The  

a c id  su lp h a te  and s a lin e  s o i l s  re co rd e d  a  g r a d u a l in c r e a s e  

in  th e  s t a t u s  o f e x ch a n g e a b le  p o tassiu m  w ith  I t s  peak (4 6 2  

and 30 2  k g /h a )  a t  th e  end o f  f iv e  and s ix  w eeks o f s u b s e r -
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gence s if t e r  w h ich  th e y  showed a  s ig n if ic a n t  d e cre a se *

The s ig n if ic a n t  and p o s it iv e  c o r r e la t io n s  o b ta in e d  

f o r  exch an g eab le  p o ta ssiu m  w ith  c la y  co n te n t and CEO i n  th e  

a l l u v i a l  end a c id  s a lin e  s o i l s  su g g e st t h a t  th e  in c r e a s e d  

K4” c o n c e n tra tio n  upon f lo o d in g  m ight be th e  r e s u lt  o f  a n  

exchange r e a c t io n  due t o  in c re a s e  in  P e 2+ and H n?*  

(Ponnaaperum a, 19 6 3 )*  T h is  may a ls o  be due to  t h e ir  d is ­

p lace m en t b y  th e  a c t io n  o f w a te r th ro u g h  h y d ra tio n  and 

h y d r o ly s is  o f  c lo y  (M ohanty end P a t n e lk , 19 7 7 )*

Th© in c re a s e d  c o n c e n tra t io n  o f e x ch a n g e a b le  p o ta­

ssiu m  i n  a c id  su lp h a te  and s a lin e  s o i ls  upon subm ergence 

can r e s u lt  from  th e  r e le a s e  o f p o ta s a iu a  from  w eathered  

p rim a ry  m in e r a ls  (Bunosn © t a l*  19 7 0 )*  The r e le a s e  o f  K* 

from  th e  non exch an g eab le  form s (Ramanath&n and K r is h n a - 

moorfchy* 1973) may a ls o  c o n t r ib u t e  t o  on in c r e a s e  d u rin g  

subm ergence* The s ig n if ic a n t  n e g a tiv e  c o r r e la t io n  o b ta in e d  

betw een a v a ila b le  n itro g e n  end e x ch an g e ab le  p o ta ssiu m  in  

a c id  s u lp h a te  and s a lin e  s o i l s  su g g e sts  t h a t  th e  d e cre a se  

i n  e x ch a n g e ab le  p o tassiu m  end an  in c r e a s e  i n  a v a ila b le  

n itro g e n  to w ard s th e  l a t e r  s ta g e s  o f  in c u b a t io n  m ight be 

p a r t ly  due t o  isom orphus re p lace m e n t o f ammonium io n s  b y  

p o ta ssiu m  Io n a  b ecau se o f t h e ir  s im i l a r i t y  in  io n ic  r a d i i
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(Bear* 1964).

S in c e  th e  p o ta ssiu m  f ix in g  c a p a c it y  o f s o i l s  i s  

known t o  in c r e a s e  w ith  r is e  i n  s o i l  pH* th e  s o i l s  w h ich  

showed a  r is e  i n  pH due to  subm ergence a&y prom ote p o ta ­

ssiu m  f ix a t io n  and show a  low le v e l  o f exch an g eab le  p o ta ­

ssiu m  (S in g h  and Ram, 19 7 5 )*  The h ig h  c la y  co n te n t o f  

a l lu v ia l *  s a lin e  and a c id  s u lp h a te  s o i l s  n a y  b e c o n sid e re d  

a s  a  f a c t o r  in  b r in g in g  about p o ta ssiu m  f ix a t io n  a s  propo­

sed  by S in g h  and Ram ( 1 9 7 5 ) . F ix a t io n  o f  K may r e s u lt  in  

a  d o o rcase  in  e x ch an g e ab le  p o ta ssiu m  a s  observed i n  th e  

a l l u v i a l ,  s a lin e  and a c id  su lp h a te  s o i l s  w hich  p o s s e s s  a  

h ig h  d a y  c o n te n t.

B ased on th e  e x ch a n g e a b le  p o ta ssiu m  v a lu e s  o b ta in e d  

f o r  d r y  s o il*  th e  a c id  s u lp h a te  and s a lin e  s o i l s  can  be 

grouped u n d e r a s  low* a l l u v i a l  s o i l s  and a c id  s a lin e  s o i l s  

a s medium a s  p e r th e  g u id e lin e s  f o r  f e r t i l i s e r  recommenda­

t io n s  b ase d  on s o i l  t e s t s .  Subm ergence h a s h e lp e d  to  

r a is e  th e  le v e ls  o f  e x ch a n g e a b le  K i n  a l l  th e s e  s o i l s  t o  

v a lu e s  com ing in  th e  v e r y  h ig h  o r  m o d e ra te ly  h ig h  ca te g o ­

r i e s .

I n  a l l u v i a l  s o i ls  b o th  th e  ex ch an g e ab le  c a lc iu m  

and magnesium re ach e d  peak v a lu e s  (4 6 3  and 4 67 p p s) a f t e r
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th r e e  weeks o f  subm ergence,  a f t e r  w h ich  th e y  te n d ed  t o  d e cre ­

a s e . The e x ch a n g e a b le  c a lc iu m  in c re a s e d  g r a d u a lly  and reach ed  

i t s  peak (4 3 1 end 6 10  ppm) a t  th e  end o f two and f o u r  weeks 

o f subm ergence in  th e  c a se  o f a c id  s a lin e  and a d d  s u lp h a te  

s o i l s t a f t e r  w h ich  a  d e c re a s in g  te n d e n cy  was n o ted* The  

s a lin e  s o i l s  on th e  o th e r hand re co rd e d  a  s ig n if ic a n t  in ­

c re a s e  i n  e x ch an g eab le  c a lc iu m  im m e d ia te ly  a f t e r  subm ergence  

a t  th e  end o f  1 2  h o u rs and th e n  showed a  d r a s t ic  d e c re a s e  

u n t i l  th e  end o f  1 2  w eeks.

The p a tte r n  o f changes in  e x ch an g e ab le  m agnesium  

th ro ug h o u t th e  p e rio d  o f subm ergence fo llo w e d  th e  same 

tre n d  in  a c id  s a lin e  and s a lin e  s o ils *  A h ig h ly  s ig n if ic a n t  

d e cre a se  in  e x ch an g e ab le  m agnesium  was o b se rved  t i l l  th e  end 

o f  f o u r  w eeks and th e n  in c re a s e d  g r a d u a lly  and th e  maximum 

v a lu e s  (4 7 7  and 12 5 4  ppm) w ere a tta in e d  a t  th e  end o f s ix  

w eeks o f subm ergence in  a c id  s a lin e  and s a lin e  s o i l s  w h ich  

th e n  tended t o  d e cre a se  g r a d u a lly *  The h ig h e s t  In c r e a s e  

(38?S o v e r d r y  s o i l  v a lu e )  in  ex ch an g e ab le  m agnesium  was a t  

th e  end o f one week p e rio d  i n  a c id  s u lp h a te  s o i l s  a f t e r  

w hich  i t  showed a  d e c re a s in g  tre n d  t i l l  th© end o f 1 2  weeks 

p e rio d  o f  subm ergence*

The peak v a lu e s  o f  e x ch an g e ab le  c a lc iu m  a v a i l a b i l i t y
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may b© a t t r ib u t e d  t o  in c r e a s e  s o l u b i l i t y  o f  c a lc iu a  compounds 

i n  th e  s o i l  due t o  com bined e f f e c t  o f C02  p lu s  in c re a s e d  pH 

(Kabeerathuaaaa and F a t n a ik , 19 7 B )«

The in c r e a s e d  c a lc iu a  e lu v ia t io n  in .  f lo o d e d  s o i l s  

o f redu ced c o n d it io n  due t o  exchange o f c a lc iu m  io n s  b y  

fe r r o u s  ir o n  a s  proposed b y Kaw aguchi and K a v a c h i (19 6 9 )  

m ig h t be th e  re a s o n  f o r  th e d e c re a se  in  e x ch an g e ab le  b ases*

F ix a t io n  by c la y  m in e r a ls  from  s o i l  s o lu t io n  m ig h t 

be a  re a so n  f o r  d e cre a se d  magnesium a v a i l a b i l i t y  d u rin g  

subm ergence* Mg*** r e p la c e s  A l^ *  i n  2 # 1 c la y  m in e ra ls  

th ro u g h  iso a o rp h u s  re p lace m e n t (B ear* 1 9 6 4 ) ,

The C h lo r it e  and v e r r o ic u lit o  m in e r a ls  have a  g r e a t e r  

amount o f  m agnesium  in  the l a t t i c e .  T h e r e fo r e ,  th e s e  m ine­

r a ls  may f i x  magnesium and m icaceo u s m in e r a ls  may f i x  p o ta ­

s s iu m . The s h if t in g  o f  mont m o r illo n it e  t o  v e r m lc U lit e  o r  

c h lo r it e  ty p e  m in e ra ls  i n  s e a  w a te r seems to  co n firm  th e  

view  t h a t  th e  h ig h  co n te n t o f magnesium in  s e a  w a te r i s  

r e s p o n s ib le  f o r  b r in g in g  ab o u t t h is  a lt e r a t io n  o f  m in e ra l 

ty p e  (K anw ar, 1 9 7 6 ) . S im ila r  ty p e  o f c h lo r o t is a fc io n  l i k e  

r e a c t io n s  c a n  happen i n  s o i l s  when e x c e ss  o f  m agnesium i s  

a v a ila b le , Gopalasw am l ( 19 6 9 )  h a s p o in te d  o u t th e  p re se n ce  

o f  c h lo r it e  l i k e  m in e r a ls  I n  some o f  th e  a c id  s o i l s  o f  K e r a la .
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Th© differential pattern of shift In the content 
of exchangeable potasslu®# calcluia and magnesium may be 
thus dm to the difference in the total content of these 
elements In inorganic soil components In various soils as 
well as to the rise in pH and specific conductance which 
can alter the ionic strength and induce Ionic displacement#
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SUMMARY AND CONCLUSIONS

An in v e s t ig a t io n  w as c a r r ie d  o u t t o  q u a n t ify  t h e  

changes due to  subm ergence In  the s t a t u s  o f a v a ila b le ,

N , P , ft, C a  and Mg, E C , pH and lim e  re q u ire m e n t I n  f o u r  

io p o r ta n t  ty p e s  o f paddy grow ing s o i l s  o f th e  s ta te *  The  

s tu d y  c o n s is te d  o f th e  fo llo w in g  two p a r t s :

1*  S t u d ie s  on th e  b a s ic  p h y s lc o  c h e m ic a l p r o p e r t ie s  o f  th e  
s o ils *

2 .  In c u b a t io n  experim ent t o  m o n ito r th e  changes i n  n u t r ie n t  

a v a i l a b i l i t y  u n d er flo o d e d  c o n d it io n  w ith  5 c a  o f  sta n d ­
in g  w ater*

The f i r s t  p a r t  o f  th©  in v e s t ig a t io n  was c a r r ie d  out 

by a n a ly s in g  1 2  sam p les e a ch  o f t y p ic a l  a l l u v i a l ,  a c id  

s a l in e ,  a c id  s u lp h a te  and s a lin e  s o i l  sam p les c o lle c t e d  from  

d if f e r e n t  p a r t s  o f  th e  s ta te *  Th© v a r io u s  p h y s lc o  c h e m ic a l 

p r o p e r t ie s  o f th e s e  s o i l s  in  th e  d ry  s t a t e  w ere determ ined  

and t h e ir  in t e r  r e la t io n s h ip s  s tu d ie d *

The in c u b a t io n  exp erim en t was co ndu cted b y h e a p in g  

th e  r i c e  s o i l s  u n d er flo o d e d  c o n d it io n s  w ith  5 cm o f  s ta n d ­

in g  w a te r f o r  a  p e r io d  o f  th re e  m o n th s. The p e r io d ic a l  

ch an g es i n  s o i l  r e a c t io n , lim e  re q u ire m e n t, s p e c if ic  conduc­

ta n c e  and a v a ila b le  s t a t u s  o f N , P , ft, C a and Hg w ere e stim a te d  

b y a n a ly s in g  th e  w et s o i l  sam p les w ith d raw n  a t  w e e k ly  in t e r *
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vals. The data obtained were subjected to statistical 
analysis to bring out the significance of the important 
changes observed in the various parameters in the different 
soil types*

The important findings from these studies are summari­
sed below:

(1) The alluvial soils were only slightly acidic in reaction 
and clayey in texture. The electrical conductivity was 
very low and suited for even the most sensitive crops*

(2) The acid saline soils were sandy loam in texture* These 
soils wore moderately acidic in reaction and the electri­
cal conductivity was slightly above the critical Unit 
fixed for all crops (1*9 ©mhos/cm).

(3) The acid sulphate and saline soils were extremely acidic. 
Hie CEC of these soils was found to bo very high (20-24 
©e/100 g). The electrical conductivity of acid sulphate 
soils was normal for semi tolerant crops» while it was 
very high and maximum in saline soils (5.5 mhos/cm) and 
exceeded the maximum tolerance limit fixed for rice.

(4) The organic matter content was high in all the four soil 
types. It was lowest in alluvial soils (1.8;$) end highest 
in acid saline and acid sulphate soils (6.4 and 6.3/i).
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The s a lin e  s o i l s  reco rd e d  a  v a lu s  o f 3 * 2 $ .

( 3 )  Based on th e  s o i l  t e s t  v a lu e s  in  th e  a i r  d r y  s t a t e ,  th e  

a l l u v i a l  and a c id  s a lin e  s o i l s  were c l a s s i f ie d  a s  low  

and a c id  s u lp h a te  and s a l in e  s o i l s  a s  medium in  th e  

s t a t u s  o f  a v a ila b le  n itro g e n *  The v a lu e s  o f  a v a ila b le  

n itro g e n  w ere 1 1 5 ,  1 0 0 , 19 3  and 16 0  ppm i n  a l l u v i a l ,  

o c ld  s a l in e ,  a c id  s u lp h a te  and s a lin e  s o i l s  r e s p e c t iv e ly *

( 6 )  The a v a ila b le  phosphorus c o n te n t was i n  th e  h ig h  range  

f o r  a l l  s o i l  t y p e s . The h ig h e s t  v a lu e  o f  a v a ila b le  

phosphorus ( 10 7  ppm) w as observed in  a l l u v i a l  s o ils *

( 7 )  The e x ch an g e ab le  p o ta ssiu m  s t a t u s  was h ig h  f o r  a l l u v i a l  

and a c id  s a lin e  s o i l s  ( 1 3 1  and 14 9  ppo) and medium f o r  

a d d  s u lp h a te  and s a l in e  s o i l s  (8 2  and 80 ppm)*

(8 )  Of th e  e x ch an g e ab le  c a t io n s , c a lc iu m  end m agnesium  con­

t e n t s  w ere minimum f o r  a l l u v i a l  s o i l s  and maximum f o r  

s a lin e  s o ils *  The v a lu e s  o f  th e se  e x ch an g e ab le  c a t io n s  

were in  betw een th o se  f o r  s a lin e  and a l l u v i a l  s o i l s  in  

a c id  s a lin e  and a c id  s u lp h a te  s o ils *

(9 )  Lim e re q u ire m e n t was le a s t  f o r  a l l u v i a l  s o i l s  (9 * 7  t /h a )  

and maximum f o r  s a lin e  and a d d  s u lp h a te  s o i l s  (16 * 4  t /h a )  

and in te rm e d ia te  f o r  a c id  s a lin e  s o i l s  ( 19 * 2  t /h a ) *

( 1 0 )  A s ig n if ic a n t  n e g a tiv e  c o r r e la t io n  was o b se rve d  between
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pH and lim e  re q u ire m e n t in  a l l  th e  s o i l  t y p e s .

( 1 1 )  The r e la t io n s h ip  o f-C E C  w ith  c la y  was s ig n if ic a n t  and  

p o s it iv e  i n  a l l  th e  s o i l  ty p e s  e x ce p t i n  s a lin e  s o i l s .  

CEC and o r g a n ic  m a tte r shoved a  n e g a tiv e  r e la t io n s h ip  

in  th e  a l l u v i a l  and a c id  s a lin e  s o i l s  in d ic a t in g  t h a t  

th e  exchange p r o p e r t ie s  o f  th e se  s o i l s  w ere m a in ly  due  

t o  th e  in o r g a n ic  f r a c t io n s .  The CEC o f a c id  su lp h a te  

s o i l s  was dependent on b o th  o rg a n ic  and in o r g a n ic  f r a c ­

t io n s  s in c e  th e  r e la t io n s h ip  o f  CEC w ith  o r g a n ic  carb o n  

and c la y  was s ig n if ic a n t  and p o s it iv e .  The p o s it iv e  

c o r r e la t io n  o f CEC w ith  o rg a n ic  carb o n  a lo n e  in  th e  

s a lin e  s o i l s  a t t r ib u t e  t h e ir  exchange p ro p e rty  m o stly  

due t o  o r g a n ic  f r a c t io n .

( 1 2 )  The e x ch a n g e a b le  p o ta s s iu m , c a lc iu m  and m agnesium  showed 

s ig n if ic a n t  p o s it iv e  c o r r e la t io n  e it h e r  t o  c la y  o r  t o  

CEC i n  m ost o f  th e  s o i l s .

( 1 3 )  The a v a ila b le  n itro g e n  and phosphorus had a  p o s it iv e  

c o r r e la t io n  e it h e r  t o  t h e ir  t o t a l  c o n te n ts  o r  t o  o r g a n ic  

carb o n  i n  a l l  th e  f o u r  s o i l  t y p e s .

( 1 4 )  C o n s id e ra b le  d if f e r e n c e  was n o tic e d  betw een th e  v a lu e s  

o b ta in e d  f o r  a v a ila b le  n u t r ie n t s  b y  r o u t in e  m ethods o f  

s o i l  t e s t in g , o f d r y  s o i l s  and t h e ir  a c t u a l a v a i l a b i l i t y
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u n d e r subm erged c o n d it io n  in  a l l  th e  a o l l  t y p e s ,

S im ila r  wa» th e  c a se  w ith  pH , lim e  re q u ire m e n t and  

e l e c t r i c a l  c o n d u c t iv it y  a ls o *

( 1 5 )  F lo o d in g  f o r  a p e r io d  o f  th re e  o o n th s re s u lte d , in  a  

r is e  i n  pH o f a l l  th e  s o i l  t y p e s . The s a lin e  and a c id  

s a lin e  s o i l s  re co rd e d  th e  maximum s h if t  i n  pH v a lu e s *  

pH rem ained more o r  le a s  ste a d y  a f t e r  re a c h in g  th e  p eak  

v a lu t a  i n  a  p e rio d  o f  one week in - a c id  s u lp h a te  s o i l s  

and in  a l l  o th e r s o i l  ty p e s  s t a b i l i t y  was a tta in e d  a f t e r  

f o u r  t o  e ig h t  weeks* Consequent t o  th e  in c r e a s e  i n  pH , 

a  c o rre sp o n d in g  d e c re a se  In  lim e  re q u ire m e n t was o b s e r - 

vad in  a l l  th e  s o ils *

( 1 6 )  A r i s e  i n  SC was o b se rved  in  a l l  th e  s o i l  ty p e s  due to  

subm ergence* The h ig h e s t  v a lu e  o f 1 2  n m h o s/cs was 

o b ta in e d  a f t e r  f o u r  w eeks o f  subm ergence i n  s a lin e  

s o ils *  The r is e  i n  co n d u ctan ce  o f  s o i l s  w h ich  a lr e a d y  

p o s s e s s  a  h ig h  d eg ree o f co n d u ctance assum es more p r a c ­

t i c a l  im p o rtan ce  i n  a f f e c t in g  th e r i c e  p la n t  u n fa v o u ra ­

b ly *  EC showed a  d e c re a s in g  te n d e n cy w ith  tim e  a f t e r  

f o u r  t o  s ix  w eeks, ow ing t o  th e  r e p r e c ip lt a t lo n  o f  some 

o f  th e  d is s o lv e d  io n s*

( 1 7 )  A l l  th e  s o i l s  showed a  p r o g re s s iv e  in c r e a s e  in  a v a ila b le
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n itr o g e n  co n te n t w ith  In c re a s e  in  th e  p e rio d  o f f lo o d ­

in g . The a l l u v i a l  s o i l s  w ere r a is e d  from  low  t o  a  

medium le v e l  a f t e r  th e  f i r s t  week o f  aubaergenca and 

rem ained nor© o r  le s s  s te a d y  t i l l  th e  end o f th e  1 2 t h  

w eek. I n  th e  o th e r s o i l  t y p e s , th e  le v e ls  o f  a v a ila b le  

n itr o g e n  a tta in e d  v a lu e s  w hich  were much h ig h e r th a n  

t h a t  f ix e d  f o r  c la s s if y in g  a  s o i l  a s  h ig h  I n  a v a ila b le  

n it r o g e n . S ig n if ic a n t  in c r e a s e  in  a v a ila b le  n itro g e n  

c o n te n t was o b served a f t e r  one, two and f iv e  weeks o f  

subm ergence i n  a c id  s u lp h a t e , s a lin e  and a c id  s a lin e  

s o i l s  r e s p e c t iv e ly  and i t  was m a in ta in e d  t i l l  the end 

o f 1 2  w eeks.

( 1 3 )  A s ig n if ic a n t  r is e  i n  th e  co n te n t o f a v a ila b le  phos­

p h o ru s was observed i n  a l l  th e  s o i l s .  The a c id  s a lin e  

s o i l s  re co rd e d  th e  maximum in c r e a s e  i n  a v a ila b le  phos­

p horus a t  th e  end o f  f o u r  weeks o f  sub m ergence, a f t e r  

w h ich  i t  g r a d u a lly  d e c re a s e d . The p eak v a lu e s  f o r  

a v a ila b le  phosphorus w ere reco rd ed  a t  th e  end o f f o u r  

and s i x  w eeks in  a c id  s u lp h a te  and a l l u v i a l  s o i l s ,  

a f t e r  w h ich  i t  d e c re a s e d . The s a lin e  s o i l s  showed a  

p r o g re s s iv e  in c re a s e  th ro u g h o u t th e  p e r io d  o f f lo o d in g . 

The le v e ls  o f  a v a ila b le  phosphorus re c o rd e d  f o r  th e  

f o u r  s o i l  ty p e s  i n  th e  a i r  d r ie d  s t a t e , I t a e i f  wore much
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higher than the value fixed for placing them in the 
highest class for available P as per the guidelines for 
fertilizer recommendations. Submerging of these soils 
has resulted in a further manifold increase in the con­
tent of available P. In the light of these observations, 
it may be concluded that In these soil types further 
addition of phosphatic fertilisers is not likely to pro­
duce any remarkable response on the paddy crop which can 
meet its complete P requirement from the native 30il P 
itself.

(19) The availability of exchangeable cations like potassium, 
calcium and magnesium, however, showed a periodical 
increase and decrease on flooding in all the four soil 
typos. This differential pattern of shift in the con­
tent of exchangeable cations may be due to the diffe­
rences in the total content of these elements in various 
soils as well as to the changes in soil reaction, ionic 
displacement and other related properties that arise 
consequent to flooding.

'From the investigation carried out, it has been possi­
ble to obtain a systematic account of the extent and nature 
of the changes in soil reaction and nutrient availability
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t h a t  r a s u it  from  f lo o d in g  I n  w a te r i n  some o f  th e  t y p ic a l  

r ic e  s o i l s  o f K e ra la *

The r e s u lt s  o f th e  s tu d y  have c le a r ly  b ro u g h t o u t th e  

m agnitude o f th e  changes t h a t  r e s u lt  in  th e  s t a t u s  o f  e a ch  

n u t r ie n t  upon f lo o d in g  o f  s o i l s  f o r  w etlan d  paddy c u lt iv a ­

t io n *  T h sre  h a s been more th e n  th re e  f o ld  in c r e a s e  in  th e  

c o n te n t o f  a v a ila b le  M and P i n  e l l  th e  s o i l s  a f t e r  two t o  

f o u r  weeks o f  subm ergence• I t  c le a r ly  im p lie s  t h a t  a d d it io n  

o f f e r t i l i z e r  H and P u n d er s u c h  c o n d it io n s  i s  n o t l i k e l y  to  

produce any s ig n if ic a n t  e f f e c t  on r ic e  u n le s s  th e  v a r ie t ie s  

o re  h ig h ly  re s p o n s iv e  t o  th e s e  tw o n u t r ie n t s . O b v io u s ly , 

th e  la c k  o f  re sp o n se  t o  phosphorus in  paddy re p o rte d  on 

s e v e r a l o c c a s io n s  may be f u l l y  e x p la in e d  i n  th e  l ig h t  o f  

th e s e  r e s u lt s .  The f e a s i b i l i t y  o f  re d u c in g  th e  q u a n t it y  

o f f e r t i l i s e r s  to  toe a p p lie d  o r  even s k ip p in g  o f  f e r t i l i z e r s  

f o r  one o r  two se a so n s c a y  be c o n sid e re d  t a k in g  in t o  acco u n t 

th e  re s p o n s iv e n e s s  o f th e  r ic e  v a r ie t y  a s  w e ll a s  o th e r eco­

nom ic f a c t o r s . Th e se  may be v e r if ie d  and a s c e r t a in e d  b y  

c a r e f u l and p lan n e d  lo c a t io n  s p e c if ic  e x p e rim e n ta tio n  end 

i f  th e  r e s u lt s  a re  found e n c o u ra g in g , a  s u b s t a n t ia l  re d u c­

t io n  in  th e  q u a n t it y  o f f e r t i l i z e r s  end o th e r r e la t e d  in p u ts  

ca n  be made w ith o u t a f f e c t in g  th e  n e t r e tu r n s  f r o a  a  & lve n  

a r e a .
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APPESDIX-t.
Physics eheaical properties of soils on submergence in water - Abstract of AilQVA.

Available Exchangeable
Source df pH EG m ■n P K ca Hg

Period (p) 1.0 13.6* 5.7* 11 »5^ 9#7X 2^XS 1*6 1.4 1.2
Soil (s) 3 29.0* 143.5* 9.2* 30.0* 21.4* 1.8 2.1 2.6
P X s (error) 30 11.2 16.9 9.3 4.0 11.6 14.3 5.7 8.4

x significant at I5S and 5& level 
xx significant at 574 level
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ABSTRACT

Laboratory Incubation atudiea were conducted to 
quantify the changes in pH, EC, lime requirement and availa­
bility of important nutrients such as N, P, K, Ca & Kv due 
to submergence of alluvial, acid saline acid sulphate and 
saline rice soils of Kerala,

The study has revealed that pH of all the soil typos 
increased immediately after flooding of the. air dried soils, 
reached a maximum and remained more or less steady through­
out the period of three months submergence. Consequent to 
the increase in pH, a corresponding decrease in lime require­
ment was observed In all the soils. Maximus reduction in 
lime requirement was noticed for the saline and acid saline 
soils.

A rise in EC was observed in all the soil typos due 
to submergence during the first four to six weeks. It showed 
a decreasing tendency afterwards.

All the soils showed a progressive increase in availa­
ble nitrogen content with increase in the period of flooding. 
The increase was in the range of 75 - 393$ for the various 
soil types. Maximum increase was,recorded by saline soils 
(395$) and minimum by alluvial soils (75$).



The levels of available phosphorus recorded for the 
four soil typaa in the air dried state were in the low to 
medium range for rice* Submerging of these soils has resulted 
in a manifold increase in the content of available phosphorus. 
The increase was maximum for acid saline soils (7007̂ ) and 
minimum (55^ for alluvial soils.

The availability of exchangeable cations like potassium 
calcium and magnesium, however, showed a periodical increase 
and decrease on flooding in all the four soil types.

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

The manifold increase in the statue of major nutrients 
like ft and P upon flooding of soils indicates that addition 
of fertilizer ft and P under such conditions is not likely to 
produce any significant effect on rice unless the rice varie­
ties are highly responsive to these nutrients. The feasibi­
lity of reducing the quantity of fertilizers to be applied 
or even skipping of fertilizers for one or two seasons may 
be considered taking into account the responsiveness of the 
rice variety as well as other economic factors.




