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INTRODUCTION 

-Kuttanad region of Kerala is a unique agricul

tural area, lying 0.6 tei 2.2 m below mean sea' 

level.' Nowhere else in the world such a' low . ' . 
lying tract below mean sea level has been ob-

served except in the Netherlands. Kuttanad is , 

a deltaic formation of four major rivers viz., 

Meenachil, Manimala, Pamba and Achankoil 

draining into Vembanad lake. The area extends 

'from 90 17' to 9°40'N latitude and 760 19' to 

760 33'E longitude on the west coast of Kerala 

The geographical area of the regionis 874 Jan2 
distributed within Alappuzha,' Kottayam. and 

Pathanamthitta districts. Out of this, wetlands 

comprise 584 Jan2• 

In the geological past, the region was a part of 

the shallow coastal area of Arabian Sea As a 

result of tlie geological uplift, a shallow bay 

was formed into whi"ch several rivers dis

charged. The silt carried out by these rivers got 

deposited at river mouths giving rise to the 

present coast and converting the shallow bay 

into a lake-lagoon-backWater system extending 

from Alappuzha to Kcx:hi and connecting the 

sea by Kochi estuary. According to another 

theory, the entire area was a dense forest which 

caught fire and engulfed by the sea' during the 

Succeeding geological ages. Years later sea 

receded exposing the land which forms a part of 

midland and coastal region of Kerala. Soils in 

these areas have vast organic deposits as also 

fossils of timber and shell fish in varying 

depths, reminiscent of submersion under sea for 

long periods. 

Kuitanad is considered as the rice bowl. of 

Kerala. Rice is cultivated in an area of 55000 

ha, identified as punja lands of Kuttanad con~ 

stituting several "padasekharams" or contiguous 

fields separated by channels and bunds. The 

area is divided into karappadam, kayal and kari 

lands with reference to elevation, geological 

formation' and soil characteristics. Based on 

flood incidence, salinity intrusion and soil 

acidity, Kuttanad has been divided in to seven 

agro-ecological zones viz." Upper Kuttanad, 

Lower K;uttanad, kayal lands, North Kuttanad, 

Coastal Kuttanad, Purakkad karl and Vaikom 

karl. The area is periodically inundated by 

saline water of tidal inflow from the sea. 

During the periods of south-west monsoon and 

north-east monsoon, the rivers pour fresh water 

into the area' and as north-east mOlliioon ,re

cedes, sea water again enters the Vembanad 

la:ke and the, whole area becomes saline. 

Kuttanad therefore, is faced with serious pro

blems of hydrology, floods and salinity. The 

extent of salinity and flood incidence varies 

among the agro-ecological zones. Maximum 

flood impact is found in 'areas of Upper' 

Kuttanad and minium in kayal lands, while 

salinity intrusion follows a reverse trend. North 

Kuttanad, the deltaic formation of Meenachil 

river is subjected to both flood submergence 

and salinity intrusion. 

A substantial part of the area was reclaimed 

from the Vembanad 'la:ke and this has consid

erably reduced the lake arc;a. "I1!e reclamation 

processes virtually came to a halt four decades 

ago. Since then emphasis has been on making 

the land more productive. The major hindrances 

for intensive agriculture were the regular flood 

submergence during monsoons and saline water 

intrusion during summer season. To check the 

floods during monsoons, a spillway was con

structed at Thottappally for the speedy drainage 

of waler from the lake to the Arabian Sea 

which was commissioned during 1955. To pre

vent salt water intrusion and, to promote double 

crop of rice in about 55000 ha of lowlying 

fields in the area, it was decided to construct a 

1462 m long barrage, rising 92 cm above the ,I' 

level of high tide at Thanneennukkom in the 



·-' 

-~:.: 

Vembanad lake_ Designed as a bridge cum 

regulator with facilities for allowing· navi

gation, the work of the barrage was started in 

1958_ When it become temporarily functional 

in March 1975 with an earthen bund in the 

middle portion, it became the second biggest 

salt water barrage in the country, next to 

Farraka barrage in the Ganga river. The barrage 

./regulator started regular functioning from the 

summer of 1976 and since then the regulator 

remains closed from December to May every 

year_ Consequent to the construction of regula

tor rice is cultivated during two seasons in 

Kullllnad viz., additional crop (April to Sep

tember) and punja crop (October to January). 

The 1batw.eermukkom regulator has been rela
tively successful in preventing the intrusion of 

saline water into Vembanad lake and from there 

to Kuttanad. 11)e most benefitted areas due to 

the closure of the regulator are 8100 ha of kayal 

lands and 10120 ha of North Kuttanad_ North 

Kuttanad being adj1!-cent to Vembanad lake, 

used to be severely affected by incursion of sa

line water during summer in the pre-barrage 

period. 

During summer, when the regulator is closed, 

there is virtually no flow of water beyond the 

regulator on the southern side which results in 

water stagnation_ Due to this situation, an al

most fresh water condition prevails during 

major part of the year in the southern side of 

the regulator while there exists varying grades 

of salinity in the northern side_ This pheno

menal change in the hydrodynamics of thesys

tern has triggered off several unexpected 

changes on farming and ecology of the region. 

The ecological backlash -began to manifest iIi 

the form of reduction in rice yield, proliferation 

of weeds, deterioration of water quality, in

creased morbidity and destruction of fishes and 
other aquatic organisms_ 
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The entire Kuttanad becomes a static pool after 

the closure of the Thanneermukkom regulator_ 

The periodic tidal inflow which used to flush 

the waterbody is completely prevented with the 

result that the drained water from the rice fields 

with heavy load of pesticides and fertiliser 

residues remain stagnant in the waterbody_ 

Added to these pollutants, the human, animal 

and agricultural wastes and industrial effluent 

that are emptied into the Kuttanad water system 

virtually tum Kuttanad, the rice bowl of Kerala 

into a poison bowl. . 
TIle continuous cultivation in rice fieltl~ with 

soil exhausting high yielding rice varities along 

with indiscriminate use of fertilisers and 

pesticides is causing serious soil health 

problems in Kuttanad_ The developmental 

activities and intensive cultivation in Kuttanad 

have resulted in the depletion of soil organic 

matter and increase in soil acidity making the 

soil sick and less productive. Under these cir

cumstances, the present study was taken dP'i~c

assess the impact of closure of Thanneer

mukkom regulator during summer season on the 

following soil properties of North Kuttanad, the 

most benefitted area due to the construction of 

Thanneermukkom regulator. 

1) Morphological, physical and chemical pro, 

perties of soils of Notrh Kuttanad 

2) The extent of variation in fertility character-

istics of. the area 

3) The extent of variation in native toxic soil 

characteristics in the area due to the restricted 

movement of water 

4) The development and accumulation of intro

duced toxic factors in the area and its impact on 

soil environment 
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REVIEW 01f qTERATURE 

1. General description of the area under 
study 

Kuttanad is a low-lying area of costal Kerala 

fonned by the confluence of four major river 
systems viz., Meenachil, Manimala, Pamba and 

Achankoil draining into the Vembanad lake. It 

measures approximately 25 lan east-west and 60 

lan north-south on the west coast of Kerala. 
The area encompasses 79 revenue villages lying 

in Karthigappally, Mavelikkara, Chengannur, 

Kuttanad, Thiruvalla, Kottayam, Ambalapuzha, 

Cherthala and Vaikom taluks. 

From the very early days, Kuttanad has been 

acknowledged as the rice bowl of Kerala. Mi
llions of years ago this land was a dense forest. 

In succeeding geological ages, the sea advanced 
and engulfed many places including this area. 

Several thousand years later, the sea receded 

exposing part of midlands and coastal region. 

During these geological upheavals, the entire 

forest area was submerged far below the ground 

and thereafter silted up to varying levels (Pillai, 

1940). This area was further converted into 

garden lands and wet lands by the process of 

reclamation which now characterises Kuttanad. 

Geologically, Kuttanad is an alluvial belt 
fonned of Tertiary arid Quaternary sediments. 

The region appears as a saucer shaped basin 
. flanked by sand dunes in the west and low 

lateritic hills. in.the east. This deltaic alluvium 

is alternating. layers of sand and clay of varying 

sizes and variable percentages of organic matter 

(Mathai and Rajendran, 1983). 

The deltaic fonnations of the river systems in 
the basin gradually slopes down to the Vemba
nad I~ke and merge with it which is connected 
to the Arabian sea by the Cochin estuary. 

Therefore, the flood incidence and the salinity 
intrusion affect variously the different parts of 

the delta fonnatioIL The maximum flood impact 

is found in areas of Upper Kuttanad and the 

least in kayal lands, while salinity intrusion fol
lows a reverse trend. The deltaic fonnation of 

Meenachil river identified as North Kuttanad is 

subjected to both flood submergence and saline 

water intrusion (Aravindakshan and Joseph, 
1985). 

The geographical area of Kuttanad is 874 lan' 
in which 290 lan' are garden lands rising I to 

2 m above ms!. The remaining area is 0.6-2.2 

m below msi. Based on flood incidence, sa
linity intrusion and soil acidity, Kuttaiiad has 
been divided in to following seven agroecol

ogical zones. (1) Upper Kuttanad (2) Lower 
Kuttanad, (3) Kayal lands, (4) North Kuttanad, 

(5) Coastal Kuttanad, (6) Purakkad karl and (7) 

Vaikom karl. 

During south-west monsoon, the entire area 

will be submerged under flood water. TIle flood 

water gradually drains through the water cour

ses and Vembanad lake into the sea through the 

Cochin gut. As the monsoon recedes, the sea 

water enters the Vembanad lake by tidal action 

and from there it spreads to other parts of Kut
tanad, through intercOlmected waterways and 

- canals. Thus, the area is subjected to continued 

flood submergence during monsoons and saline 

water ingression during summer months. 

The soil characteristics in a waterlogged region 

like Kuttanad are entirely different from those 

of a nonnal well drained regioIL Accumulation 

of toxic products of anaerobic decomposition of 
organic matter, production of ammonia, reduc
tion of nitrates and sulphates, mobilisation of 

iron and manganese, increase in available 



phosphorus, variation in redox potential,' soil 

reaction and electrical conductivity are the 

resultant effects of waterlogging which in tum 

cause drastic changes in soil enviromnent and 

influence crop growth (Money and Sukumaran, 

1973). Seasonal fluctuations of salinity due to 

. high monsoonal discharge along with fluviatile 

and estuarine silts have further modified the 

chemical and biological characters of the soil. 

Another point to be reckoned with is the 

environment related leaching process. In some 

parts of the year leaching takes place under the 

influence of rain water in a saline water envi

romnent and in other times it is a fresh water 

enviromnenl The construction of a 12 m wide 

road between Alleppey and Changanachery 

aggravated the flood problems of the region. 

Soils of Kuttanad are known as acid saline or 

acid sulphate soils. They are further.sub-divided 

and named according to the morphological 

conditions viz., karappadam, kayal and karl. 
These three types fall in great soil groups of 

Tropaquents (karappadam and karl) and 

Tropopsamments (kayal) (Chattopadhyay and 

Sidharthan, 1985). 

Karappadam soils occur along the inland 

waterways and rivers, and are spread over a 

large part in the Upper Kuttanad covering an 

area of 40000 ha.'They are river-borne alluvial 

soils. The fields lie about 1-2 m below msl. 

Soils are very deep, poorly drained, dark grey 

in colour with clay loam surface texture 

followed by silty clay sub soil. The subsoils 

also show the presence of abundant prominent 

red and yellow mottles, gley horizons, streaks 

and concretions. The presence of sand pockets 

in the subsurface horizon is another feature 

(KAU, 1994). The soils are characterised by 

high acidity, salt content and a fair amount of 

'decomposing organic matter (Chattopadhyay 

and Sidharthan, 1985; KAU, 1994). 
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Kayal soils are found in reclaimed beds of 

Vembanad and Kayamkulam lakes in Kottayam 

and AIIeppey districts and they occupy an area 

of 8000 ha, constituting about 14.3 per cent of 

total area· of Kuttanad. These soils are most 

severely affected by salinity. Crop failure is a 

common feature in these soils (Chattopadhyay 

and Sidharthan, 1985; KAU, 1994). Sea water 

intrusion is prevented to a certain extent by the 

construction of a permanent regulaior between 

Vechoor and Thanneermukkom in Cherthala 

taluk. Two crops of rice are now being raised 
in many places. 

The karl lands are confined to a few pockets in 

a non-contiguous manner along the coastal 

plains adjoining the backwaters in AIIeppey and 

Kottayam districts covering an area of 20000 

ha. They exhibit characteristics of the sub

merged forest area., The soils are deep black in 

colour, heavy in texture, poorly aerated and ill 
drained. Top soil is admixed with well decom

posed organic matter in the range of 10-30 per 

cent. But very often this layer is underlain by 

partially decomposed fibrous plant residues and 

contains less than 50 per cent mineral matter. 

In some places, big logs of wood locally known 

as "Kandamaram" occur embedded in the sub

soil which are used as firewood or timber 

<R:oshy et aL, 1977; Chattopadhyayand Sidhar

than, 1985; KAU, 1994). 

The karl soils are affected by severe acidity and 

periodic saline water inundation with con

sequent accumulation of soluble salts. In these 

soils, free sulphuric ,acid is formed by oxidation 

of sulphur compounds of organic residues or 

that accumulated in the soil from sea water by 

repeated inundation. The soils are of low ferti

lity status. Besides they contain toxic concen

trations of iron, aluminium and manyunidenti

fled toxic organic compounds. The presence of 

large quantities of organic matter that resisted 

decomposition for a long time and high acidity 



inspite of large accumulation of lime shells are 

some of the peculiar characteristics of the kari 

soils (Nair and Iyer, 1948; Subramoney, 1958; 
1959; Money, 1961a; Pillai and Subramoney, 
1967; Money and Sukumaran, 1973; Chatto

padhyay and Sidharthan, 198,5; KAU, 1994), 

2. Gencral propcrties of Kuttanad soils 

2.1 Soil reaction (pH) 

The Kuttanad soils in general are acidic in 

reaction. The pH values depend on location of 

the soils from which they are collected. Among 
karappadam, kayal and kari soils, the kari soils 
are the most acidic. TIle pH values for karappa

dam and kayal soils range from 2.6 to 5.8 and 
. 3.0 to 7.3, respectively (Kcishy and Brito-Mutu-

. nayagam, 1961; Nair and ,Aiyer, 1968; Nair, 

1973; Sreedevi and Aiyerh974; Kabeerathu

roma, 1975; Kabeerathumma and Bidappa, 

1975; Venugopal and Koshy, 1978; Aiyer and 

Nair, 1979;Amma et aI., 1979; Nair and Padmaja, 

1983; Bhargava and Abrol; 1984; Aroma, 1988; 

Mathew, 1989; Kuruvila and Patnaik, 1994). 

Kari soils register lower pH values than kara
ppadam and kayal soils. The pH values re

ported by different workers for different loca

tions ranged from 2.6 to 5.9 (Koshy an~ Brito

Mutunayagarn, 1961; Subramoney, 1961; Nair 

and Aiyer, 1968; Koshy, 1971; Sreedevi and 

Aiyer, 1974, Aiyer et .al., 1975; Praseedom and 

Koshy, 1975; Ghosh, ~t ai., 1976; Venugopal 

and Koshy, 1976a; Aiyer and Nair, 1979; 

Kabeerathumma and Patnaik, 1980; Mathews 

and Jose, 1984; Marykutty' and Aiyer, 1987; 

Aroma, 1988; Raju, 1988; Mathew, 1989; KAU, 

1994). The lowest value of 2.6 was recorded 
by the karl soils from Kallara (Marykutty and 
Aiyer, 1987). 

Variations in pH with depth do not show any 
defil)ite pattern in profile samples. Depending 
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upon the locations, pH remains unaltered, in

creases (Kurup, 1967; Pillai and Subramoney, 

1967; Santhakumari, 1975) or decreases with 
depth (Money, 1961a; Varghese and Aiyer, 

1973). 

The pH value of an acid soil increases on 
submergence due to soil reduction and may 

attain a value near 6.5. In fact, acid sulphate 

soils low in iron may not attain a value greater 

than ?O (Ponnamperuma, 1972). The Kuttanad 
soils on submergence shows only a small 

increase in! pH and on no occasion it exceeds 

5.0 even though the soil is rich in iron 
(Kabeerathumma, 1975). 

2.2 Electrical conductivity (Ee) 

The Kuttanad soils are saline in nature. Among 

the three types of acid saline soils, i.e., kara
ppadam, kayal and kari, the kayal soils are 

more saline. The EC values depend on the 

location of the soil and season in which they 

are collected.The maximum values are observed 

during summer (March to April) and minimum 

during October to November (Kurup and Aiyer, 

1973). The EC values recorded by different 

workers range from 0.1 to 43.6 dS m·l (Ghosh 

et al., 1976; Kabeerathumma and Patnaik, 1978; 

Aiyer .and Nair, 1979; Kabeerathumma and 

Patnaik, 1980; Bhargava and Abrol, 1984; 

Marykutty and Aiyer, 1987; Amma, 1988; 

Raju, 1988; Mathew, 1989; Kuruvila and 

Patnaik, 1994). The electrical conductivity of 

the Kuttanad soils increases with depth in 

profile samples (Kurup, 1967; Varghese and 

Aiyer, 1973; Santhakumari, 1975). 

Sodium, calcium, magnesium, chloride and 
sulphate ions are dominant in saline soils with 

sodium chloride being the most frequent cause 

of salinity. Due to the high mobility of water 

soluble salts, rains remove salts vertically or 
laterally or dilute them to non-toxic con-



cent ration. Salts may concentrate in lower layers 

of soil through sccpage or nm off (Van Mcns

voort et al., 1984). In monsoon areas rainfall 

may be high enough to provide for sufficient 

dilution and drainage downwards. In karappa

danl, kayal and karl lands, the heavy monsoonic 

showers and the consequent flood incidence 

completely wash away the soluble salts and 

make the entire area a fresh water zone by 

October-November. As the summer advances, 

the sea water again enters this region through 

canals and the area becomes saline by January

Fehruary (Moncy, 1961b; KuruI', 1967; KuruI' 

and Aiyer, 1973). 111e constructioJl of ThanJlc

ermukkom regulator prevents the entry of salt 
water into Kuttanad during summer and main

tains the salinity of soils within safer limits 

(DEEM, 1987; Raju, 1988; KAU, 1994). 

In areas with marine salinity the most logical 

solution is protection by dikes.TIlis practice 

may however, be very hazardous where acid 

sulphate soils or potential acid sulphate soils are 

present. Blocking the entry of salt water lowers 

the water table during dry season and causes 

severe acidification(Brinkman and Singh, 1982). 

The EC is positively correlated with combined 

percentage of silt and clay indicating that soils 

containing more finer fractions the salts are not 

freely washed away as in the case of sandy 

soils (Nair and Money, 1972). 

2.3 Soil acidity 

TIle acid sulphate soils occurring along the sea 

coast of Kerala are extremely acidic because of 

the presence of excess amount of S and lack .of 

Caco, (Segeren and Smits, 1974).The Kuttanad 

soils are no excepti on to this phenomenon. In 
certain areas (kari) free sul phuric acid is formed 

oy oxidation of S compounds of organic resi

dues or that accumulated from the sea water 

during repeated inundation by the action of 
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• 
sulphur oxidising bacteria (Nair and 1yer, 1948; 

SuIJramoney, 1958; Money, 196Ia). Besides 

sulphuric acid, exchangeable H', AI", Fe", 
Mn2

' and other hydrolytic ions on the soil 

exchange complex (panda, 1987; Misra et al., 

1989; Adhikari and Si, 1991; Prabhuraj and 

Murthy, 1994) and organic acids (Brito

Mutunayagam, 1948; Van Mensvoort et aI., 
1984) also contribute towards soil acidity in an 

acid sulphate soil. 

The exchangeable acidity of kari soils varies 

frolll 22.9 to 39.6 clllol(+) kg' (K"bccrathulllllla 

and Nair, 1973; Kabeemthulluua and Bidappa, 

1975; Kabeerathumma and Patnaik, 1978; 

Marykutty and Aiyer, 1987). In kamppadam 

soils it ranges from 5.8 to 14.6 cmol(+) kg" 

(KabeerathUll1llla and Nair, 1973; Kabeer

. athumma and Bidappa, 1975; Kabeerathumma 

and Patnaik, 1978). In kayal soils it is about 

6.1 to 8.0 cmol(+) kg" (Kabeerathumma and 

Patnaik, 1978). Compared to total acidity, ex

changeable acidity. is rather low, and the nature 

of soil acidity is mostly pH dependent (Sharma 

et al., 1990; Adhikarl and Si, 1991;' Anantha

narayana and Hanumantharaju, 1994). The pH 

dependent acidity is about 70 to 90 per cent of 

total acidity (panda, 1987; Anathanamyana lUJd 

Hanwnantharaju, 1994). The contribution of pH 

dependent acidity to total acidity decreases with 

lowering of pH (pal et al ., 1991). 

The percentage contribution of exchangeable H' 

to exchangeable acidity varies from 16 to 46 

WId the rest is contributed by exchangeable AI" 

(KabeerathUll1llla and Nair, 1973; Marykutty, 

1986; Marykutty and Aiyer, 1987). 

The Kuttanad soils are very high in exchange

able AI (0.22-6.45 cmol[+] kg") and BaCI2-

TEA extractable acidity which varies from 8.0 

to 39.6 cmol(+) kg" (Kabeerathumma and 

Patnaik, 1978). The exchangeable Al content 



of karappadam soils is about 4.10 to 5.84 

cmol(+) kg·' (Marykutty and Aiyer, 1990). 

The acidity of rice soil is characterised by a 

periodical change induced by alternate irrigation 

and drainage and the rate and extent of such 

changes are far greater than those occurring in 

upland soils. The increase in acidity, on the 

exposure of soils to air is a character exhibited 

by most of the soils of Kuttanad though . it 

varies in degree from place to place. The 

presence of toxic subsoil layer is a source of 

permanent danger to crops as the acid salts can 

enter the permiable layer with the. $e , of 

ground water (Money, 1961a). 

Kari soils, have a much higher content of exch

angeable AIl', exchangeable Jf' and exchange

able acidity than karappadam and kayal soils 

(Kabeerathumma and Nair, 1973; Marykutty, 

1986; Marykutty and Aiyer, 1990). The acidity 

in Kuttanad soils is due to dissolved sub&tances 

such as sulphuric acid, and ferric an~ alumi

nium sulphates, whereas the acidic species of 

naturally occurring clays (rr and AI") remains 

bound to clay (Panda and Koshy, 1982). 

A definite relationship exists between, pH, 

excharigeable H' and exchangeable AI" (Ka

beerathumma and Nair, 1973). Organic carbon 

and exchangeable AI" were significantly corre

lated with pH dependent acidity whereas exch

angeable acidity is significantly correlated with 

exchangeable AI" alone (pal et at., 1991; Singh 

et aL, 1993). In highiy acidic soils potential 

acidity contribute to a major portion of cation 

exchange capacity, and such soils are mostly 
associated with low base saturation (Anatha

narayana and Hanumantharaju, 1994). 

2.4 Organic carbon 

Acid saline soils are reported to contain a fairly 

high amount of organic carbon. In karappadam, 
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kayal and karl soils the organic crubon content 

ranges from 1.3 to 13.9, 0.4 to 5.5 and 1.8 to 

25.0 per cent, respectively (Subramoney, 1961; 

Zachariah ~d SankarasubrariJoney, 1961; N~r' 

and Aiyer, 1968; Alexander and Durairaj, 1968; 

Koshy, 1971; Nair and Money, 1972; Money 

and Sukumaran, 1973; Sreedevi and Aiyer, ' 

1974; Aiyer et ai., 1975; Praseedom and Koshy, 

1975; Sreedevi et aL, 1975; Ghosh et ai., 1976; 

Venugopal and Koshy, 1976b; Kabeerathumma 

and Patnaik, 1978; Aiyer and Nalr, 1979; 

Amma, et aL, 1979; Bhargava and Abrol, 1984; 

Mathews and Jose, 1984; Marykutty and Aiyer, 

1987; Arnma, 1988; Raju, 1988; Mathew, 1989; 

KAU,I994). 

The organic matter of karl soils is largely a lig

noprotein complex consisting of mainly lignin, 

ether and alcohol soluble substances (Nair and 

Iyer, 1948). In this organic matter there is a 

preponderance of alcohol and ether extractable .- . 
fractions, and cellulose' and hemicellulose are 

entirely absent (Koshy, 1970). 

In proftle samples of karl soils, organic matter 

content decreases with depth. Undecomposed 

plant residues are seen i~ profiles at different 

depth. The C:N 'ratios of the soils of different 

horizons are· wider than normal soils indicating 

the presence of undecomposed plant residues of 

higher carbohydrates like lignin of wood fossils. 

The C:N rati,o, ,of karappadam soil is also above 

10.0 indicailiig the presence of undecomposed 

organic matter. Compared to karappadam and 

karl soils, the C:N ratio is low in kayal soils 
(KAU, 1994). ' 

2.5 Phosphorus 

In karappadam and kayal soils, available P 

(Bray No.1) ranges from traces to 45 ppm and 

6 to 51 ppm, respectively (Money and Suku

maran, 1973; Kabeerathumma and Patnaik, 

1978; Aiyer and Nair, 1979; Amma, 1988; 



Raju, 1988; Mathew, 1989). In karl soils, it 

ranges from traces to 63 ppm (Alexander and 

Durairaj, 1968; Ghosh et aL, 1913; Money and 

Sukumaran, 1913; Kabeerathumma and Patnaik, 

1918; Aiyer and Nair, 1919; Mathews and Jose, 

1984; Nair,1986; Amma, 1988; Raju, 1988; 

Mathew, 1989). 

One of the major nutritional problems of 
Kuttanad soils is P deficiency and more than 50 

per cent of the area is P deficient (Kuruvila and 
Patnaik, 1994; KAU, 1994). The total P20 S 

content of karappadam, kaya! and kari soils 
ranges from 0.094 to 0.156, 0.094 to 0.108 and 
0.018 to 0.025 per cent, respectively (Sreedevi 
and Aiyer, 1914). 

2.6 Potassium 

The available K content in karappadam, kayal 

and karl soils ranges from 35 to 72, 31 to 12 

and 31 to 18 ppm, respectively showing that 

these soils are relatively deficient in available K 

(Alexander and Durairaj, 1968; Nair and 

Money, 1912; Money and Sukumaran, 1973; 

Sreedevi and Aiyer, 1914). Though the Ku

ttana4 soils are deficient in available K, they are 

well supplied with total K (Brito-Mutunayagam, 

1961; Sreedevi and Aiyer, 1914) and non

exchangeable K (Gopalaswami, 1961; Nair and 

Money, 1912; Sreedevi and Aiycr, 1914). 

Liming decreases .the exchangeable K due to 

its fixation in Kuttanad soils (Kabeerathumma 
and Bidappa, 1915). However, the overall effect 

of submergence is increased availability of K 

(Kabeerathumma and Patnaik, 1978). 

2.7 Calion exchange capacity (CEC) and 
exchangeable cations 

The CEC of Kuttanad soils is comparatively 

higher as. compared to the other acid soils of 
Kerala due to large amount of organic matter! 
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in these soils. It ranges from 8.0 to 35.0, 10.4 
to 31.6 and. 16.6 to 50.0 cmol(+) kg·' for 

karappadam, kaya! and kari soils, respectively 

(Pisharody and Brito-Mutunayagam, 1966; Pillai 

and Subramoney, 1961; Alexander and Durairaj, 

1968; Sreedevi and Aiyer, 1974; Praseedom and 

Koshy, 1915; Venugopal and Koshy, 1916b; 

Venugopal and Koshy, 1918; Amma et at., 
1919; Kabeerathumma and Patnaik, 1980; 

Bhargava and Abrol, 1984; Amma, 1988; Rajn, 

1988; Mathew, 1989). 

Though the soils of Kuttanad Possess high 
CEC, they have low base saturation. It varies 

from 15 to 80 per cent of CEC (Kurup, 1961). 
Among the exchangeable cations, hydrogen 

dominates and occupies 15 to 80 per cent of 

exchange complex (KAU, 1994). In saline 

patches Na dominates the exchange complex. 

The ranges of exchangeable Ca, Mg and Na in 

karappadam soils are 0.9 to 4.1; 1.3 to 3.5 and 
3.3 to 15.2 cmol(+) kg.', respectively (Sreedevi 

and Aiyer, 1914; Aiyer et aL, 1915; Kabeera
thumma and Bidappa 1915; Kabeerathumma 

and Patnaik, 1980; Amma, 1988). The exchan

geable Ca, Mg and Na in karl soils are in the 

range of 1.0 to 7.4, 2.5 to 4.9 and 2.2 to 19.6 

cmol(+) kg·', respectively (Sreedevi and Aiyer, 

1914; Aiyer et aL, 1915; Ven\lgopal and 

Koshy, 1916a; Kbecrathumllla, 1915; Kubecnl
thumma and Patnaik, 1918; Marykutty, 1986; 

Marykutty and Aiyer, 1987; Amma, 1988). 

llle exchangeable + water soluble Ca, Mg and 

Na of kayal soils varied from 2,0 to 9.1, 1.2 to 

8.6 and 0.2 to 32.6 cmol(+) kg.' (Mathew, 

1989). 

Saline water intrusion and seepage render these 
soils poor in exchangeable Ca but rich in Na. 

In karappadam and karl soils increasing the 

period of flooding results in gradual increase in 
exchangeable Ca content during the entire 



period of incubation, whereas in kayal soils an 
initial increase followed by a decrease occurs 
(Kabeerathumma, 1975). 

2.8 Sulphur 

The Kuttanad soils are generally rich in S 
content. These soils contain large amounts of S 
compounds, principally mineral sulphates of 
iron and aluminium which on hydrolysis pro
duce free sulphuric acid. This is one of the 
major reason for the high acidity of these soils 
(Money, 1961a; Subtamoney, 1965; Nair and 
Subramoney, 1969; KAV,1984; Chattopadhyay 
and Sidharthan, 1985). 

Among the karappadam, kayal and kari soils, 
karl soils contains more total S than the other 
two types. The karappadam and kayal soils con
tain 491 to 6398 ppm and 1505 to 4873 ppm 

total S, respectively (Jacob, 1966; Hegde et al., 

1980; Mathew, 1989). In karl soils it varies 

from 4950 to 30000 ppm (Jacob, 1966; Leela, 

1967; Varghese, 1973; Ghosh et aL, 1976; 

Hegde et aL, 1980; Mathew, 1989). 

Organic S generally constitutes the major por
tion of total S in most of the soils. In karappa
dam soils the contribution of organic S to total 
S is about 64 per cent while in kayal and karl 
it accounts to 95 per cent.The organic S content 
of karappadam, kayal and karl soils are in the 
range of 225 to 4061, 420 to 4585 and 507 to 
24000 ppm, respectively (Jacob, 1966; Leela, 
1967; Varghese, 1973; Ghosh et al., 1976; 
Mathew, 1989). 

Sulphate S of karappadam, kayal and kari ~oils 
varies from traces to 422, 80 to 1175 and 112 
to 3677 ppm, respectively (Money, 196fa; 
Ghosh et aL, 1976; Bhargava and Abrol, 1984; 
Mathew, 1989). Kari soils are reported to con
tain fairly good amount of non-sulphate sulphur 
which may be sulphide, sulphite, polysulphide, 
thiosulphate and elemental sulphur. 
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The available S content of karappadam, kayal 

and kari soils are in the range of 20 to 208, 233 
to; 481 and' 571 to 1500 ppm, respectively 

(Hegde et aL, 1980; Mathew, 1989). 

The sulphate contcnt of Kuttanad soils are high 
and there is no marked reduction due to 
nooding, Evcnthcllthcsc soils do not exhibit S 

toxicity (Kuruvila and Patnaik, 1994). 
I 

2.9' Chloride 

The surface soils of Kuttanad contain 3.0 to 4.0 
per cent water soluble salts nearly all chlorides 
and sulphates. The chloride content of these 

soils varies between 0.41 and 3.10 per cent 
(Money, 1961a) .. The content of chlorides and 
sulphates are dependent on the electrical 
conductivity (Varghese et aI., 1970). 

3. Major nutrient transformations due to 
submergence 

On submergence, the O2 suppl y in a soil is 

curtailed and facultative and anaerobic micro

organisms start the reduction of soil components 
with high oxidation state. The soil reduction 
takes place roughly in a sequence. During this 
process organic matter is oxidised, acid is 
consumed and pH rises (Ponnamperuma, 1972; 

Van Mensvoort et aL, 1984). 

3.1 Nitrogen transformations 

Transformations of N in wet land rice soil in
clude changes in both aerobic and anaerobic 
microsystems. Accumulation of NH4', insta

bility of NO" a lowered N requirement for or
ganic matter decomposition and inefficient 
utilisation of applied N are some of the im
portant aspects of N transformations in a wat
erlogged soil. Ammonia volatilization, nitri
fication, leaching and run-off are the pathways 
through which N is lost from the rice soil 



(patrick and Mahapathra, 1968; Broadbent, 

1978; Savant and De Datta, 1982). 

In a submerged rice soil, a reductive plough 

layer in which most of the rice roots proliferate 

and derive N, is usually sandwitched between a 

thin oxidised surface layer and a partly oxidised 

subsurface layer. The rice rhizosphere is also 

oxidised (MandaI, 1961). 

As in dry land a major portion of N in wet 

lands occurs in organ.ic pool. Mineralisation of 

organic N to NH.' ions presumably takes place 

in the reduced layer. Because of the lack of 

adequate oxygen, mineralisation stops at this 

stage resulting accumulation of NH.' ions 

(Abichandani and Patnaik, 1958; Ponnampe

tuma, 1972; Rose, 1976; John and Thomas, 

1990). Mineralisation and immobilisation are 

opposed to each other and are' influenced by 

C:N .ratio, temperature, easily decomposable 

organic carbon, presence of amorphous Fe and 

Mn oxides (Savant and De Datta, 1982). 

The conve~ion of urea to NH: is usually 

completed within 3-4 days either surface or 

subsurface applied, both in flood water and the 

root zone soil solution of flooded .rice fields 

(panda e/ al., 1988). TIle volatilization losses of 

NH, does not exceed 10 per cent of the applied 

urea in flooded rice fields (Rekhi et al., 1982; 

Panda et at., 1989). . 

Nitrification takes place in aerobic environments 

of flood water viz., the thin oxidised surface 

layer and rice rhizosphere. The nitrates thus 

formed leach down or diffuses to the reduced 

layer and get denitrified to N20 or N2 gas 

(patrick and Reddy, 1976; 1978; Savant and De 

Datta, 1982). Nitrification occurs at Eh values 

greater than '200mv and denitrification occurs 

at Eh values less than '200mv. The rate of deni

trification increases with restricted supply of O2 
and the loss extends up to 20 to 30 per cent. 
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In soils having appreciable contents of Fe and 

Al oxides and pH lower than 6.0, there can be 

weak adsorption of NO" presumably in the thin 

oxidised layer of flooded soil. NH. fixation is 

also less under waterlogged conditions. A posi

tive correlation exists between NH. fixing capa

city and active iron content (SalJrawat, 1979). 

The total N content of karl soils varies from 

0.095 to 0.996 per cent (Varghese, 1973; Sree

devi and Aiyer, 1974; Kabeerathumma and 

Patnaik, 1978; Marykutty and Aiyer, 1987). 

For karappadam and kayal soils the ranges are 

in between 0.11 and 0.3, and 0.14 and 0.17 per 

cent, respectively (Sreedevi and Aiyer, 1974). 

Total N content of Kuttanad soils decreases 

with depth (KAU, 1994). The available N 

content of Kuttanad soils varies from 112 to 

500 ppm (pillai, 1964; Kabeerathumma, 1969). 

Nitrogen mineralisation and nitrification in acid 

sulphate soils are supposed to be affected by 

high soil acidity (PH around 4.0) although the 

level of soil organic matter is very high 

(SalJrawat, 1980). Under aerobic and anaerobic 

conditions of incubation N gets mineralised and 

accumulated as NH.-N since the nitrifying orga

nisms fail to function at very low pH (SalJra

wat, 1980; Laskar el ai., 1991). In acid sulphate 

soils rich in organic matter, the NH.-N plays 

and important role in plant nutrition. Nitrogen 

losses in potential acid sulphate soils by leach

ing and denitrification are prevented because of 

the lack of nitrate formation (MandaI, 1961). 

The accumulation of NH.' is relatively low in 

karl soils even with higher content of organic 

matter, possibly because of the fibrous nature of 

the organic matter (Kuruvila and Patnaik, 1994). 

3.2 Transformation of Fe 

Most of the anaerobic organic matter decom

position taking place in soil are supported by 



oxidised bioreducible ferric compounds. The 

oxidised iron compounds provide a large reser

voir for accepting electrons during the micro

bial decomposition of organic matter by facul

tative anaerobes that function after oxygen has 

been depleted from the soil. Although·occupy

ing a negative position on the redox potential 

scale, the high capacity for accepting electrons 

of the oxidised Fe compounds make Fe the key 

redox element in flooded soil (patrick, 1981). 

Insoluble Fe3
' compounds are reduced to solu

ble Fe" compounds within a. redox ·potential 

range of Ell values '50 to -ZOO mv due to sub

mergence (pormamperuma, 1972; Van Mens

voort et af, 1984; Johnkutty and Anilakumar, 

1990). 

The reduction of Fe is more dominant thari that 

of Mn. The reason being the presence of much 

higher content of active Fe in rice soils (Mitra 

and Manda!, 1983). The concentration of iron 

usually exceeds the total amount of other redox 

elements by a factor of 10 or more. Five to fifty 

per cent of free iron oxide present in soil may 

be reduced within a few weeks of flooding 

(Subramoney and Kurup, 1961; PonnamIieruma, 

1972; Kabeerathumma and Nair, 1973; Kabee

rathurrnna and Patnaik, 1978; Van Mensvoort et 
aL, 1984; .. Amma, 1988; Raju, 1988; KAU, 

1994). 

Iron exists in water soluble, exchangeable, orga

nically complexed and precipitated forms in a 

waterlogged soil. The amount of water soluble 

Fe2
' in the flooded soils is determined chiefly 

by the organic matter content and pH of the 

soil. The water soluble Fe'+ compounds· may be 

distinguished into ionic and chelated forms and 

ionic form accounts for more than 70-90 per 

cent while chelated forms accounts for 10-30 

pet cent. In some soils rich in organic matter 

the chelated form may account for 40 per cent 

of total water soluble iron (Jakobsen et aL, 
1 '.l81; Mandai, 1991). 
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The amount of exchangeable Fe2+ in rice soils. 

increases with the decrease in the redox poten

tial and it accounts for less thin 20 per cent of 

total Fe':. Sulphide ions can compete for Fe2
' 

with the cation exchange sites of the soils to 

form FeS precipitate, thus causing a decrease in 

the quantity of exc~geable Pel + (Mandai, 

1961; Pormamperuma, 1972). 

In flooded rice soils the organically complexed 

Fe2+usuaIly accounts for 15-30 per cent of total 

Fe'+and the amount is closely related to soil 

organic matter content (Manda!, 1984). 

The precipitated form of iron OCcupies the most 

important portion of Fez+, accounting for 60-80 

per cent of the total Fe'+ iron. In rice soils with 

large amount of sulphide, this proportion decre

ases after the additiOIi of easily' decomposable 

organic matter, although the absolute amount of 

precipitated iron increases (Manda!, 1991). 

The problems of iron toxicity are often encoun

tered in Kuttanad soils and this is more serious 

in kari and karappadam soils rather than kayal 

soils (Subramoney and Kurup, 1961; Aiyer et 
aL, 1975). The exchangeable Fe concentration 

of karappadam and kayal soils increases during 

the first few weeks of flooding and then decre

ases. The kari soils howev~r, maintained the 

initial increase in exchangeable Fe throughout 

the period of flooding. The peak values of 

exchangeable Fe in karappadam and kayal soils 

are in the range of 30-270 ppm and in kari soil 

it is about 1508 to 3411 ppm (Kabeerathumma 

and Patnaik, 1978). The decrease in concentra

tion of Fe2+ after attainment of peak value is 

due to its precipitation as hydroxides resulting 

from increase in pH (ponnamperuma, 1972; Ka

beerathurnma and Patnaik, 1978; Amma, 1988; 

Raju, 1988). 

The different forins of Fe such as DTPA, 

NH40Ac and Kel extractable Fe of karappa-



dam soils are in the range of 82-148, 6-53 and 

23-1346 ppm, reSpectively. In kayal soils the 

values are in between 100-137, 16-24 and 15-

427 ppm, respectively. In kari soils their con
centrations are about 111-122,5-35 and 19-385 

ppm, respectively (Raju, 1988). 

The free iron contents of karappadam and kari 
soils varie from 7031 to 17187 and 7031 to 

31250, ppm respectively. The ratio of amor

phous to crystalline form of Fe varies from 0.69 

to 13.49 in karappadam and 0.69 to 8.2 in karl 

soils (Amma, 1988). 

Iron toxicity has been reported at Fe levels 
varying between 20 ppm (Van Breeman and 
Moorman, 1978) and 400 ppm (IRRI, 1964). 

At very low levels. of other nutrients or in 

strongly imbalanced nutrient solutions and in 
presence of respiration inhibitors such as H2S, 

toxicity may appear at 30 ppm Fe. Deficiencies 

of P and K stimulate the uptake of excess iron 

(Trolldenier, 1977). Low levels of P, K, Ca and 

Mg rather than high levels of active Fe induce 

Fe toxicity (Ottow et ai, 1982). 

Critical levels of iron toxicity are difficult to 

establish in plant and soil, and the wide range 

of critical concentrations reported in the litera

ture make it questionable whether Fe itself is 

toxic to rice or is an indicator for other proce
sses that inhibit rice growth. However, the 
critical limit fixed for Fe deficiency is 2 ppm in 

Kuttanad soils (Aiyer et aL, .1975). In acid 

condition Fe concentration of 50 ppm in solu

tion has been found to harm rice if the concen

trations of other nlltrients are very low. At high 

nutrient concentrations,. Fe concentrations up to 

a few hundred ppm are still tolerated. At very 

low concentrations of soluble Fe or at moderate 

concentrations in presence of adequate concen
tration of nutrients, particularly K, Ca and P, 

the rice plant takes not more than required 
amount of Fe . 

.. 
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The available Fe is significantly and positively 

correlated with organic carbon and CEC and 

negatively correlated with pH and exchangeable 
Ca + Mg (Subramoney and Kurup, 1961; Aiyer 

et al., 1975; Adhikarl and Si, 1991). High nega

tive correlation exists between pH and ferrous 

iron (Kabeerathumma and Nair, 1973). Fe 

content is rather low in ploughed horizon and 
high in iIluvial horizon and lowest in gleyed 

horizon (Tong, 1983). 

3.3 Transformations of Mn 

On flooding a soil Mn(iv) and Mn(iii) hydrous 

oxides are reduced to Mn2
'. The reduction 

occurs at a higher Ell (,2oomv) than Fe(iii) 
oxides and precedes that of Fe(iii). Mn reduc

tion follows an asymptotic course and in most 

soils it is completed within 2 weeks of submer

gence (Ponnamperuma, 1972; Gupta, 1974). 

The reduction of Mn is both chemical and 
biochemical. Acid soils high in Mn and organic 

matter, build up water soluble Mn concentration 

of more than 100 ppm immediately after 

submergence. The level declines thereafter to a 

stable concentration of around 10 ppm (Mandai, 

1961; Neue and Mamaril, 1984). The water 

soluble Mn moves down the profile in wet land 

rice soils. The solubility of Mn is highly depen

dent on pH and Ell. At pH values below 5.0 
the solubility is controlled by pH alone (patrick 

and Reddy, 1978). 

Manganese in soils is cate gorised as (l) water 
soluble (2) exchangeable (3) easily reducible 

(active) and (4) difficultly soluble Mn. The 

easily reducible form constitutes the major part 

of Mn in rice soils. The reduction of Mn in 
flooded soil is influenced by temperature, 

amount of easily decomposable soil organic 
matter, content of active oxides of Mn and their 

degree of crystallinity. Application of organic 
matter enhances the reduction process of Fe and 



Mn resulting in higher peak values and 
prolonged period of maintenance of increased 

values of Mn2
' in solution. Fluctuating moisture 

regimes markedly influence the Mn transforma

tions in soils (Mandai, 1961; Mandai and Mitra, 
1982; Mandai, 1991). 

The total Mn content of rice soils of Kerala is 
. about 355 to 625 ppm in surface soils and 367 
to 764 ppm in subsoils of waterlogged profiles. 
The water soluble Mn of these soils ranges 
from 1.8 to 14.8 ppm (pisharody, 1965). The 
available Mri content of kayal and kari soils 
ranges from 4 to 33 ppm and 7 to 100 ppm, 
respectively. A value of 3 ppm (DTPA extrac
table Mn) has been fixed as the critical limit for 
Mn in Kuttanad soils (Aiyer et aI., 1975). In 

karappadarn soils, available Mn content varied 

from 2 to 25 ppm (Aiyer et aI., 1975; Rajen

dran and Aiyer, 1981, KAU, 1994). The 

Kuttanad soils are fairly rich in Mn (Rajendran 
and Aiyer, 1981). 

In karappadam, kayal and kari soils, exchan
geable Mn content increases for about 30 to 40 
days of submergence after which there is a 
rapid decrease. The magnitude of increase in 

exchangeable Mn in karl and karappadarn is 10 
to 20 ppm while in kayal soils it is very high. 

After attaining the peak value, the exchangeable 

~ content decreases. The decrease is due to 
the formation of Mn carbonates or by removal 

of Mn by occlusion or sorption by hydrated Fe 
oxides which get precipitated at Eh-pH values 
Ihal were IIcccs,"iury for precipitalioli of Mil 

(Kabeerathurnma and Patnaik, 1978). 

4. Distribution of Cu and Zn in KuUanad 
soils 

Karappadarn, kayal and kari soils are deficient 
in available Cu (Praseedom, 1970; Aiyer et aL, 

1975; Rajagopal et aI., 1977; KAU, 1994). 
Among the three soils Cu deficiency is much 
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prominent in kari soils. These soils contain 
0.16 to 0.22, 0.04 to 0.62 and 0.20 to 0.56 ppm 
of available Cn, respectively (Aiyer et ai., 

1975). The profile samples of kayal soils 
showed 0.16 to 0.40 ppm of available Cu. The 
available Cu content increases with depth 

(Menon, 1975). 

TIle total Cu content ranges from 18.8 to 23.0 
ppm with an average of 19 ppm in kari soils. 
The total Cu is negatively correlated with pH, 
organic carbon and sesquioxides, while avail
able Cu is negatively correlated with organic 
carbon only (Gopinath, 1973). 

The Zn content of Kuttanad soils is highly 
variable. More than 50 per cent of the area is 
deficient in Zn (Aiyer et aI., 1975; Menon, 

1975; Rajendran and Aiyer, 1981; KAU, 1994). 

Certain parts of Kuttanad contain substantial 
amount of Zn, which sometimes attains toxic 

levels (Ghosh et al., 1973; Kuruvila and 
Patnaik, 1994). Karappadam, kayal and karl 
soils contain 0.3 to 10.5, 0.0 to 5.5 and 0.2 to 
4.0 ppm available Zn, respectively (Aiyer et aI., 

1975). The available Zn content of profile 

samples collected from Rani kayal, R Block 

kayal and Chithira kayal varies from traces to 
9.0 ppm. The available Zn content increases 
with depth (Menon, 1975). 

The total Zn content varies from 12.5 to 41.6 

ppm with an' average of 27 ppm in surface 
samples collected from Vadayar. Thuravoor and 
'l1lollapally mea (Varghese, 1971). 

The critical level of Zn for wetland rice has 
been fixed as 0.55 ppm DTPA extractable or 1 

ppm of 0.05 N HCI+0.025 N H2S04 extractable 
Zn (Sharma et aI., 1986). In rice, Zn deficiency 
is observed when available Zn concentration is 
below 0.2 ppm (Aiyer, 1946). Zn deficiency is 
observed in many parts of Kuttanad due to 
antagonistic effects of dominant cations and 



. organic complex formation (Aiyer et aL, 1975; 

Rajendran and Aiyer, 1981; KAU, 1994). 

5, Aluminium toxicity in Kuttanad soils 

. Aluminium is normally the major exchangeable 

cation in acid soils. In wetland rice soils AI 

toxicity occur only in very acidic conditions. 

AI concentration is directly related to soil pH 

and toxic concentrations occurs only at pH 

values below 5. In acid suiphate soils the pH 

rise may be slower and AI toxicity may occur 

even after a prolonged period of flooding. The 

young acid sulphate soils that contain appre

ciable quantities of K, Mg, Fe and AI, AI 

toxicity is caused mainly by free AI in soil 

solution, but in old acid sulphate soils most of 

K, Mg and Fe have been leached down or 

transported by flood water leaving the clay with 

high AI saturation (Van Mensvoort et aL, 

1984). AI toxicity in rice is. likely to occur at 

pH 4.5-5.0 for seedlings and 3.4-4.0 for older 

plants (Van Breeman, 1973). 

The exchangeable Al is very high in rice soils 

of Kerala whose pH is less than 6.0. The Al 

saturation of total and effective CEC in these 

soils is also very high and they are above the 

critical limits for rice (Abraham, 1984). The 

exchangeable AI content of karappadam, kayal 

and karl soils ranges from 0.22 to 22.20, 2.40 

to 22.3, 4.42 to 41.20 cmol(+) kg", respectively 

(Kabeerathumma and 'Nair, 1973; Kabeerathu

mma and Patnaik, 1978; Amma el al., 1979; 

Abraham 1984; Marykutty and Aiyer, 1987; 

Raju, 1988, Marykutty and Aiyer, 1990). The 

water soluble AI contents of these soils are in 

the range of 2-8, 1-5 and 5-16 ppm, respec

tively. 

Flooding decreases the exchangeable AI content 

of soil. Exchangeable AI decreases during the 

first 20-30 days after flooding and tllen 
increases in kari soils. In karappadam it re-
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mains more or less unchanged after initial 

decrease. The decrease was due to increase in 

pH resulting in hydrolysation (Kabeerathumma 

and Patnaik, 1978; Abraham, 1984). The poly

merised forms were not replaced by 1 N KCI 

and are likely to get precipitated as AI(OH), in 

. the pH ranges occurring in flooded soil system 

(Kuruvila, 1974). Water soluble AI also decre

ases along with exchangeable AI due to 
flooding (Abraham, 1984). Exchangeable Al 

content of Kuttanad soil is very high and is also 

responsible for the hazards encountered in 

growing rice in these soils (Money and Suku

maran, 1973; Kabeerathumma and Patnaik, 

1978; Marykutty and Aiyer, 1987; Kuruvila and 

Patnaik, 1994). 

In karappadam and kayal soils the AI saturation 

varies from 47 to 62 and 37 to 41 per cent of 

ECEC. In karl soil it is greater than 75 per 

cent (Marykutty and Aiyer, 1990). 

Exchangeable AI satumtioll is negatively com'

lated with pH of soils in water and in I N KCI. 

But a significant negative correlation exists bet

ween pH and exchangeable Al only in near 

neutral soils of pH 5.5-6.0 (Abraham, 1984). 

Different forms of AI are positively correlated 

with organic matter and clay fractions (Amma, 

et al., 1979; Adhikari and Si, 1991). 

The exchangeable AI content of Kuttanad soils 

has been effectively controlled by addition of 

liming materials followed by submergence. On 

treating these soils with liming materials @ 

twice the lime requirement shows zero values 

for exchangeable AI and the soils maintain this 

up to 60th day of liming (Kurup, 1967). At full 

lime requirement in kari soil and half lime 

requirement in karappadam soil the exchan

geable AI decreases to zero values. The con

centration of exchangeable AI decreases with 

time and minimum value is observed on 45111 

day (Kabeeral1lumma and Nair,1973). 



In Kuttanad, flooding of soils after treatment 

with lime and steatite controls the rate of re

lease of Fe and AI, but the mean value for 

exchangeable Al is above critical limit How

ever, flooding has been found to be effective in 

controlling the Al toxicity in these soils 

(Abraham, 1984). 

6. Pesticide contamination of the 

environment 

The wide spread use of pesticides for combating 

the pest and disease problems in agriculture has 

.resulted in the contamination of the environ
mentleading to pollution of harve~1ed produce, 

soil, water, air and ultimately the human beings. 
In India the use of pesticides steadily increased 

from a meagre 4000 tonnes of technical grade 

material in 1960 to more than 82000 tonnes in 
1991 out of which 68000 tonnes are insec
ticides. Among the insecticides' hexachloro

cyclohexane (HCH) and 1,1,I-trichloro-2,2-

bis(p-chlorophenyl)-ethane (DDT) alone consti

tute 70 per cent (SPPL, 1992). The organochlo

rines. have a tendency to persist in the environ

ment, and due to their high fat solubility they 

accumulate and magnify in various organisms. 

This can lead to the transfer of these toxic com

pounds to human beings (Siddique et aI., 1981; 

Kaphalia and Seth, 1983; Ahmad et al., 1988; 

Bhatnagar et aI., 1992). On the contrary, orga

nophosphorus and carbamate group of pesti

cides, being biodegradable, do not accumulate 

in the environment. However, most of these are 

highly toxic and can cause acute toxicity on 

consumption of the contaminated food contain

ing these pesticides. 

In Kerala, Kuttanad one of the major nee 

growing tract of the state is facing the serious 

threat of environmental pollution due to the 
increased and indiscriminate use of pesticides 

(KSSP, 1978). The pesticide consumption in 
Kuttanad during 1987-88 was 485 tonnes. 
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Presently it increases to about 1000 tonnes 

. (KSSP, 1992). 

6.1 Degradation of pesticides 

Soil is the major sink for the bulk of pesticides 

applied directly to soil as granules or eventually 
reaching the soil after foliar application. A 

pesticide reaching the soil is degraded by 

various physical, chemical and biological forces. 
The processes involved are volatilization, photo

decomposition and microbial degradation. 

Under hot and humid conditions of tropics and 

subtropics pesticides reaching the soil dissipate 
much faster than in temperate soils. 

Volatilization'is a major means of pesticide loss 

from site of its application in hot climate of 

tropics. Within 28 days of soil incorporation or 
surface application of lindane and DDT @ 10 

kg ai ha", the volatilization losses account for 

1.33-9.3 and 0.23-2.51 kg ha", respectively 

(Gajbhiye, 1989; Gajbhiye and Agnihotri, 1991; 

1992), Maximum volatilization occurs during 

rainy season followed by summer season. The 

air around the flooded rice fields of Tamil Nadu 

contains 15 ng m,3 residue of HCH and 0.28 ng 

m,3 of DDT due to volatilization (Ramesh et aI., 

1989). Soil applied carbofuran is readily absor

bed by rice plants, translocated to foliage and 

eventually lost through evapotranspiration 
(Vijayalakshmi 1988). 

Among the physical factors influencing residual 

fate of pesticides in nature, sunlight is the most 

significant factor, Many pesticides undergo pho

todecomposition in air, water and surface of soil 

and plant (Matsumura, 1988). In contrast to 

other degradation processes it is more exhaus

tive and non-specific leading to several additio

nal degradati,on products (Dureja et al., 1990). 

Chemical transfonnation of pesticides in soil is 
common and widespread (Kearney and Helling, 



1969). ror instlUlce carbamate (Rajagopal el 

aI., 1984) and organophosphorus (Sethunathin 

et al., 1977) insecticides undergo rapid 

hydrolysis under alkaline conditions and 

products fonned depend on the physicochemical 

properties of soil. 

Biological degradation plays the most important 

role in more complete transfonnation of 

pesticides to inorganic products in soil environ

ment (Sethunathan' et aL, 1991). Aerobic

anaerobic interface in flooded rice soil helps in 

better mineralisation of complex organic pollu

tants than ~,exclusively aerobic or anaerobic 

systems. Anaerobic condition generated after 

flooding hastens the decomposition of HCH 

. isomers in flooded soils (Orego el al., 1990). 

6.2 Accumulation of pesticide residues in soil 

The degradation flux of differimt isomers of 

HCH in flooded rice soil increases for 60 days 

and then decreases (Singh et al., 1989). From 

an agricultural soil about 99.4 per cent lindane, 

96.3 per cent aldrin, 94.4 per cent dieldrin and 

80.4 per cent heptachlor are lost within 180 

days after application (Agnihotri et al., 1977) . 
.In a sandy loam soil during monsoon both 14C_ 

pp-DDT and 14C_HCH dissipate most rapidly 

during initial 60 days (Samuel et al., 1988). 

The studies on pesticide residues have been 

iriitiated in Kerala during 1974. In certain parts 

of Kuttanad the concentration of HCH is as 

high as 6000 ng 'kg·1 of soil during . summer 

season. The level of DDT is as high as 12000 

ng kg·1 of soil. In water samples the concentra

tion of HCH and DDT are 0-400 and 0-4000 ng 

1.1, respectively during the same season. 

Closure of Thanneennukkom barrage before the 

onset of summer results in water stagnation in 

Kuttanad, with heavy load of pesticide'residues 

and other organic wastes (KSSP, 1992). Sunil

kumar et at. (1994) reported the presence of 
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detectable levels of a-HCH (0.036-0.240 ppt) 

and y-HCH (traces-O.138 ppt) in water and 

traces in sediments of Kuttanad. In the coastal 

sediments of Kerala from Cochin to Neenda

kara,concentrations of a-HCH and y-HCH 

ranged from 0.70 to 2.97 and 1.46 to 6.93 ng 

. gl, respectively during 1993-94. The highest 

value was obtained from Alleppey (2.97 ng g.1 

of a-HCH and 6.93 ng g.1 of y-HCH). There 

appears to be no seasonal variation, though 

slightly- higher values were recordeli during 

monsoon and post-monsoon,periods compared 

to pre-monsoon period. The concentration of 

a-HCH 'arid y-HCH in Alleppey during 

monsoon, post-monsoon and pre-monsoon 

periods are 2.89 and 6.54; 2.97 and 6.93 and 

2.13and G.01ng g.I, respectively (Balakrishnan 

and Ouseph, 1995). Rosalind (1995) reported 

-the presence of HCH in water (4.43-6.66 ppb), 

sediments (0.97-5.43 ppb) and fish (0.080-0.430 

ppb) in Kuttanad ecosystem. 

The dissipation of biodegradable pesticides 

belonging to organophosphorus and carbamate 

groups are also faster in tropical conditions, 

thongh the soils are' low in organic matter 

(Agnihotri, et al., 1981; Meher et aI., 1985; 
1989). Residues of some of the organophos

phorus insecticides like chlorpyriphos and fen

suIfothion persist in soil for 4-6 months when 

applied at normal rate (@ 1.5 kg ai ha·I). 
Residues of synthetic pyrithroids persist in soil 

for a long time particularly when incorporated 

into the soil (Kumar and Agnihotri, 1991). 

About 20 to 80 per cent of soil applied pes

ticides could end up as bound residues in soil 

but only a very small fraction «1 % of activity) 

of it is translocated to the plants (Kumar, 1989; 

Verma and Pillai, 1990; 1991). The persistent 

organochlorine insecticides form comparatively 

less bound residues in soil than the non 

persistent organophosphorus and other class 'of 

pesticides (Khan, 1982). 



Materials and methods 



I\[ATERIALS AND METHODS 

Kuttanad is a deltaic region extending from 

9° 17' to 9° 40'N latitude and 76° 19' to 76° 33'E 

longitude, situated in and around the Vembanad 

lake (Fig 1). The area lies 0.6 to 2.0 m below 

msl and presents extensive flat rice fields sepa-' 

rated by a network of tiny drainage outlets 

merging with Vembanad lake. The area is prone 

to twin natural hazards of floods during mon

soons and salinity intrusion during summer. A 

spillway was constructed at Thottappally to 

drain off excess flood water during monsoons. 

The discharge through the spillway is less than 
the designed quantity and hence it is' able to 

control the flood incidence to a certain extent 

only. The salinity intrusion into Kuttanad is pre-. 

vented by constructing a regulator at Tha
nneermukkom, and kepping close~ during 

summer, from December to May. As a result 

of the above measures, major part of the 'area 

has 'been switched over to double cropping. . 

The extent of flood incidence and saliriity intru

sion varies widely within the area. North 

Kuttanad is one of the most benefitted areas on 

account" of the commissioning of Tharmer

mukkom regulator. However, the closure of 

regulator and the consequent restricted ~ater 

flow during summer has brought fu a series' of 

environmental problems. With these in view, 

the present study was epvisaged to evaluate the 

morphological and physicochemical characteri

stics . of soils of North Kuttanad during rainy 

and summer (before and after the closure of 

Thanneermukkom regulator) seasons.It consisted 

of foilowing three parts: 

.. 
1. Morphological and physicochemical 
characteristics 

2. Fertility characteristics 'and 

3. Toxic characteristics (3.1. Nalive (oxic 
characteristics and 3.2. Introduced toxic 
characteristics) 

1. Collection and preparation of soil samples 

1.1 Morphological and physicochemical char
acteristics 

Profile pits were dug in the typical areas iden

tified and the morphologicaI features were. 

observed and recorded as per Soil Survey Staff 

(1992). The salient features of the areas in res

pect of location, physiography, drainage, vege

tation and land use were aIso recorded. After 

morphological examination of profiles, sofl 

samples representing different layers were 

drawn for laboratory examination. 

A part of the soil samples collected was air 

dried, gently powdered, passed through 2 mm 

sieve and stored in properly labelled polythene 

bags for the estimation of ph~sicaI properties 

and totaI nutrient content. Other chemicaI para

meters were estimated from the wet soil sam

ples which were kept in plastic containers. The 

results were expre~ed on oven dry basis. Moi

sture content of the samples were determined 

simultaneously at the time of each estimation. 

1.2 Fertility ·characteristics 

. From the twenty seven randomly selected pada

sekhararns of North Kuttanad comprising the 

. villages Arpookkara, Aymanam, Kurnarakom, 

Thiruvarpu and Kaiimzha (Fig 2), ninety seven 

surface soil samples from 0 to 15 em depth 

were collected during rainy and summer seasons 

of 1993-94 (before and after the closure of 

Thanneermukkom regulator) and their mean 

vaIues are presented. In the rainy season the 

samples were collected during May-June which 

coincides with the initiaI cultivation operations 

for additionaI crop. In summer, the samples 

were collected during January-February (after 

the closure of Tharmeermukkom regulator) at 
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the time of initial cultivation operations for 

punja crop. The soil samples were properly 

labelled and kept in plastic containers UIlder wet 

condition for chemical analysis. The results 

were expressed on oven dry basis. The details 

of soil sampling sites are presented below: 

Site 
No . 

Name of Padasekharam ! Land Type 

. --.-----.-........ -... -------.... -.-.. --.--------~---------... --..... . 
1 i Akatheakari i Karl 

····2····TK~~j;;;ri~;it;;hy;;j""··········-·T"i~;;y~i············ 

····3····T·o;;,j·,;k,ri···························TK;;ri·········· .... 
.-........... ---------_ ...... _--_.-... -.... _-_ .................... _--------.---

4 i Choorathranaduvilekkara iKarappadam 
-----------+_._----_ ...... _-----------------------+---.....•..••... - .. 

5 i Mangalasserithollayiram i Karappadam 
._---_ ............. _._--------..... __ ._---_._----_ ... ---...... __ ..... _---

6 i Aryattuzham i Karappadam 
............. -----............ _-_ .. -._._-........... _--... __ ... _--.......... . 

7 ; Arunoorupadasekharam ; Kayal 
._---_ ..... .+._--_. __ ._--....... _--_._--_ ... --_._-_ .... .+ •• ---------------.-.-. 

8 i Maleokayal i Kayal ........... ~ ................... - ................. -.-.~. __ ................ . 
9 i Vattakayalthattepadam i Kayal 

.....•..•.• ~ ..............••..•...............•....•. -..... - .................. . 
10 ; Oolooraokayal : Kayal 

........... l ............................................ ; ..................... . 
11 1 Mangattukuzhi Putheokari i Karl 

........•.. ~ ............•..••............•.....••....... ~.-.................. . 
12 i Thollayiramvarampinakam i Karappadam 

····i3····r··N;;;;;.;;~p;~··········-·-·r~pp;;d~· 

........... .;. ...... _ .................... _ .............. ; ..................... . 
14 i Naluthodinakam i Karappadam . 

15 ; Thekkepallipadam ; Karappadam 
........... l ...................... _ .................... ;. __ ................ . 

16 ; Vadakkepallipadam ; Karappadam 
........... l ......................... _ .......... _ ..... ;. __ ........ : ..... _. 

17 1 Keezhumuttathusseri i Karappadam 
.......•... ~ .........•... -................•............ ~.--....•............ 

18 i Kannadicbal . ! Karappadam. 

···"i"9···Tp~iliiy;;d;;p~ry··········r~pp;;d~;;;·· 

····iii····rK;;~y~~b;;;d~~~ii·············T·K;;;;.pp~d,;;;;·· 
.•......... ~ ...... - .... - .....•.... - ................. ~ ........ - ........... . 

21 i Mupaikari i Karl 
........... ~ .................. -......•.•............... ~.-.....•............. 

22 i Puthiyarapadam i Karappadam 
.........•. ~ .•.... - ................. - ........••.•..... ~.--................ . 

23 . i Vettikad i Karappadam 
••••••••••• ~ •••••• _._._ ••••••••••••• _ •••••••••••••• .a •••••••••••••••••••••• 

24 !. J Block i Karappadam 

····i5···TK;;kbdi~b,;j;;~;;;;;~b,;i·······TK;;;;;pp~d,;;;;·· 

····i6···TN;;;;;;;~;;;;;;;;k{;~············rK;;;;.pp;d~;;;·· 

. ....•..... ~.-........... -.... -.................•.••.... ~.--... -.--... -..... . 
27 i Kaipuzhakari i Karl 

1.3 Toxic characteristics 

Native toxic characteristics: Bulk soil samples 

to a depth of 0-25 cm were collected from the 

above mentioned 27 padasekharams during 

20 

rainy and summer seasons of the year 1993-94 

(before and after closure of Thanneermukkom 

regulator) and wet soil samples were properly 

labelled and kept in plastic containers. Along 

with soil samples, surface water samples from 

field and groUlld water samples from nearby 

wells were collected during the above two 

seasons, properly labelled and kept in polypro

pylene containers. 

Introduced toxic characteristics: For carrying 

out the analysis of soil for fertiliser residues, 

surface soil samples (0-15 cm) and field water 

samples from the above mentioned twenty 

seven padasekharams were drawn just before 

draining away the water from the field at the 

time of fertiliser application and 4 to 7 days 

after it The samples were collected at the time 

of basal application and topdressing with fenili

sers during additional and PUllta crop seasons 

for two years (1993-94 and 1994-95). The far-

. mers in general followed a fertiliser recom

mendation of 45 kg N and P20, as factomphos 

(20:20) and 30 kg K20 as muriate of potash for 

basal dressing and 45 kg N as urea and 30 kg 

. K20 as muriate of potash for top dressing per 

hectare of rice. For the estimation of pesticide 

residues, soil and water samples were collected 

from the above sites during rainy and summer 

seasons (before and after the closure of 

Thanneermukkom regulator). 

2. Analytical procedures 

2.1 Soil 

Physical properties: Apparent and absolute 

specific gravity, pore space, maximum water 

holding capacity and volume expansion were 

detennined by Keen-Razcowski brass cup 

method as described by Piper (1942). Particle 

size distribution of soil was determined by 

International pipette method as outlined by 

Piper (1942).Hydraulic conductivity of saturated 

soil was determined by constant head method as 

described by Black et aL (1965). 



Chemical properties: The pH of soil water 

suspension (1 :2.5) was detennined using a pH 

meter. Electrical conductivity of the supernatant 

liquid of soil water suspension was read with 

the help of a conductivity bridge (Jackson, 

1958). Organic carbon content was estimated by 

the method of Walkley and Black (1934) as 

described by Jackson (1958). 

Available nutrients: Available N was estimated 

by alkaline permanganate method (Subbiah and 

Asija, 1956). Available P was extracted by Bray 

No.1 extractant (0.025 N HCI + 0.03 N NH,F; 
• 

soil solution ratio 1: 10; period of extraction 5 

min) and the P content was determined colori

metrically by the ascorbic acid reduced molyb

dophosphoric blue colour method in hydroch

loric acid systems (Watanabe and Olsen, 1965). 

Available K, Na, Ca and Mg were detennined 

from the neutral nonnal ammonium acetate 

extract of the soil. A known weight of soil was 

extracted with neutral nonnal ammonium 

acetate (1 :5) for 10 min and centrifuged. Three 

more additional extractions were done in same 

manner to maintain a fmal dilution ratio of 1 :20 

as. described by Page (1982). The K and Na 

<;ontent of the samples were determined using a 

flame photometer (Jackson, 1958). Ca and Mg 

were determined by versenate' titration method 

(Hesse, 1971). 

Available S was extracted with Morgan's re

agent (pH 4.5) and estimated turbidimetrically 

(Chesnin and Yien, 1'951). Soil and Morgan's 

reagent (100 g sodium acetate and 30 ml 99.5 

per cent acetic acid dissolved in 500 mI of 

water and made up to one litre) in the ratio 1: 10 

were shaken for half an hour and the suspension 

was filtered and S content in the aliquot of the 

extract was determined turbidimetrically. 

The available Fe, Mn, Cll, Zn, Cd and Pb were 

estimated from the DTPA extract (soil solution 
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ratio 1 :2; period of extraction 2 h) by using an 

atomic absorption spectrophotometer (Lindsay 

and Norvell, 1978). The available Fe, Mn, Cu 

and Zn were detennined from the diacid extract 

(0.05 N HCI + 0.025 N H2SO,; soil solution 

ratio 1:4 and period of extraction 30 min) of 

soil also, by atomic absorption spectrophoto

metry (perkins, 1970). 

Available chloride of soil was estimated from 

the water extract (soil solution ratio 1:5, period 

of extraction 1 h) of soil by titration with 

standard silver nitrate solution using potassium 

chromate as indicator (Jackson, 1958). 

Water soluble cations: A known weight of soil 

was extracted with water in 1:5 ratio for 1 hour 

and the filtrate obtained was used for anal ysis 

(Hesse, 1971). K, Na, Ca, Mg, Fe and Mn of 

the extract were detennined by the analytical 

techniques described under available nutrients. 

The soluble Al was detennined colorimetrically 

by aluminon method (Hsu, 1963; Jayman and 

Sivasubramaniam, 1974). 

Exchangeable cations: Exchangeable K, Na, Ca, 

and Mg were detennined by subtracting their 

water soluble fractions from the neutral nonnal 

ammonium acetate extractable K, Na, Ca and 

Mg, respectively (Jackson, 1958). The exchan

geable Fe and Mn were estimated from neutral 

nonnal ammonium acetate extract by atomic 

absorption spectrophotometry after subtracting 

the water soluble fractions (Hesse, 1971). 

Cation exchange capacity was detennined by 

neutral nonnal ammonium acetate method (Ja

ckson, 1958). Base saturation was calculated 

by dividing the sum of exchangeable K, Na, Ca 

and Mg by CEC and expressed as percentage 

(Jackson, 1958). Effective' cation exchange 

capacity was obtained by adding exchangeable 

acidity (Yuan, 1959) to the sum of ex chan-



geable K, Na, Ca and· Mg (Coleman et aI., 
1959). Aluminium saturation was calculated by 

dividing ~xchangeable aluminium by ef!ective 

cation exchange capacity and expressed as 

percentage -of ECEC. 

Dithionite citrate extractable iro/!, mangllliesi 
and aluminium: A known weight of soil was 

extracted with a solution containing 17% 

sodium citrate and 1.7% sodium dithionite in a 

ratio of 1: 120 for about 24 h (Holmgren, 1967). 

The Fe and Mn were detennined by atomic 

absorption spectrophotometry. Al was estimated 

colorimetrically by alurninon method. (Hsu, 

1963; Jayman and Sivasubramaniam, 1974)~ 

Total nutrients: Total N was estimated by 

Kjeldahl digestion and distillation (JackSon, 

1958). Total content of other nutrients were 

determined from the nitric-perchloric acid 

digest. The soil was digested with nitric-per

chlorlc acids (2: 1) and made up to a constant 

volume (Hesse, 1971). From the extract P was 

determined by vanadomolybdate yellow colour 

method in HNO) system (Jackson, 1958). Total 

K, Na, Ca, Mg, S, Fe, Mn, Cu and Zn from the 

extract were determined by methods described 

under available nutrients. 

Differentforms of nitrogen: Ammoniacal, nitrite 

and nitrate N were determined from 2 M KCl 

extract (soil solution ratio 1: I 0; period of 

extraction 60 min) of soil by macro-Kjeldahl 

distillation (Bremner and Keeney, 1965). 

Ammoniacal N was· fIrst estimated from the 2 

M KCl extract by distilling in presence of MgO 

and liberated ammonia was absorbed in boric 

acid and titrated against standard H2S04 using 

bormocresol green-methyl red mixed indicator. 

After the removal of ammoniacal N the distil

lation was continued in presence of Devarda 

alloy to estimate nitrite and nitrate N. The 

distillate was collected in boric acid and titrated 

against standard acid as in the case of NH, -N. 
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Differellt forms of acidity: Potential acidity of 

the soil was estimated by extracting the soil 

with 0.5 M BaCI, + 0.2 M Triethanolamine 

extractant at pH 8.2 (soil solution ratio 1: 10; 

period of extraction 60 min) and titrating with 

standard H Cl to a repeatable end point from 

green to purple using bromocresol green and 

methyl red-methylene blue mixed indicator 

(Mehlich, 1939; 1953). 

. Exchangeable acidity of the soil was estimated 

by titrating 1 M KCl extract of soil (soil solu

tion ratio 1:5; period of extraction 30 min) with 

standard NaOH using phenolphthalein as 

indicator (Yuan, 1959). 

The exchangeable Al was detennined from the 

same extract after the estimation of exchan

geable acidity, by adding 10 ml of 1 N KF and 

titrating against standard HCI until the pink 

colour disappears. Exchangeable H was esti

mated by subtracting exchangeable Al from 

exchangeable acidity (Yuan, 1959). 

Hydrolytic or pH dependent acidity was cal-. 

culated from the difference between potential 

acidity and exchangeable aCidity. 

2.2 Water 

The collected water samples·were centrifuged to 

remove the suspended particles and the clear 

liquid was used for analysis. The pH, EC and 

water soluble P, K, Na, Ca, Mg, Fe, Mn, Cu, 

Zn, chloride and sulphate were determined by 

the analytical techniques described under avail

able nutrients. Al in water was estimated colori

metrically by alurninon method (Rsu, 1963; 

Jayman and Sivasubramaniam, 1974). 

The ammoniacal, nitrite and nitrate nitrogen 

were determined by macro-Kjeldahl distillation 

(Bremner and Keeney, 1965). 
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3. Residue. analysis of chlorinated hydro 
carbon pesticides 

3. / Soil 

Five UIldisturbed soil samples were collected 

randomly from the surface layer of each pada
sekharam. The samples were mixed and 30 g of 

moist soil was placed in a vessel, to which 100 

ml acetone and 30 ml distilled water were 

added and homogenised with a blender at 18000 
rpm for 3min.The supernatant solution of homo

genised soil was collected and 4 ml aliquot was 
transferred to a funnel flask, to which 10 ml of 
n-hexane and 150 ml of 17% NaCI solution 

were added and vigorously shaken by hand for 
200 strokes (Goto and Kato, 1980). Sample 
clean up was accomplished by fractionation on 

a chromatographic column packed with florisil 

as per the specifications of APHA .p 985).The 

column used was a packed glass column 

containing 3% OV-17 on chromosorb WHP and 

80/100 mesh.The aliquots were analysed by gas 

chromatograph. (Shimadzu, GC-ISA) coupled 

with 63Ni electron capture detector. The iden

tification and quantification of pe~ticide residues 

were performed by comparing the relative 

retention time and peak area with respect to that 
of pllrc mganochlorinc samplc. 11lc opcrating 

conditions were as follows, Column temp-

230· C; injection temp-240 • C; detector temp-
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250· C; carrier gaS- N2; flow rate - 60 ml min I 

3.2 Water 

Half litre of water was taken in a separating 

fUllnei and 10 to IS g NaCI was added to it. 

After dissolving NaCI, 50 m1 of 15 per cent 
methylene chloride in hexane was added and 

thoroughly mixed and allowed to stand for 5 

min. The hexane portion along with the lower 

water portion was again extracted with 15 per 

cent methylene chloride in hexane and this was 

continued for 3 more times, each time with 50 
'ml of methylene chloride in hexane. The 

extracted hexane was passed through an adsor

bent column' containing anhydrous sodium sul
phate to remove water molecules in the extract. 

The pooled extract was evaporated to 1 ml and 

the remaining methylene chloride was 

destroyed by further addition of hexane. Rest 

of the analysis was followed as in the case of 

soil extract (Goto and Kato, 1980). 

4. Statistical analysis 

The data were subjected to statistical analysis 

using the analysis of variance technique for 

Randomised Block Design (Cochran and Cox. 
1965; Panse and SlIkhatll1c. 1985). C""flic;cnts 

of simple linear correlation were worked out as 

described by Snedeco~ and Cochran (1967). 

<' 
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RESULTS AND DISCUSSION 

The present study was taken up to investigate 

the morphological, physical and chemical cilar- . 

acteristics of North Kuttanad as influenced by 

the closure of Thanneermukkom regulator 

during summer and to assess the extent of toxic 

factors that persist in the soil due to restricted 

movement of water under the influence of the 

regulator: The salient results of this inves

tigation are summarised below. The study 

consisted of three parts. 

PART 1. MORPHOLOGY AND PHYSICOCHEMICAL CHARACTERISTICS 

This part of the study was carried out with the 

objective of evaluating the inorphological and 

physicochemical characteristics of the North 

Kuttanad by examining 15 soil profiles from the 

area. The profile samples were collected 1 to 2 

weeks prior to the opening of Thanneermukkom 

regulator during April, 1994. 

Fifteen soil profiles were drawn from North 

Kuttanad at the rate of three profiles from each 

of the villages Arp~kkara, Aymanam, Thiru

varpu, KaiplG:ha and Kumarakom (Fig 2). The 

depth of profile samples was limited by the' 

presence of high water table even though the 

profile pits were taken at a period when soil 

was dried upto the maximum extent possible. 

In general, the depth of soil profiles ranged 

from 69 to 1.10 cm. .. 

The study . area, in general, represented ill 

drained flat lands lying 0.6 to 2.0 jI1 below msl, 

developed over marine, lucustrine and fluvial 

deposits. Some of the special features observed 

were the presence of layers of fibrous organic 

matter, lime shell deposits and partially decom

posed wooden fragments in subsoil layers. 

1. Morphological characteristics 

The morphological features of the soils are 

presented in Table l. A great deal of hetero

geneity was revealed by the morphological 

characteristics. Hue of the soil matrix varied 

from 7.5 YR to lO YR with a colour change of 

dark brown or dark greyish brown to black in 

surface soils and to dark greyish black in sub

soils. The greyish colour of submerged soil is 

attributed to the presence of ferrous sulphide in 

combination with other soil constituents 

(ponnamperurna, 1972). In the present study 

also, large quantities of Fe and S were observed 

in soil 0"able 6).A light textured horizon was 

noticed in profiles. I and II, which was light 

grey in profile I and slightly dark coloured in 

profile II (Plates IX and X). The colour 

variation was due to the difference in pig

menting and cementing substances like organic 

matter and clay. The light textured horizon of 

profile II contained 2.47 per cent organic 

carbon and 6.9 per cent clay while in profile I 

their contents were l.30 and l.0 per cent (Fig 

3), respectively. Random deposits of lime 

shells were observed in profiles II and IV, ap

parently due to the marine nature of the parent 

material. Except profile IX all other soil 

profiles have only AC horizons reflecting their 

immaturity. The Kuttanad soils are young soils 

with immature profiles (Chattopadhyay and 

Sidharthan, 1985), Deposition of sand and silt 

by the estuarine and fluvial agencies and 

sedimentary nature of the parent materials 

resulted in the development of this type of 

immature profiles in Kuttanad region. Soil 
texture varied from sandy to clayey reflecting 

the strong textural variation between surface 

and subsoil horizons due to sedimentary 
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Table 1. Morphological characteristics of profiles 

i : Colour (moist) I ~ I Te- Struc- i 

~~~ I D:th t······M~~;;-·-·r········~i~~ii~~··········j' ~- ! ~~ ture COnsistence! Remarks 

.. ___ .... !. ....... __ .. ___ 1. __ . ___ ........ ____ ... 1. ........... ___ ...... __ ......... l ........ l ............ ___ ...... __ .:.. ... __ ..... ___ ................... __ 1 ...... _ .. ____ .... __ ...... ____ .... __ ... . 

1_ Akathekaripadam 

··Ap·r··O':lS··r··iOYR:-3p··r·····_·······:···········_·T··cs··:··scl"I··c·Z·siik·T"···dh;·;;;fi;·~s:··Wii-·r··Aii;;;;dance-·of~ooiS···· 

::~E[~l~:+::~;~:;lB::::·:~~:::::E.:···::::·T::~TI!.:~:~~~~~I~:~::~~~~~I~~~.~~~~~~?~··· 
C3 i 37-77 i lOYR 25/1 i -. i cs : c : vc 1 sbk: dsh, mfi. wss. WI" : .. .. ..... _-_.+--_ .. _--_._+._------_ .. _----_ ... + ........ __ ... ---_. __ .... __ .. _-.j._ ••••••• .;. •••••••• -_ ••••• _-_ •••••• .j.---_._ •.••••......••••••• _--_ ...... _--_._---_ •.• _ •• _-••• -_ ••. -
C4 i 77-110+ i IOYR 3/1 i -' i - : c i m 3 sbk idvh. mefi. wvs. wvp i -

....... --!. .... -.......... .:. ...................... :.. ............................ - . .:. ........ .:. ....... .:. ................ .:. ............................ -...:. ................ - ...... - ...... _ ..... . 

II. Kelakarivattakayal 

··Ap··:····O':i6·"T"i"OyR"2".siT:-·········_·_-_··············:···cs··;···c···;··c·3·siik··;·····dh;·;;;n:·~s:·wP-·:-·Aii;;;;dance·of·~oots··· 

··ci··r·i6=32··r·lOYR·3P-;-·······-··-~··············r·cs·r~irc·3·siikT··dh;·;;;n:·~s:·wP-·-;-·················---····· ... 

::~~::I:::~~~~:=I:::~~~:~~:::I:::::::::::::::~:::::::::::::::I::~t::r:~~;:I::l~~J:~:F~~~.tf::t-I~~~~~:o.~~e !!:~~: 
••.....•• + •••••••. _._ •• + ••••••••• _ •••••• _ ..• + •••••.•••••... _ ..•••••• _ ... + ................................ _+---........................ _--.................. _-_ ....... . 
. C4 i 68-110 i lOYR 4/2 i i - i sl i sg i db, mf~ wvs. wvp i .. 
.................. _._ ............ _ ........................... _ ....................... : .................................................................. _-_ .......................... _ .... _ ..•..... 

III. Chalakari 

··Ap··:····o.:i9··-r··iOYR"3p···;·"1:SYR"S/4:·;n·Z··p·;··g;;;·:···i···;··c'2"siik··r··-dii;·iiifi~·~s:·wP-f-Aii;;;;d;;;ic·e··of;ooiS··· 
.........•......•........ + .• _ ..•.•............. + .......•.........•.............. + ................. + •.•.•.•••..•••.. + ..................•..•....... _+ ......................... __ ......... . 

CI i 19-39 i 75YR 3/2 i - i cs iii vc 3 sbk i db, mefi. ws. wp i Root canals present 
··C2·r·3~90··r·lOYR·4iTT··lOYR·8r.i;""f··i·Tr·:··r·c··rc·3·siik·Td~ii;·;;;eii·;·;VS:··w;:p;-··································· 
................................................................................................................................................... _ ....... __ ......................................... . 

IV. Arunoorupadasekharam 

··Ap·.,..··O:16···r·i5YR·3/i··;······························Td~·T·i··rc·3·siik·T···dSii;··Difr:·ws·:·wp·T··Aii;;;;dance··of~oois···· 

··Ci··r·16=3o··r·i5YR··47i·r·7j:YR··5FU·l·f·rd~·r~i"r;n·3·siikr·dSii;··Difr:·~s·:·wp·r···p;:esen.!t~oot····· 

·C2·r"30:4s··r·i5YR·4/i·TT5YR·5i4;"c·2TT"d~·T"~i"r;n·3·siikr··dSil:·Difr:·~s:··Wii-r··-·································· 

··Cj··r·45:'iO··r·75YR··j/O·r·····························rd~·T"si·rc·3·siikT·dC;nfr.··wso;··WiiO;-···········-·······-·._ .......... . 

::~~:::i::??:~~:r:.::?~~::~!!.I::::::::::::::::::::::::::::::;::::::::i::~::;::~:~:~~~:::::~~:~~;=w.~;::~~:;:~~~~~:O'(~§~:~~e~§: 
V. MaleekayaI 

··Ap·r··o:is··--r··iOYR"3i3··r······························;··g~··:··is·T";n"3·siikT···dSil:·;;;r~··ws:··~p·T··Aii;;;;danc.;·(jf~ooiS··· 

··ci··r·15:3S··r·lOYR"3p··r'i5YR·si4:h·dr··~···:··iS·rm-;i"siikrdSii;·Difr;·~ss:·;;.p;r············-······················· 

::~~::i:::~~:~:::I::::i~~:~?2.::I::::::::::::::::=::::::::::::::::::::::::~::i::~:~:~~~::I::::~::~~::~~:::~T::::::::::=:::::::::=::=::::::::: 
VI. Ooloorankayal 

··Ap·T··o:l'i··T···iOYR"3p··T7:SYR·s/i;:··c·2·d··T"gs·T"~"jTc·3·siik·T···dii;·iiifi·;·~s:·Wii-T··Aii;;;;dance··of"~ooiS"" 

iii iii i i androotcana1s 

::g~:::F:~~~:::P:f:/~;~!::r:=:::::::::::~:::::::::::::::pj:rt:T7-i:f~:r:=::=:::f~···r:::::::::::=:::~::::::::::::::::::: 
........................................................................................................................................................... _ ...... _ .................................... . 

VII. TbekkepaUipadam 

··~~::L:~:~~:::I::~~~:~~:J~:~·:·~~~·:·~··i::~I.::·r~:~: :·::~·~~~:L:~::~·:.:~:::~~I::~~~;f~~~:·:: 
CI i 15-36 i IOYR 4/2 : : gw: s m 2 sbk i dl. mfr. wss. wps i 

. ci··[ ··3"6:90 ·r·lOYR·3i·i··i··:;:5YR6i4:··f·i·d·T··~···'··;i···;;;·2·~biJ·~b;·;;;fr: ;;;~·:·~··t······· ..................... . 



26 

Table 1 (continued) 

Hori- i Depth i Colour (moist) i Bou- i Tex-! Struc- Consil;tence Remarks 
zon ' em •..... ------.... -.-~.-- ...... -... -...... -.-........ ndary' ture I ture i: 

i i Matrix i Mottles iii . .. .... . ...... __ ............. _--_ ......... _---_ .... _--_ .. _--.... _--- ....... _ ............................. __ ........................ _--... -...... --.-.. --------_ ...... ---.-... ------. __ ...... _-_ .. __ .. --.-... . 

VIII. Keezhimuttathusseri 
.. __ ...... , •..... _---_ ...•....... _-_ ..... _-.. -_ ...... ---............... __ .... --_ ..... _-.--_ .... --.-: ....... _-... ,._---_ ........ -- ..... -----_._--.. _---_. __ ...... _--........ __ .. _ ... _--_._---

Ap i 0-15· i 10YR 4/2 ; 7.5YR 6/8, c 2 p i dw i 51 i c 3 sbk i <Is, mfr, WSO, wpo i Abundance of roots and 
iii iii i i root canals . .. ,... . ._-............................................................................................................... -..................................• ' ........................... _ ...... _._. 

CI i 15-35 i 10YR 3/1: 7.5YR 6/6, f 2 d i dw i sl : c 2 sbk i dsh, mfi, WSS, wps: Presence of fine root 
i ! i !! i! i canals ........................ -............................. -...................•..........•.........•..............•. _ ........................•. _ ......... _ .......... _ ........... _ ..•..... -._ .. 

C2 : 35-78+ : IOYR 4/1 j !: 51 ! c 3 sbk i dsh, mfi, WS, wp : 
: ;: :::: : ...................... __ .................................................................................................... _ ........•..•......•.. _ ........... _ .............•.................... _.-

IX. Kadayakohnldavali 
........... ~ ............. -...................... - ..................................... ~--............................................................................................ _ .... -

Ap j 0-20 i IOYR 4/4 j 7.5YR 516, . i gw j 5c1 i vc 3 i db, mfi, W5, wp i Abundance of roots and 
iii m2d iii sbk i i root canals 

... _ ...... .j. ............. .j.: ....... - ............... _ .. --.·····-·········t··········.j.········· .. ··············+·· ... ---.............................. _ .......................... - .... - .. . 
Bwi ! 20-64 i 10YR 513 i i gw i sci i c 2 sbk i db, mfi, WS, wp i 

: :: :::! : ••• _ •••••• + •••••• _ •••••••••••••••••••••••• + •••••••••• _ ••••••••••••••••••••••••••••• + •••••••••••••••••••••••••••••• _ •••••••••••••••••••••••••••• + •• - •••••••••••••••••••••• _ •• _ •••••• _-

Bw2 i 64-95 i 10YR 5/2 i IOYR 8/3, c 2 f i i sicl i m 2 i db, mfi, WS, wp ! 
._ ........ L.. __ .... _J. ................ .1.._ ..... __ ._ .... __ ...... l... .... _.l.. ....... l....~~~_ ... l... ... ___ ..... __ ................ 1.. __ ......... _._ ....... ___ ..... ____ . __ _ 

x. Puthiyaripadam 
.. -..... - ............... ~ .................. ~ .... - .. - ........................................................ - ......... _ ......... _ .................................... _ ....•......•...... _ .. 
Api 0-24 j IOYR 3/2 i i cs -i sc i vc 3 i db, mfi, WS, wp i Abundance of roots 

! ! i i! i sbk i i 
..................................................................................................... + .................................................... + •• _ •••••••••••••••••••••••••••••••••• __ •• 

cr i 24-50 i 7.5YR ! 10YR 8/3, f I d ! dw : 51 i c 2 sbk j ds, mfi, W5, wp i Presence of fine root 
i ! 2.510 iii i -! i canals 

......................................................................................... + •••••••••••••••••••••••• + ••••••••••••••••••••••••••••••••• _ •••••••••••••••••••••••••••••••••••••••• _ ••• 

C2 i 5(}'85+ j IOYR 3/1 ! IOYR 8/3, f I d i j c i m i dvli, mefi, wvs, wvp i 
........... 1. ............ 1. ....... _ ........ 1. ............................ .1 .......... 1 ......... 1. ............. 1. ................................... 1. ...................................... _ .. . 

XI. Vettikad 

··-A~··T·O:17-T"iOYR-4iiT75YR-6i4:··f·2··dT·~··T"·~ii··T··;;;·2··-T··~h:·;;;ft:·;;;;:·~···T····Ab;;;;~~~··~f·;:;;;;;;--

iii i! i abk i i 
.............................................................................. + ..................................... + ••••• _ .......................................................................... . 

CI i 17-32 i IOYR 3/2 : ' i gw i sil i c 3 sbk i dsh, mfi, ws, wp : 
1 : i :::: : ........................................................... _ ••••••••••••••••• + ..................................................... , ........................................................... _ ••• 

C2 i 32-85 j IOYR 3/1 j : j sicl j c 2 sbk i db, mfi, ws, wp j 
........... 1. ............ l. ........ ; ........ ! .............................. 1. ......... 1 ......... 1 .............. 1. ................................... 1. ............................ _ ............ . 

XII. J Block 
........... -.-............................. ~ ..................................................................................................................................... _ ..... _ ... _. 

Ap - j 0-26 i 7.5YR i i gw j sil j m 3 i db, mfi, W5, wp : Abundance of roots and 
! i 2.510 i !! i sbk i ! root canals ............................................................ _ ................................................................. _ ................................................................. -

CI i 26-72 i 10YR 3/2 i j gw i sil i c 3 sbk : dh, mfi, ws, wp i 
: :: 1::: : ........... t·············t .................. t···················· .. · .. ·····t· ...... ···t ......... t .............. t· ......•. _ ......................... t····· ................................... _-

C2 ! 72-105 ! IOYR 3/1 i IOYR 8/3, f If! i sicl ! c 3 sbk! db, mefi, W5, wp i 
.......... .1 ............. 1. ................. 1. ............................. 1. ......... 1 ......... 1. ............. .i .................................... l.._ ................................... _ .. . 

XIII. Kakadichalnedumchal 

:~;:i;~~]i~i"'r~~ .. :;~f;~;:;f~~~j~~~:,~L'";;-;;;~::': 
---C2··-;·49:ii5~-~-·iOYR-4ij··; -j-jjyR·-iii3:-c·i·d··[------·· ···~i---r-··;;····-;-d~h:·;;;-~fi:;;;~~:·~-l·-·-P;~;~~~-~f-r~~.;;;j~~.-
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Table 1 (continued) 

Hori- i Depth 1 Colour (moist) 1 Bou- Tex- i Struc- Consistence 
zen i Cill r--~~~~~---T-----~;~;;-;~-----; ndary ture i ture ! Remarks 

....... ___ .1 ............. 1. ....... __ ........ 1 ______ .......... __ ............ !.._ ....... ......... 1. ............. 1 .. ____ .. ___ .. _____ ... __ ... __ ........ 1. _________ ..... ___ ........... ______ ........ . 

}"1V. Xooruparamakothra 
... -..... -.~---.- .. ---.--~ .. -.. -............ ~.-----.. -..... ---... -.... -.. -~ .... --.. --•.........•....... -.... -... -_ ... -- ............... _----- ............. _---............. __ ......... - ........... . 

Ap i 0-21 ! IOYR 3/2! 75YR 5/8, i cs ! sic i vc 3 ! dh, mfi, ws, wp ! Abtmdance of roots 

_ ... _ .. ____ L ..... __ ..... L ... _ ... _____ . ____ 1 .. _ ....... ~ __ ~ __ ~_ ..... _ .. _L ... _._ .. .l ....... _.l .... ~~~_._.L. __ .... _._ ... _ .. _ ....... ______ ..... 1. ... _._ .. _ ....... ______ ._ .. ---... -... -.. -. 
Cl i 21-37 i 7_5YR i i gw i c i m 3 ! dvh, mfi, ws, wp i 

-·-··-··---f·-·-·-·------f··-·-~:~!.~-·-·-t------··-·-·----·-·--··-·-·--t-------·--f--·-···--f··--~~~··--t-----·--·-------·-·-···-------···-·t-------··--··------·--... -------... -.. -.. --. 
C2 i 37-69+ i iOYR 4/1 i IOYR 8{3, f 2 d i - i sic i c 2 sbk i dvh, mfi, ~ wp i 

------_._-_!._._--------_.!_._._-------_._. __ .!_--------.---._----_. __ .. _. __ .:._-------_ . .!_------_ . .:._---_._-_._--_.:._-------------_._------------_ .. _.!_-------------------_._ .. _-_._------_ .. _--

.. ----.----~------------.,..-----------.----------------------.. -------~----------~--------... ----------.--~-----------------.----------------~-------.--------------------------_._-
Ap i 0-30 ! IOYR 4/2! 75YR 6/8, ! cs ! sl i m 3 i dsh, mf4 WSS, wps i Abundance of roots and 

: : : c2d : : : abk ; ; rootcanals 
: :: :::: : 

---~;---T;~~-T~~~--w;r-;~~-~/~:------rd:~-r-;~--r-~-;-T~:-~:--~~:;-r--;;;:~~--~f-~~-;~~----
: ; : c2d : ; :sbk; ; canals ____ .. ____ ; ___________ 1.. ________________ ; _____________ ---- ________ i __________ ; _________ i _____ . ________ i _____ --------------_______________ i ________________________ -----------.----

C2 : 61-95 : 10YR 5/2! 7.5YR 6/6, : - ! sci : m 3 : db, mfi, ws, wp ! 
: : : c 2 d : ! : sbk ! ! 

Mottles f = few, c = common, m = many; 1 c fine, 2 = medium; f ~ faint, d c distinct, 
p ~ prominent 

Boundary a ~ abrupt, c ~ clear, g ~ gradual, d ~ diffused; s ~ smooth, w ~ wavy, i c irregular 

Texture s = sandy, si = silty, I ~ loam, c c clay 

Structure c = coarse, vc ~ very coarse, m = medium, f = fine; 1 ~ weak, 2 ~ moderate, 3 = strong, 
abk = angular blocky, sbk = subangular blocky, sg = single grain, m ~ massive 

Consistence d = dry, I ~ loose, s ~ soft, sh = slightly hard, h ~ hard, vh ~ very hard; m ~ moist, 
vfr ~ very friable, fi = firm, efi = extremely flIm; 
w ~ wet, so ~ non-sticky, ss ~ slightly sticky, s = sticky, vs ": very sticky, po = non-plastic, 
ps = slightly plastic, p ~ plastic, vp ~ very plastic 

discontinuities and differential transport of 

eroded materials. 

Faint to prominent reddish yellow or brown 

mottles of hue 7.5 YR to 10 YR were noticed 

in most of the soil profiles, right from the sur

face downwards due to mobilisation and im

mobilisation of Fe as a result of alternating 

oxidising and reducing conditions_ In profiles 

I and II the mottle were not observed. 

Soil structure in general was subangular blocky 

with occasional exceptions to massi ve or single 

grain structure_ Soils were sticky and plastic. 

Soil clays of Kuttanad constitute a mixture of 

hydrous mica, montmorillonite and illite 

(Gopalaswamy, 1961). Large number of rice 

roots were observed in the A p horizon. 

Reddish - yellow or brown root canals were 

noticed in the first two layers of soil as rem

nants of ferric oxide deposition on root surface. 

2. Physical characteristics (Table 2) 

A definite pattern of distribution of sand, silt or 

clay was not observed within the profile. 



Table 2. Physical characteristics of profiles 

?ro

file 
No. 

I 

. , C·' Pore Vol. 
Sand Silt Clay Specific gravity ,,! WH , 

Hori- .: . ., . ( space (expansion ( 
j.. ___ ••••••••••••. L •...••••••.••.. ..:. ..•... _ ..•.•.. _.~ •• . _ ......................................... __ .•.•••.. L .......... -_ ... ! .... _ .... -......• 

zon Per cent . Apparent i Absolute i Per cenl . i 
:: : 

Ap 64.7 9.0 24.8 

C1 93.1 5.1 1.0 

C2 79.3 5.6 13.3 

1.05 2.04 

1.24 2.51 

0.94 1.75 

50.7 

43.2 

55.3 

56.8 : 10.18 

49.6 ~+, 059 

49.1 .i 5.60 
/: 

HC 
cmh'! 

323 

28.86. 

28.86 

28 

. : . ~~:: . :::: :::. ~:~: . ::: :~:: ::: 'i 2::2 5::81 
....... --_.+-_. __ .... --_._+ •••••• -_ ••..••.•••••.• --_.--_ •• -•.• -_ .•••. --•.• _+_._-_ ...... _---+ •••••••••• _-_ •• _-+ -_._-_.-_ ••• _ ••• --- ••• __ ••••••••••• - ••••• - ••• + •• _-_.--_ ••••• --. 

II Ap 24.2 23.4 50.9 0.91 1.82 63.2 60.8 13.5 6.97 

C1 44.8 20.1 . 33.7 0.98 -1.97 55.1' 57.2 7.92 2.99 

C2 80.9 11.5 6.9 1.19 2.09 51.1 55.8 1.87 29.86 

C3 49.4 15.8 34.3 0.91 1.84 55.8 52.2 7.80 8.96 

1 a ~.1 1U W!.121 1.W ~ m ~ ~ 

-~I~-I~~---~n~~--:~l-~~-·~T~~-r-:~r~~ 
IV Ap 45.6 13.9 37.4 1.10 2.14 48.1 .52.4 5.60 7.96 

C1 70.4 12.2 15.3 1.21 2.69 42.3 58.2 1.19 6.47 

C2 72.4 10.3 16.3 1.25 2.09 37.5 45.2 7.92 4.98 

C3 84.1 6.6 8.8 1.34 2.44 37.0 48.2 5.15 9.95 

C4 83.8 i' 11.2 4.0' 1.29 2.31 35.7 46.3 2.66 22.89 
••• _A .......... _______ •••• __ •••• ___ ••• _ ••• __ ....... __ ••••• __ •••••••••• ___ • ______ • ___ • ____________ .+ __________ .-.. ---+----.. ------.---+.----.----------+-------------- .. -----------------.-

V Ap 81.6 10.1 6.3 121 2.21 40.6 48.5 5.27 38.8 

C1 84.1 11.6 4.1 1.29 2.20 37.0 45.7 7.59 20.9 

C2 84.9 3.0 10.2 1.25 2.29 38.8 48.2 3.90 6.97 

VI Ap 44.6 12.8 41.3 0.96 2.01 61.2 60.9 10.70 3.98 

C1 45.5 20.5 33.1 1.00 1.64 47.1 49.7 11.17 0.37 

C2 46.5 18.3 35.0 0.99 1.82 50.0 54.6 10.22 0.54 

VII Ap 74.8 2.4 21.1 1.09 2.05 43.3 48.6 1.11 17.91 

CI 90.8 3.7 5.2 1.30 2.18 30.6 40.9 0.26 25.88 

73.5 15.4 9.7 1.17 2.09 . 40.8 47.1 5.18 5.97 

I' 



Table 2 Continued 29 

Pro- Specific gravity WHC Pore, VoL : HC 

file Hon-. Sand . Silt . Clay . .. space : expansion: cm h" 
j. ••• - ••••••••••• .:. •••••••• - .•••• __ !. __ .............................. _-- ...... _-_. __ ........................... .:. ........... _- ... ! ... _ ............... .i 

No. ron: ::: : 
i Per cent i Apparent i Absolute i Per cent i 

VIII Ap 54.2 37.2 8.0 135 2.47 35.7 47.9 3.85 0.42 

Cl 57.7 21.0 19.8 1.20 2.12 395 47.8 5.07 1.24 

C2 58.7 19.0 20.0 1.21 2.22 40.1 48.5 5.10 1.37 

IX Ap 52.0 14.9 31.1 1.21 2.20 42.2 50.4 7.78 5.08 

Bw1 47.1 26.4 24.0 1.27 2.17 39.1 49.1 11.00 1.12 

Bw2 13.7 54.2 305 133 2.14 44.9 55.8 28.71 1.37 

X Ap 44.6 15.5 38.7 1.03 1.94 583 57.0 16.72 0.75 

C1 61.1 11.8 26.2 1.10' 1.94 49.8 51.1 13.30 2.49 

C2 1.8 25.6 70.4 1.03 1.92 53.4 61.5 16.91 1.49 

Xl Ap 15.0 55.2 29.7 1.02 2.04 59.1 59.6 15.06 3.73 

C1 ~ ~ n.2 1.0 2~ ~ 5U ~ ~ 

C2 20.1 56.6 219 1.12 2.15 475 53.8 9.38 2.90 

X11 Ap 7.0 65.0 265 1.11 1.92 53.8 57.5 17.56 0.87 

Cl 14.3 40.5 45.0 1.04 2.07 60.8 61.6 17.34 1.49 

a 13.5 51.1 ~.1 1M ~ ~ ~ ~ 3E 

Ap 5.8 32.0 613 096 1.72 56.0 55.7 10.76 1.00 

Cl 2.4 39.4 55.6 0.79 52.0 4.74 1.00 

C2 28.0 32.4 38.6 1.19 1.97 55.3 4.98 
••••• _-----.--_ ••• __ ............... _ .................. -. --_ •••.•• -•.•• _+_ ••••••• -•• _ ••• - •• _+---_._ •••••..• __ .+--_._----_._+ ...... __ ._-....... --...... --.--.. _+.- •• _--•• -•• _-•• -

: : iii i ! i 
XIV Ap i 15.0 42.5 i 41.4 i 0.99 i 1.89 i 553 i 56.4 i 11.40 . i 1.22 

! ! l ! j ! ! !. 
C1 i 7.3 21.2 i 695 i 0.95· i 1.72 ; 58.8 i 59.9 i 9.09 i 1.08 

C2 i 5.8 49.6 i 425 I 1.04 I 2.09 I 57.8 i 59.0 i 8.53 i 1.49 
---_.---..----_ •• _-- ......... _----_ •• _+ •. _ .............. -_ •••• _-.......... __ ••••••••••• _--+ ..•........•..•.. _+_._----------+ ... _ .. __ ..... _ ....... _ ... _.-.... _ ... + ....... _._-_. 

XV! Ap ! 62.7 ! 15.5 ! 21.3 i 1.17 i 2.00 i 39.4 !. 50.2 i 8.94 0.50 

I C1 I 72.0 : n.1·: 4.0 : 136 I 2.28 : 343 : 49.7 : 12.05 11.94 

! C2 ! 56.8 ! 20.0 ! n.1 I 1:6 ! 1.79 ! 42.1 I 51.2 ! 19.29 3.23 
: : : : : : : : ! 
: : : : : : : : : 

HC = Hydraulic conductivity 

The estuarine and fluvial deposition during each: 

year results in the development of strata with' 

varying quanlities of sand, silt and clay. The 
sand conten~ of soil profiles varied from 1.8 to 

WHC • Water holdmg capacity 

93.1 per cent, clearly indicating the extent of 

textural variation in the study area. The range 

observed for silt was 2.4 to 65.0 per cent and 

for clay it was 1.0 to 70.4 per cent. Generally 



sand predominates in the Ap horizon. None of 

the soil profiles showed Uniform sand/silt ratio 

indicating a lesser intensity of weathering. The 

Kerala soils in general, are highly weathered 

due to the typical topographic and climatic 

conditions of the sta!e. But the peculiar physio

graphic position of Kuttanad retarded the profile 

development in this tract 

The apparent specific gravity of the profiles 

varied from 0.67 to 1.36 and absolute specific 

gravity from 1.38 to 2.69. The difference in the 

amount of organic matter, sand, silt and clay 

fractions of soil profiles accounted this varia

tion. This has already influenced other physical 

properties like water holding capacity,. pore , 
space and volume expansion. Water holding 

capacity in general was high due to the pres

ence of organic matter and clay in large quanti

ties. The range observed was 30.6 to 90.3 per 

cent Pore space of the profiles varied from 

40.9 to 66.3 per cent The volume expansion 

varied from 0.59 to 28.71 per cent which was 

very low for sandy layers, while the presence of 

clay and organic matter increased it The hy

draulic conductivity ranged from 0.37 to 59.71 . 

30 

cm h· l . Even though the range observed for 

hydraulic conductivity was wide, most of the 

layers showed lower values due to the 

dominance of clay in soil fractions. The pres

ence of saline water also decreases hydraulic 

conductivity (Antony and Koshy, 1988). The 

. soil layers that recorded higher values were 

sandy, except C3 horizon of profile I that 

contained large quantities of fibrous organic 

matter which allowed easy percolation of water. 

The above horizon recorded the maximum 

hydraulic conductivity. Kerala soils in general, 

showed very high values for saturated hydraulic 

conductivity (36-50 cm h'f) with exceptions to 

soils of brown hydromorphic group (Antony 

and Koshy, 1985). The extent of variation in 

texture was reflected in all the above physical 

parameters. 

As expected, sand recorded a highly significant 

negative correlation with water holding capacity 

(-0.657")' pore space (-0.735") . and volume 

expar$ion (-0.537'), while silt, clay and orga

rtic carbon showed a significant positive rela

tionship with the above properties 

Table 3. Correlation matrix showing inter-relationships among various soil properties 

oc Olaracteristics i App. sp. 1 Ab. sp. i MIl i Pore iVaI. i HC i Sand i Sill : Clay 
! gravity 1 gravity ! we i space !. expn. i 1 : • ! 

·~;;~;·-;~~~·"1"'.";;~-"1"'-'-""'·'1·'--···'·".1 ....... , ... -.-1 ... -.......... 1 ........ --..... 1 ...... ········-·1········:··-··1···············1············· 
--------_·-._.--------_·+-----.-.--------1----------_ ... __ + __ ··_·· ______ ·1_··· ____ ······· __ 1_· __________ ···+·.·· _________ ···_.··· __ · _____ ···· __ 1·· _______ ._·. __ ... _____ ..... ___ ....... _______ ._ .. 

Ab. sp. gravity i 0.762- i 1.000 i i : : . : : : : 
~~::::~:::::~::!::~~~~~~::: r::~:~~~:::!::::~:~~::: r:::::::~:~::::: (~::::::::::::J::::::::::::::::: r::::~::::::::::: r::~::::::::::I:::::::.:::::I:.:::=~::· 

. • - . .() 2 .' 830-' 1 000 . , . , . , 
Porespace i ·0.635 i .84 1 0. i' 1 1 1 1 1 1 

--.--... --.. - ......... ~ .. - ........... ~ ................ ~.-.-.-.... ~ ................. ~., ............. ~ .......... -.-.. ! ................. !-.-....... ~ ............... ~ ........... " 

Vol. expn. i .().072 j -0.330' : 0.282' j 0.409"· f 1.000 j j : j j 
.................. _ ......... ~ ............•....•................ ~ ........... _ ....•............ , ......................................................... I········.······ .. ·········· ......•............. 
He : .().060 : 0.059 :. 0.137: ·0.095 : .().41,: 1.000 : : i : 

................................................................. ~ .......... -........................................................................................................................... . 
Sand i 0.573" : 0.473" i .().65T" i .0-735" i ·0.531" : 0.427" i 1.000: . : : 

_ .............................................................. + ••••••••••••••••••••••••••••••••••• I··· ............................ _ •••••••..........•. I··············· .. ••·•·••••···· ................ . 

Silt 1 ·0.174 : .().151 i 0.288' 1 0.44)" 1 0.451" 1 ·0.427" : 0.790" : 1.000 1 1 
............................. ~ ................. : ................ ! ..... _ ......... ! ..... : ........... : ............... ~ ................. !_ ............... t······_·· ..... "! ••••••••••••••• ~ ••••••••••••• 

. Cl . 0 31" ' 0602" . 0759" ' 0736'" 5-' 0' •• ' • " '\ ay i .. 7 i· i· i· i 0.41 i ·0.27 i. ·0.825 i 0.306 i 1.000 i' 
................................. ~ ..............•...... ·········· .. ·················1·················1······· ........................................................................................... . 
oc : -0.680" : ·0.667" : 0.709"".: 0.465" : 0;33·1" ! 0.090 ! .0.41T" ! 0.080 ! 0.583" ! 1.000 

MHWC - Maximum water holding ca{tlcity He - Hydraulic conductivity . Significant at 5% leveJ .. Significant at 1 % lever 



(fable 3) and they were significantly and 

negatively correlated with sand. Sand was posi

tively and significantly correlated with hydraulic 

conductivity, apparent and absolute specific. 

gravity, while clay and silt were negatively cor

related with them. 

3. Chemical characteristics 

3.1 General soil properties (Table 4) 

Kerala soils in general are acidic in nature due 

to the removal of bases by intense weathering 

action and leaching due to heavy rainfall during 

monsoon seasons. The Kuttanad soils, especially' 

the karl soils showed very high acidity. The 

production of free sulphuric acid on oxidation 

of S compounds, organic acids released from 

partially decomposed wooden fragments and 

production of W ions by hydrolysis of Fe and 

Al hydroxides are respol!Sible for the extreme 

acidity. The study area represented mainly kara
ppadam type land and ~ence the severity of 

acidity was not as intense as in karl land. 

The soils of the study area were invariably 

acidic with a pH range of 3.0 to 5.3 in surfac~ 

soil and 2.0 to 6.1 in subsoil layers. Ap hori

zon recorded lesser acidity compared to lower 

layers. Uming and washing and surface drain- . 

age have washed down a part of acidity from 

the Ap horizon. The results. of the experiments 

carried out at AICRP on Agricultural Drainage, 

Karumadi (KA U, '1988) revealed that soil 

acidity increases with depth. Liming and wash

ing induce downward movement of H' ions and 

they get settled at deeper layers, which subse

quently move to the surface layers gradually 

during next season (summer). in response to the 

water movement due to the typical hydrophysio

graphy of the area. Providing subsurface drain

age removes a major part of subsoil acidity ~d 

salinity (Mathew, et aL, 1993) from the soils 

of karl lands and promotes rice growth. 
, (' 
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Kuttanad soils are grouped under acid saline' 

soils showing very high acidity and salinity. 

The extent of salinity as indicated by EC values 

ranged from 0.33 to 2.63 dS m'! in surface soil. 

The subsoil layers showed still higher values for 

EC due to the accumulation of salts. The 

contribution of Na to salinity is much greater in 

this tract. The soil analysis data (fable 7) also 

revealed this, even though the quantity of Na 

present in soil has been reduced considerably 

due to the closure of Thanneermukkom 

regulator. The total Na content of profiles 

ranged from 280 to 8640 ppm (Table 6) and it 

accumulated mainly in lower layers. Of the 

total Na, a major portion was in available form 

(fable 7) mostly contributed by water soluble 

Na (Table 8). The H' ions present due to high 

acidity also contributed towards the increase in 

EC values. 

The Kuttanad soils contained large quantities of 

organic matter either well decomposed, partially 

decomposed or undecomposed. The surface 

soil recorded 0.12 to 5.62 per cent of organic 

caIbon and subsoil layers 0;07 to 16.22 per cent 

(Fig 3). An accumulation of organic carbon in 

lower layers was observed. The presence of 

sand layers, differential accumulation of organic 

matter and sedimentary natUre .of parent mate

rials are attributed to be the reason for the 

heterogeneity in organic carbon distribution 

Increase in organic carbon content with depth in 

the Kuttanad soils have been earlier reported by 
Menon (1975). 

Average CEC of K;erala soils is 3.0 to 5.0 
cmol( +) kg'!. The soils of the study area re

corded higher values for CEC due to the pres

ence of large quantities of clay and organic 

matter. It ranged from 7.6 to 28.9 cmol(+) kg'! 

in surface soil. Most of the subsurface layers 
recorded still higher values and C3 horizon of 

profile I showed the highest. Clay and organic 
carbon contents were significantly and 



32 

Plate I. Karappadams of Kuttanad (Puthiyaripadam of Thiruvarpu village) 

Plate n. KayaJ lands of Kuttanad (R Block kayaJ) 
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Plate m. Rice fields of karl lands at Karumadi 

Plate IV. Wooden logs embeded in karl soils of Karumadi 



34 

Plate V. Thottapally spillway 

Plate VI. lbanneennukkom regulator - a distant view 
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Plate VII. TIlanneennukkom regulator - a closer view 

Plate Vlll. Road traffic through the TIlanneennukkom regulator 
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t' 

;'.:., positiyel;: ·.<::orrelated . with CEC (0.413' arId: 

. O'567"i.'The influence of organic carbon on<: 
soils;. since. the soil pH was brqught towards . 

neutrillityby which additional negative charg~ ~' 

are 'induced .and this pH depe~dent charges 

contribute towards higher CEC.' Hence 

effective CEC was worked out as the sum of 

exchangeable bases (K, Na, Ca and Mg) and 

exchangeable acidity. 

CEC was more pronounced than that of clay' 

conte~i 'in acid soils of Kuttanad as evidenced 

by the higher value of correlation coefficient 

(Table 5). CEC estimated by neutral 1 N 

NH,OAc method gave higher values in acid 

Table 4. General properties of soils 

Profile No Horizon oc 
pH 

·.:··EC ECEC CEC . 
, , , ....................................... -............ . 

% dS m"! cmol(+) kg ., ! . . . .': . - : 

PBS 

.. -.... -· .. · ........ r· .... ·-.... · ...... ·-.. r .. · .. ···· .. ~ .......... ·· .................. · .. · .. · .. · .... · .......... ; .... ·r· .... · .... · .... · .. ·· .. ·r .... ·· .............. · .. ·r .. · .. ·" ............. .. 

I I ~r : !:E ~.~ !:~: j ~~9 f!'~ ~:; 
: : 
: C3 . 16.22 2.6 6.18! 23.12 
; C4 8.58 3.3 5.78'; 19.97 

62.4 

29.5 

32.2 

55.6 
: ~: 

....................... 1 ....... _ ................................. _._ .....•.... _ ....... ,~ ........... ~ ....... _ ...... __ ....... l .. _ .... _ ....... _ .................. __ ................................ __ 

II Ap; 5.62 : H ' 2:32 : 12.32 i 16.4 48.7 

C1 8.40! 2.8 4.52! 7.60 ! 10.7' 15.5 

C2 2.47! 2.4 1.57! 6.66 !:, 12.7 26.9 
C3 5.80 j 2.5 5.49 j 8.54 10:3 9.1 

: : 
:C4 12.98 j 3.3 4.72 j 28.03 'i 34.7 
.: :! . 

76.7 
.......... _-- ... _--......... _ .. _-............. --... _--... _ ..... _ .................. _- ...... --...... --............ ~ .. --...... ----............ --.-.. - ...... -.-........ _ .... _ .. _-

m·1 E I ~ I ::. .:~I ,~~r:~ i ::: 
... _ .. __ ....................... --........................ ----_ ....... _ ........ _---_ ..... _ ... __ .... --.. -.................................. _ ......... _ ..• -..................... . 

IV 

. V 

VI 

VII 

C2 

C3 

C4 

C2 

C2 

Ap 

C1 
C2 

1.99 

1.24 

Ll2 

0.69 

0.36 

0.64 

0.28 . 

1.03 

5.23 

9.68 

6.80 

0.36 

0.79 

1.31 

3.9 

4.4 

4.6 
. ' 4.4 

4.6 

4.6 . 

6.1 

5.5 

4.1 

4.3 

4.2 

5.0 

3.4 

4.8 

; 
.! 

r 
0.62 

0.45 

0.49 

0.49 

Ll4 

2.34 

1.52 

0.55 

2.44 

1.88 

0.62 

1.21 

1.00 

8.52 

4.05 
5,47 

8.74 

5,47 

7.69 

4.02 

7.10 

18.00 

16.90 

14.46 

9.44 

3.70 

7.44 

12.7 

10.9 

7.8 

9.9 
7.6 

7.6 

8.7 

11.0 

23.7 

24.6 

22.4 

19.1 

17.0 
19.0 

42.1 

17.6 

50.7 

77.5 

56.1 

74.6 

40.2 

48.1 

34.7 

49.0 

44.9 

26.8 

10.2 

24.5 



! 

U.U '> • ..:. 

C2 , 1.49 4.2 
! 

IX Ap 0.12 4.8 

Bw1 0.07 5.5 

Bw2 2.75 
, 

3.3 
! 

X Ap 2.80 3.7 

C1 5.42 2.9 

C2 5.21 3.3 

XI Ap 2.92 5.3 

CI 2.89 4.5 

i 
C2 2.81 .4.2 

XII 
i 

Ap 1.11 3.9 

! C1 : -3.87 3.0 

! C2 6.10 3.2 , 
: , 

XIII Ap ?.31 3.3 

CI 10.97 3.1 

C2 3.96 3.2 

. 
XIV Ap 4.77 , 3.5 

C1 6.69 ·3.8 

C2 3.37 ! 
2.8 , 

XV Ap 1.89 ·3.0 . 
! 

: CI 0.22 . , 2.5 

: C2 1.71 4.5 

PBS = Percentage base saturanon 

ECEC values were lower than that of CEC, and 

it ranged from 5.16 to 20.85 cmol(+) kg" in 
surface soils. ECEC also showed positive and 

significant correlation with clay and organic 
carbon' (0.559"", 0.599"). 

The base saturation showed a very wide range 

which extended from 3.2 to 77.5 per cent TIrls 
was evidently due to the strong textural 

variation of the soil from sandy to clayey and 

difference in organic matter content The 

. , 

-

! 
! 

·:i 
. : 

i 
, 

: 

: 

0.47 8.09 22.1 26.0 

0.40 7.82 20.2 28.9 

033 5.75 15.1 33.7 

0.39 9,69 15.1 61.0 

3.06 13.61 32.6 38.0 

'2.03 12.49 28.9 25.7 

4a7 1450 322 26.8 

4.31 26.00 35.5 51.6 

0.57 9.17, 17.8 26.5 

0.56 9.32 21.9 26.6 

0.71 7.85 14.9 33.4 

1.03 20.85 27.6 482 

3.09 22.61 30;0 34.7 

2.68 22.08 , 28.9 , 47.8 
, 

, 
1.59 16.02 22.9 16.7 

4.06 ! 17.54 23.7 33.0 , , 
2.76 22.33 25.5 37.4 , 

, , 
1.46 , 17.32 

! 
21.7 44.0 

1.34 15.16 i 17.1 42.0 

5.14 24.02 21.9 ! 675 
! , 

2,63 15.07 27.8 10.9 , 
7.13 5.52 ! 29.5 j 4.0 

4.80 10.31 35.3 
: 

3.2 

influence of clay on percentage base saturation 

is also very ~lear from its highly significant 

positive correlation with it (0.940"} However, 

in the present study the correlation between 

organic carbon and percentage base saturation 

was not significant 

The percentage base saturation was negatively 
correlated with all the acidity contributing 

characteristics but the inter-relationships were 

not significant. 

, 
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Fig 3. (continued) Distribution of clay and organic carbon in soil profiles of North Kuttanad 

3.2 Total nutrients (Table 6) 

The Kerala soils are medium in total N content. 

But the Kuttanad soils are an exception to this. 

The total N content of the study area varied 

from 0.02 to 0.54 per cent in surface layers. 

and 0.02 to 1.10 per cent i n subsoil layers. 

The soil layers that showed very low values for 

total N were sandy with low organic carbon 

content. Major part of the study area recorded 

medium to high N content. 

About 63 per cent of Kerala soils are medium 

to high in total P. Nair (1986) classified the 

soils having a total P content of 451 to 900 

ppm in the medium range. The total P content of 

surfacesoiIs ranged from 69 to 982 ppm. Out of 

these soils 67 per cent was rated as low, 26 per 

cent as medium and 7 per cent as high. Surface 

layers showed higher total P status compared to 

subsoil layers, presumably due to application of 

P fertilisers,low mobility and greater retention 

and fixation of P by clays and sesquioxides. 
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Table 5. Conelation matrix showing inter-relationships among v;mous soil characteristics 

Otaracteristics! Clay ! OC ! pH ! EC ! CEC ! PBS ! i'oteD. ! Hydr. ! Botch. ! Exch. ! Exch. ! ECEC 

!! ! ! ! ! ! acidity ! acidity ! acidity! H' ! Al" ! 

~~~::::::~:=::::t~~t:::::::::::t~:~:~::::):~::::::::::t:::::::::::::!:::::=~=L:~~~=~r::=::::::t::::::~~:l:::::::::::!::::=~~:::::~~ 
OC ,0.583,1.000, : : : : : : : : : 
--------.--~----.. -.-~-----.------'t----------!--.---------'t---~--------t--·-------t--·--·---------t---------···t-----------t------------t--------t---------
pH i -0.324' i -0.434- i 1.000 i i. : iii iii i 

~:::::::::~::~-·t~~~::t~~=:!~:~~~~t;:~~:l::~==~:t::=~~t::=·--t-=::::::l=::~::t:::~:::::1:::~=t=~~ 
CEC j 0.413- j 0.567- j -0.472- j 0.562- j 1.000 j j i j j j j _____________ ._. __ .:..-______ .:. ____________ .+ _________ ~ ___ • ____ • ____ .:. ___________ .:. ••• _____ .:. ______ ••• __ • __ ! ___ . _______ .+ •• _ •• _____ .:. _____ ••• _____ .:. __________ .t. ______ _ 

PBS i 0.940- i 0.156 i 0.204 j 0.100 i -0.069 i 1.000 i i r iii 
-----------..... --------._-------_ .... -_ .. ----_._----_. __ .. +-----------------.. -------------------+---_ ... _ .. +_ ............... _---+--_ .. _ .. -
Poten. acidity j 0.578- i 0.598- i -0.608- i 0.530- j 0.699- j -0.163 i 1.000 : j : : j 
-----···--~----·-t·------+----__+-----·--·----t------t-------t----+-----t---t--·----·--+···--+--~----

Hydr. acidity i 0.548" : O.60S- i -0.567- i 0.497"· j 0.692- j -0.143 i 0.993- j 1.000 f f j f 
----_ ... _._-_. __ .---_._.---+._------+-_ .. _----+-----.-... _ .. +._-_._._--+--------+-. __ ._--.... _-_ ... _+-.. ---------+-_._--------.j.-_ •• ----------. . , . . . , , , . . . 
Botch. aCidity j 0.-164- i 0.204 j -0.561- f 0.472" i .0.360- f -0.214 i 0.489- j 0.379- i 1.000 iff 
f------.. ---------.. -----.-.-.-+.-.-.... -.. +-.--.-----.... - .... - .... +-.--.----.-...... ----.+-----.-... --.. -.... + ....... - ... --..... --.. -....... ----+---.-.--
Botch. H' i 0.452- i 0.170 i -0.481- i 0.438- i 0.313' i -0.191 i 0.434- j 0.326' i 0.962- i 1.000 i i 
----.. _--.-----------------+.----------+------------+.-... __ ._ ..... --------_.+_._. __ .-----_.---_ .... --... + •••• __ .... - ••• -••• -.-+ •••• -.-.~------

Botch. AI" i 0.380 i 0.222 i -0.589- i 0.430- i 0.372- i .Q.210 i 0.488- i 0.398- i 0.854-- i 0.680- i 1.000 i 
~~~···········-:a~~~:·T~;~·~:··i·~~;;::r~;~~::·i··~~;~::·i··~~-;~-r~-:;;:.:-;;~;;::··i·~~~·i··~~;·~:··i·~:;~;::F;;-

• Significant at 5% level - Significant at 1 % level 

The major rice soils of Kerala contained fairly 

high amounts of total and exchangeable K and 

the highest amount of total K was found in the 

fine sand fraction in all.the soil types (Godwin, 

1986). The Kuttanad soils are well supplied 

with total K (Iirito-Mutunayagam, 1961). The 

range obserVed for total. K in the present study 

was 440, to 3600 . ppm in surface soils. The 

lower layers recorded comparatively higher 

content of total K due to accumulation of salt in 

the subsoil. 

Generally, the different soil groups of Kerala 

are deficient in Ca and Mg reserves, except , 
black soils due to the removal of bases by the 

action of rain water. The Kuttanad soils were 

reported to contain large quantities of Ca and 

Mg due to their marine origin The surface 

soils recorded 0.20 to 1. 60 per cent of total ca. 
The subsurface layers contained larger quanti

ties of Ca than the surface layers, but a definite 

pattern of variation with depth was not obser

ved. Mg also showed a similar pattern of 

PBS - Percentage base saturation 

distribution. It ranged from 0.06 to 1.68 per 

cent in the surface soil. None of these soils 

was deficient in Mg since they contained more 

than 250 ppm of total Mg, the critical level 

suggested by Prema (1992) for Mg deficiency. 

The subsurface layers having high Mg content 

showed lower Ca content 

The Kuttanad soils are rich in S due to the 

presence of large quantities of iron and alumi

nium sulphides (Money, 1961a). In the present 

study the total S content of profile samples 

varied from 0.15 10 7.12 per cent The profiles 

collected from Kaipuzha village recorded very 

high val ues for S in all the layers indicating 

the presence of large quantities of Fe and Al 
sulphides (fable 6). 

The micronutrient status of Kuttanad soils was 

reponed to be high ex~ept for Cu (KAU, 1994). 

Compared to Zn and Cu, Mn is present in 

larger quantities. The total Mn content of the 

profile samples ranged'from 34 to 354 ppm. Its 
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distribution did not follow any definite pattern. 

Total Cu contents of the study area ranged from 

2 to 84. ppm. Among the micromitrients, Cu 

was present in the smallest quantity. According 

to Tandon (1995), more than 90 per cent of the 

area in Kerala state is deficient in Cu. The total 

Zn content of the area ranged from 8 to 122 

ppm. 

Table 6. Total nutrient content of soils 

Pro- i Hori- Nip i KiNa Ca Mg S Fe Mn Co Zn Al . :::. '. . , . . , . file j zon % t··········· .... ·---.;,··.· .. ·····.·.···'!··-····---·.· ... ··----····-· ... ········--·· ... ············'1-····---···· .. ·· .... _--_ .... -----...... ': % 
N' : (ppm): % : (ppm) , 

o. 1 . : . :, : :. 
·························r··--········ .. ··_-_······ ... ···-_. __ .. _': ........ -- .. ! ............ : .................. _--······r'·······,····!,··········· ... ············ .. · __ ····----':'-""--""-

[ : I: ~ :~:I:I: :1:1: ~ :: 
!! ~ j C2 0.35 115 1080 1680! 1.60 ; 0.06 152. 3.29 ; 78 24 32 1.45 

C3 1.57 124 1320 8640 i 0.40 ; 0.30 4.42 4.72; 128 26 54 2.11 

-,+!:'E':: j:-I:l:;L:ll:j:~I-:-':T:'-: 
~: ~::: ~: I ~~:I :~: ] ~.:~ ~:~: ~~~ ::::1 :3: ~~ I: ~::: 

, C4 . 1.10 ; 220 11520 i 5840 I 1:80 , 0.24 , 126 , 3.48 , 108 , 24 1 8 3.87 
--.... ---_._-------------+------------.-----------+------------+------------.. ------------.------------ ... -------------------------- ... ------------ .. ------------+--------------------------

III : Ap ! 0.21 I 665. ! 1200 : 720 : 050 J 0.54 : 0.64 . 8.67 I 34 ! 44 I 62 9.41 

! CI i 0.24 i 239 ! 3360 i 1040 i 1.00 ! 0.30 ; 0.77 4.04 i 36 ! 50 i 48 10.16 

: C2 I 0.20! 248 ! 3560 i 1720 !0.60 i 0.78 ! 3.99 6.96 i 40 ! 24 I 68 3.26 

... ~ .. T .. :~~ .... r·~:·:~ .. ·; .. ~~:~ .. r·1810~·T .. :: .. ·; .. ·:·::~ .. ·· .. ·~:·~~ .. T .. ~::~ .. ·7 .. ·::~ .. ·; .... : .... - .... ~~· .. r .. : .. · .... :.:: .. · 
i : i : 

C2 0.09 ~" ·399 1120 640; 2.60 0.18 1.09 11.01; 350 44 60 3.20 

C3 0.07 270 760 520 .: -1.31 0.07 1.01 11.36 336 34 64 2.07 

.... v .... t .... ·~; .... ·r~Z .. H:: .. d~~ .. l .. ~~ .. ·L.~·:: .. r~:·~~ .. l .. ~·:·:~·+ .. ~:: ... t ... ;; ... ; .... ;~ .... t"".~~ .... -... ~:~~ ... 
! CI ; 0:02 ! 248 ; 840 ; 520 : 1.00 ; 0.18' i 0.36 ' 2.75 ! 98 ! 50 ; 62 1.97 

i C2 ! 0.11 ! 106 ! 1160 : 840 i 0.80 : 0.60 i '3.69 . 3.49 ; 100 : 14 ~ 46 2.52 ______ : ___ .:. _____________ .l ________ ' ____ l ___________ l ___ _________ l ____________ l. ___________ L ___________ ~ _______ _____ .:. _____________ l ____________ l ____________ L ________________________ _ 

VI ; Ap i 0.43 i 729 ; 1920 800; 0.30 i 0.96 1.05 5.59 74; 36 i 64 7.38 

CI ~ 0.87 ~ 349 : 2720 ! 2640 : 0.80 ~ 0.78 : 1.29 5.22 i 66 i 82 : 54 5.27 

C2 J 0.62 J 303 ! 2020 ! 2520 ! 0.80 ! 0.72 ! 1.14 , 4.88 I 88 ! 64 ! 56 4.81 

.. ~;~·T· .. ~~ .... ·r~:~: .. r~~ .. ·r: .. r·: .. T~:: .. ·r~::·r·~·:~·: .. ·7 .. 1~~:~ .. r .. ·: .. ·T .. ~2~ .... ' .... ~: .... -.. ·~::· .. 
a IQI4!~I~ B ~I~ ~ ~l;W 14 44 ~ 



Table 6 Continued 

Pro- ! Hori- N . P . K Na. Ca . Mg . S Fe. Mn . Cu Zn 

~~. : zon % r .. ··· .. · .. ····;-~;;;j·· ···········r····· .. ···············% .. ········· ·············T····· .. ·····~~;;;)· ............ % 

AI 

. .. . . , 

··~~i···T~;·····r0.-;~··T·229···r~O··r·280··r·;···;o··r·O.-~··T·~··;·~·T···;···6;···T··;;···r···~····r··3;···T·~'-;6· 

i CI i 0.08 i 390 i 1800 i 440 i 0.60 i 0.66 i 0.39 i 4.59 i 70 i 20 i 38 i 5.31 

! C2 ! 0.13 ! 320 ! 1420 ! 420. i 0.55 i 0.66 i 0.37 ! 4.87 ! 94 ! 18 ! 40 ! 4.23 

··;;;:·····T~;····T·~··02··r·3;~··T·~3w·T·52o··T"·O.30··T·o.-;o···~···o.-~·;··T··;--;·o··r··;;:;···T··3~···r··88··T·~--52·' 

i Bwl i 0.01 i 248 i 1320 i 640 i 0.40 i 1.32 i 0.41 i 5.19 i 94 i 34 i 64 i 5.08 

X 

Xl 

!~1~13ml~II~!~!I~I~15~11~lni1nl~ 
j Ap 0.26 271 880 1260 0.40 0.72 0.47 3.77 50 16 30 4.18 

i CI 0.51 220 3760 3520 0.40 0.72 4.80 6.96 122 30 62 6.52 

i C2 413 4200 4040 1.30 0.72 5.14 8.06 236 30 70 7.62 

0.26 982 2880 880 0.20 0.84 1.24 8.00 42 42 54 8.13 

i CI i 0.29 i 596 i 3080 i 800 : 0.30 i 0.66 i 0.64 i 7.94 i 50 i 48 i 70 i 5.39 

! C2 I 0.25 ! 665 ! 2960 ! 860 : 0.30 ! 0.62 ! 0.77 ! 7.82 ! 74 j 46 ! 76 i 5.14 

··x~····T~~·····ro __ ;o··T·5oo···'··3~·r·9W···'···~·.;O···'···;·.-~··T"·;·33···'····; __ ;o··T"··w···r··~;····-····;8····'···8·'-;·2·· 
i CI ! 0.39 i 509 i 3720 ! 2280 0.50: 1.08 i 1.67 i 9.39 ! 64 i 32 56 i 5.39 

j C2 I 0.49 ! 253 ! 2840 i 5000 0.40! 1.14 ! 5.02 I 5.54 : 60 ! 16 . 42 : 3.14 
.......................................................................................... ----•.... --.... - ... ----------_ ..... _-_ ..................................................... -_ ........ _-

XIII i Ap . 0.29 ! 390 j 2160 ! 1280 . 0.30 ! 0.66 . 1.22 i 6.62 . 88 i 46 ! 54 : 8.98 

1 CI 1.06 83 i 1360 3640 0.30 i 0.72 i 1.67 i 2.95 i 144 ! 84 48 i 2.38 

i C2 . 0.35 . 202 . 5000 . 1960 0.70 i 1.20 : 4.46 i 8.26 i 304 i 34 46 i 7.26 

··~~···r~~······:···o.~o···r:·;8~··T;w··'···~~··-···O.~o···r··o--~···r;·.22··T··;·O.20··[····88····r···~····;····~···T·;--~2·· 

i CI i 0.53 i 202 i 2640 i 1600 : 0.90 i' 0.40 i 1.67 i 5.09 i 90 ; 42 74; 7.77 

i C2 ! 0.32 ! 551 i 5000 ! 4320 : 0.80 ! 0.90 ! 4.46 ! 9.48 i 322 : 28 58. 6.50 
... --.. -.... ~. --- --- ----- '!"--- -._-- --_. ~-- -......... ~·--·-·-···-t- _. ········"7 ............ ~ ... ---_ ..... r······ ...... ':' .............. t····· .. ····· t········ .... -;- ............ t····· ...... . 

XV:. Ap ; 0.21 : 881 ; 1760 : 720 ; 0.30 i 0.66 i 3.47 : 5.39 i 52 ; 20 . 58 . 8.98 
:: : 

! CI 0.12! 1330 1680! 280 0.40 1.92 4.37! 10.96 52 38 78 9.10 

! C2 0.16! 569 2040 i 600 0.80 0.42 7.12; 15.80 76 36 56 7.77 

3.3 Fe and Ai toxicity 

The contents of Fe and Al are high in Kerala 

soils. The intense weathering and leaching due. 
to heavy rainfall remove the exchangeable bases 

from soil and result in the accumulation of Fe 

and AI. The incidence of Fe and Al toxicity 

has been reported from many places in Kerala 

It is a frequent phenomenon in Kuttanad due to 

the large quantities of Fe and Al present 'in 

soluble form. The high acidity and reduced 

soil conditions will keep iron in soluble Fe" 

form, affecting the concentration of other 

cations. The cations displaced from the 

exchange complex may be lost by leaching and 

on oxidation the soil gets acidified. 



The total Fe content of surface soils ranged 

from 1.62 to 10.20 per cent (Table 6). The 

total Fe of subsurface layers was still higher 

due to the downward movement and accumu

lation in response to the water movement lIS a 
result of peculiar hydro-physiography of the 

area. The available Fe also showed a similar 

trend as that of total Fe and ranged from 12 ito: 

538 ppm (Table 7) in surface soil. An irregular 
increase in available Fe concentration with 

depth was observed. Iron toxicity has been 

reported at Fe levels varying between 20 ppm 

(Van Breeman and Moorman, 1978) to 100 
ppm (IRRI, 1964) in soil solution. Generally 

the Fe toxicity symptoms will appear only at 

300 to 500 ppm of available Fe. But at low 
levels of P, K, Ca and Mg, it may appear even 

at very low concentration of Fe in soil (Ottow 

et aL,1982).The study area is highly susceptibie 
to Fe toxicity (plates XVIII and XIX) since 

majority of samples recorded values above 300 

ppm for available Fe and the Fe:P ratio is very 

high. Even after proper management practices 

the available Fe of the area varied between 358 

and 421 ppm (Table 15) under submerged 

condition. Available Fe content of soil depends 

on total Fe content, crystallinity of Fe oxides, 
soil texture, organic· matter content, soil 

reaction, redox potential and . position of 

capillary fringe. The closure of 

Thanneermukkom regulator during summer had 
resulted in an accumulation of leachates brought 

down by the rivers from the upper fringes of 

eastern hills which also finally results in an 

enhancement of Fe and Al concentration in the 
area. 

The total Al content of soils ranged from 0.82 

to 10.16 per cent (Table 6). Al also did not 
follow any definite pattern of distribution within 
the profile. However, greater concentration was 

observed in surface layer in contrast to the 
distribution of Fe. The acidity of the soils 
highly influenced the Al content. If the soil pH 

is less than 3.5 it will damage the alumino

silicate structure of clay minerals which will 

result in the release of Al from the disrupted 

structure.The pH cif soil regulates the hydrolysis 

and release of AI' from clay minerals. The 
exchangeable AI" content ranged from 0.33 to 

5.99 cmol(+) kg· t in surface soils (Table 9). Al 

toxicity in rice usually occurs at a pH of 4.5 to 

5.0 for seedlings and 3.4 to 4.0 for older plants 
(Van Mensvoort et aL, 1984). In the study area 

about 46 per cent of the samples recorded a pH 
below 4.0 under maximum dried condition of 

soil. The lower layers were more acidic than 
surface layers and hence there is every chance 

for Al toxicity in the study area on soil drying. 

Compared to Fe toxicity, Al toxicity is less 

severe since the solubility of AI decreases 

rapidly ·above a soil pH of 4.0, which can be 

much easily attained by flooding and other soil 
management practices. This was further con

firmed from the AI content of field water 
(Table 32) which was very negligible indicating 

that the management practises could alleviate 
the Al toxicity to a considerable extent in the 

study area. 

3.4 A vailable nutrients (Table 7) 

In geneiaI, Kerala soils are medium in their 

available N content. Available N content of 

surface soils und~r this study ranged from 81 to 
319 ppm. The soils are rated under medium to 

high category. The available N also followed 

the same trend as that of total N. 

The surface horizons showed a range of 0.92 to 

7.55 ppm of available P. The soils in the study 

area were generally deficient in available P. 

The high P fixation capacity of the soil results 

in P deficiency (Kuruvila and Patnaik, 1994). 

Available P was comparatively greater in lower 

layers since the crop removed P mainly from 

the surface layers. 



The available K of surface soil ranged from 14 

.to 408 ppm. About 8.0 per cent of the area 

was .rated under high, 78.7 per cent under 

medium and 13.3 per cent under low as per soi.! 

test criteria followed. in Kemla. The lower 

layers recorded higher available K content 

similar to that of total K due to salt accu

mulation. 

Table 7. Available nutrient content of soils (ppm) 

ProfIle j Hari-! Nip j K j Na L Ca ! Mg S Fe Mn Cu i Zn Cl" 

No. j zan i l ! ! .l! ~ ! 

I Ap 202 2.70 213 895 621 172 829 329 050 5.10 753 

Cl ~ ~ In ~12 m ~ Ie ~ ~ ~ ~ 

C2 87 5.15 98 1628 1289 774 3943 462 80.10 11.13 58 

o lli ~ m ~ 28U la ~28iQ7!~ E6 

C4 140 41.05 963 5279 2347 2549 7957! 488 i 235.00 5622 

-rrr~-:j::-:I~-T-::-'~r::T:~~;t:r~;T:: 
! C3 157 i 3.72 73: i574 1055 198 4494 669 25.28 i 2.64 j 2990 65 

............ ! ..... :~ ..... , ... ~_~.~ ... ! .... 8:.~.0 .... , .. ~!.~ . .L~~~~. __ . .::~~~ ... ! .. ~=:~.i .. ?~: ... L.~:Z. .. L..~~.::.~.~ ... L~:~~ . .L.~~~~ ... L.5.0.:.: .. 
ill Ap i 241 ! 1.59 ISO! 702 ' 664 : 512 1749: 293 5.48: 5.48: 1.26 : 312 

i CI ! 118 i 22.19 i 144 i 1069 690 i 414 : 1170 : 327 i 15.59 i 7.86 i 1.72 : 567 

: C2 i 101 i 19.45.:. 294 i 1607 : lQ7 i 1239 ! 4482 : 572 i 119.80 i 3.86 i 17.35: 81 
.... __ ........•.......... --_ ..... ---_ .................................................... --_ ...... --- .... _ ................................................. -............................ ------_ .. 

IV ' Ap i .167 : 5.24 i 46.l 387' i 557 ! 401 : 652 ! 345:' 6.68 i 5.45 384 

cr i 154 . 3.81 : 63 i 313 i' 360 28 391 224 5.40 3.30! 4.65 222 
:-. 

C2 f 143 4.95! 116 ! 365 394 236 380 227 152 2.63 i 2.92 259 

:1'=.:1':::.:.:,:.:.:: :::~.: 
····-·v··········~~···T·;~9··T·;·.~····r~56·T·533··r·;~~···r-~;6··T···;·;~···r~~~·T··5·.%···r~:53T··;:;;··T·65'5'" 

! Cl ! 129 ! 1.43 ! 151 ! 442 ! 999! 218 ! 1184 ! 218 ' 53.61 ! 0.76! 4.14 ! 493 

i C2 i 129 i 1.52' i 161 i 570 i. 966 i 319 i 912 i 276 i 10.30 i 2.25 i 3.06 i 809 
.. --_ .... -----._-------------.. -----------+--------------+----------+-------------------------+----------_ .. _------------.---------_._--------------- .. ----.------.. -------------.. -----------

VI ' Ap i 230 i 1.27. i 225 i 677 ! 811 i 535 : 3678 i 538! 5.95 ! 3.24 i 0.19 ! 720 

: Cl ! 244 ! 1.36·! 457 ! 2283 !. 1298 ! 1453 ! 3099 ! 529! 5.05 ! 2.88 ! 0.03 ! 1962 

.. i C2 i 215 i i.30 : 468 i 2220 i 1382 i 1037 i 2919 i 484 i 5.48 i 2.14 i 0.29 : 1745 

-~"-;~r~T;;I:+:;:-I::+:i;:'::-l::::l~-



Table 7 Continued 

Profile i Heri- j N P K Na Ca '.j Mg S Fe Me Cu Zn!, Cl' 
No.!zoni ! 

VIII Ap 174 1.57 83 277 997 449 779 7.31 2.99 3.66 246 

CI 171 0.74 98 196 .517 395 714 6.11 2.66 1.73 185 

C2 174 1.12 136 228 lin· 395 702 7.20 2.40 1.68 218 

IX 174 2.07 118 328 377 377 686 121 2.62 2.83 1.57 279 

132 3.17 168 491 606 606 449 29 8.41 1.35 1.85 348 

123 5.94 323 1768 1163 2636 259 2.67 3.80 39.9 430 

X Ap 120 2.75 875 788 2035 396 4.17 3.54 678 

CI 140 9.16 2514 1146 5046 464 2.35 5.70 1586 

; C2 .; 146 ; 4424 ; 663 : 3916 2169; 3188 4853; 368 : 380.23: 1.08 27.11; 2245 

Xl Ap 288 6.39 219 821 657 591 392 516 6.96 6.36 5.03 324 

CI 235 6.30 174 798 753 483 936 295 7.08 3.48 1.88 309 

C2 241 6.41 209 741 812 508 848 288 8.26 352 12.46 274 

XII Ap 199 6.09 377 1885 905 659 1490 405 9.26 6.25 4.09 828 

1592 

i C2 . 218 i 31.43 i 739 ! 4049 2282: 2966 : 6361 . '143 i 240.84: 1.26 ! 29.08 , 2875 

-~-!. "'~:"'''~:~''T::::''T:~;'r:::~''-'':::J''~:'';'''~:;~''''''::~"I""::::"'T"::::'''-''1;8::'''''''::~:'' 

, C2 : 112 ! 40.29 i 248 : 1923 1518! 2036 . 4409 933 i 285.00 i 8.34 ! 31.26 

''';(~~''''!",~~''T';59'''r;·.~;'''r'';~;''·'''·;~~;·''-''·;08;;''r'';8~'''''''';~~;;:':'''~i8''T'';'~:3~'''['''5::;;'''''''~:~~'''':''';:;88" 

! Cl : 171'! 5.20 ! 293 ! 1464 1280! 452 ! 1234 : 462 ! 3.01 ! 1.76 ; 3.51 ! 1560 

i C2 . 154 119.321 399 i 4131 2667 11723 . 4229 ! 635 i 4.28 : 2.51 i 28.37 ! 3135 

.... ;,:;; .... r .. ~~· .. -.. -8·; .... i .. ;·.55· .. r .. ;~" .. '· .. ~~;···"··~;~···r··3~~"··"·2~o;"'·"'2~5"·r·;·;:~~"';"·;'.5·;·'·-""2:~; .... ; .. ·69; .. ' 
Cl 42! 28.88! 26 192 506; 474 3120 362 26.68 1.99 9.60 91 

C2 53 140.09: 44 471 1252 876 2688 561 63.47 1.04 13.44 103 

The Ca and Mg contents of Kuttanad soils were 

fairly high compared to other acid soils of 

Kerala. The frequent additions of liming mate

riaIs, intrusion of sea water and the marine 

origin of soils have increased the Ca and Mg 

contents. The available Ca content varied from 

377 to 1404 ppm in surface soils. The available 

Mg content ranged from 172 to 788 ppm in the 

surface layers. KeraIa soils containing greater 

than 100 ppm of available Mg is rated as 

"sufficient" and above 500 ppm as "high" 

(prema, 1992). As per this criterion 40 per cent 

of the soils were rated as high and rest as 

sufficient in Mg status. Lower layers showed 

higher concentration of above nutrients. The 

unique hydrophysiography of the area 

contributed towards it by favouring easy water 

movement and leaching of constituents. 



The Kuttanad soils are immensely rich in 

available S because of their acid sull'hate 

nature. The S ore pyrite is present in these rice 

fields. The available S content of surface laye~ 

varied from 392 to 3678 ppm and found to 

increase irregularly with depth. 

Total S content was also very high and -the 

same was reflected on available S content of the 

soil. However, the large quantities of Fe present 

in the soil protect the crop from H,S injury by 

forming ferrous sulphide which is insoluble an.d 

harmless to rice under reduced condition. Since 

the redox potential of Fe is greater thari th~r of

S, the preSence of Fe prevents the reduction of 

S and forimiiion of H2S. 

Available Mn content of the surface soils of 

the study area varied from 0.50 to 12.86 ppm. 

The study area was not deficient in Mn as per 

the criteria suggested by Aiyer et al . (1975) or 

Tandon (1995). However, no Mn toxicity was 

reported from the area. 

Kuttanad soils are reported to be deficient in 

available Cu (Nirlr, 1970; KAU, 1994). How

ever, in the study area only 6:6 per. cent of 

surface soH was deficient in available Cu as per 

the critical level suggested by Tandon (1995). 

The available Zn content ranged from 0.19 to 

5.45 ppm in surface soils. Here also the 

deficiency rate was only 6.6 per cent according 

to the above criterion. The micronutrient 

content of the area appeared to be a fUl)ction of 
clay and organic carbon content 

Chloride content of these soils were very high 

compared to other soils of Kerala. The values 

- ranged from 246 to 1721 ppm in A p horizon 

and the lower layers recorded still higher 

values. C3 horizon of profile I registered the 

highest value of 6636 ppm. It was present as 

NaCI in C3 horizon since the available Na 

content of the horizon was very high (8477 

ppm). Nearness to the sea and saline water 

intrusion resulted the very high concentration 

of chloride. 

3.5 Water soluble and exchangeable cations 

The data on water soluble and exchangeable 

cations of profile samples are presented in 

Table 8. 

The water soluble and exchangeable cations 

followed the same trend as that of total cations. 

Here also the lower layers showed higher values 

compared to surface layers, evidently due to salt 

accumulation in response to leaching and down

ward water - movement Major portions of 

available K and Mg were retained in water 

soluble form, while for Ca it was mainly held 

in exchangeable form. The Ca recorded very 

low values for its water soluble fraction com

pared to its available fraction. Among the 

exchangeable cations, Ca was the dominant one 

. followed by Mg. This was in contrary to the 

opinion that Na is the dominant cation of the 

exchange complex in karappadam soils (Aiyer 

et aI., 1975; Kabeerathumma, 1975; Kabeerath

urnmaand Bidappa, 1975). However, presently' 

the southern region of Vembanad lake experi

enced a reduction in salinity of about 92.4 per 

cent during March, compared to that of pre

barrage period (Nair and Pillai, 1990). The 

prevention of saline water entry into Kuttanad 

during summer had considerably reduced the Na 

content of the study area 

The total exchangeable base content of the 

study area varied from 0.94 to 26.6 cmol (+) 

kg". The lower layers showed higher base 

status compared to the surface layers in all most 

all the profiles. 
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Table 8. Water soluble and exchangeable cations of soils 

Profile i Hori- Water soluble cations (ppm) . : : 
E.~changeable cations, cmol(+) kg" 

No. i zon r-· .. ··K .. · .. ··i ...... ~~· .... T·· .. c~· .. · .. r .. ·~~ .... ·: .. · .. ·K·· .... T .... ~~· .... r· .. ·C·~· .... ·)"' .. ~~ .... ·r-i~;;;i· .. · 
..... -----...... .;. .... _. __ ........ .;.--_ .............•. _-...... -...... + ......... _-_.: .. .;, ... _---_ ........ + ... _ .... --.-.-.~--- ..... -.-.. ---.;.-....... -.-----. .;. .... -.-.. -... _ ...... _-_ ....•..... 

I ~: i 1;: ::: i ::: J 4:: ' ::~: ; :::: :::: :::: :::: 
q ! 20 1547 234 i. 106 0.199 0.353 5.27 5.57 11.39 

: : 
: : 

C3 ; 330 4999 2347! 1127 15.120 2.35 2.35 20.08 
: : 
: : 

C4 i 168 4037 2127 i 1610 2.032 5..100. 1.11 7.82 16.37 
.: .:, :" •• - •••• -.- .• _---.-----_._--_ •• +_ •• _-_ •••• _--_ ••• -._---••• _ •• _--+_ •..•.•• _ •.••• -••.•.••.• _--_ .•.. __ ............ ---.-..• _ •.. _ .•..• _- .............. __ .......... _-_ •....•• _._.-••.. -_ .. 

IT I: :: :1: :':i:I:I:i: 
i C2 18 902 i 920 325 0.069 0.653 i 1.62 1.08 i 3.43 
: : :: 
i C3 18 1466 i 989 198 0.140 0.471 i 0.33 i 0.94 
l ! :: 

I C~ 336. 3680 I 1918.': 797 0.712 8.922 I 5.16 . 11.80 I 26.6 
._---_._ ....... ': ..... -.......... : -······-··-·····r·---··--·-·-··-t---··-··-·-·-··-t·--·--···-·-···---··--·---·--·-·:--·--····-····-·-1···-··---.. --.--~.-.. -.--... --.-.-.. ---.--.. -.... . 

III i Ap i 123 ; 571 i 664 i 455 0.069 0.572 i 0.47 1.12 

! C1 ! 141 ! 1038 ! 230 ! 155 0.008: 0.133 i 2.30 I 2.16 i 2.44 

C2 ! 223 i 1607'! 1239 ! 991 0.182 ! 1.24 i 2.07 i 3.49 
·.-·············.:.····---···---·-+··---····-·--·--f····_ .......... _+ ................ 1. ........ _ ... _ .. _ ................ .:. ................ l ................ ~-.---........... ~.-... -.... -.... -

IV 

v 

VI 

VII 

:: : : 
Ap i 37 155 i 111 150 0.023 1.008 2.23 i 2.09 i 5.35 

l i ! ! C1 . 38 250:' 68 14 0.063 0.271 1.46: 0.12 1.92 

C2 37 182 i 66 79 0.202 0.793 1.64 i 1.31 
i i 

3.95 

C3 41 192 i 92 55 0.158 1.116 3.23; 3.14 - 7.65 

C4 48 202 i 121 29 0.117 0.877 1.81 1.45 4.26 . . . : . . : . . : 
Ap 77 355 230 92 

209 

145 

Ap 77 507 243 24 

571 

518 

Ap 68 53 

C1 46 113 

C2 15 143 

0.203 0.771 3.20 

: 0.136 

0.199 0.146 

0.380 0.734 2.84 

0.553 1.055 3.68 

0.576 1.043 4.10 

0.242 0.592 2.65 

0.059 0.94 

0.348 0.026 1.67 

1.53 

1.45 

4.26 

7.35 

4.32 

1.62 

0.73 

2.62 

5.70 

: 3.51 

i 5.29 

8.21 

12.09 

10.04 

5.10 

1.73 

4.66 
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Table 8 continued 

Profile 
Water soluble canons. ppm Exchangeable cations. cmol(+) kg-I 

Horizon '. 
NO.: i·""--~".-"-r·--~~·----T-·--c~·-·--T----~~----·r-"·;Z"--"---'--~~--"-'r--'-c~'-"-T'-'-~~--'-r--T~;;;i'-'-

_._-_ .. -...... :- i- :--~--,:'.--'. ~:: ::: t-::.:·_·- ::~ ---!:: t- --.. -.... _.-:·-f----,'-:' ;._._._- f:·:·:·- -:._.- -"1:' --", .-.. _--_ ... ;. ---:.:" -:-: ',: _.- f:···--- -"'---:-f _._. _._ ... -._--- f-:--:···· _ .... _-
VIII ! Ap ! 27 ! 69 !. 224 ! 15 ! 0.142 . 0.903 ! 3.86 ! 3.61 ! 8.52 

: Cl : 39 : 98 : 71 : 42 : 0.150 : 0.425 : 223 : 2.94 : 5.74 

I C2 I 40 I 131 I 141 I 56 I 0.244 I 0.425.1 2.35 I 2.82 I 5.84 
---------··.··-r-----------··-----r---.··.··-----r----.------·---1----------------r------_·_·_·---1'--------------7· .. -·-··-···-·--:------··-·-··· .. ~----·-··-·--·---1----.. _--.... 

IX i Ap i 21 i 191 i 71 i 14 i 0.247 : 0.596 i 153 . 2.71 i 5.09 

! Bwl ! 28 ! 315 ! 76! ! 0.358 • 0.762 ! 3.03 ! 5.04 ! 9.20 

I Bw2 I 222 I 1717 I· 327 I 851 I 0.258 ! 0.220 I 4.47 I 7.45 I 12.40 
------------ .. _ .• -------------.----<-----_._._------- .. --_._---------.-----_._ ... _----""---.-._--.------<-----------_._---_._------------+----------------.. ---------------+----------------

X ! Ap ! 173 ! 11i6 ! 281 ! 356 ! 0.311 ; 0.571 .' 2.97 ·1 3.60 i 7.45 

!. Cl ! 363. ! 3091 ! 1106 ! 1007 ! 0.214 ' 0.221 ! 7.04 !. 1.16 ! 8;63 

I C2 I 518 I 3464 I 1193: I 1854 I 0.369 . 1.964 I 4.88 I 11.11 I 18.32 .... ··~ .... T ...... ~; .... ·r···~~2 .... r···730··-·r .. ·~;3 .. ·"r_ .. ·i;7" .. ·· .. ··O·.·;;;;; .. --·----;;:39; .. ·r .. ·;;··S·3 .... r···3·.2S .. "r---;·;~ ..... 
i Cl i 132 i 697 i 502 i . i 0.107 0.440 i 1.26 i 4.03 i 5.83 

1 C2 1 134 1 725 1 562 1 94 i 0.192 0.070 1 125 1 3.45 1 4.96 

-----;m· .. ·T .... ~; .. ·"T-·-~36·-.. T---8;8-·--T-.. ~2; .... T .... i~6 .... r";;·~·;~-.. --·;:292---T---:i·.·S:S .... r .. ;·~2 .... ·r·;·:i···:i·;-.--
! Cl ! 309 ! 1993 ! 583 ! 457 ! 0.357 . 1.083 ! 2.91 ! 6.05 ! 10.40 

I C2 I 704 ! 4029 I 1204 I 1977 i 0.090 . 0.08~ I 5.39 I 8.24 I 13.81 

.... ·~;:~ .... ·:·-----·~~-- .. ·-T' .. ·~;:6 .... r"~~66 .. ·T .. ·23; .. "T-·-262 .. ·-T-O:i77--.. --.. ;;:i~2 .. ·r .. ·;··;; .... T .. ·;·:S~ .. ··r---3:S~·-.--
Cl 343! 3432 ! 1853 ! 1853 ! 0.439 ! 2.47 ! 4.95 ! 7.86 

............... _l _______ '? ...... , _____ I_:~ ... ..1. __ .. ~~~~ ... _L.~~~_ .. J ... ~~?: .... L.~:.~.:= ........ ~:.~.~.: .. ..l .... ::.:.~ .... .l. ___ .4:.6~ ..... L.l.~ .. ~.: .... 
XIV 1 Ap 1 141 1 1210 1 218 1 327 : 0.515 0.877 1 4.36 : 3.81 1 9.56 

i Cl i 126 ! 1465 ! 377 i 181 ! 0.428 i 452 i 2.26 i 7.21 

I C2 1 157 ! 3704 I 1231 I 1108 I 0.619 1.858 I 7.18 ! 5.13 I 14.79 

~i--~TE-I~:r:r,:-i-:-:--~:::TI~-T:~-r:~ 

3.6 Soil acidity 

The Kuttanad soils are extremely acidic in 
nature due to the presence of large quantities of 
sulphides which on oxidation produce free 
sulphuric acid. The organic acids released from 
the decomposing organic' debris aggravate the 
situation. The common methods for controlling 
soil acidity are flooding, liming and washing 
and providing drainage. By submergence, the 
pH of the Kuttanad soils increases to about 4.5 

to 5.7 depending upon the buffering capacity of 
the soil (Kabeerathumma and PatiJaik, 1978). 
Due to the high buffering capacity of these 
soils, liming and washing, and other 
management practices could only temporarily 
control the acidity. The large portion of the 
reserve acidity remains there itself and cannot 
be neutralised by these methods. 

The acidity contributing characteristics are 
presented in Table 9. The potential acidity is 



comprised of hydrolytic or pH dependent 

acidity and exchangeable acidity. Eotential 

acidity of the surface horizons ranged from 2.8 

to 92.7 cmol(+) kg'! (fiig 4). The lower layers 

recorded comparatively higher values and the 

highest value of 147.8 cmol(+) kg'! was 

observed in C3 horizon of Profile I, evidently 

due to high organic carbon content. The clay 

and organic carbon contents of the soil decide 

the extent of soil acidity, as evidenced by their 

high correlation (Table 5) with potential acidity 

(0.578" and 0.598''), 

rable 9. Acidity contributing characteristics of soils 

.

1 PO.ten- .1 H~~- .i ~ch. .i Exch. .1 ExC~'. Contribution :,!': Contribution . Pro- Hori-! tial : olitie ! aCldty! H' ! AI' to potential to exch. Al 
me i' zon i acidity ! acidity : !! acidity, % acidity, % satu-
No. :------.. -------... -----------.---.. --.. -----------"----------------..I.---c····_------t-------···-----r------·_----·--t--··--·-r·-------------~ ration 

i cmol(+) kg·1 i Hydr. i Exch. i Exch. i Excb. i % 
· ! ! acidity ! aciditv! H' ! AI" ! 

;Tfl.~~~.E-·i~i·l~r~~I~r!C~rr~l~rTf[-
· C4 : 3L1 27.4 3.60 _ 2.02. 1.57. 55.9 : 44.1 : 56.1 : . 43.9 . 7.9 

···--·~·····T·--·~;···-'···28:~·····r2~:O·····;·····~:3~···'·····z~:;·T--~:;;···'···8~:;··--T··~;:5·····r_;92·····r~(j:8-··-r··;~:~····· 

Cl 62.6 . i 56.6 5.94 3.44 2.50 90.4 9.6 i 57.9 I 42.1 32.9 
: : : 

C2 42.1 : 38.9 3.23 1.73 1.50 92A 7.6: 53.6 : 46.4 225 
: : : 

C3 33.0: 25.4 7.60 5.'11 2.19 77.0 23.0: 712 .j 28.8 25.6 

! C4 41.0.! 39.6 , 1.43, 0.21 i 1.22 1.96.6 i 3.4 I 14.7 I 85.3 4.35 
----·~~··-···':'----·--·-·-----·-r--·--·-·-··---r:-----·----·--r-·---···-·--·-~----------------:------;·8-{ .. -r··············i···············r····--···-·~·············"f ....... _ .... . 

~~ : ::~. i :~:~ i :::: ::~:: 2:07! ::~ i ::~ ! ::: ! :::~ ! ~::: 
· a 1M3·1~~:~I~i~i~5:~i~i~:~ 

................... _ ...... _ ............................................................................................. - ....................................... _.-................................ . 

N' ~ ::; ~ I ~::~:! ::~:~ I;:: i: ~; ~~ 
C3 5.1 4.0 1.09 0.32 0.77 78.4 21.6 29.4 70.6 8.8 

C4 5.4 4.2 1.21· 0.67 054 77.7 . 22.3 55.4 44.6 9.9 
•. .'., r, : ................... _ .................................................................................................................................... + ............................................... .. 

V I Ap ! 2.8 ! 0.8 . 1.99' 1.42 I 057: 28.6 ; 71.4 I 71.4 : 28.6 ! 7.4 

, Cl i 10.1 : 9.6 : 051 i 0.13 I Oj8 i 95.0 5.0 i 255 I 745 95 

· a ! 2.7 i 0.9 I L81! L14 [ 0.67 i 33.3 . 66.1 ! 63.0 ! 37.0 ! 9.4 

·····vi·····T·····~~·····-;-··3~:;····r·2~:8····T···9:;~···:····;:;~···;····z:~··r~9:2~··r·3(j:8····T·;;.0 ····:-··Z3:(j····-r-···;:;:;····· 
Cl i 19.2 I 14.4 i 4.81: 3.37! 1.44 I 75.0 i 25;0 i 70.1 : 29.9 85 

, a 1 18.1 ! 13.7 ! 4.42! 3.01 1 1.40 I 75.7 I 24.3 ! 68.1 1 31.9 : 9.7 
......................................................................................................................... _ ..................................... __ .-................................. . 

w ~ 11M l~j~'~lia~l~ ~.8i~:~ ~. 

Cl .,! 4.6 n 1.97 0.93': 1.04 .,! 73.0 27.0 472 52.8 28.1 

a 15.9 \3.1 2.78 1.72 i 1.06 82.4 17.6 61.9 38.1 14.3 
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Table 9. Continued 

j . j Poten- Hydr- Exch. i Exeh. Exeh. Contribution Contribution 

Profile l Horizon l tial olytie i acidity i H· AI'· 10 potential 10 exch. : AI 

No 1 ! acidity : acidity j j acidity, % acidity, % j salu-I t·····-·--···L·-······-·~~i(;j··~;·····_·····l ........ -·····l··=:~··r~:~··l-~~···r··~~:···l ra~on 
: 

vnr Ap 14.6 12.8 1.73 035 138 88.1 11.9 202 79.8 135 

Cl 235 21.1 235 1.04 131 90.0 10.0 443 55.7 162 

C2 17.4 15.4 1.98 0.97 1.01 88.6 11.4 49.0 51.0 12.9 

~ Ap 1~ U ~ ~ ~ ~ U ~ ~ W 

~ ~ ~1 ~ ~ ~ ~.4 U ~ 

i Bw2 ! 323 ! 31.1 i 1.21 i 020 i 1.01 i 963 i 3.7 i 165 i 135 ! 7.4 -·X·l- Ap -·r3~:7·-1-29·~··l····5:M-T3.~·-r~39 -T85:6··r~;~·1-·;;;T-;~6-r~~·I--

! Cl ! 503 ! 44.4 ! 5.87 j 3.91 ! 1.96 ! 883 ! 11.7 j 66:7 j 333 : 135 

! C2 ! 100.0 ! 92.3 ! 7.68 ! 557 ! 2.11 ! 923 ! 7.7 ! n.6 ! 27.4 ! 8.1 __ ._._. ___ ..... _____ -+ ________ 0.+ ____ •• _____ + ___ • ________ .. ___________ •• _______________ + ___ • _________ + _____ • ____________ _ 

X! j Ap ! 14.6 ! 10.1 ! 4.47 i 2.83 i 1.64 I 693 ! 30.7 ! 633 I 36.7 i 17.9 

Cl : 383 : 34.9: 3.49 : 1.92 : 157 : 91.0 : 9.0 ! 55.0 : 45.0 j 16.9 

. C2 I 303 ! 27.4 ! 2.89 i 157 i 132 i 90.6 ! 9.4 ! 543 ! 45.7 ! 16.7 -------____ -+ _____________ .. ________ -f ___________ + _______ +. ______ -+ ______ • __________ +-______ .. _+-___ _ 

Xl! : Ap : 46.7 : 39.1 i 7.54 : 4.67 1 2.87 : 83.8 : 16.2 :·61.9 : 38.1 1 13.8 

I a 1~1~1~1~1~:~IID:~.IIUIIM 

i. C2 i 563 ! 48.1 ! 8.27 ! 5.81 ! 2.46 ! 85.4 ! 14.6 ! 703 ! 29.7 ! 11.1 
----._.-.+-----+-------._---------._--------+----------------------------+-------------.-.---

~I: 1:1: :1:1:1:1:1:1:1: 
I C2 I~I~ ~!~1~1813!~I~!~lm 

-------------------+---- ------------+--------------+---+---------
~: Ap :~i~ ~:~:~:~!u!~:~i~ 

: Cl : 66.9 : 59.0 j 7.95 : 4.18 : 3.77 : 88.2 : 11.8 : 52.6 : 47.4 : 24.9 
i i ! j j iii i [ i 
1 C2 j 11.4 1 2.16 ! 9.23 j 4.67 j 456 j 18.9 j 8Ll j 50.6 j 49.4 j 19.0 

xvTT!~:T::T:r;:T~~r;r::l:n~n:~-
The soil acidity is mainly pH dependant, and 

exchangeable acidity is present in very small 

amounts (Adhikari and Si, i991). In the pres

ent study also , this was evidensed by the sig

nificant positive correlation between hydrolytic 

and potential acidity (0.993"). The correlation 

between potential and hydrolytic acidity was 

comparatively lower (0.489). The hydrolytic 

acidity of surface layers varied from 0.8 to 85.0 

cmol(+) kg·'. It followed the same trend as that 

of potential acidity. The percentage contribution 

of hydrolytic acidity 
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Fig 4. (continued) Different fOlins of acidity in soil profiles of North Kuttanad 

to potential acidity was 28.6 to 93.6 per cent in 

surface soils and 18.9 to 98.0 per cent in 
subsurface layers. The variation was definitely _ 

due to the difference in soil pH. 

The exchangeable - acidity is cotributed by 

exchangeable H+ and exchangeable AI'+. The 

exchangeable acidity of surface layers ranged 

from 0.66 to 12.18 cmol(+) kg-I. A greater 

portion of exchangeable acidity was contributed 

by exchangeable W in these samples since the 

soil pH was very low (Table 4) due to soil 

drying. Exchangeable H + is present in measu

rable quantities only at pH values less than 4.0 

(paoda, 1987). This was confirmed by the 

higher correlation between exchangeable acidity 

and exchangeable H+ (0.962') than with 

exchangeable AIl+ (0_854"). This also followed" 

the same trend as that of potential acidity. 

The potential acidity was positively and signi

ficantaly correlated with EC (0.530"), CEC 

(0.699-) and ECEC (0.585'). 



4. Ta'{onomic classification 

Taxonomic classification of the pedons have 

been attempted up to subgroup level based on 

the available data (Table 10) as per Soil Survey 

Staff (1987). Profile IX was classified under 

order Entisol and all other soil profiles were 

included under order Inceptisol since they are 

having only AC horizons. 

Profile IX gets keyed out under order 

Inceptisol, suborder Tropept because of an 

isohyperthemic temperature regime, great group 

Dystropept because it has less than 50 per cent 

base saturation in some sub horizons and 

Fluventic subgroup because of irregular organic 

carbon content (plate XIII). 

Profiles I, II, III, IV, VI, X, XI, XII, XIII, XIV, 

and XV have suI'phidic materials with 0.75 per 

cent S in some sub-horizon within 50 cm and 

have aquic properties, leading to keying out 

under suborder Aquents, great group SuI

faquents and subgroup Typic Sulfaquents. 

Profile V is a Psammertt because of loamy sand 

textures and presumed Udic moisture, keys out 

under great group Tropopsamment and 

subgroup Typic Tropopsamment (plate XI). 

Profile VII gets keyed out under suborder 

Fluvent, great group Tropofluvents because of 

Isohyperthermic temperature regime and under 

subgroup Typic Tropofluvent (plate XII). 

Profile VIII keys out under suborder Aquents, 

great group Fluvaquents and subgroup Typic 

Fluvaquenrs. 

Table 10. Taxonomic classification of soil profiles of North Kuttanad 

Profiles! Order Suborder Great group Subgroup 

=l:::~i~i:f~~:=:~~::-=-=~~~= 
......... __ ... ____ .... 1 ..... _ ..... ___ . ____ .......... 1. •••.• ___ .•....••.....••......•.. __ ; ____ .••..•••.•••••••• _ ••• ______ • __ ..... _._ •..•••• __ ... _ ..... __ ..••••••• ______ ••.. ___ .....• __ ._ .••••. _. 

______ .~~ ______ . __ ) ________ ~~~~~_. ______ l _________ ~_~~~~~ ________ l. _________ ~_~I!~~~_~t _________________________ !!~~: __ ~~_~~~e_~~ __ . _________ _ 

---.---~----.----l-------~~~~~~~.-----~-l--------:.~-~-~~~ __ .. r-.---!~~~~~~~~".~t---------.--.--!!~!-:-!:~~~~-~~~t _____ _ 

=~i::~~~t=~~~l~~~;=:~:: 
::::::::~:::::::r:::0~:~~~!~i.~:::I:::::~!.~~~ip.~:::::::::;~::::~::~!~~~~i~~:::::::::=::::::::::~:~~~~:~~~::~i~~:p.~~~:::~:~: 

X . . Entisol Aquent Sulfaquent Typic Sulfaquent 
·--·----·xi-·-·----i--------E;:;ii~;;i-------l-----·Aq~~;:;i---------T--------s·~if~q~~;:;i----·-------------------·--·Typi~-Sclf~q~~~;-----·------

:~::::~i.I:::::::r:::::~~~~i.!:::::::I:::-:~:~i~~~i-::::::::I::::::::~~~~~~~~~:::::::::::::::::~::--:::::::ij~!:~~~~!~~~~~~i::::::::::~: 
. ______ ~_II_~ ____ .. _L. _____ ~~_~~~~.~_. ______ i _____ . ___ '.':~u.".~t ______ i _________ ~_~I_f~~~~~~ ______ ._. __________________ !y..~~_:._~~I~~~_u.~~t_. __________ _ 

-.. ---~~-------:___----~~~:~::--------I--·------~~~~;~ .. -----+---------~-j~~~~~~;--------------.--------------J~~:-:--~~~~~~~;:-------------
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Plate IX. Profile I - Akatlleakaripadam of Arpookkara village 

Order: Enlisol, Subgroup : Typic SuIfaquent 
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• 

Plate X. Profile II - Kelakarivattakayal of Arpookkara village showing lime shell deposits 

Order : Entisol , Subgroup : Typic Sulfaquent 
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Plate Xl. Profile V - Maleekayal of Kumarakom village 

Order : Entisol, Subgroup : Typic Tropopsamment 

Plate XI I. Profile - VII - ThekkepalJipadam of Kumarakom vilJage 

Order : Entisol, Subgroup : Typic Tropofluvent 

56 



Plate XIU. Profile IX - Kadayakolmidavali padasekharam of Kumarakom village 

Order : Inceptisol, Subgroup : Pluventic Dystropept 

Plate XIV. A locally fabricated bridge across the Kaipuzha river 
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PART 2. FERTILITY. CHARACTF;RISTICS 

The impact of the closure of TImnneennukkom 
regulator during summer, from December to 

. April on the fertility characteristics of the soils 
of North Kuttanad is evaluated Wlder this part 

of the study. 

1. General properties of soil (Table 11) 

1.1 Soil reaclion (pH) 

'The Kuttanad soils are extremely acidic, often 
recording pH values less than 5.5 even after 
prolonged submergence. The seasonal influ
ence/closure of the regulator had significantly 
influenced the pH of the area. The mean value 
of pH during rainy season was 4.4 and it de

creased to 4.0 during summer. The partial 
removal of active acidity by the action of rain 

water or its downward movement along with 
water have reduced the acidity of surface layers 

during rainy season. As the summer advances , 
the upward movement of H' ions along with 
water molecules will be initiated resulting an 

increase in soil acidity. The soil pH was 
negatively correlated with all acidity contri

buting characteristics (Table 12). The role of 
exchangeable acidity in deciding the pH is 
clearly evident from its highest significant nega

tive correlation with pH (-0.418'). 

1.2 Electrical conductivilY (Ee) 

The soils .of Kutlanad are termed a~ acid saline 
soils. Sea water intrusion during summer made 
the entire area saline. The magnitude of salinity 
intrusion has been considerably reduced after 
the construction of the regulator at Thanneer
mukkom (Nair and Pillai, 1990). Presently the 
area is only mildly saline during summer. The 
present study also supports this, since the EC 
values observed were not sufficient to cat
egorise the study area as saline. The mean , 

value of EC during rainy season was 1.35 dS 
m'l which reduced, to 0.67 dS m'l during 
summer. TIle EC values were very low com
pared to those of pre-barrage period. The. area 
cannot be rated as saline since the mean values 
were less than 2 dS m'I, the level fixed by the 

soil testing laboratories of the state for 1:2.5 
soil water extract to be considered as saline. 
However, 19 per cent of the study area recorded 
values ,above this level during rainy season, 
while in summer, the entire area recorded 
values below this. The higher value for EC 
during rainy season was due to the influence of 

sea water intruded into the study area during 
summer after the opening of regulator. It is 
probable that the salts were not completely 

washed off from the fields at the time of soil 
collection which coincided with early monsoon. 

.Na salts are mainly responsible for the salinity 

in the area which is clearly evident from Fig 5. 

EC,dSlrn 

2.5,-----,-----------, 

2 

1. 

• 0.5 -

y::: 0.356 + O.OO05X: A = 0.533-
-Calculaled EC- Observed EO 

• 

• .' . 
• 

• 
• 

~~~7~OO~·~OO~O~I~,IOO-I~~--I,&oo~-I,L700-"LOOO~2.100 

AVAIlABLE Na, ppm 

Fig 5. Relationship between available Na and 
soil EC. (R = Regression coefficient) 



Table I!. General properties of soils during different seasons 
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Padase- Organic pH Ee, EeEe , eEe , Basc 

khamn i-____ ~~~ __ ~ ____ , __ " ______________ .--------,----"--------~,~-.~,'-------_..l::~:::::::::::~::_~~~~~j'kii:::~:,:'::::_',~,'_~:'::L satura~~_~,_, 
No_ : -SI : SII : SI : SII : SI : SII i SI : SII : SI i SIT : SI i SIT _______ ._. ___ .•. t ___ . _____ ._. __ .i ___ ...... _. ___ ~. ___ . ____ ..... 1. __ ......... __ .1 ______ • __ . ___ 1 .. _____ . __ .. 1 ____ . ____ .. __ .1 ... __ .. ____ ._.~----_--_---~ __ -.---_-.. -_L ________ .l._. ____ ._._._ 
1 1 4.08 1 4.16 1 4.0 ! 3.4 1 239 ! 0.35 ! 23.5 ! 16.6 ! 32.7 1 20.0 ! 67.1 ! 52,7 ------_ ... -------.. ---.. -_ ...... -... ------_ ... _---•. _--------_ ... +---------_.---+-----._-------oj.--------------+.------.-._---+-------------'--------.-----._------.------.- ... _.-----
2 1 3,91 1 4,74 1 3.9 1 3.0 1 1.83 1 1.14 1 22.5 ! 17.0 1 31.7 ! 23.7 1 63.1 ! 42.1 

--------------·--·~-------·-···~-···----·---1---·-··-.. ···-1------·····---"'t--······---·--t-···------··--t-·········· .. ··t··············t-·-··-····~··············~--... - .. ~ ............ . 
3 i 3.90 i J.58 i 5.1 ! 4.6 i 1.03 ! 0.36 ! 17.5. i 12.1 ! 30.6 ! 19.4 ! 39.3 ! 39,3 .......................................................... _ ....................... -..... _-_ ....... _ .. _._ ...... _ ..........• - ........... ~ ... - .....•..............• ---~ ............ . 
4 1 . 5.29 1 2.28 1 3.7 1 3.5 1 2.96 1 1.71 1 16,9 1 22.3 1 26.1 : 30.7 : 30.9 : 32,9 

•••••••••••••••••••• _ ........................................... + ................ - ................. - ............ - ....................... _... ~ ••••••••• --•• ---•••••••••••••• 

5 1 4.39 1 4.18 1 4.6 ! 4.5 1 0.95 1 0.78 1 15.5 1 16.3 : 27.0 ! 23.0 1 39.8 i 42.0 
···-·············t·_···········t··········_·t···_····· .... j ... - .... _ .. 't .............................. 't ... - ... ····-·t········-····~-··-····t··············~--··-·-··t············· 

6 ! 4.04 ! 4.68 ! 5.2 ! 4.8 ! 0.60 ! 0.28 ! 14.6 i 16.0 ! 263 : 23.4 ! 422 ! 38,2 

::::::::!:~~~:L~~~:::r:~:~~=I::::.~:?::J:::i~::I~·~~:I:~:~:::I:=~~~~::::;::::?~o.:=L~~~~,-.:r::E!:~:::_l,_~~,:,._,[~:~o~~::: 
8 : 198 1 1.551 5.1 1 4.6 1 1.00 i 0.72 1 11.7 1 7.1 1 16.6 ! 11.2 : 68.6 i 48.9 

...... --9 .. ' .... r .. 2'.09 .. T .. 2.s·j----r·3'.i--'T .. 'io .. 'r--i:9(j .. T·o:5i--r--iiij--'r .. s·:i --Tz"9:o--r--9.i .... :-:ii·"9--r·34.9· 
··················t····· .. ·······t··············t··············t··············t··············1··············t··-············t····· .. ··-···t··-···-···~··············~--····-t·········-· 

10 i 528 i 6.78 ! 3.3 ; 3,8 ! 3.02 ; 0.81 ! 23.5 i 25.2 i 38.8 i 33.5 i 40.8 i 41.3 ............... _.,;. ... _ ........ ,;. ... __ ... _,;. ........ _ .... ,;. .... ···._···,;. ... ··· ..... ··.t ... · .. _···..,;..-···-.···· .. .;. ..............• ___ .... ~ .............. i--_. __ ; ...•.......•. 
11 ! 3.00 ! 3.09 ! 4.0 ! 5.0 ! 0.87 i 023 ! 13.4 ! 11.7 ! 16.7 ! 18.3 i 45.5 ! 44.8 

··················f······_······f········_···-f··············f···-·········-:·-····_·····t······--··f·-············f··· .. ·······-!--·-···~··,···········~--·-~········· .... 
12 ! 3.85 ! 4.20 ! 3.6 ! 3.8 ! 1.02 ! 0.53 ! 20.7 1 16.5 1 27.8 ; 21.8 ! 43.7 ! 35.1 

•. _ ••••••••••.•••••..•• _ ............ _ •••••.• _ .................................... _ •.••••••.. + ............................... + ••••••••• _ •••• --_ •••• 1. ••....•••••.•.• -.-._ •••.••••....•• 

13 1 3.79 ! 3.02 1 5.2 1 4.5 1 0.98 1 0.46 1 15.3 ! 9.4 '! 29,0 j 16.9 j 49,8 ! 39.0 
............................................... - ...... - •••••• - .................. - .•••• _.+ .................. - •• _ ....................... ~--.• - •••.••••••••••• ~--••• - •••.••.••.••••• 

14 ! 335 ! 2.92 j 4.6 i 4.2 ! 0,43 ! 0.77 ! 12.7 ! 14.9 ! 27.4 1 22.5 j 38.3 1 44.5 
..................................................................... _ ••• _ ................ _ •.. + ••••.•• __ ...... -.-....................... _-_ ••••.•.••••..• _-----•••••••.• _ ••• 

15 ! 3.10 ! 2.12 1 4.8 ! 3,8 ! 0.91 ! 0.45 ! 9.3 ! 8.1 ! 16.9 1 14.8 i 45.4 ! 34.0 
••••••••.•••••• _ ................................... _ ............................ - ••••••••.•• + .................. --.......................... -_ •••• , .••••••••.• _ •• - •••••••.•• - ••••••...••••• 

16 1 2.67 1 2.12 1 4.6 ! ·3.7 ! 122 1 1.34 ! 13.1 ! 8.5 1 21.7 1 15.7 i 52.1 i 33.4 
•••• _ ••••• _ ...................... + •• _ •••••••••• + •••••••• - ...................... _ ••••••••••• + .................... -...................... --.--••••••• , •••• - ••• ~- ••• - •• - •••••••••••••• 

17 ! 3,68 ! 426 ! 4.9 ! 3.8 ! 1.02 ! 0.84 ! 153 i 15.7 ! 22.4 ! 19.4 i 385 ! 52.1 
••••..•••••..••••••••••...••••••• .:. •••.••••••...• ,;._._ •••..•••• .+ ••••••.• _ •••• ,;. ..•••..•••••.. ,;. ••••••••• _ •.• + ....... _ ...... .j. •••••••••••••• I--.. _ ... _I ....•••...•••. l-_ .... _: ............ . 

18 1 3.65 ! 3.99 1 4.1 1 3.81 0.84 ! 0.65 1 18.9 j 17.2 ! 253 i 20.1 ! 51.0 1 40.8 
------'19 .. -'T'3':7j--T'4~o5-r--4:5--'T--4.6--·rio7·--ro.s4 .. T .. 16:6--'T--'i7.3--T33,iT-ii's"r3'i3-'[--'4io'" 
··················t··············1······_·····'t-············1··············1···_·······t··············t···············t··············~--·-····t·····-·······t-·-·····-t············· 

20 i 2.53 i 2.08 ! 4.6 i 4.4 ! 0.52 i 0.26 ! 9.8 i 7.5 ! 16.7 : 15.6 i 43.2 ! 31.9 ..................................... _ ............ -........................................................................................................ - •..............• -'-_ .. -_.-•............. 
21 1 2.72 i 2.78 1 4.5 1 4.6 1 0.53 j 025 ! 8.9 ! 10.7 !. 17.0 i 15.0 j 37.4 : 49.9 

:::::::~~:::::::r~:~:::r::~~?2.:~1:~:~·:5----.J::::~~j~:T::~~~Cl~:~·:~~l:~:Tz.T::j:::~~~~~~ 24.1 'C2.~~~:::l 42:I-C~O:9.::: 
23 i 4.49 i 3.60 ! 4.8 i 4.5 ! 1.44 ! 0,25 ! 17.1 ! 14.7' i 28.9 i 20.2 i 46,9 ! 47.7 

:::::::~:::::::;:::3.:~!:::]:::~:~~:::r:::~~·:O':~]::::~:LI:~:~~:::r!.:·~~:::I:::~s.~~::::1:::~~:!:::[3i2' .. !:::~8:.~::::[~3~~O·~[~:~:1.::: 
25 : 4.76 ! 2.74 ! 4.8 i 3.7 1 1.24 1 0.98 j 20.0 1 11.3 1 29.5 j 16.3 1 50.9 1 34.5 

------'Z6 .. ' .. 'r'43i'--ris'o--r--sX--r .. j'T-r'O.67 .. r'O:Ss'--r--i6:ij .. 'T .. i2."9 .. r'z5'.'2--j----i6:(j"r39j .. --r .. 4ij' 
............................ _ .................................................................................................................... -_ ......................... -......................... . 

27 ! 5.03 ! 2,64 1 4.7 ! 3.7 : 1.08 ! 0,79 ! 19.0 j ILl j 25.4 1 16.5 1 46.3 1 39;6 
.................................................................................................................... ···············•··············• __ ,·············.t __ ·_._ •............. 

M~i~i~iuiui~i~i~i~i~!~!~!4LI 
: : : : : i i : : : ; : 

·_·····-········t·_······_··1··············1·_···········t··············t···_·········t··············t··-············t·-···········~-·--~··············~-···-~···· ........ . 
i 1.98 i 1.55 i 3.2 : 3.0 ! 0.43 i 0.23 ! 8,9 : 7.1 i 16.6 i 9.7 i 30.9 i 31.9 

Rangei-:-:-i-i-i-! - !-;-:-:-1-
i 5.29 i 6.78 i 5.4 i 5.0 i 4.00 i. 1.71 i 23.5 i 25,2 1 38.8 i 33.5 i 68.6 1 52.7 

'co .. (ii:iisjT .. ' .. '---Ns--'··--.. --r---' .. 'ii:291--.. ------r-----'ii:36ii--.. --'--r--------'i:74'----.. ----r-2.0i .. ----' .. 'r-4.27--.... ----
............. _ ... .;.._ ... _ .... _ ............... ~ .. - ......................... f·····-··.·····~········.···· ~ ......... _ ..................... - ... - .................. _+ ..••••...•••••..•••••• _ •. 

SEm±: 0.143 i 0,101 i 0.126 i 0.598 ; 0.694 ; 1.47 . . . . . . 
SI - Rainy season (before the closure of Tbanneermukkom regulator) 
SIT - Summ'er season (after the closure of Tbanneermukkom regulator) 
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Table 12. Correlation matrix showing inter-relationships among various chemical properties of soils 

Characters pH EC 1 Exch. 1 Exch. 1 Exch. 1 Hydr. 1 Poteo. 1 ECEC 1 AI satu-1 CEC 
I acidity I H' I AI" I acidity I acidity I I ration I 

, . : : : : : : : : 

:~~:~::~:::::::::::~::F~~:~::T::::::::::::T::::::::::::I::::::::::::I::~::::::::::T~::::::::::I::~':~::::I:::::::::::::r::::~::.::::r~:::~:::~: 
EC 1-0.484 11.000 I I I I I I I I 
··--------------------t-···----------t--------------t-·_·_----------1---------------:---------------1----·------··-t--------------1------------_·-t----···------:--._ .. ---------
Exch. acidity 1-0.4IS· 10.052 . 11.000 1 1 1 1 1 1 1 
········· .. -----·---··------t-----·--·····---t····-----·_----t--··-----------t-------·-------t·_----·-·--------t·_-------------t··---···-------t···------------t··-···----·_-t-·----·_---_·-· 
Exch. H' i -0.402' i -0.145 i 0.832" i 1.000 iii iii 

•••• _____ •• __ • __ ._ •• ________ +_ ••••• __ ••••• __ •• __ •••• __ ••• __ ··f ___ •••·••• __ ·_·.· __ • ___ ••• ___ ··._··· __ •• ___ ••• ..................................................................................... . 

Exch. AI" i -0.311 10.213 : 0.862" 10.437 Ii 1.000 i i ! i i 
, I ,I ..., . ................................................................................................................................................................................................... 

Hydr. acidity : -0.044 : 0.245 : 0.085 : -0.102 \ 0.237 j 1.000 \ j \ : 
·~~;;;;;:·~cidi~····r~:;~5···T;;:;8ii····T;;:~·9~·;···Tii:;·~·····T;;:492;;···T;;:94;:;··T;·:oo;;-··r············r·······_···r···········-
.......... _-_ .......................... - .................................................................................................................................................... .. 
ECEC 1-0.333! 0.474' i 0.619" ! 0.392' ! 0.643" ! 0.376 ! 0552" ! 1.000 1 ! 
... " ........ · .. ··· ........ ·1· .. · ........... ,! ···· .. ·· .. ·· .. ·1· .. ·· .. · .... · .. ~ ............... l ................. ~ ............... ; · .... ··· .. · .... f ............... ! ............... i ............. . 
AI saturation i -0.215 i -0.034 i 0.684" i 0.286 i 0.851" ! 0.033 i 0.242 ! 0.211 i 1.000 i 
........ ·-_·· .. · ...... · .. ·r .. · ........ ·-.. r· ...... _·· .. ··r ...... · ........ r .. ·· ........ · .. r .. · .. · .. · .. · .. · .. r .. · .. · .... · .... r· .. · .......... ·r .... · .......... r .... · .......... ! ............. .. 
CEC ! -0.197 ! 0.471" ! 0.407' ! 0.125 j 0.546" j 0.735" j O.slr 1o.S55·· 10.162 11.000 

• Significant at 5% leve~ •• Significant at 1% level 

The different forms of Na are presented in 

Fig. 6. 

II; Rainy seasorO Summer 

0.1 "--:-_~_-.,,~'-:-:c:----" 
Av., ppm Ex., cmol{+}I1cQ WS, ppm 

DIFFERENT FOAMS OF SODIUM 

Fig 6. Available, water soluble and 
exchangeable forms of Na in soil during rainy 
and summer seasons. (A v - Available, Ex -
Exchangeable, WS - Water slouble) 

The available Na during rainy season was 1983 

ppm (range 608-5158 ppm) and it decreased to 

501 ppm (range 194-1496 ppm) during summer 

(Table 14) due to the prevention of saline water 

entry). The decrease was of 75 per cent. The 

available and water soluble Na were signific

antly correlated with soil EC (0.730", 0.718''). 

The water soluble Na followed the same trend 

as that of available Na (Table 16) since more 

than 87 per cent of the latter was in water so

luble form: The exchangeable Na, though 

present in very small quantity, also followed a 

similar trend. 

The exchangeable Na constituted 8.10 per cent 

of the total exchangeable bases during rainy 

season and it decreased to 3.60 per cent during 

summer (Fig 13). Electrical conductivity was 

significantly and positively correlated with CEC 

and ECEC (Table 12). The electrical 

conductivity also recorded highly positive and 

significant correlation with available and water 

soluble fractions of K, Na, Ca and Mg (Tables 

13). 
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Table 13. Correlation coefficients (r) between various chemical properties of surface soils 

Variables r EC vs Av. K 0.579" 

::0~:::~~~~:::~~:~~~~~i~:~!~:~:::::::::::L~::~~~~~:::~:: ::E.~:::::::::::::~~::=::::E:~~:::::::::~:::::::::L::::~.!3.~':'::::::: 
Org. carbon vs Available K 1 0.474' EC vs Av. Ca 1 0.500" 

::0~:::~~~~::::~~=:~~~!.~~i~:~~:::::::::r::::::?:~?~::::::::: ::~c.~~::::::~:~:::~::=~~:::~i.:::::::~:::::::I:=:~:s.:i~,,::::::: 
.. ?r~: .. ""'.t:':~ .... ,,s ..... J\.v.a.i!.~.~I.~.~: .......... L. ..... ?:~s.:........ ..~~ ............. ~ ... _ ..... \\,.a~: .. ~I.o ... ~ ........... L. ..... O:~:.I~~ ...... . 
Org. carbon vs Toral cxch. bases i 0.523" EC vs Wat. solo. Na , 0.718" 

•. - •••••.• - ........ - •• -.--- •• -- ...••••• - •• ----.... ------•••• .j..--•.•• --.---- .• - •••• ----- r--=:-----.. ---·--··-·--···-----·····---········--·--.. -+-----...... ----..... -.---
Org. carbon vs CEC i 0.63i" EC vs Wat. solo. Ca i 0.540" 

.--.-.... ----.... --.----... --..... -..... -------.--.. ---...... .;.---..... --------.-----.. r:·-··---·····-······---·····--.. --··--············--------·-1------··--------;;···----
Org. carbon vs ECEC 1 0.715" EC vs Wat. solo. Mg i 0.560 

··o;g:··~b;;~-···~;···r;~h:·;cidiiY···-·····!·······O:530'·' ... -.. ··fu~h.·i····;;;··········fu~h.·N~··········-··T·--O:S29~'···· 
........... _----.. __ .. -_ .. -_ ..... _-.-....... ----...... ----... ~ .. -.. -... -... -.----.... -.- - _ ..... -_ ......... -_ .... ---.... _-_._-...... _---............. -.. -~ .. ----.-.. --.. -----.. --. .;. 
,Org. carbon vs Exch. H' 1 0.385' Exch. K vs Exch. Ca ! 0.411' 

··O;g:··~b;;~-···;;···fu~h:·Al;;·············T·····0508"'·...... rfu~h .. ·N~···;;;·········r;~h:C~················i-····o:s4{i'·, ...... . 
- ... __ ._----_-:._---------_ ..... _-_ .. ---_ .............. ---+-_ .. _-----_._._----------

··o;g:··~b;;~-·~;-HY~:·;cidiiY·········r······ii387;········ CEC vs Toral exch. bases 1 0.825" 

··o;g· .. ·;;;;:b;;~····~~-··p~w_;;:·;~idity·-·····!········05ii"'....... -PBS···········;;;·········Ai·~~~·ii;;;;········-1···--·0j"84",.-.... 

, Significant at 5% level .. Significaut at 1% level 

1.3 Organic carbon during the plll\ia season which provide betler 

aemtion in the soil might have caused the 
The organic carbon content of !lie Kuttanad 
tract is fairly high, in contrast to the other soil 
types of KeraJa. Certain parts of karl lands 
recorded organic carbon content as high as 17.5 

pet cent (KAU, 1994). A considerable 
reduction in organic matter content of the area 

during the post -barrage period has been reported 

(Kabeemthumma and Patnaik, 1978; Amma et 

aL, 1979; Marykutty, 1986; Marykutty and 
Aiyer, 1987; Amma, 1988; Raju, 1988; 
Mathew, 1989). In the present study also a 

similar observation was noted. 

Like pH and EC, organic carbon content of the 

area was also greater during rainy season 
(before the closure of Thanneerrnukkom regu
lator) which is shown in Fig 7, The mean 
value of organic carbon content was 3.66 per 

cent during rainy season and decreased to 3.45 
per cent during summer. The lowest value or 
1.55 per cent was registered by the Maleekayal 
due to the sandy nature of that field. The 
increased mte of organic matter decomposition 
during summer under the influence of high 
tempemture and continuous cultivation activities 

reduction in organic carbon content. 

• RaIny seasorOSummer 

SOIL PROPERTIES 

Fig 7. Organic carbon, pH and EC of soils 
during miny and summer seasons 



The organic carbon showed significant and 

positive correlation with acidity contributing 

characteristics like the exchangeable acidity 
(0.530"), exchangeable H' (0.385'), exchange

able AP' (0.508"), hydrolytic acidity (0.387') 

and potential acidity (0.521"), revealing the 
major role of org~U1ic mailer in increasing the 
soil acidity in Kuttanad. 

1.4 .CEC. ECEC and base saturation 

In general, soils of Kerala are poor in CE~ due 
to the predominance of the 1: 1 type clay 
mineral, kaolinite and sesquioxides as a result 
of high weathering intensity. However, the 
relatively high CEC of Kuttanad soils projects 
the role of soil organic matter in considerably 
increasing the CEC of soil (Marykutty and 

Aiyer, 1987). 

CEC of the study area varied from 16.6 to 38.8 
cmol(+) kg'! with a mean value of 25.8 cmol(+) 
kg'! during rainy season. The seasonal 
influence was significant on the CEC of soils 
and the mean value decreased to 19.6 cmol(+) 
kg'! during summer (Fig 8). The decrease was 

due to reduction in organic carbon content and 

soil pH. Lowering the pH of soils containing 
large quantities of adsorbed hydroxy AI
pol ymers decreases the soil CEC by increasing 
the positive charge on the polymers. 

The neutral normal ammonium acetate method 
usually overestimates CEC of acid soils by 
bringing it to a .point of neutrality by which 
additional negative charges are induced and this 
pH dependent charges increase the CEC. Hence 
ECEC which measures only the permanent 
charge component was also estimated for 

different seasons. The mean value of ECEC 
during rainy season was 16.1 cmol(+) kg'! and . 
it decreased to 13.9 cmol(+) kg'! during sum
mer. The reduction observed for ECEC was 
39.0 and 29.0 per cent, during rainy and sum-
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mer seasons, respectively from the correspon

ding CEC values, indicating the presence of 

excess pH dependent charges during rainy 
season. About 19-20 per cent of ECEC was 

contributed by exchangeable Al during both the 

seasons. 

cmol(+)/kg (%) 

CEO ECEC TEB BS A1S 

Fig 8. Exchange properties of soil during dif

ferent seasons (TEB - Total exchangeable bases; 
BS - Base saturation; AIS - Al saturation) 

TI!e influence of soil organic matter and po
tential acidity on CEC and ECEC was clearly 

evident from their significant positive inter-rela
tionship with organic carbon (0.631", 0.715") 
and potential acidity (0.813", 0.522''). 

Even though the CEC was high, the base 
saturation was below 50 per cent indicating a 
greater degree of base WJSaturation. The 

dominance of W ions in the exchange complex 
due to the highly acidic condition reduced the 
extent of base saturation in these soils. The 
CEC was highly correlated with sum of 
exchangeable bases (0.825''). 



1.5 Available lIutrients (Tables 14, 15 and 

Fig 9) 

Available nitrogen: The Kuttanad soils are 

reported to be high in available N compared to 

the other soils of Kerala (KAU, 1994). The 

available N content of the study area was sig

nificantly influenced by the seasOn/closure of 
the 'fhanneermukkom regulator. The mean val

ue was 286 ppm (range 185-431 ppm) during 

the rainy season and it increased to 324 ppm 

(range 175-489 ppm) during summer.The enh

anced decomposition of organic matter resulting 

the release of easily decomposable compounds 

and greater mineralisation duing summer 

increased the N availability. The available N 

content of the area was also high as in the case 

of total N (Table 6).The construction of regula

tor has not altered the available N status of the 

area, since present values agree with those 

reported by Pillai (1964) and Kabeerathumma 

(1969) during the pre-barrage period. 

Available phosphorus: In general, Kuttanad 

soils are deficient in available P due to their 

high P fixation capacity. The present obser
vation agrees with it The mean value during 
rdiny season was 3.17 ppm and it increased to 

5.50 ppm during summer. The application of P 
fertilisers during additional and punja crop sea

sons, better organic matter decomposition and 
solubilisation of Fe compounds during summer 

enhanced the available P content. The entire 
study area was deficient in available P as per 

the soil test criteria of the state. About 67 per 
cent of the study area was deficient in total P 
also (Table 6). The presence of large quantities 
of Fe and AI oxides and hydroxides together 
with 1: 1 type clays are responsible for this high 
P fixation. 

Available potassium: The Kuttanad soils were 
relatively deficient in available K during the 

pre-barrage period as· per the reports of 
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Alexander and Durairaj (1968) and Nair and 

Money (1972), the range being 35 to 78 ppm. 

As per the studies of post-barrage period the 

mnge is about 124-216 ppm for available K in 

this area (Amma, 1988; Raju, 1988; Mathew, 

1989). In the present study the mean value of 

available K was 293 ppm during rainy season 

which decreased to 179 ppm during summer. 

Based on soil test criteria these soils are high in 

available K. 

The concentration of available K was high 

during miny season owing to the influence of 

saline water during April-May which was not 

removed completely by early monsoon showers 

(May-June). During summer (December-April) 

the saline water entry was prevented by closing 

the regulator and ·this led to a lower value of 

available K. 

Available calcium and magnesium: The mean 

value of available Ca was 2271 ppm during 

rainy seas!?n which decreased to 1519 ppm dur

ing summer. Among the basic cations, the de

crease in concentration during summer was 

comparatively lower (33 per cent) for Ca 

indicating its better adsorption on exchange 

complex. Compared to the previous values 

reported (Sreedevi and Aiyer, 1974; Aiyer et 

aL, 1975; Santhakumari, 1975), there was an 

increase in available Ca content during the post

barrage period, evidently due to the accu

mulation of leachates brought down by the 

rivers from the upper fringes of Western Ghats 

and addition of the liming materials. Among 

the available bases, Ca recorded the highest 

value. A major part of the available Ca was 

held in exchangeable form. TIle water soluble 

fmction of available Ca was compamtively 

lower and was minimum during sununer season. 
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Table 14. Available nutrient content of soils during different seasons (ppm) 

Padasekh- iN. P . K . Ca . Mg . Na 
._ .. ____ •.. ___ ... _ .. ______ ·.4 ...... ___ ............... ___ .+------...... -r.--------_ ..• -----.-._---- ... _-------... -+-------......•..... -------- •... -................... ,_._-

aram No. 1 SI 1 SIl 1 SI i SIl i SI : SIl i SI i SIl j SI i SIl j SI i sn --------------_.---+--------.. _--+---... _-----+------------.-.-----------... _--... -.... -.. -_ .. _--------.. -_._---------•. _--_._--_.- .• ----------..... ---------_.--.----_ .. -_ ...... ----.---_ .. -. 
I i 210 1 257 i 1.82 1 1.41 i 331 i 246 i 4007 i 1670 i 339 1 314 1 2539 i 521 ---••• ----_ •••• __ + _______ ••• ___ + _________ ••• + ___ •••••• --_ •• _. ______ ._. __ .. _. __________ •• _._. _________ •• __ ._._--____ .f_. __________ .+ ______ • ____ + ______ • _____ ••• ___________ •• , •••••••.•. _. 

2 i 202 j 283 i 2.85 i 159 i 235 i 154 j 4032 i 1939 i 379 i 319 i 2536 i 492 
·,,······j'··· .. ··T .. ·Z9i .. r·443··r·ii:7!i .. r·iss··T··i:8'z··T .. i".i9" .. ·ri"906·T·i·4'%··r·4's4' .. r··203"T·2ils··r··j'96···· 

~:~:~:::~:~::::~L::~~:::T::~~:~r:~~~~::T::?~~-!:::r:~~:::I:::~~~::::r:~~~:::L:~~~:J:~:~~:::r::~:~~::j=~~~~:::L:~:~~:: 
5 i 336 1 386 1 3.60 1 6.71 1 278. i· 312 i 2046 i 1702 1 443 i 234 j 1759 i 876 

-··· .... -6····--··1····Z93'···;·-·405 .. -;···i:77···;· .. 4:23'''r-''z:is---';''--ioo''-'j'''2i4'i'''r-i623'--j-'309"-''1-'-206--"n:ilii--r"':i-72'-" 
······ .. 7·"··"·r·":iis···r·zisT-i:6ii·-r·i:iii··T .. ·j'3\i-··r·--9i"-'r2737'-r-ioo6"T60j'-'r--i'27"-r387sT-'3'os--'-
·············_····t···_········t············t---·····-···:-·--·--··--·-t·-····--····j-······-·--·t--·--··----·:-···--·-··-··-:---·-···--··:-···--··_-·-·t··----·---:---· ....... " 

8 : 185 : 175 : 1.57 : 1.15 : 2II : 106 : 2601 : 1065 : 407 : 221 : 1409 : 429 
•••.•••••••••• --..... -••• - •..• -... -••• -•••• -..... -.-•• -•. -••• t-•• -.- •••••. --.. - •. -.- ••••• -.t ..••• -•.....• t-._ .•.•• _ ••••• .+ .••• -•••..••• .+.-••..•••••.• t-••••••.•••••• ~ •••••• ······-t············· 

9 ! 328 ! 283 i 1.63 i 2.17 i 401 i 142 i 2896 i· 684 i 472 i 129 i 2031 i 227 
• • • , • • • ,I , • • • 

·--·-"·io--·-"-r-·4:ii"T4S!i--T"i59"·r-i3S-·r·5-:i'9-"T"'3-.j'9---r:i-iii-i-T-2ii:i4'-r-lS70-r"3'49"r-38iiT'-99z'" 
·--.. -ij" .. ··-r--z56-·-r·33z"r-;Z:lii··r·z:iiCj"r·-zos--·r·"j"9'9-·r-i·767·-T"i-.j':i7·-r-474-·-r·-i5s-T·109j'--r-3'os--" 
··-.... ·iZ-····-r--24S .. ·-(39i-r-i:lii-·T .. ii:iiii-.. r·:i-is---r·'241""r-i06'9--r'iS29'-r-'75'o-"T"'i7s-'T14s4-T-'-67i'" 
-·-·----ij--.... --r-32o .. T-ziii·T·"i:lo--T .. s:4i-.. r-·zs4'·--r·'i"94--T-Z68.j'-T·i:i·7S·-r·3'i3"-T"·i'B"o--·-r--j'ni·-T"siT--
•••••• -......................................................... .j. .................................. - ..... --......... --... t· .... ·· ........ -... -- ........ ---- ...................................... . 

14 i 222 1 254 i 0.32 1 5.11 i 313 i 262 i 1943 i 1729 i' 363 i 218 1 2120 -1 762 
-···· .. is··-.. ··r·-zoo .. Ti7i---r .. 4:2ii--r-Cjj·o .. r·-i'1s-.. r··jS5·-·r-i4iiS'·r-'1-i;s .... !""363·· .. r .. ii7 .. ·T'i435·-r·'359·· 
................... + .................................................. oo I ............. f ..... •· •• .... 1 ...... ·•••· .. I'" · ......... 1 .. • .... •· .... + ................................... .. 

16 i 197 i 246 1 3.Q4 i 8.68 ! 188 i 129 1 1904 i 852 i 590 i 288 i 1616 1 595 
'-'-'--i:;"--"T-'-ii5'--r"3i2--T"35ii---r'i;so'-r-:iis'-T"·'%--··r-ioiii--r-ii7S'·-;--·1"s9"-·-;----iss··-r·i%6--;---'3-76 .. ·· 
... --........ ------...... --...• --• .t-------........ ---- ................... --- ... _+ ..... ____ ... - .. __ ...... __ ... ~ ..... __ ...... _+ __ ......... __ -+ __ .............. __ ...... __ ................ _ .. __ .......... . 

18 i 247 i 372 i 4.15 i 3.20 i 265 i 194 i 2636 i 1853 i 491 i 104 i 1632 j 422 
---"·-·i9--.. -·-r--iS'9-.. r-3is--rs39-·r-i:Ji-T·-i46--r·17i-'-r-i74S'''j"''i'S'9i-'r'74S-r'-i"5S'-'r-"j646-T--4:i'6---
.--................ t· .. ·--· .. ·--·:-...... · .... ·t----· ........ t .. · ...... ·~--t-- .... --·-- .. t·--· .... --· .. t· .". --...... : = .... • .. ••• .. t .. ·· .. · ...... t---.. · .. ---.. :- · .... --.... · .. t· .. · ........ . 

20 i 234 i 268 i 4.19 i 8.05 i 197 i 84 i 1147 i 1026 i 497 i 98 i 793 i 194 
.... - ........... -+--....... -- .. +----.... --+--.. --...... +--.--...... --+ ........ - ... +·--···· ...... t· .. --· .. · .. --+·--.. ·· .. · .. ·+· .. ··-· .... ·+·-........ ··+-· .. · ...... --, ... --...... . 

21 i 240 i 418 i 4.76 i 5.84 i 181 i 131 : II33 i 1524 i 508 i 98 i 608 i 217 
--•• --........... - .......... --.... ---....................... t. .. --........... --.--............... ,.--.... --......... --......... --......................... --...... .;. .................... _ ...... . 

22 i 363 i 388 i 5_68 i 8.89 j 330 i 162 i 1646 i 1416 i 631 j 443 i 2132 i 518 
--.. ---ii .... ---r·-j'7S--T-39S-·r-7:0Cj .. ri"i:iioT357-·-r·-i27---r2oii·-Ti726·T-60-S--r.j'30"·r2nS-;---·izi-·
.. ---"24----"T-·344--T·i86-r-S:2i-rio:47T·-26S-·-;---·i94--T-·j-sii"r-is7ii .. r·«i---r--6iS"· .. r--ii'iiz"·[---·4S0----
................... : ............. ~ ............ ~ ............ t .. · .. ·•••· .. ·t ...... " ...... t· .. · .. · .. · .. ·~ ·· .... ·--·--·t .. · .. · .... · .. t .. "· .. · .... ·t· ...... · .. ···t· .... ····· .... ~···· ........ . 

25 1 324 i 286 i 5.28 i 5.17 i 339 i 127 i 2898 i 1268 i 659 ! 75 i 2392 i 367 ........... --.................. --...... - ..... --+.--....... -.+ ........................... ·+· ............ t-----· .... ·--........ ·-.. --t .... ·--· .... ·-t-· .... --·--.. ·t·-··· ...... --, .... - ..... .. 
26 i 281 i 288 i 452 i 7.41 i 270 i 134 i 1849 i 1461 i 686 1 lI5 i 901 i 361 

"-'--'2:;--'-'-'r'-i7-Z"-r'257"r-S3S--T"4:7S--T"'j'zz-"rii;i"r-i674-T'i'3S"s"r'-989"'-T"'i'3'6-"r'j'siio'-r'S30--" 
.--...................... __ .••••• _+--.. --_ ..... -+.--•.• - .... _+ ....... --•• ---+_._--_.--.. _-... -.----_.-.-.-+ •. _ .. _.----•• +--....... __ ....... ---- •• _ .. +--_.--... _ ... + .............. + ........ _ .. -. 

~!~lrnl~I~lmlml~I~lmlwl~IE 
--·-R;;;;g~ .. -Tiss·=-T-i75=-T-oji;·Ti.·i2=-T·i75-:-·r-8~--·ri133:-T-6s~·T-3(jCj: .. T--75:·-·T'-60-s=--·riCj~--· 
___ . ____ .. _. __ . __ .. L._~~.~._..L~~~ __ .L.~:~_ .. L~~:~?_.L..~.~_9 .. __ L.~_~? .. _.L.~.0_3: ___ L.:~~~ __ .L.~_~!~ __ .L..~~~. __ L.~I_~~ .. .L~~~ .. _ 
CD(O.05) 1 28.7 i 1.32 i 30.6 i 291 i 113 i 340 .. --.-....... -....... _ .... _ ......... ___ .•.•...• .t_ •. __ .... ___ ._._ ... _ .... _ .... ______ ........ _ .• _ ......... __ ._ .. __ • __ .... __ ...... ______ .. __ " .. __ ..... _._ ... _ ... __ ._ ...... _. __ ._ .. _ ... 

SEmi i 9.88 i 0.453 : 105 : 100 i 39.0 i II7 

SI c Rainy season (Before. the closure of Thanneemmkkom regulator) 

SIT ~ Summer season (After the closure of Thanneermukkom regulator) 



65 

CONCENTRATION, ppm 

• Rainy seSsonO Summer seloson I 

10,000 

1 

N P K ~ Mg ~ ~ ~ ~ 

AVAILABLE NUTRIENTS 

Fig 9. A vail able nutrienl~ in soil during different seasons 

The behaviour of Mg was similar to that of Ca. 
The mean value of available Mg during rainy 
season was 575 ppm falling to 229 ppm during 
summer season. The decrease was of about 61 
per cent. Its greater concentration during rainy 
season was due to the presence of saline water 
that remained in the study area at the tillie of 
soil collection. Almost all the cationic elements 

except Fe and Zn showed a decrease in 

concentration during summer. However, the 
availability of N and P was found to increase 
during that period (Fig 9). 

Available iron (Table 15): The Kuttanad soils 
are rich in Fe , especially the karl soils which 
recorded very high values for the available Fe. 
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Plate XIV. Anmoorupadasekharam of Aymanam village - Preparatory cultivation activities 

Plate XVI. Rice fields of Kannadichal of Kumarakom village nearing harvest 
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Plate XVU. J Block padasekhararn of 1biruvarpu village at harvest 

Plate XVlU. Rice plants showing symptoms of iroo toxicity 
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Table 15.' Available micronutrient content ofsoilsd;;nng ~:Iifferent seasons (ppm) 
. ' .. 

Padas.ekh. L ................ :~ ................. ; ..................... ~~ ............... : ..... ; .................... ~.u ..... : ............. ; ................ ~ ................. . 
aram No. l . 81 i SII i, SI i 811." i SI ! 811 i' SI i 811 

:··::::::~::::::::::L·:j5:6.:::::t:::::::~3.~:::~t::::J~~:~:::t::::::~~~t:~::t::::::~:~i::::::::t::::f~~:::::J::::X~?~:::::T:::f~~:::: 
... 2 i .. '3'72 . i 420 i 6.66 i 8.64' i 3.94 i 0.92 i 2.12 i 5,42 
..................... .; ................. ~ .. -... --....... ····~················-.. ·-·t--···-·-······-·······i··············.···--··+·.·.·--·.·.···-----··t--··--······.·---····t········· .. ········· 
- 3 i 343 i 441 ; 6.29 ; 11.90 ; 852 ; 5.71 ; 1.31 ; 3.67 

·::::·::I:.::::·F::~:~F3:::3~F:J·::::::~:~E··:F·.:;W~:~::~L:::·nr:::: .. L:3:~~:::·:.I::3:~F::J::::·:HF::: 
6 i 419 i '141 i 9.79 i 2.34 i 8.91 ! 0.94 ! 2.22 i 1.50 

10 430 592 2.09 

11 414 6.64 
...... ··i2 ........ ·r .. ·j75· .... ·r .... 44ii·~· .. r··· .. ·io:26· .... -1 ...... ··7:97· .. · .... 1 ........ 6.43 .. ··~ .. T· .... ·6:04 .... ···r .. ·2:sT ...... i ...... ·i .. 86··· .. 

:::::::::~~::::::::I:::~~:s:::::r::::~iT:~:r:::::~s.~~~:::::::L::::~~~?o.::::::r::::::~::~~::::::I:::::6.:~~::~::T:::::~:~~:::::::L:~~:~~:::::: 
14 i 358 i 420 i 17.85 i. 9.30 . i 3.81 i 8.62 i 1.03 i 1.54 . , . . .' . . . .... _ ........ -....... t············ .. ··,t· _._,- -... ·········t ········-·-----··-·····t········--··-······ .. --~ ............... _. --_. -t······ _ ............. t····· ...•. , .•..•.•.• t··· + •••••• _,.' ••••••• 

15 i 394 i 407 ! 4.96 i 3.82 i 3.78 ! 2.75 i 1.97 i 7.72 .... · .... i6 ........ r .. ·4·oi .. · .. r· .. ·437· .... T .... · .. 7:0S ...... ·r .. · .. ·7:6i: .. · .... T .. · .. i'i's ...... ·T .... ·iso ...... r .. : .. j :3i· .. ·r .. · .. i'si .... · 
..................... ! ................. ~ ..............•.... ~ ....................... ~ ....... - ............. ·t············ _ ........ r .................... t··· .................. t··· ......... " ..... . 

17 ; 381 ; 502 ; 11.66 i 18.15 ;. 6.16 \ 5.03 i 4.08 ; 6.07 
••••••••••••••••••••• ; ••••••••••••••••• ; ................................................................................................................................•••• J •••••• ; •••••••••• _ •• , •••• •• 

18 i 471 ! .509 i 19.35 i 20.52 i 6.51 i 5.05 i 4.82 i 2.81 
.... · .. 19 ........ r .. ·303 .... ·r· .. '436· .... r· .. i .. :9z ...... r .. · .. ·iTio .. · .. r ...... i· .. 5·3 ...... ·r .... ·ioo· .. · .. T .. · .. ii::iii· .. ~·T ...... ij·i· .. · 
...... ··Zo· .... · .. ·r····:i'i4 .. ·~·i ...... 25i ...... r .... ·iO:i:6 .. · .... j ........ ii:oi .. ·····T .... ··S',eii .. · .. · .. r .. · .. ·i;Jo··· .. ··r .... i:9'i· .... ··r .. · .. i iii····· 
........ zi ...... · .. r .. ·Z47 ...... r .. · .. 39i ...... r .... ·io:ii'i .. · .. r ...... ii:ii'i ....... ·r ...... i·.29 .. ·r .... ·ii:;;s .... ·r .... 15i: ...... r .. : .. z:6'4 .. .. 
... ......... ...... ···t ................. t·········· ·········t·· ·····················t······················· t .•..•••••••••••.••.••. t .•..••.••.•.•........ t······ ............... t· .................. . 

22" i 259 ! 478 i 7.33 i 5.25 i 6.69 i 5.77 ! 2.31 i 2;91 
·····················t·················t···················t·······················t·······················t······················t·····················t·············_······t···················· 
. 23 i 507 i 351 i 9.53 ! 8.88 ! 10.86 i" 0.51 ! 2.40 i 3.10 

·····················:·················t···················t·······················t·······················t················· .. ····t·····················:-············_······t···················· 
24 ! 283 i 589 i 8.11 i 16.20 i 9.29 ;' 10.31 i 4.28 i 3.04 

. . ................. ···t····_···········:·········· ..... _ .. : .............. ·········t .. ······· .............. : ...................... -:-................. _ .. t····················· t ........•....•••.•.• 
25 ! 491 ! 457 ! 11.48 ! 7.04 i 7.05 i 3.97 i 1.58 i lAO 

........ Z6 ...... r· .. j·S·3 .... T .... ·4i·4 ...... r· .... 6:3;; ........ r .... ·9::iO ...... ·T .... · .. 2~4i ...... T· .. ·'i:9S ...... r .... ·l:15 ...... T .. ··i· .. 9i .. · 
"'zi" .. ·j'·350 .... ·r·'4i6· .... : .... ·11.49 .... ·-:- .. ·· 6.00 ·· .. 1 ...... 5:70 ...... -;--· '4.63 .. · .. r "'1.80': .. ··i.22 
··· .. M;;;;;;· .. ··j .... 35s .. ···;· .... ·4'ii ...... ; .. · .. · .. ii:;;6-·· .. ·j·· .... ·i6s ........ F ...... s:sl····· .. j· ...... ;J:;jo····· .. r .. ·iiis .... ··j·· .... i9s· .... 

:::~~i~~;:::p:~~:s.1.\r;:4.i::~?~::r:3.~i:!::~~:~s.:J~:~::~!::~o.~~::r:i:~~~!:~:s:~~V~?~~~:~q:::!: .. ?~:~:~~:J~E~~~1.~1.2.:: 
..•.................. : ...•............................ ······~··························-·······-········-··t····_···-·································_·t········· ................................. . 

SEm±: 16.10 : 1.21 : 0.555 : 0.345 

sr -Rainy season (Before dIe ciosure of Thanneermukkom regulator) 

sri c Summer season (After the closure of Thanneermukkom regulator) 

Fe toxicity has been identified as the most se
rious nutrient disorder of the area (Plate XVIII). 

The study area represented mainly karappadam 
soils where the level of Fe was not as high as 
Ihal of karL Howcvc'r, Ihc prcscnt sludy confi

rmed the presence of large quantities of Fe, 
both total (Table 6) and available (rable 15) 

which were many times greater than the 

concentration of other micronutrient cations. 

Apart from the large quantity of native Fe, the 
pelSistence of soil pH below 5.0 and reduced 

sO.il condilion du? Il) subiucrgcnce have kepi Fe 

in soluble fonn resulting its high availability. 

The mean value of available Fe (DTPA) during 



rainy season was 358 ppm (range 183-511 ppm) 

and it increased to 421 ppm (range 143-592 

ppm) during swnmer. The increase observed 

was of about 17.6 per cent This was defInitely 

in response to lowering of soil pH during 

b"UllIllIcr. TIle intcmlption of free drainage by 

closing the regulator aggravated the situation. 

The soils are plentiful in available Fe as per the 

critical level of 4.5 ppm for DTPA extract 

(Tandon, 1995). 

A vailable manganese, copper and zinc (Table 

15): In general, the Kerala soils are well sup

plied with available Mn except certain pockets 

in Trichur, Calicut and Emakulam districts 

(Rajagopal et aI., 1977). Lindsay and Norvell 

(1978) proposed the critical level of 1 ppm of 

DTPA extractable Mn for defIciency. Aiyer et 

aL (1975) fixed 2 ppm of exchangeable Mn as 

the critical limit for Kuttanad soils .. Based on 

the above criteria the Kuttanad soils are 

adequately supplied with available Mn. The 

submergence again increases the Mn availa

bility. The mean value of available Mn was 

9.76 ppm during rainy season and it decreased 

to 8.65 ppm during summer. Compared to Fe, 

Mn was present in small quantities and Mn 
toxicity was not yet reported from the area. 

Cu defIciency is common in newly reclaimed 

areas while other areas seldom show Cu defi

ciency.. The Cu content of earth's crust varies 

from 50 to 700 ppm. According to Aiyer et aL 
... (1975) and Rajagopal et al. (1977) Cu was the 

most defIcient element in Kerala soils and in 

Kuttanad more than 90 per cent of the area 

showed Cu defIciency based on the critical level 

of 0.5 ppm of available Cu. In acid soils the 

micronutrient solubility will be greater due to 

the acidic condition which increases the 

solubility of micronutrient containing minerals. 

But the increased solubility will result in the 

loss of micronutrients and this will be 
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aggravated under submerged condition. The 

mean value of available Cu was 5.51 ppm 

during rainy season and it decreased to 4.40 

ppm during summer. Adoption of the intensive 

cropping, loss of Cu through flood waters and 

dominance of Fe might have reduced the 

available Cu content during swnmer. However, 

an increase in available Cu was observed on 

comparison with values recorded during the pre

barrage period. The continuous use of Cu 

containing fungicides in the area and the 

enhanced rate of organic matter decomposition 

which helped the release of Cu held in organic 

forms would have contributed towards the 

increase in Cu content. The study area was not 

defIcient in Cu based on the critical level 

suggested by Aiyer et aL (1975) or Tandon 

(1994) 

A widespread deficiency of Zn in Kerala except 

in black soils of Chitoor was reported by 

Rajagopal et al. (1977). Aiyer et al. (1975) 

also reported that 50 per cent of the area in 

Kuttanad was defIcient in available Zn by fixing 

a critical level of 0.5 ppm for it. Sharma et al. 

(1986) reported a critical level of 0.55 ppm 

DTPA extractable and 1 ppm of 0.05 N HCI + 
0.025 N H2S04 extractable Zn in the soil. The 

available Zn content of the area was 2.85 ppm 

dnring rainy season and increased to 2.95 ppm 

during swnmer. As per the above criteria the 

study area cannot be considered as defIcient in 

available Zn. 

1.6 Water soluble potassium, calcium and 

magnesium (Table 16) 

The behaviour of water soluble fractions of K, 

Ca and Mg was similar to that of their available 

fractions during both the seasons. Here also, 

the concentration of the above basic cations 

was greater during rainy season (Fig 10) due to 

the influence of saline water remained 
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Table 16. Water soluble cations of soils during different seasons (ppm) 

Padasekh- ; K . ; Na ; Ca i Mg 
•................. ,.- -•....... ---- ..........•......... ------- ............................... --_. -.- ...............•... _-----_ .. ------ ····t ........... -... -.-. r ....••............. 

aram No. i SI i Sll i SI i SII i SI i Sll 1 SI 1 SII 

:::::::T::::::::!::::::J~~::::::'1::::::!6.:::::J:::::::i~8:~::::t::::::~~~:::::::t::::::~~2.:::::J::::::::~!~::::::T::::~i~:::::T::::4i""" 
2 : 156 : 102 : 2242 : 462 ! 502 : 330 ! 271 ! 114 

:::::::::~:~::::::1:::::::Ei:~:::::::1:::::~~s:~::::::::1:::::J8~3:::::J:::::::3.~~:::::::t::::::3.~~::::::t::::::3.2.~::::::::t::::::i:i:~:::::t:::::~~::::: 
4 i 319 1 202. i 4845 i 1375 1 758 i 486 i 500 1 140 

j~I~!~~l~~~~I=~:ll-F~*=l=~~~[~]~~~ 
8 i 111 i 63 i 1289 1 392 i 650 i 202 1 295 i U8 

:::·.3o:::·]::·:'3~F.:.I::'::~:"::::l..3~}F":F.:::'~~~::"'::I:::"~~¥3.'·':"l,: .. :·~~r:"::T:::::~F::I:::]?\:::::: 
II i 99 i 64 i 908 1 271 i 501 i 189 1 142 i 34 

::::::::~~::::::T::::::::t:~~:::::F:::::!~~~:::::::;:::~:::~~~:::::T::::::~~~:::::::T::::::~~r::::::r::::::~~~::::::::;:::::::~:::::::;:::::::~~;::::::: 
· .... · .. l;j ........ r-...... i9'i· .. · .. ·T ...... 9'1'· .. · .... r .... ·i9'i3' .... ·T ...... s9z ........ r ...... S38 ........ r·:·-·Z06 ........ r· .. ·iii· .. ··T .. ····87 ...... ·· 
.. · .... ·lS· .. · .... r-...... io2 .. · .. ·T ...... 6s· ...... T .... ·ii'i'o .... ·T ...... z89 .. -.. ·r-· .. ·sii· .... ·r .. · .. ·281 ........ r .... ·iso .... ·T ...... ·s7 .... · .. 

::::::::~~:::::::T:::::~~r:::::T::::::r~:::::::T:::::::i~f:::::F:::::~:r:::::::F:::::~~~:::::::r::::::~~~:::::::L:::~~f::::r::::M~::::::: 
...... ·ls .. · .. ·T ...... i·47 .... ··T· .... ·io7' ...... T .... ·i472 .... ·T .. · .. ·401 ...... ·'1' ...... ·s57 ...... ·'1" ...... 319· ...... ;---.... 29O .. · .. '1" .... ·54· .. · 
.. · .... ·19 .... · .. T .... ·j·2s·· .... T ...... 77 .... ·· .. r .. · .. i492 ...... r .. · .. ·368 .... · .. ;---.... 1129 .. ··'1" .. · .. 229· .... ··'1" .. ·469 .... ·'1" .... 106· .. .. 
...... ·2o· .... · .. r .... i·o6 .. ; .. T ...... ·3s· .. · .... r-.. ··'6ij .. · .. T .... ··163··· .. r .... ·479 ........ r ...... 186 ...... ·T ...... j6o .. · .. r ...... 4·j ...... · 
.... · .. ·21· ...... '1"·· .. ··ii·2 .. ·· .. ·'1" .. · .. s6 ...... ·r .. · .. so:z-...... r ...... 17o· ...... '1" ...... 446 ...... ·'1' ...... ·'54 .. · .... '1" .... 2sj .. ·-.. : ...... ·66 .. · .. 
.. · .. ··22 .... · .. '1' .... · .. is'j· ...... '1' .... · .. s7 .... · .. '1" .... ·i9·si .. · .... r .. · .. ·434· ...... r· .. · .. 36i: .... ···'1" .. · .. 174 ........ r .. ·:i24 .... T ...... ·i7s .... · 
.. · .. ··23 .... · .. r .... 'i'9s· ...... '1"· .... ·42" .. · .. r .. ··i3'64--.. ·r .. · .. ·257------·r-.... 339--.. --·T-----·226--· .. ·T .. · .. i74 .. -·r .. --·23S·-··· 
···················-t····················-t···············--····t···········---·······t·······----···--·---··t·--····---·--·········t .. · .... --·············t··················-t················_··· 

24 1 143 i 87 i 1006 1 426 i 588 l' 273 1 250 1 169 
·· .. ····i5· .. --··j .. ----iiij .... ···j--.. · .. ·7j ........ 1·· .... zioj ...... ·1 .. ·--.. ·346 .. ·--.. ·1 .... ·· .. 754·· .. · .. ·1 ...... --214--.. · .. ·1' .. ··'361' .... ··1········56······· 
........ 26· .. --· .. 1 .... ···j7·7'·· .. --'1"--.. ·'67----·T .. · .. --68·!i· .... T .... "350 .. --.... r .. · .. ·S84 ...... ·T .. ·---274 .... · .. r .... 489' .. ·--·j .. ----·s·j .. 
.. · .... ·27· .... --'1"·--.. ·io!i--· .... r .. ··--iij .... ----r--··i·4s·s--.... T .... ·--4s5 .. ·--.. r------533 ...... ·T .... ·--206·--· .... 1' .. · .. :iz9' .... T .. --·1ij .. ·--.. 
.. · .. M;~~ .. --T .. --·-i67 .... --T------8i------·r·--·"i764·----·r .. ·--438····--T--· .. ·iios ...... ·T .... ··z47 .. ----·'1' .. · .. j"ij· .... --:--.... iii;j···· 
.... i~~g~--·T----82:36o .... T--.. 3s:202--··T·5ii24ii45 .. '1'--·i63~i·j7s--'r'z9;j::i'joj"T"'1344'ii'6"--r--s9:ss4'-T"'3;j::23s--
.. cDio:osj-r· .. --.. --.. --· .. zoj--.... · .... ------·T------.... --·--· .. j22 .. ----· .. --.. --·· .. r--.. · .. ----.... --ijo}--··----------· .. ·r ...... ·------s·g:o .... --· .. --.. 
.. · .. sE~~--T------.. ----.. · .. 6.9'i· .. ---· .. · .. --· .. r--.. --.. ----.. --.. i·ii' .... --·--.. ·--··--T .. · .. · .. ------· .. ji.-o------...... ----.. r--.... · .. ----.. 2oj··· .. ··--· 

SI = Rainy season (Before the closure of Thanneermukkom regulator) 

SII = Summer season (After the closure of Thanneennukkom regulator) 

in the study area at the time of soil .collection 
which coincides with the early south west 
monsoon period. The salinity intruded into the 
area after the .opening of the Thanneermukkom 
regulator during swnmer will be washed out 
completely only by the end of south west 
monsoon. 

Nearly half of the available K was present in 
water soluble form. It contributed 56.40 per 

cent of available K during rainy season and 
46.10 per cent during summer season. Among 
the basic cations, the percentage contribution of 
water soluble form to available form was least 
for Ca (Fig 11). The percentage contribution 
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of water soluble Ca to available Ca was 28 per 

cent during rainy season which decreased to 17 

per cent during summer. The mean values for 

water soluble Ca were 606 and 247 ppm, 

respectively during rainy and summer seasons. 

Mg also followed the same trend as that of Ca 

but nearly more than half of the available Mg 

was in water soluble fonn. 

1.7 Exchangeable potassium. calcium and 

magnesium (Table 17) 

Fig 10. Water soluble cations insoil during 

different seasons 

Kerala soils, in general, record low values for 

CEC and total exchangeable bases compared to 

soils of other parts of India due to acidic nature 

of parent rock, intense weathering conditions, 

presence of low activity clays, faster organic 

matter decomposition and leaching of ba~es. 

The undulating topography of the state 

aggravates the above situation and results in 

CONTRIBUTION ('Yo) 

... Water solu. (Rainy) 6 Exch. (Rainy) 

6 Water solu. (Summe"p. Exch. (Summer) 

BASIC CATIONS 

Fig 11. Contribution of water soluble and exchangble cations to their available forms during rainy and 
summer sea~ons 
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Table 17. Exchangeable cations of soils during different seasons [cmol(+) kg· l
] 

~ K ~ i ~ : ~ ~&.~ 

sc·kha- .i.. . . . : . 
~-·······----····r·-----·-···-··--t---'--'··-"'--i--'-.····----·-t.·.---·---··---'T'·.···--------·t·--------·····-'T'-··-·--····· .. t······--------·r'····--·--· .. ··· 

: ! ~ I ~ I ~ i m I ~ I m i ~ i m I ~ I m 
-·-·---···------t---------·······t··-------------t-----·_····_----t·····_---------t .. ····---·--···t·_---·-···----t--··------------t--------------t-----···--------t_.---.. -_ ... ---

1 1~!~6Iwl~!18ml~I~I~121SI1~ 
·_···_····--_··'t'·--···--·_----t---···---------t-------......... -:---------.. ----:---.. --------.''1'---_.----------t---··----·-···'t·-----····-··---t--······-----··t--............. . 

2 I 0.201 .1 0.132 I 1.28 I 0.13 I 17.60 I 8.05 I 0.90 I 1.71 1 20.0 I 10.0 
······· .. ·······t·······--···-···t··-·-·-·····-··-t·····-·-·········t--·····------··t--·-···--··----·t·-····--·--····-1'-·-----·······--t-··-··--····-·t··-·--··-·--.1' .. -.-... -.-.. -

3 I 0.418 I 0.239 I 1.27 1 0.24 1 7.61 I 5.84 I 2.25 I 1.10 I 11.6 I 7.4 
.. ·--.. 4 .. "--r .. 0.367 .... r .. O.3·ji·-r-·'j'.37 .. ·-T .... oj-j·--;-.... S·.3Z---.. r--iiio .... r-·'j'24-·-T· .. jjs .... r .. ·j·jj---.. r·-'j'oj .. ---
•• __ •••.••• __ ._-...... _ •• __ .••• _ .............. _-.• __ ...... --••...• _. __ •••• + ..• _ •• _ ••.••• __ ...... _ ••••• __ ... _-- ...... _ .. _-_ •••••.• - •• _ •• _ ....•• _--... -_ •. _ ••• _._ •. -.-_ •• _ •..•. -._ ........ _. __ ••....•• -

5 i 0.298 i 0.484 i 0.64 ! 0.48 i 8.30 i 7.33 i 1.57 i 122 i 10.8 i 9.6 
-...... ii---.. T .. o:24S-.. T .. -ii.3S6·T·-05·:i .... T·-oj-i,--.. T--·9':7'4--.. r .. -i:i's .... r-.. ii:4s-·-.. 1---i:o'j" .. T .. "i'j':o·"T--.. ii:ii-----
.... _ ......... _- ... __ .. _-_ .... _ ... -_ .... _ .. _-_ ....•.. _ ........... -.•.... __ ...... _--.... --_ .......... _-... _ .... -..... _ .......... __ ............. - ..... _-_._.-.----_ .... -.. -._.;. ..... _ ......... -

7 ! 0.462 ! 0.122 i 2.01 ! 0.12 ! 9.77 i 4.12 ! 0.80 i 0.29 i 13.1 ! 4.7 
-·-.... S-.... ·T .. ·o.'2js .... r .. iijij-·-r---ii:si--T .. -ii.'i'{ .. T .. ·9':7S--.. T--·4j'j'-·-T .. o·9j .... T--·o.'8:S .... r---j'i'5-·--r .. ·j-·4 .. --
---· .. ·ii .. -.. T .. o.34T .. r .. ojs:i .. -r .. -ii.ij .. ·-r .. o.is .... T .. ·j·o'.'i4" .. r--'2'.'1s---·T .... O:67 .... r-·Oj3--.. ·r-·j'i'j·----;-.... ·:i-;i·-.. -· 
···--·i'O .. -·-·;··-·O:459--··;·· .. O.457 .... r·· .. O.6fj· .. ·r----·O.46-"-·r·---·S5S-----r·"·ji'3i .. ·r-.. ··5.95·----r"i4'j'· .. -r .. ls".5·-·r-----j3·:9----
..... __ ....... - .. -...... _-_ .... -•.. _ ........ _ ...•... -_._ .. __ ....•. _--_ ....... __ .. + ...... _._-_ .....•.. _ ..... _-. __ ... + ...... __ .... -...•........ _._ .....•. _ ....... __ .-...... _._._ ...... _ .. 

11 I 0.278 1 0.345 1 0.79 I 0.35 1 6.33 I 651 I 2.46 I 1.14 I 9.8 I 82 
.--...... -.-....• ---.......... -.•.. -...... ---... -•.. -.-....... --....... -...... -.---.t. ... --.-.... --...• -.-.-.. --.....•.. -........ -...... -... - ...... -..•......... _ ... _ ... _ ....... _ ..... . 

12 I 0.445 I 0.346 I 0.99 I 0.35 I 7.14 I 6.37 I 2.84 I 0.43 I 11.4 I 7.4 
.... --i'3 .. · .. -1" .. ii:4z'8'-·-j .... ii:Z79 .. ·j-.... l:i'Z .... j---O:zs .. "·1·--·j·ii:64"-.. 1 .. "·s:4:i" .. ·j .... ·j-:96--.. ,j"""-ii.s9-· .. ·j .... -j-4'.'i'----j .... ·-6:6 .. ·--
·--· .. iX--.. r·-o'.':il6--.. r .. o579·-·-r--o.9ii .. ·-T .... ii5s .. ·-T .. ·'1:oi' .. r---iJ52"-.. r .. iw .... r-·'j':69 .... r-.. j·iij-·-.. r-.. 99·--· 
...... i's .. ·--r .. iijss .... r .. ii.zz:i .... r--·ii.9ii" .... r---ii.zz----T"·-4.'16·---r"·2.44 .... r .. ·j·:i7--.. T'--iiiii--.. T'---'1·j·----r--·-s.'i'----
____ ......... _ ............. _._ ....•.. _ ...... ___ ....•.... _ .. _ ........• _ .. _ ......... __ ... _. __ ......... __ .•..... _.--.... -........ -.. -.. - .. - ...... __ ....... __ .t. ..... _ .. _._ .. _ ..... _ .... _._ .... .. 

16 ! 0.130 i 0.149 i 0.77· i 0.15 i 6.97 i 3.15 ! 3.19 i 1.42 i 11.1 i 5.2 
•..••..•. _ •.. -.- •.•.•••• _--_ .... - ••• _ •• __ ... - •••••••• --_ ••...•.•• - ••...• __ ••••.. _--•• - ...•• _._ .•.. _-+_._.-... _-_ ••••.. -••••......•••• - •.. - ••.••.... +_ •• _ ...•• _. __ •.• -. __ .•.... _.-

17 ! 0.255 i 0.092 i 0.44 i 0.09 j 5.24 ! 9.68 i 2.57 j 023 i. 8.5 i 10.1 
.-..... -........ 1'--......... -.... 1' ..... --..... -... 1' ... ··_"·"'··'·1-·······---·····:-···_-········--·t······--_······1·····-·········-t·--· .. ········-·1····-·-·-·· ..... :---............. . 

18 I 0.303 I 0.221 I 0.69 1 0.22 I 10.39 ! 7.67 ! 1.68 I 0.42 I 13.1 I 8.4 
----.. iii .. ----j .... ii.:iiiii----j·-·o.ii9 .. ·i·---O.6i-·-.. i .. --o.Z4· .. --r .... ii.os .. -·r-.. S.30---.. j .. ---i:io .... -i--.. O.4'j' .... r-.. ji'4---·r----·9j·--.. 
... __ ......... _+ ... _ .. _ ........•....... _ ................ -....... -.+ ... , ........... _+ .... __ .. _ ..... -............ --_ ... .; .... _ ............... _ ........ -.... .j ••.••• _ •• _._._ .••••••••..•.••.••• 

20 ! 0.233 j 0.115 j 0.74 ! 0.12 i 3.34 j 4.20 j 2.81 j 0.47 i 7.1 i 4.9 
-" .. ·Zl-.... T .. iii5z .... r-o.'i9j--.. r-0A6 .. -.. r .. -oj9· .. ·T .... i44 .... T-.. 6~iis---·T .... z.'iZ .. ·T--·02i-.... r---·ii::i'-·--T·---75-----
"---·2Z .. ·-T"O.451-r .. o~i67-.. r-·O.65-.. ·r---O.2'1·---r .. -ii.43 .. ·-r .. ·ii.2"j-.. T---is6----r·-iz'j' .. -r·--jiij .... r .. ·9.'j"-.. · 
·-·-··········-:-···-·······--··t······-·-···-···t······--·-······t--··-···--··---t .. ·····--·····-·t······----·-"'1"""'--'-"-"-1""-'-""""-1'-"-""'-""'1'-.............. -

23 I 0.413 I 0.217 I 1.78 I 0.22 I 8.46 I 751 I 2.79 I 1.67 I 13.4 I 9.7 
•••.••..... _ ..•.•.•...•.•••.• _ ...••••..••.... _ •••• + ..• _._ •.....• __ .+ •• -.-_ •..•...••• + •• __ ••..•..•• _ •• + .••• _ •••.... -••• + .••••.. -.• -•••• _+.-••••. _ ..• _ ••••••...•• _.-....•.••.•••.••.•.•....• 

24 j 0.311 ! 0.374 ! 1.20 i 0.37 i 6.17 i 9.15 i 1.60 i 3.74 i 9.3 i 13.4 
.. ---·ZS .. ·--r .. O::is'i'--T .. ·Oj39 .... r·i26 .... r--O.'i4 .. ·T"io.6·j" .. r--527---T .... 2.44 .... r--o.'i6-.... r--i4~7---T .. 5".6 .. ----
---· .. Z6--- .. r--iii36--.. r .. O.'i'1'j'--r .. 0,9Z .... r--o:ji--·-r---ii.':iT--r .. s-:9i;-" .. r--ii.':i:i .... r .. o:iii .... r-.. ·9.i--.. r--·-ii:ii---· 
··-·-·-·······-·1'···········--···t···-······--··-·1'················t-····-·-·-···-··1'·---······--·-·t-·-·····--·-···1'··-······--·····t·-···~·····-···1'-··········· ... 1'--.. -......... . 

27 I 0.290 I 0.199 I 054 I 020 I 5.71 I 5.96 I 5.50 I 021 I 12.0 I 65 
.-_ ••.....• __ •. -.-. __ •• -.•.•• _ ••• + .•.•••• _ •... -.• _+ •.....• _ ••••..•. + •• _ •..•..•.• _._-•.....• __ •••.. _--.-._ •... _-._--_.+ .. -•• _-_ ... _._.-•• _._-- •• __ ••• -.-•• _ •••.... ----+.--- •• _ .•. _._-_. 

~1~1~1~1~I~i~I~I~IIUIU 
••••• _ •.•.. _ •. _ ......... -_ •.. -•• -••.•.•• _ •• _._ .. _-+_ •... _--._ •••.• ----_._--_ .•.••• + •. _ .•• _ •••... _-+-_._ •... _.-_ •• + ... _-. __ ••. _ •• _- •• _.-._ ...• __ •• -... --.. __ •. - .. _-.- .... --_ .•. __ .•...• 

Range ! 0.130- i 0.092- i 0.11- I 0.09- , 3.34- ,. 2.44- I 0.45- I' 0.16- 1 6.3- i 3.4-
! 0.509 i 0.579 ! 2.41 0.58, 18.02 . 11.32 6.33. 3.74 " 21.9 I 13.9 .. :~~~;::I .. ::::·::: .. ~:~~~.:.:: .. ·: .. :r::: .. : ... _ .. ~~~~_~·.::::.·:I.:·: .. :.·.·.:-:l·~~.·.::.-.. : .. ::r:::::· .. _-_-~:~~·~._-_-_:::::::J.:::: .. _-..... ::~.~~:~:.: .. ::::.: 

SEm.! 0.017 ! 0.071 ! 0.514 ! 0.254 ! 0507 

SI - Rainy season (Before the closure of 'I'hanneermukkllm regula tor) 
sn - Summer season (After the closure of Thannecrmukkom regulator) 

the development of highly acidic soils. How" 

ever, the Kuttanad region though highly acidic 

showed a better CEC due to the presence of 

large quantities of organic matter and the silt 

and clay brought down by the rivers. The 

behaviour of exchangeable bases was also 



similar to that of their available fractions (Fig 

12). Among the exchangeable bases, K was 
present in the smallest quantity. The mean 
value of exchangeable K was 0.324 cmol(+) kg· 
, during rainy season and 0.259 cmol(+) kg·' 

during summer season. 

CONCENTRATION, crool(+}lkg 

EXCHANGEABLE CATIONS 

Fig 12. Exchangeable cations in soil during 

different seasons 

Though the exchangeable K was higher during 
rainy season than summer, the proportion of K 

in total exchangeable bases followed a reverse 
trend (Fig 13). Ca was the dominant cation 
among the exchangeable bases. Greater 

adsorption on the exchange complex and lower 
solubility in water mainly contributed to the 

dominance of Ca in the exchange complex. 
The mean value of exchangeable Ca was 8.32 
cmol(+) kg·' during rainy season and it 
decreased to 6.47 cmol(+) kg·' during summer. 

It contributed 70.8 and 80.4 per cent, 
respectively, of total exchangeable bases during 
the above two seasons (Fig 13). Mg occupied , 
a position next to Ca among the exchangeable 
bases, recording a mean value of 2.32 cmol( +) 
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kg·' of exchangeable Mg during rainy season 

and 1.05 cmol(+) kg·' during summer. 

In the normal COlllSe, an increase in CEC and 
exchangeable bases are expected during sum
mer. However, a reverse trend was observed in 
the present study (Fig 8). The decrease in CEC 
was due to the decrease in organic matter 
content and pH dependent charges during 

summer. The exchangeable bases in the study 
area were mainly contributed by sea water in

trusion after the opening of Thanneermukkom 

regulator. Sea water being rich in bases nat
urally increased the exchangeable base status. 
The time of soil collection coincided with this 

period. During summer from December to 
April the saline water entry is prevented in the 
area by closing the regulator to protect the 
punja crop of rice and hence the area becomes 
a fresh water zone which decreases the 
exchangeable base statuS: 

CONTAIBUTION'(%) 

A Rainy 

K Ca Mg Na 

EXCHANGEABLE CATIONS 

Fig 13. Contribution of exchangeable K, Na, Ca 
and Mg to total exchangeable bases during 
rainy and summer seasons 



The exchangeable K was significantly and 

positively correlated to exchangeable Na 

(0.529'"). Both of them showed significant 

positive correlation witll exchangeable Ca 

(0.411" and 0.546"). 

1.8 Soil acidity 

The Kuttanad soils are extremely acidic in 

nature with maximum acidity for the kari soils 
compared to the kamppadam and kayal lands. 
The major acidity contributing factors of the 

area are the presence of free sulphuric acid 
fonned by the oxidation of Fe and Al sulphides, 
organic acids released from the decomposing 

materials and large quantities of Fe and Al 

oxides and hydroxides. The reserve acidity of 

the area being very high, liming to neutralise 

tlns acidity is practically impossible. 

CONCENTRATION, cmol(+)/kg 
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The data on acidity contributing characteristics 

are presented in Table 18. Their relationships 

with other chemical properties were presented 

in Table 12. The mean value of potential acidity 

was 25.5 cmol(+) kg·' during rainy season and 

decreased to 17.9 cmol(+) kg·' during summer. 

Contrary to the behaviour of soil pH, lower 

potential acidity was observed during summer, 

evidently due to the effect of time of soil 
collection. However, the behaviour of exchan
geable acidity was similar to that of soil pH, 
while the other two forms of acidity showed an 

opposite pattern (Fig 14). Since the soil samples 
were collected during early summer, the severe 

soil drying was not started and that kept soil 

acidity at a low level. As soil dries up, acidity 

also increases and reaches to the maxium at the 
end of summer season and that was not 

completely washed off by the early monsoon. 

... Rainy seaser{). Summer sea,seri 

Potn. acidity Hydr. acidity Exch. acidity Exch. H Exch. AI 

ACIDITY CHARACTERISTICS 

Fig 14. Acidity characteristics of soil during rainy and summer seasons 
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Table 18. Different fonns of soil acidity during different seasons 

Padase- Potential Hydrolytic i Exchangeable i Exchangeable i Exchangeable i AI saturntion, 

khalaIn acidity acidity i acidity ! H' ! AI" ! % 
; •.••••.• __ .....••.•.•••. ___ .• 1 ......................... __ .. 1 •••••••••. __ ....•.••••••.• __ .1 ___ ..... _ ....•... __ ......... 1 ..... __ .. · ......... ··· ___ . ___ 1 

No. i cmol(+) kg ·1 ! 
t·····si····r··siT·T····s'··T .. siT··r···si····r··siT···j·-·Si·····j····siT .. ·r .. Si·····l·-·siT .. ·l·····s'··I····Sil . 

::::::::!:::::::r:~:~:~::IE!:::r:~~:~:::;:::~~:~:::r:~:~~:::r:~:~~::r~~:~s.::r:~~~:::r:::~:~~::r:~:~~~r:~:~~::r:~f:: 
2 i 16.0 i 9.7 i 13.5 : 2.8 i 2.42 i 7.01 i 0.89 i 3.05 i 1.54 i 3.97 i 9.6 i 23.4 _. ______ .. _ .... __ ~-. __ ~ ... _. __ . .;.-__ . __ .. ___ .+. ___ . __ :.---.t .... --......... -... ---... --. .;. ............. .;. ...... --..... .;. _____ .... ____ .. ____ ... ______ .j.. _________ • __ .;. ____ .... __ ._.t ___ •• _ •••• __ 
3 ! 273 ! 23.1 ! 21.4 i 18.4 ! 5.90 i 4.71 i 1.42 i 2.17 i' 4.49 i 2.54 ! 25.7 ! 21.0 

:::::::~:::::~1:::~~:~:t:~~:~:::l:::~~:?:::t:::i~~:::t::~~~:::L~~:~s.::1:::~~~:::L~:?~:::L~:~~:::L~:~~:::t:~25.~::t:2.8E 
5 : 31.1 : 23.7 : 26.4 l 17.0 : 4.73 ! 6.72 ! 2.06 ! 3.53 ! 2.89 ! 3.19 : 18.6 ! 239 

•••••••••• --. __ ._+ ••• ----•• __ ••• --------_._-+-------------+-------------+._----•• --+---------_ •• --+._------•••• +----------_.+-------._._+-----.--_ ...... _----•• _. __ .+---._--_._---
6 i 28.3 1 29.2 i 24.6 i 22.0 i 3.68 i 7.20 i 1.65 i 4.91 i 2.03 i 229 1 13.9 1 143 _________ .. __ .. _+ ______ . ______ + ____________ •. ________ ._-'+. _____ .. __ .+ ___________ + __________ + _______ ._ .. __ + __ -. ___ ._ .. __ f. _______ ._. __ • ___ •• _____ ._+_ .. __ . _____ + ___ ._--------
7 i 12.5 i 6.0 i 62 i 1.7 i 236 i 4.29 i 0.69 i. 2.01 i 1.63 i 228 i 10.6 i 253 

---------·---·---f-··--,-------f·-·--·-------f-·-------·---f-·------·--·f-----------t---····------f·---··------f·~-·--·-·-----f-----·-·-··--f----··-------f-----------f--------·-
8 i 9.8 i 3.9 i 9.6 i 23 i 027 : 1.65 i 027 i 0.85 i i 0.80 i i 113 

___ ._. ____ • ______ ; _______ • _____ ; ____ • ________ ;_. _______ -_._;. _____ •• ____ ; ___ • _________ .j.. __________ •• .j. ________ ---.-.1.._-------.---+-------------+------._--_.- .. -----_.----+---... ------
9 : 29.8 l 5.9 : 22.8 : 1.1 : 7.01 : 4.83 : 1.69 : 2.61 : 5.33 : 2.23 i 29.1 : 272 

······io······r·43:9··r·:i3:9··r·36:0 .. r-·22:6··r·7:9Z··r11:Z9'r'2:44"r'6:60"r'S:4S"r';J:69"r'ziz"r"is:6'" 
. - -- --. _.'-" .-.! .... --- .. '. --. t .- '" ... '-' ··t· .-.......... t -••••••••• -•• t ---..•• -..• --to ..... -----"j ---"--' -- --'j-" '--'" .... r-·····--... -t .•• ---.-..... t-· ... -........ t -.- -..•.... -. 

11 ; 20.9 ; 18.5 i 173 i 15.1 i 3.56 i 3.46 : 1.59 : 2.17 : 1.98 i 1.30 i 14.8 i 11.1 
"·----.· .. ····· __ .. ___ ··• _______ t ___ · _____ ._·· .. · ___ .. ·_-.--.j.-_____ ••• __ ._.; ___ • _____ • ___ +_._ ••••• __ •• _ ....... __ .----• .j.._ ••• ______ •• .;. ___ •• ___ • __ ... __ ••• _. __ •• .; __ ••••• -•• --• .j.--... ---... . 

12 : 34.4 i 22.3 1 25.1 i 132 1 924 1 9.14 1 4.72 ! 436 :. 4.50 1 4.79 1 21.7 : 29.0 
·······i3······r·26:s-r·i75··r·zs:6··r·14:7··r-i:is··r·2:78-'r'059"r'159"r'059"-;--'1:19"r"3:9"'r'I2:7'" 
-····"i"4·····T""3Z:4·-r·iii:0··r·30:0··r··iio·r·Z36··r·S:ii4''r'o:4ii"r';Z:oz"r'I:9T'Tioz"T"'is:0"T'20j'" 
·-·-·-··---·---·t·--·---····-·t·-·--····-·-·t·---···-----·t-···---·----·t-·--·---·-·--t-·-···-··--·-t·-··--··-----t·---·--------t-·--·-----··-t--·---··-----t--·--·-·-----t---··---···· 

15 i 18.6 1 15.9 i 17.0 i 13.0 i 1.61 i 2.96 1 1.13 1 1.49 ! 0.48 i 1.70 i 5.2 1 21.0 .. --.• __ •• _. __ . __ .+ ___ .• ___ .• _.+ •• _. ____ ._._ .... _. _______ .-_+._ .• ___ ._. __ •• ___ •. ___ •• _.+._. ___ . _____ ... __ •• _______ • __ • __ •• _____ f- ____ • ____ -t._. ____ •• ___ ... __ ._._._. ___ + •• --•• -.--••• 

16 ! 21.5 i 17.5 : 19.5 ! 14.2 : 2.02 : 3.26 : 1.26 : 2.33 i 0.76 : 0.94 : 5.8 : 11.1 .•.• _. __ •. -_._--.----------_.+._-_._. __ ._-....... _.-----_.+_._ •• _--._._-+_._---._.-.... -.-._. __ ._-.-+-----_ ••• --.+_ .. _-_ .• _.--.. -_._._--_ •• _.+. __ ............ -•••.•.....•• + .••..• _ .. _ •.• 
17 i 22.7 : 14.7 ! 15.9 ! 5.8 i 6.81 ! 8.94 ! 1.49 ! 5.64 ! 532 i 330 i 34.8 i 21.0 

··-·--------··--·t----·--·t-·---··-----t-·-··-·---···t··----··-·--·t---···-···-·t----··-·-··-tc···-·---·---t· .. -··-·· .. --t-----·---···t-······-·---t·---···-·-·--t-·-.-... -.. --
18 ! 20.4 i 16.8 i 14.5 i 8.0 i 5.78 i 8.83 1 0.96 i 3.68 i 4.76 i 5.15 1 252 i 29.9 

···--···-·-·-·-··t·--···---·--t-·--··---···t··--··---·--·t--···--·--···-:-·-----··--·-·t··----·----·-:-·-·-·-····--·-:----·-----·-·:-·-·-···--·-t··--·-··--·:---····-----·t-.... ---.-.. 
19 i 37.6 i 22.5 i 29.3 i 14.5 i 828 i 8.Q4 i 233 i 5.18 i 5.95 i 3.00 i 36.6 i 173 

••• --•• ----.---• .j.--_ •• __ ._. __ .. _. __ ••. _ •• __ ... __ • _____ •• --• .j.-•••• __ • ___ ._ ••• __ •• _. __ ....... __ .••••••• _ ... _ .• __ ._--·· .. --·-···-·-··-t···-·.······ .. ···-··-··--··.j.--······-.. -.-t-•••..• -.--•. 
. 20 : 162 i 17.7 : 13.1 i 15.1 i 3.07 : 2.60 : 0.70 ! 1.57 : 237 ! 1.03 i 242 : 13.7 
······zi······r-iii:6··r·i2:6··r·1s§·r··9:s···r·2:6s··r·izo··r·iJ:4i··r1:iX--r··z:zs··r·2:o4··r·zs3··r .. i9:i···· 
······22······r·z63··r·:i2TT""24:o···rI7:9··r·z3i··-;--·s:4s·'r'038"r'2:44"0;-"194"r'3:01"r'15:6"';---20:6" 
··--·······-··--t-·-··-·--·-·t-·---···--·-·t---·-·----·t·····----····t--·------··-t··---····----t--··-----·---t-------·---··t··---··----·-t·····---·--·-:-··--·--···---t----·-··-----

23 i 29.2 i 17.4 i 25.6 i 12.4 i 3.63 i 5.02 i 0.58 i 3.42 i 3.05 i 1.61 i 17.8 i 11.0 -·--·-·.---···--·t._·· ____ · ___ .. _··· __ ·.,_···-t_· __ • ___ ···-· .... _·_·· ______ t··_··· ____ ···.j.···· __ ·······.j.· ______ . ____ .+· ___ ... _ .. _·_t ____ ._.· _____ .j. __ .. ··_·_.o_.;. .•• __ ---..•• .;.._. ___ ._ ... _. 
~ :~31~1~1~1~:~:210j~j~:591!~!~ .•.•..•.• _ .•••• __ +_._ •. __ •..•• _+. __ •••• ___ • __ + __ ••• __ ._1..+ __ •• _._ •. ____ +._ •.•. ______ .+_ ••• ___ . __ ••• + ______ •• _ ..• _+ ____ ._ ••• __ ._ .. __ • ___ ._. __ .+_. _____ ._ ....... __________ + __ ._ •• _. ___ ._ 
25 : 253 : 17.2 : 19.9 i 11.6 i 535 i 5.66 j 1.08 : 2.76 : 427 : 2.90 : 21.4 : 25.7 

·······z6·····T""z6:6··r·14:Z···ns:!i·-r .. ii:i···r·7:65T·6:1Z··r'i:7Z'T'is4"r'S:93"r'Z5!i"r':iS3"r'zo:i'" 

::::::~!::::::r~~TL~?:~::r~~:~:I:~¥.E:;::~~~s.::I:~:~¥.:T~:?~::I:¥.:~::T:s.~~:I:~:~~:::L¥.!:~::I::i~:!::: 
~i~!~i~i~i~i~1~lllli~!2~i~1~ 

-.--.... --... -..;.-.--.. ---.-.-+ ... -------..... --.-.-.-... --f'·-·-··-·-··-.. ·------·-··-· .. --··-··-----·.j.·-·-·---·--.j..-.--•••••••• ;. ••••• -.--.-•• +.--.. ---.. --.;.-.......... -........ -..... -. 
Range i 9.8- 1 3.9- 1 6.2- i 1.1- ! 0.27- j 1.65- '1· 0.27- i 0.85- i NiI- ! 0.80- i Nil- i 11.0· 

!~!~i~i~!~!1215 ~!~i~!~!~!~ •• __ ._. __ ••• _. ___ ~_ •• ____ ._ ••• l __ • __ •• _. __ ._~ _______ •• _._1_. ___ • ___ •• _~------______ 1 ___ • __ • ______ .:. ______ • ___ ..l_ •.•• _._. ___ .L ___ . __ ._ .. _l ____ .. _ .. ____ ~------. __ ... _!. __ • __ ••• ____ • 

.... ~~;) .. _L-...... ~~I~ ........... L .. _.~~~ .......... .L ....... :.~:: ........ J ........ ~:~: ...... J ............ :~ ............ L-~ ... ~: ........... . 
SEm.; 0.745 ; 0.170 : 0.297 ; 0.171 ; 0.234 : 134 , , , , , , 

SI - Rainy Season (Before the closure of Thanneermukkom regulator) 

SIT - Sommer season (After the closure of Thanneermukkom regnlator) 

showers which was reflected on the rainy sea
son sampling. The enhanced hydrolysis during 
summer might have increased exchangeable 

acidity. This was further confirmed from the 
values of different forms of acidity of profile 

samples collected during March - April 
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Table 19. Percentage contribution of acidity characteristics to potential a~idity and exchangeable 

acidity during rainy and summer seasons 

Padase- . Pcr cent of potential acidity . Per cent of exchangeable acidity 

~ !:::::::~if~!i.~~:~~~~f::::::j::::~~t~:~~~r~::~~~~:~F::::~;~~~;~~!~::;:::::::l:::·~-:~~~~~~~bi~:tir~~~~ 
··.············.·.--·t·······----·····.·---t-.·.-··.·.----···--t·_--_··-----------t·_-··---···--------:-···--·_·_-_·-····--:-····--------_·--··t····_----·-------:-----._-.... ---- ... 

1 i 87.5 i 56.7 i 12.5 i 43.3 i 32.4 i 36.0 i 67.6 i 64.0 
·······--······----t·······----·----·---t-----·------···--·t·--···--.. --····-t----····-···-····--t-·-----·----····---·t···-----············t--·········---···---t···_.-.. -.... '-"'--

2 I~I~_I~I~I~ 1~51~1~ __ ._. ____ .. __ .. ___ +_. __ ... ____ ...... __ .. ____ ... _ .. _____ .....•...... _ ................... _ .............. _ ......................... ,j. •••••••••••••••••••• ,j. •••••••••••• __ ••• t .• · .••.•...... · ...•• 

3 : 78.4 : 79.7 .: 21.6 : 20.3 : 24.1 : 46.1 : 75.9 : 53.9 
--------"4--------1-------83:0-------1-------55:0-------;-------li:0-------1-------45:0-------r-------23:6--------r----"4s--6------1------76.4----1------s-i-."4----·-
·····················t·····················-:·····················1·····················-:·····················t .. ················_···,.····················-:·············_·····1···················· 

5 i 84_8 i 71.7 i 15.2 i 28.3 i 43.6 i 525 i 56.4 i 475 
·····················t······· .......... ····t·_················ -t .............. _ .. -.-: ..................... -:-._ .............. _ .. t .. ·· ················t······· ·············t·· .. ········ ....... . 

6 i 87.0 i 75.3 i 13.0 i 24.7 i 44.8 i 68.2 i 55.2 i 31.8 
················-···t·····················t·····~···············t·······-··_·······t··· __ ············-t············_·········t··················-t··················-t···············_··· 

7 i 81.1 i 28.3 i 18.9 i 71.7 i 29.2 i 46.9 i 70.8 i 53_1 
---------S--------1-----97:2----1-------59.0-------1--------iii--------1------41:0·---T-----l00:0------r-----siT----1-----------------:----48.S-----
....... ··············t ""'" ........ ······t················ ·····t······················-:·····················t-········_············t··-················-:······· .. ···········t··· .. ·············-

9 - i 76.5 i 18.6 i 235 i 81.4 i 24.1 i 54.0 i 75.9 i 46_0 
------·-j-o---·--r-----s2:0------T-----6i5:7-----r-----i8:o------r-----jij-----T---"30:S--------r-----S8S------;------69:2------r---4ij----
---------j-j--------r------S3:0-------r---8i:6------r---i7:0-----r----i8X-----r---44T-----r---62.7------r·---ss-j-------[------3-7".3-----·-
................................................................. -t·················.···t·····················t·······················t·················· .... ········· ........... , ................... . 

12 i 73_1 : 59_2 : 26_9 : 40.8 : 51.1 i 47-7: 48.9 : 52.3 
·--------i:i-------r------ii5:6-------1-------84:0-------r------4X-------)""'----16:0-------;--------SO:0--------r-----s7.i-----l------s-0."ij------l------"4z.-s-------
--------i4-------T----92~7------r-----7Z:Z-.-----r------7:3-------r-----2i:8-----r·----lii:s------T-----40~i------r-----So.s------r-59_9------

'-· .. -·--is-------T------91:3------r-----iii:ii-------;--------ii:7-------r----lii:z------r------70:2-------r----s-oj----·-r----29.S-------:------4"9:7-------
•• ........................................................................................................................................ j. ............................................................... . 

16 : 90.6 : 81.1 i 9.4 : 18.9 : 62.4 : 71.5 : 37.6 : 28.5 
--·-----i:;---------r------io:0·---T------39:s-----·r----"j0:0------r-----60:s------r------zl:ii-------r-----6:ij------r----:;ii"--·--r:-3-6.9"------

.. _ ....... _ .. _ .................... _ ...•..... _ ....... , .. ···t·········-··········.····················· .... ··_···· ..... _ ......•...... _ ...... _--+ •....••••• _ •.. - •••••.•• _ .... _ ..•..... 

- 18 : 71.7 .: 47.6 : 28.3 : 52_4 : 16.6 : 41.7 1 83.4 1 58.3 
. ··················-·t·····················-:·····················-:·····················t·········· .. ·········t····_················t····_·········_···t····················t···_··············· 

19 I 78_0 ; 64.4 I 22.0 I 35.6 I 28.1 I 64.4 i 71.9 i 35.6 
.................................. _ ...................... _ •••••••• .j. ••••••••••••••• _ ••• • .. ·····_···········-·t·····_···············,j.·· ................. -t .......................................... . 

20 : 81.0 : 85.3 .: 19.0 : 14.7 : 22.8 : 60.4 : 77.2 : 39_6 
--------ii-------r--ss:s-----r---is:4-----r----14:z----r-----z4:6-----T------1S:s-------r:--js-:6-----r----s-4~4------;-------64":4"-----

..................... -: ..... - ....... ·······t-·········_········-:····· .. · · .. ······· .. ·-:·····················t················ .. ·····t····················-:··· ................. t ._._ ......•...••.. 
22 i 91.2 i 80.1 ! 8.8 i 19.9 i 16.5 i' 44.8 i 83.5 ! 55.2 

--------23------;------8:;:6-------;-------71:3-----r-----12X-----r-----z8:7------r-----16:0------r--'(;-sj---r----"8"4.O------;---ji:9------
••••••••••••••••••••• :,. ..................... .j. ..................... .;. ......................................... _.,:. ............................................... 0 ............... _ ...................... .. 

24 : 83.6 : 59.1 : 16.4 : 40.9. i 33_2 : 42.8 : 66.8 : 572 
-------:i5---------;------is:ii-----T------6iX-----r-----zl:1------r----:ii6------r-----20:z-------r----4s-:8"-----r----79.S-----T--·-s-j-i-------
--------26------'"["---71:2------r-----5i:o------r-----28:8------r----4io------;---·--22:4-------r-·--s:;-.-S----·-r----77.6----r----422------
--------27--------r---6z:9------r----7:i:3------r----"3il------;------26:7-----'"["------25:4"------r----S2.8"-----r----74:8"------1---"47:2------
···· .. ···········-··t········ .. ···········t··············· .. ····t·················· .. ··t·····················t-···· .. ···············t··············· .. ···t·_ .. ······ .. ·_····t···· .. ·············· 
~!~i~i~!~!~ !~i~i~ 

················ .. ···•··············· .. · .. ·t···· .. ·· .. ······ .. · .. t······ .. ·········_ .... ·_··· .. · .. ········ .... t·······_· .. ····· .. ··· ... ······ .... · .. ·· .. ·t············· .. ·· .. ·t-······ ........... . 
Range : 62.9--97.2 : 18.6-85.3 : 2.8-37.1 :_14.7-81.4 i 155-100.0 : 35_6-715 : Nll-84.4 : 285-<i4.4 

--CO-(0:05)""["---------------6:77----------------:------------------6:7:;------------------;---------------i:90---------------r---------------7:9O----------------
----S&;;~-----i------------2".33--------------i----------'----2j-3'-----------------:----------------"2:72------------------:------------------2:72"--------------

S[ - Rainy season (Before the c10snre of Thanneermukkom regulator) 

SIT - Summer season (After the closure of Thannecrmukkom regulator) 

whi,ch recorded very high potential acidity 
(Table 9). 

The important factors which influenced soil 
potential acidity were studied by correlating 

several properties of soil with different kinds of 
acidity and significant correlations were 
generated with organic carbon (0.521"), ex
changeable acidity (0.393'), exchangeable AP' 
(0.492) and hydrolytic acidity (0.947"). 
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Fig 15. Relationship of potential acidity to hydrolytic and exchangeable acidity 

(R = Regression coefficient) 

The hydrolytic acidity mainly decided the extent 

of potential acidity as is clear from Fig 15 

which represents the regression of potential 

acidity to hydrolytic and exchangeable acidity. 

The hydrolytic acidity occupied 82.6 and 63.7 
per cent of potential acidity during rainy and 

summer seasons, respectively (Table 19). 

Hydrolytic acidity also followed the same 

pattern as that of potential acidity since 60-90 

per cent of potential acidity was contributed by 

··the former. The mean value observed during 
rainy season was 20.9 cmol(+) kg'! and 

decreased to 12.0 cmol(+) kg'! during summer. 

The decrease was due to lowering of soil pH 

which caused a reduction in pH dependant 
charges and this was reflected on hydrolytic 
acidity. The organic matter as well as oxides of 

Fe and AI usually associated with the soil clays 
are responsible for hydrolytic acidity (Adhikari 

" 

and Si, 1991). The hydrolytic acidity was 

positively and· significantly correlated with 

organic carbon (0.387') and CEC (0.735"). 

As compared to potential acidity exchangeable 

acidity was rather low in all the soils. The 

relatively low contribution of exchangeable 

acidity to total acidity was earlier reported 

(Sharma et aL, 1990; Adhikari and Si; 1991). 

The mean value of exchangeable acidity was 

4.46 cmol(+) kg'! during rainy season and 

increased to 5.98 cmol(+) kg'! during summer. 

The increase was evidently due to decrease in 

pH which accelerated the hydrolysis of trivalent 

Al and even the dissociation of water 

molecules. Considerable amount of H' ions are 

released due to the dissociation of water 

molecules at a pH below 4.0 (pal et aL, 1991). 

Exchangeable H' ion concentration increased 
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Fig 16. Relationship of exchangeable acidity to exchangeable H' and exchangeable AP' 
(R = Regression coefficient) 

from 1.35 to 3.1 1 cmol(+) kg'! during swnmer 

season. However, the other component of 
exchangeable acidity, i.e. exchangeable AP' 

showed a slight decrease during summer season. 
The percentage contribution of exchangeable 
AP' to ex-changeable acidity was 65.7 per cent 

during rainy season and decreased to 45.6 per 
cent during swnmer season (Table 19). The 
exchangeable H' was more prominent during 

summer. However, in the overall relationship 

exchangeableAP' is more dominant in deciding 
the extent of exchangeable acidity in soil as ob
served from the Fig 16 and from the correlation 
coefficients (0.862", 0.832"). The predo

minance of exchangeable hydrogen in summer 

was further confirmed from the values of ex~ 
changeable H', AP' and acidity of profile 
samples (Table 7). 
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PART 3. TOXICITY CHARACTERISTICS 

The development and acctunulation of toxicity 

characteristics in soil and water in response to 

the restricted water flow in Kuttanad' due to the 

closure of Thanneermukkom regulator during 

summer are evaluated here, by analysing soil 

(0-25 cm depth), surface water and ground 

water from the area during rainy (before the 

closure of Thanneermukkom regulator) and 

summer (after the closure of Thanneermukkom 

regulator) seasons. 

A. Native toxic characteristics 

1. Soil 

J.l General soil properties: The soil pH, EC, 

CEC and base saturation during rainy and 

summer seasons (before and after the closure of 

Thanneermukkom regulator) are presented in 

Table 20. The soil samples collected from 0-25 

cm depth showed the same trend with respect to 

general soil properties as that of surface 

samples collected from 0-15 cm depth. 

The Kuttanad soils being high! y acidic in nature 

recorded very low pH values during both the 

seasons. The mean value was 4.3 during rainy 

season and it decreased to 3.9 during summer 

season. This is contrary to the result reported by 

Kurup and Aiyer (1973) during the pre-barrage 

period when mean pH values were 4.1 and 4.3, 

respectively, during the above two seasons in 

karappadam area. -OlliS an incrca,,, in acidity 

was experienced in the area during the post

barrage period. The present increase in' acidi!y 

during the summer season was mainly due to 

the closure of the regulator which lowered the 

water table of the area. Increase in production 

of CO, and organic acids due to enhanced orga

nic matter decomposition and reduction in accu

mulation of ammonia during this period also 

contributed towards the enhancement of acidity . 
.. I~ 

The salinity of soil was considerably reduced 

after the closure of the regulator. The mean 

value was 1.25 dS mol during rainy season 

(May-June) which decreased to 0.62 dS m" 

during summer (January-February). TIle in

fluence of saline water intruded into the area 

after the opening of Thanneermukkom regulator 

in April was not removed completely and this 

had influenced various soil properties. Com

pared to the pre-barrage values of salinity 

already reported (Kurup, 1967; Varghese and 

Aiyer, 1973; Kurup and Aiyer, 1973) there was 

a considerable reduction in acctunulation of 

salinity in the study area. The reduction in 

salinity observed on comparison with pre-bar

rage period during March to May was greater 

than 90 per cent (Nalr and Pillai, 1990) 

Cation exchange capacity and total exchange

able bases were significantly influenced by the 

seasOn/closure of the regulator. The mean value 

of CEC during rainy season was 28.5 cmol(+) 

kg" and it decreased to 20.1 cmol(+) kg" 

during summer. For tlle above properties, 

considerable variation between pre-barrage 

period and post-barrage period was not ob

served. The decrease in CEC during summer 

was due to the lowering of pH and reduction in 

organic matter fraction of the soil. 

1.2. Soil acidity: The acidity contributing 

characteristics of the samples from 0-25 em 

depth (Tuble 21 mId Fig 17) were similar to 

those of surface samples. The mean value of 

potential acidity was 27.4 cmol(+) kg" during 

rainy season and 20.3 cmol(+)kg" during 

stunmer season. The magnitude of decrease was 

26 per cent The decrease was evidently due to 

the effect of time of- soil collection and the 

reduction in liydrolytic acidity in response to 

the lc\wering of soil pH. TIle contribution of 

hydililytic acidity to potential acidity was 83.1 
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per cent during rainy season and 64.5 per cent 

during summer season (Table 23). The hydro

lytic acidity also followed a similar trend as that 
of potential acidity, since it contribute more 

than 70 per cent of the latter (Fig 18). The 

mean values were 22.7 and 13.8 cmol( +) kg· l
, 

during rainy and summer seasons, respectively. 

The exchangeable acidity which contributed 

only a small portion to potential acidity showed 
an increase during summer from 4.56 to 6.46 

cmol(+) kg·l . This was in conformity with the 

behaviour of soil pH. 

Table 20. Few chemical characteristics of soils during rainy and summer seasons 

Padase-

kharam 
No. 

! Total exch. Base 
pH i EC, dS m·1 i bases . CEC . ECEC . saturation, % ! r····-------------·-··------~---~-;~i(~)-kg-:i·--~---··----··--------_·-----1 

j·····si·····r-··Sii· .. l·····si .. ··r··sii····t··si····j····sij"···I·····si·· .. r··sii····r-.. ·si .. · .. I· .. ·siT···I·····si····r···sl '···· 
.. ____ ... __ . __ .....•......... ___ .•............•. __ .... -----·t-···.--.···--t--····---···· .. -·····-------.·----· ___ · __ ·t ___ ········_. _____ •• ___ ·_t ____ •••••• __ ... • .. ••• ___ ····t_· __ ········· 

I 1 4,0 1 3.4 1 2.37 1 0.35 i 21.7 1 9.6 1 33.5 i 21.2 i 23.6 -1 15.6 i 64.7 i 45.1 
... - ······-1---- ....... , ..... ···•····· .. -·_··1···· ... __ .•............ , ............. , .......... ··1······· .. ····, .. ··· ·······1······· ..... , ..... --- ....•... ,- ....... -

2 i 3.9 i 3.8 i 1.85 i 0.65 ! 19.5 ! 11.7 L 32.0 1 23.4 ! 22.0 i 19.5 i 61.1 1 49:8 
.... ':i ....... 1""5:0·"1;4.3""1 . i:46"r'o:3jf" !····g./i···r··/i:'1···-1··-29::cr··24j"·r-2I:6··r·12:if·1··'32:8""[""27.4 .. 
····_·-4·······-1-··-3:/i····r-·jT·r-2:os··r·I50···;---10:2···;···i:'i:r·r"lI:i5""r·29T"·;---I/i:4···;···30:0··r-3h·r-60:0··· 
·········s··_···r··4:6-·r··u····rO:9Z··r·i:i:ii4-·r-10:if·T·10:r-r·'ZiEfr·:i5:4-·r·1sx·r·i:'i:s···nii:4-·r-423·· 

:::=::::~:::::::r:~~?:::r:~·~:::L~~~:::L~~~?::r=~~~~::T::s.~~::::;:::~~:~::T:~~:~:I:!?:~:::L!s.~~:::L~~:~:::::::~~:?::: 
7 ! 3.6 i 3.2 1 1.20 1 0.46 ! 9.2 1 5.0 ! 20.2 1 11.0 1 15.4 1 9.4 1 45.7 1 45.3 

········r:····T···s:0···T··"!;".o·TI:ocr·0:/i0··-r--10j"·-r-·-4§·'r1'i:rr-10:n···H:r·-r··i5y··-r·ss§·-r--4sT· . , . . , , . . , . . . 
·········§········r·T4-··r·j·.4··T·-29i···r·0:S9-·-r--10:4-·-r-·Ts···r·'Z9x·r··9:6-··r-14j··-r·-9T···t"""l4T"T"·40:f" 

, , • , I • • • • • • • 

·······"10······r·-3:Z···r-:f.i···;--:z:ii9-·r·O:46-·r·liiFr-l4:ifT3STr·"l3:rr·Z;jj···r·:i5:S··r-47:ii··r·42:0··· 
... -.............. -.-..... -.-.--.---_ ... _ ....... ___ ........ ____ ._ .......... ---.. _._ ....... __ ............ ___ •• _ .............................. t .... • .. • .. ·--t·-.... • ...... t .. ·-· .. · .. · .. 

II 1 4.0 1 4.7 1 0.74 1 0.20 1 7.1 1 7.3 1 24.8 1 16.2 1 10.7 1 115 1 28.7 1 45.1 __ ·· .. · .. __ ·_· __ .. t·_· .. ___ .. __ + .. _·.· _____ .j._ .. ·_· .. ____ t~· .... _· .. ---.j. ........... _+ ____ ......... + __ ... _ ...... .j. .. _ .... _ .............. ______ +_ .... ----- __ ....... _______ ........ __ . __ __ 

12 1 3.7 ! 3.8 ! 0.78 1 033 1 10.2 1 8.1 1 30.3 1 20.7 1 17.0 1 20.6 1 33.8 1 39.0 
·······"1:i·······-r-··4:9···-r--4:z··-r-·0:95"·r·0:30··-r--14:if·r·-4:s··-r"3'Z:f·T·-1'i:o··-r-·16:9-·-r-lo:4-·T-4s§·-r·'Zii:2"· 
...... ___ ...... _ .. ~ ____ ..... __ .. ~ ___ ... ____ ..... _ .. _._ ... __ .~. ______ ........ ____ ... __ ... ~ ... _______ ... ~ .. _____ ...... .:. ...... _____ .. .t_ ...... _____ .t_ ....... ____ .t ___ .. _______ ':' ........ ___ ._ 

14 1 5.0 1 4.5 1 0.27 1 0.28 1 10.8 1 9.1 i 33.5 1 28.7 1 12.9 1 13.3 i 32.4 i 31.8 
-·----- .... • .. _____ t._ .... • ___ ..... __ ...... +_ ........ • .. ·+ .......... • __ •• .. ___ ... •• ..... •• ....... ·_ ........... __ ••• .. • .... __ .. _+ .... _· ...... t_· .. • .. • ____ t .. ______ -----+------...... . 

15 1 4.7 1 3.8 1 0.90 1 0.68 1 7.2 1 5.9 1 16.6 1 14.8 i 8.7 i 9.9 1 43.2 1 40.1 
........... · ....... t .. __ .. · ... ___ t .......... __ t ...... _·· .. _·t .......... __ · .............. .j. __ ........ ••• ... •• ......... t· ..... _____ ••• .. _· .. __ ..... __ • .. • .. __ .+ .. ••• .... __ .... _---- •.• ---. 

16 1 4.4 1 3.4 1 1.50 1 1.70 1 10.2 15.8 1 22.5 1 15.5 1 12.8 1 8.6 1 45.2 1 37.7 
········ii······r··4:7···r··i"s··Tii:9ii··r·i::iii··r-133-·r··ii:ii···r-2iii-r-19i··r·15:1··r·19::;···nii:3-T-50:9-·· 
········j·s·····--;-···4:z···T·-is····rO:8j-·-;--·O:6:;··-;---11j--;--·lo:9-·T49:3-·-;---22:5-·T"1:;XT"21:z··-;--·:i3:s··-r-4ii:5··· 
.... --............. ~ --................... --.-- ; .... ---- _._ •• --..................... -... t---- .. · .. · ···f .. · .. --...... .j._ .... --._ .. -- +-- ... -.... --.,j..-- - -- ------.,j. ......... _ ••• ; ••••.. -"',' 

19 i 4.7 i 3.8 i 1.51 i 1.18 i 14.8 ! 9.5 i 36.4 ! 19.0 i 25.9 ! 17.7 ! 40.7 i 50.2 
········20·······;····4:3····[····4.0 .. ·[··-0:82"··)"""0:22'".·[····ii:3····)"""·4:6····;··-20X·T .. 16:5···)"""11:9···;····:;:6 .... ;···40:6···;···27:8··· 
········ic····r··4T·r·4.3-··r·O:6S··r·0:26-·r··ifo···T··ii:6-·T·16:0-r-16:s··r-I'Z:z··r-l2:i···r-49Tr·m··· 
·······-2:f·····T-4T·T··4.3···TT2f·T·0:40··T··Cj:4-··T··jj:4"··T·4H·T·;ilj··riT6-·T··i4:f"T·22T·T-3jj~6-·· 

::::::::7::i:::::::r::~~~:::T::4.·:~:I:~~~~::T:~:~~:::::::~3~?:::;:::~~:?::T:~~~:::::::~~:~:::L~~~:::;::::i?:~:::;:::~~:~:::::::~:~':: 
24 1 43 1 3.6 1 0.90 1 0.651 12.6 1 9.1 1 33.5 1 27.9 1 15.6 1 17.6 ; 37.8 1 32.8 

·······B······r·"3:if··r·i-6-·r·I:3j""·r·0:96-·r·14:6-·r·-6§··r"24:r·r-lii:6-·r·19j··r·1I:f·r-59:6-·T"3'i:O·· 
········~i6"·····-1····5:8····1···j3-··1···ii:6ir··1-.. 0:7S .. -1··-I2:5-··;--··9:1""·-1···22X·-1··"I5:2-··1-··19:3-";···16:6···;"·55:9'";--'59:'1''' 

::::::::2.1.:::::::L:~:~::::;:::~:·!.:::;:::~:~:::L~:9.~:::l::::~:9.:::T::s.:~::I:~~:9.:::::::~s.:~::T:~~:~::T::i~:~:::;:::~~:~:::L~~:?::: 
Mean ; 4.3 ; 3.9 ; 1.25 ; 0.62 ; 11.8'; 8.5 ; 285 ; 20.1 ; 16.4 ; 14.9 ; 42.9 ; 425 

·····Riiiig;;··-i··-3:2~···t··j·j:·-i··o:'Z7~··t···O.20~··t···;7:l~···i··"3:jj~···t···i6:~··t···9:~···t···jj:7~···i··-6j~·"i··2'i:3~··t··27+·· 

\ 5.8 \ 5.0 i 2.91 \ 1.70 \ 21.7 \ 175 \ 49.3 \ 33.4· \ 25.9 \ 30.0 \ 64.7 \ 60.0 

~~(~:~~j::::L:::::~:~9.~:::::::::t~::::.:?~?~?:.::::::::l::::::.~.·:.~~~~:.·.:::::::t::::.~.:~~~1.·.:·.::::::::L:=:::::~~:.::::::::::t=.'.:.::~~~::=:::::: 
SEm! 1 0.101 i 0.094 i 0.508 1 0.884 i 0.690 1 1.76 

SI R Rainy season (Before the closure of Thanneennukkom regulator) 

sa = Summer season (After the closure of Thanneennukkom regulator) 
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Potential acidity was positively and significantly 

correlated with hydrolytic acidity and 
exchangeable AP' (Table 22). 

Among the components of exchangeable acid

ity, the exchangeable AP' dominated during 

rainy season, occupying 62.4 per cent of the 

Table 21. Different forms of soil acidity during rainy and summer seasons 

Pada- : Poten. acidity : Hydr. acidity : Exch. acidity: Exch. W . Exch. AI'" : AI saturation 
sekharam r·························"·····,····_ .. ··················-~;;;~I(~)·k;;·:·;···································-·_············_·_····1 % 

No. r····si····r··S·u-··r···si····r··S·;;···r···si····r··S~i···T···si····T··sli···T···si···T·sli··T···si····T··s·;i··· 
: : : : : : : : : : : : .................................................................................................................................................................... -...... _-- .. -•............. 
i 21.3 i 15.4 i 19.4 i 9.4 i 1.90 i 5.97 i 0.91 i 2.13 i 0.99 i 3.84 i 4.2 i 24.6 

........ --.......... ! ............. ! .... __ .. _-.. -:-..... ·_-····t·_······---·t············-t·············t-·_-·--·· __ ·t··········_-·t···_········t············-t-···········t·_-·········· 
2 i 18.9 i 11.7 i 16.4 i 3.9 i 2.44 i 7.84 i 0.87 i 3.39 i 1.57 i 4.45 1 7.1 1 22.8 

.·----··--··.·-----t.·····.··----t--··--··--··-t···-·····-·-·1---·-··-·····t·············1····-········1·---······-··t····-··----·t···-··-·····t·-·······-··t-·······-···t············· 
3 : 34.6 : 23.7 : 22.6 : 18.3 : 12.02 : 5.38 : 2.31: 3.23 : 9.71 : 2.15 : 45.0 : 17.9 , , , , , , . " . , . . •••• ___ •• _ •••••••• __ ........... ___ ..... _ ... _ ..... ' __ .. _ ...... _.·_ .... __ .. •• _____ .. _· .. +·· __ .. __ .. ••• ... • .. _______ ·+ .... • .... •• .. f .. __ .. • ...... +- ......... ___ • ____ ....... __ +_. _________ .. 

4 1 37.5 1 26.9 1 31.3 i 145 i 6.20 1 12.46 i 1.65 i 5.72 i 456 ! 6.74 i 27.8 i 13.8 
·········5········-;--·26:9··-;--·21:9··r·222··-;--·1S:1··-;--·4:63··r·6:74··r·2AS··r·i10··r·2:16·T·ii54··r·14:0··r·20:S·" 
--- .. -.. · .. · .. --.. --t·· ...... -----t:.... ...... -·--t .. ---.... · .. ·t--·-- .. ---.. ·t-----·· .. · .. ·t .. ·---· .... -t---.. -------·t· .. ·-----·---t·--· ...... ·--t· .. --· .... --t-· .. --...... ·t--·--· .. --· .. · 

6 1 27.8 1 29.9 1 23.2 i 22.6 1 4.63 1 7.30 i 2.32 i 4.49 1 2.32 1 2.81 1 13.6 1 18.4 
·········;;········"]""·16:0··r·29:1··r··9:9···r·24:7··T·6:14··r·4:30··T""3:Z7··r·1:46··-;--·2:S7··r·2:91··r·1SX·r··i1· .. · 
· .... ·--· ...... -.. ·-t------.. · .. -·t---...... - .. t .... · ...... --t--........ ·--t---.. -.. ·-.. -t .......... · .. t--------.... t---·-.... -··t-.. -- .. --· .. ·t .. -----·-·--t-.. ---····--t·-----------

8 1 9.6 1 26.1 1 8.8 1 24.8 1 0.81 i 1.38 1 0.64 1 0.62 j 0.17 i 0.76 i 1.5 i 12.1 
...... ---- - ............ -- ............. - -- --. --.... --............. ---- --.. • .. ·f--.. - .. --..... ----... --· .. ·f .. • .. -- - ..... + ...... ------- ......... -- -- + ......... ---- + ... - .... ---- - ...... -- - - -.. _ 

9 i 30.3 i 6.0 i 25.7 ! 0.8 i 4.68 i 5.22 i 0.88 i 3.36 i 3.80 i 1.86 i 25.9 i 20.4 
········IO·······r·45:9··-;--·31:9··r·3S:5···r20:4··r··;;:36··-;--11:50·-;--·2:77··-;--·7:35··r·459··r·4:15··r·19:0··r·16:3··· 
· .. -· .. · ...... ---.. -t···· .. ·------t .. • .. • .... ·--t--.......... ·t .. · .. ·-·----t· .... • .... · .. t .. · .. · .. · .... t·· .... · .... ··t·------.. ·-.. t .. ·------.... t· .. --· ...... ·t------·· .... ·t .. -------, .. , 

11 i 26.8 i 19.4 i 23.2 i 15.1 1 3.54 i 4.22 i 1.69 ! 4.05 ! 1.85 i 1.87 i 17.3 i 16.3 
· .. ···---·--.. · .... ·t----...... ·--t .. -.. · .. · .... t ...... · .... --t----· ...... -t--.. --.... · .. t .. --------.. ·t·--.. --- .. --·t··· .. ----.... t--.. ·--.. ·---t· ............ t-----· .... ---t--....... --.. 

12 : 41.6 : 28.4 : 34.8: 15.9 : 6.78 : 12.50 : 2.62 : 4.16 : 4.16 : 8.40 : 24.5 : 40.8 
....... --...... _ ....... --............ ---------.--•• ----........ .j. .. --.--... ---... _----...... +--..... -............ --... --......... _--.... ----... --......... _.--_ .... +---.... -..... j. ...... -----.. 

13 i 30.0 i 19.6 i 27.9 i 14.0 i 2.15 i 5.60 i 0.43 i 1.87 i 1.72 i 3.73 i 10.2 i 35.9 
········I;j···--r-:iii:4··r·153T·:i8:i·r·J"i:l"l···2:w··r·;j:Is·T·o:19··r·2:s1·T·i9ii··T·1:6:;··Tl;j:7··r··iz:i;-" 
.. -.. • .... • ______ .. ·.·_· ......... • __ • .... • ....... _ .. __ .... +· ........ ____ f .. • .. • .. • ..... __ .. _____ • .. _+_ _______ .. __ f .... • .... ___ +_ ____ • ____ ......... __ .. ·.·_ .. • __ ... + ___ .. __ ..... 

15 i 19.9 i 17.9 i 18.4 i 13.9 i 1.49 i 3.99 i 1.33 i 2.27 i 0.16 i 1.72 i 1.8 i 17.4 
.. --·~ .. • .. ---...... t··-- --- --·--t· .... --.. ---t .... ---· .... ·t-------.. -----:-------· .. -·t ...... -- --.. ·t .. ·_- ... " ·--t· .... ·--·--.. t---.... -- .. · t .. · .. · .. · .. --t-.... --· .... ·t·--.. ---·-.. 

16 : 26.7 : 18.8 : 24.1 : 16.0 : 259 ; 2.76 : 151 : 1.87 : 1.08 : 0.89 : 8.4 : 10.2 
········1:;····_··:···25:0···:···295···:···23:2···:···19:7···:···1:7:;···1···9:8s···1"··1:25···:···:;38-")"··0:52-·:···2:50···:····3:4····:---12:7· .. 
....... ___ ...... __ ..... ____ .. _ .............. ____ ... ____ ........ __ ...... __ .... ______ ....... + __ ....... _ .... _____ ..... __ • +. ____ ..... • .. f· .. __ .. ____ ....... __ .. • .... f .. ___ ...... __ + ___ ..... _ .. 

18 i 28.8 i 16.6 i 20.1 i 6.3 i 5.71 i 10.30 i 3.56 i 4.26· i 2.15 i 6.04 i 12.4 i 285 
........ ----·· .... ··t··----· .... ··t-------.... -t·--------.. ··t-----.. · .... -t ........ ---·t .. ---.... ---t·----...... -t .. ------· .... t· .. ---.. ----·t-.... --.. · .. ·t· .... -·· .. ·--t· .. ·--· .... ·· 

19 1 36.2 1 21.7 1 25.1 1 13,6 1 11.10 1 8.15 1 5.64 1 5.32 i 5.46 1 2.83 1 21.61 16.0 
.... ---- --.. ----.. t--.. -·-----t· .. ----...... t --...... -----t ...... --· .. --t- --.. · .. --·--t --.... -.... --t---· ...... · .. t----.. ----· .. t·· .... -...... t---· ........ ·t -- --._ ...... t-----........ 

20 1 17.8 1 16.3 1 14.3 1 13.2 1 3.57 1 3.03 1 0.98 1 1.37 1 259 1 1.66 i 21.7 1 21.8 
······21·······-;--·21:6··-;--·13::;··"]""·1:;:4"-;--·10:2··-;--·4:24··"]""·3:51··-;--·0:46··-;--·05S··r·3:;;8··r·2:93··r·31:0··"]"·29:0··· 
········22····_·;---22:8··r·19:S···;---2O:6··r·13:9··r·2:21··r·5:S3··r·ii:21··r·0:69·T·2:oo··r·5:14··r·17:2·T·36:2··· 
·······23·······r·33:5··r·20:7··-;--28:0··r·14:3··r·5:s1···r·639·-;--·3:11··r·4:93··r·2Ao··r·1:4;;··r·I2:5··r··8:6· 
········24········1···3s;0···1···2i·:i····1··32:o···1···12X··1···2:98···;···S:66···1···0:26···["""3:25···1···2::;1···["""5:;ji···1-·1i:4···1···:io.s ... 
........ 25 ........ 1 ... 27:9 ... 1 ... 17:9 ... 1 ... 23:2 ... ; ... 13:Z···;-··4:6;=···1···4:7S···1"""035···r··1:S9···1···430···;-·2:8S···;···223···1···24:6··· 
········26·······T2i·.i··r·14:9··r·145"""j""··:;j-·r·6:73··r:;:53··r·i :2;j··r·4:79··r·S:49··r·2:76·T·2S:;j··r-i6X· 
········27······--;-··25:S·r·I2::;··r·20:6··r··;;:7""·r·s:16··r·4:9s··r·037··r·2:81··r·4:79··r·2:1:;··r"34:0··r·16:2·· 
·····M;;;;····"j"""2;;X·r·;Z0:3··r·;Zi:;··r·iis··r·;j:5ii···j"""ii:46··T·i~6ii··T·i29··T·iij6··T·i24··T·i7:6··T·2iii··· 
.......... -- .... · .. ·r .. -.... --.... r ........ ----r .. · .... --.... t .. · .. ------.. t----· .. ------r--.... ----.. ·j·-:-.... ---"'r-" .. -----.. ·r----· .. ---·- t ...... · .. --.. t-----.. · .. · .. t----· ... ~ ... -

Range i 9.f>. i 6.0- i 8.8- ! 0:8- i 0.81- i 1.38- i 0.19- i 0.58- i 0.1f>. i 0.7f>. i 15- i 3.1-
i 45.9 i 31.9 ! 385 i 24.8 i 12:02 ! 12.50 ! 356 ! 7.38 i 9.71 i 8.40 i 45.0 i 40.8 

·····;~!;·····:r:·:····~:~3.··.······r.~.·····~·~~:· .. · .... :::I. ......... :~.~~.: .... :::.:r ... : .. : .. ~.~~~ .. :::.::J .. ~:: .. : ... ~~ .... :: .... :[ ....... ::~ .... : .. :: 
SEn1!! 1.25 ! 1.25 ! 0.433 ! 0.227 ! 0.347 [ 1.78 

~l c: Rainy season (Belore tile closure OI TnanneemlUKKOm regulator) 

SII= Summer season (After the closure of Thanneermukkom regulator 
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Table 22. Correlation matrix showing inter-relationships among soil chemical characteristics 

Characteristics I. pH EC i CEe ! ECEe j Base i Poten. ! Hydr. ! Exch. ! Exch. ~ Exch. i AI 

. , ! j \ satn. \ acidity \ acidity ~ acidity \ If jAil> \ satn . 
...... ---.. -.......... --... : ..... --.---.... ~ .... --- ... ·.·.t·--········---·t··· .... ------··t·····.··----·-t·······----····t·····--------t·····---··---·t·········--.. ·t··------·--···-:-·····-----·· 

pH \1.00: : \ \ \ \ i i \ \ 

.. ~i.::::·::::::·.:::.:·r~:~~·;:::I~::~:::I::::::~:: .. r:::::::::.::r::::::::::::r:::::::':::::r:::::::::"c:::::::::1::::::.:::1: .... :.::::;-:: ..... · 
CEC \ -0.055 i 0.368 i 1.000: : i : : : : : 

·······---········----·····:··----···· .. ···t----·······---t·······----···'t·-------·······t------··--t-----··-------t···_---------t-·-·_--------t·······------t----·· __ ··t---_·_·_ .. _· 

._:::: .. _._. __ ._ .. _.L~~:~~_ ... L~~~.~.~:._1_~~~:~~.j .. !.:~ ..... L. __ ._ ... _ .. L----... ______ L_._ ... _____ L __ .... ____ -_1.. ... ___ . ____ .1.._ .. ____ ..... 1--__ ._ .... __ 
Base sam. l 0.000 i 0.225 j .Q.272 i 0.371 j 1.000 j ] ] 1 1 l 

•••• _._-_ •••• __ •• _--••••• _-.-.- •• _ ••••• _ •• _+-••• _._----•• _+ ... _-- •• -_._ •• -.---.--_ •• _---+-_ ••• __ ._---.+_ •• _------.-.-+.-----.--.--~-.-------...•.• ----... - .. ---.-..... _-_._--....... _----_ .• 

.. ~".'~: .. ~~idi.ty .... j .. :a.:I.~.~ ... ! .a.'.~.9{): ... i .. a..5~~:: ... l .. a.'.~.~:': .. .J .~·~.~~ ... t .. l:~ .. j .... _ ........ L. .... ... .. :. ....... ...t.. ....... t .. . 
Hydr. acidity 1 .Q.033 j 0.412' l 0.517" 1;1 0.167 ! -0.226 ! 0.929" i 1.000 i l ~ ! 

•••• , ••. - ..•• _ ••• , --- .•• _ ••••• _ •• - .•••••••••.•• _ -- ••••• ___ + •• _ •••• __ ._ •••••••• _. _.'_ •••••• f· __ • _._ •••••• _ I ._ •••••••••. _ •• I··· ••••.•. _ •• + ••••••••••. -.. .. ••••••.. ••• .••• • •..••••• _. • 1 _ .. 

Exch. acidity : -0.272 : ·0.015 : 0.146 : 0.690" : ·0.008 \ 0.263 : -0.109 : 1.000: \ \ 
.••...•••••...••••••••.•. : ............... : ............. -~ .............. -~ ....... -....... : ........... -.- : ............... : ............. -t .............. : ........ -..... : •...•.•.•. ! .. . 

Exch. II' 1 0.2M l ·O.12R l 0.OJ5 i 0.507" l 0.57R'· ! 0.164 i ·0.102 j 0.767" 1 I.(XlO! ; 
........................................... ·· .. ·· .. • ... ···· .. • ... • ... ·· .... •• .. _ .... i .. •• .. _ ...... • ..... ·· .. ••• ...... _· ...... _ .... + ........................................... _ ........... .. 

Exch. AI" : -0.159 : 0.076 : 0.174 : 0.574" : .41' : 0.492" : 0.237 : 0.815" : 0.261 : 1.000 : 

··~;··;;;;;;:··········T:;;:~~~-·T~~;·;;·T:;;:~;;;···r~:;·;~···T~·~~~::·T~:~~·-··r:~:;·;;-r~:;;~··:-·T~··;;~-·r~--~;;·::·r;:~" 

• Significant at 5% l~vel .. Significanl at 1 % level 

. CONCENTRATION, cmol(+)Jkg 

ACIDITY 

Fig 17. Different forms of soil acidity during 
rainy and summer seasons. (PA - Potential 
acidity; HA - Hydrolytic acidity; EA - Exchangeable 

acidity) 

exchangeable acidity. Exchangeable H' was the 
dominant form during summer, contributing 

51.3 per cent to exchangeable acidity (Table 

23). The decrease in pH during summer 
enhanced the rate of hydrolysis of trivalent AI, 
releasing more H' ions. Since the soil pH was 

below 4.0 it may even result in the dissociation 
of water molecules and the release of H' ions. 

The contribution from exchangeable H' to ex
changeable acidity increases as the pH de

creases (panda, 1987). The surface samples and 
profile samples also expressed similar be
haviour. 

Among the components of potential acidity a 

noticeable increase was observed during sum

mer only for exchangeable H' which was 

reflected on exchangeable acidity also by 

showing an enhancement. TIlls was clearly 

evident from Fig 18. The other component of 

exchangeable acidity i.e exchangeable alumi

nium also showed a slight increase during the 

summer season (after the closure of Thanneer

mukkom regulator) but its contrib~tion towards 

the increase was comparatively very small. 
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Table 23. Percentage contribution of acidity contributing characteristics to potential acidity and 

exchangeable acidity during rainy and summer seasons 

Padase- . Per cent of potential acidity i Per cent of excbaogcablc acidity 
kharam .. , ........ ---... --... --.. ----....... -----...... ------....... --...... ----.. ----.. --------.+.----.. ----....... --... -.. -.----.... --............ --.----........ --......... ""'---'-'-' 

1 Hydrolytic acidity 1 Exchaogeable acidity i Excbaogeable W i Exchaogeablc AI" 
No. 1. .. ___ .. __ . ___ .. ___ .. 9 .... __ • __ • __ .... __ •• 1-.. ____ . ______ .... -. ___ ... ___ ... __ . ___ ... 1.. ___ .... __ ...... __ ........ __ . __ . __ .. __ .. __ .1 ........... __ . __ ... 09 •••••••••••••••••• _._ 

I m I w I m I w I m I w I m I sa 
.-.. -------_···-.. _·-t···--·· ------···-----t--------_·--·_·_·----1 ·----------·-------1----·-----_·-----·_--t-······_·---_·_------t-·_-----_ .. ··· --..... -t-.......... - .... -.-t ... -.-.......... -.. 

I i 91.1 i 61.1 i 8.9 i 39.9 i 47.9 ! 35.7 ! 52.1 i 64.3 
·········i .. ·······r·····87:J .. ····T····-:iio······-;--·····iz:9······r·····67:0······r·····35j······r .. ···4iz······r·····643·····T····56i···· .. 
• -- •• ______ • __ ._ ....... _. __ •••••••• _ •••• _ ........ _. __ ••••••••••• _ ..... _ •• __ •• _____ •• ___ ......... _ •• __ •• __ • ____ • ___ f __ • __ • __ •• __ ··_·_··+ ____ ··•··· ____ • ... _···_·· __ • ____ ··_-... ---..•... __ •••• __ • __ 

3 I~iml~i~il~i~imi~ 
.-_._ ••• _---_ •••• _._-.. -._ ••••• __ • __ •• __ ....... _._-_ ••• --------.. -••••• _------_ •• - ..... -. __ .-_ ••• _---_._ ••• _+ •• ----_ ••••• __ ...... _+ •• _-_ •••••••••• _----.. - •••••• __ • __ ._-................ - •• __ •• _ •• _-

4 1~1~311~i~l~i~iTI5In3 ..... _--_. __ .. _._-_ .... _--_ ..... _---_. __ ....... _---_ ........... __ ..... _._-_._ ........ _._ ..... _._-_ ..... _._ ... -.... _. __ ._ ....... _-_.- ... --_. __ . __ ...• ---_._ ... --_._-----_ ... _ .. _--.. -_ .... _-_._-_ .. _ ... . 
5 I 82.8 i 69.2 i 17.2 i 30.8 i 53.4 I 46.0 ! 46.7 i 54.0 .. __ ._ ... _ .. _--_ .. _ ... -._---_. __ .. _._-........ _---_ ...... _--.. -_ .... ---_._ ....... ----_._ .. _._---_.-.... __ . __ ._ ........ _ .. _-+-----_._ ...... _-----.. -.. _ .. __ . __ . __ ... -.-.. -_._ ........... __ ..•. 
6 irul~51IUi~l~i~i~i385 

··-------····-------t·······----··-··-····t-----·-····-·---···;t··-----······-·------t······--····-·····---t--·····-·---··---···t········-------····--t----·-····-··---····t··-··--···-···--··-
7 !613i~i3U!~ni~3!~i~i~ 

·········s·········r·····9i:6······r·····!i4::;······r······8:4"·····T······53·······r·····79:0······"[""·····45:0······r·····z1:0······r·····ss:0····· 
·········9"········r·····ii4.6······"]""··· .. i2:6······r·····is:4······T·····ii:;X·····-;--····18:ii······-;-··· .. 64:4······-;--····81:2"·····"]""····"3s:6"·_· 
·-·······-------·····t·-·-·--···--··-··--··t·--··---·········-·-t·-······---·--·-·····t--·------········---t-····--·------······t···------····--·--t·······-···--·······t············-····-· 

10 i 84.0 i 56.3 i 16.0 ! 43.7 ! 37.6 i 63.9 ! 62.4 i 36.1 
········iT······r·····iii5:ii······r·····:;ii:z······r···-iiz······r·····zl~8······r·····4:;j······r···:·96:0······r·····S23···· .. -;-···· .. 4:0······· 
.....................• -..... -................. -.-......... -.. -... + .................. --.-t-............. -•• -....• --·-········--··-.t·········-··-·-···-·t···········-·--...... +--._.-.......• _ ... . 

12 i 83.7 I 69.0 i 16.3 i 31.0 I 38.6 i 45.5 i 61.4 i 54.5 .-................ _ .............. _ ....... _ ............ -.. -............. -_._ .. -.. __ ......................... _.--...... __ .-.. -._ .... _ ....... _ ....................... _ .. _ ................................. _. 
. 92 . 6' . I 00' . . 13 i .8! 5.0 i 7.2 ! 44.0 ! 2. ! 32.8 ! 80.0 ! 67.2 

········i4"········r .. ·····9ii····--r· .. · .. Sz:7······T······6:9···· .. ·r·····Z:;:3····T······!i:J·······r·····40:0···· .. r·····90:9···· .. -:--···60:0···· .. 
···········-·········t·-·-·············-···t··············--·····t·····-·-··-·······-·t-·-···-··-·-··-·-t·-······-·····--··-t··········-··········t·····-····-·,--...... ~.-.-.-....... -.-... . 

15 ! 92.5 ! 77.7 ! 7.5 ! 223 ! 89.3 ! 56.9 ! 10.7 : 43.1 
.•••• -•• -..••.• ___ ••. t .. ____ ._ •••. _ ••• _._ •• .t_ .. _ •.. __ .......... _ . .j. ••••••• _._._. __ ._·· .... _. __ ••••• ••• _ •• _ •• ··t._. __ .... · ...•...... _ .......... ____ ....... _ ... _ ... _ ....... _ .. , .. - .. .t .. _ ............ ____ .. 

16 I 90.3 i 85.3 I 9.7 i 14.7 I 58.3 i 67.8 i 41.7 i 32.2 .-....... _ ....... _-_ .... -........ __ ........ -- ... -... _ .................. -... _ ..... __ .. -. __ ......... _-_ .. _ ........ --.......... _---_._-_ ..... +--_ .......... _._-_ ... + •••• _. __ ••••••••• _ ••• +_ ••••• - ••• _ ••••••••• -

U 1~I~iW l~i~l~i~i~3 
···········----·-·:··--·-······-···---··t·····--···-······ .. ·t-·······-·----·--····t--··--······-··---·-·t····----·-········--:··········------·-···t·-··---···········---t·····---······-··· 

18 ! 69.8 i 37.9 i 30.2 i 62.1 ! 623 ! 41.4 ! 37.7 ! 58.6 
·····--······· .. -·---t······-············--t···-··--············-:·-···-··---·····-··t--······-,····--····t·--··-·······-----·t···---·--······-·--t···-······-··-·······t-·-········-·····-··· 

19 : 69.3 ! 625'! 30.7 ! 375 : 50.8 ! 65.3 : 49.2 : 34.7 
..••• --•••.• -.----.-..... ---.-•••..... ---......... ------.................. -.----......... -.-••..... ---••• -•. - ..... --••• -...•••••• ---t-.••.... -.• -.--•••..•• + .. -........... -......... ----.-......... --.-

20 i 80.0 I 81.4 I 20.0 i' 18.6 i 275 i 43.2 I 725 i 54.8 
.. ······2'i .. ······r .. ··iioX' .. ·--r .... ··:;4:3· .... ·r .... ·i9:6 ...... r·····zs::;--· .. ·-;-.. ···10:8'· .... -;-: .... 16:s·····--r .... ·ii9:z .. · .. '1"··· .. 83:S··· .. 
·· .... ·zz ........ r·····903· .. ··--r······:;0:s .. ····r .... ··9.7 ...... ·'1"·· .. ·z9:s···· .. r .. ····!i:s .. ·····r·· .. ·l1:ii .. ·· .. r· .. ·9ii:s .. ··· .. r .. · .. ii8:z .. ·· 
·-···-····--········~--···········-·······t------········-··-···t······-········-···--t·············-·-·····~··-·-·-····-····-···-t······--·-------····-·~·-·······-···········t···-··-········--··· 

23 i 83.6 ! 69.1! 16.4 i 30.9 ! 56.5 i 77.0 ! 435 i 23.0 .•........... _ ..... _ .•................ _ ....•........... __ .......•. -...... _ .. __ ._ .....•....... _ .........• -••........ _._._ .......• -. __ ._ ........... _ ....................... -.............. -._ ....... -
24 i 91.5 I 58.9 i 85 i 41.1 i 9.0 i 37.6 i 91.0 I 62.4 ·· .. · .. zs ...... ·T· .... ·iii3·· .. ·T· .... :;35· .. ···r·····16T····r .. ···z6:5 .... ··r ...... :;:s····· .. r· .. ··39::; .. · .. T .. ·· .. 9Z:S ...... r· .... 60j·· .... 

· .. ·····z6 .... ···T ...... 6ii:3· ...... r-·49:3~·· .. ·T····'31:7 .. ····'1"·····so::;· .. ···r .. ···lii:4 ...... r·· .. ·63:4 .. ····r·····~1:6 .. ····r .... "36:6··· .. ·· 
···-···--···-··---··t······--··········-"1-·······-·-·········t--········-·-·--··-··t·----·············---t·····-··--··········t···-········-·--··t···-----······-··-·-t····-·--···········-

27 ! 80.0 i ro.7 ! 20.0 ! 393 ! 7.2 ! 56.4 ! 92.8 ! 43.6 
.-•••••••• _ ••••••• _-- ... _ ••••••• __ •••••••••• + •••••••••• -_._ ......... -••••••••••••• _ ••••• +._. __ ._ •• _ ••.•.•• __ ............. -••• _. __ •• _ ••••• _-_ ••••••••• _._ ................................ _ ••• ; •.••••••• 

Mean ! 83.1 ! 64.5 ! 16.9 i 34.8 ! 37.6 ! 51.3 ! 62.4 ! 48.6 
............. --.... -.•................... --...... -_ .............. .t.~ .......... _ ....... _.t __ ._ ......... _ .. _ .... ;.····--·-··········-·· .. ··.········-·········t·-... ············.···t···· .. _ .. ··_····.·. __ 

Range I 61.7-93.1 I 12.6-94.7 I 6.9-38.3 i 53-87.4 i 7.2-89.3 I 11.8-96.0 I 10.7-92.8 I 4.0-88.2 
··cD·(o:iiS)·r···· .... ·· .. · .. ·:;:79·· .. · ...... ·····r···· .. ·· .. ·· .. ·7.63···· ...... ··· .. ·r· .. · .......... ··9:56······ ...... ·····r······ ...... ··956 .. ··· .... ····· .. 
·· .. ·sE;;;~·· .. ·-;--· ........ ··· .... i6S···· .... ········ .. r .. ·· ...... ··· .. i62··· .. · .... ··· .. ·-;--······ ...... ·· .. 3· .. 29'·· .. ··· ...... ····-;--····· .. · .. · .... 3'.2'9" ............. .. 

SI - Rainy season (Before the closure of Thanneennukkom regulator) 

sa- Summer season (After the closure of Thanneermukkom regolator) 
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I;. Rainy seaso~ Summer 

ACIDITY COMPONENTS 

Fig 18. Percentage contribution of different 

components of acidity to potential acidity 

during rainy and summer seasons 

Since the data on different forms of soil acidity 
during the pre-barrage period were not 

available, the comparison with present values 

was not possible. However, based on the dif
ference-in pH, an increase in soil acidity during 

the post-barmge period was confirmed. 

2.3 Potassiun4 sodium, calcium and 

magllesium: The concentmtion of different 

fractions of the bases was greater during the 

rainy season, evidently due to the influence of 
saline water !hat remained in the area during the 
time of soil collection. The decrease in 

concentration during summer was the result of 
the closure of Thanneermukkom regulator and 
thereby preventing saline water entry. 

The mean value of av(!iJable K was 287 ppm 

during rainy season and decreased to 189 ppm 

during summer (fable 24). About half of 
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available K was present in water soluble form. 

During the pre-barrage period the area was said 

to be deficient in available K (Alexander and 

Durairaj, i968; Nair and Money, 1972; Sreedevi 

and Aiyer, 1974). Compared to that, an increase 

in available K was observed during post-barrage 

period. 

With regard to Na, a reverse trend was 

observed. Na was the dominant cation of the 

exchange complex during the pre-barrage 
period (Nair and Pillai, 1990). The closure of 
Thanneermukkom regulator prevents the saline 

water intru.~ion into area and this reduced the 
Na content considembly. TIle available Na 

content of 1806 ppm during rainy season 
decreased to 467. ppm during summer (fable 

24). More than 80 per cent of available N a was 

present in water soluble form. The exchangeable 

Na was present in negligible quantities. 

Among the basic cations, Ca was present in 

large quantities. The available Ca content was 

2278 ppm during rainy season and decreased to 
1602 ppm during summer (fable 25). Major 

part of available Ca remained in exchangeable 

form. Compared to the values reported by 

Sreedevi and Aiyer (1974), there was a consi
demble increase in Ca content during the post

barrage period. Frequent addition of liming 

materials and better strength of adsorption made 

Ca the most dominant cation among the 

exchangeable bases. 

TIle behaviour of Mg was similar to that of Ca 

and it occupied a position next to Ca, among 

the exchangeable bases (fable 25). 

The different fractions of K, Na, Ca and Mg 

were positively and significantly correlated with 

each other and tlleir inter-relationships are 

presented in Table 26. 
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Table 24. Available, water soluble and excharigeable K and Na in soils during rainy and summer 
seasons 

K Na 

Pada- t······~~~;i~bl~······l········w~;;;;·····T···~~h~~~bi~·-l-"'~~~ii~;;i~""'r-'" ~~'~""""l""'~;b~~~;;i~"'" 

sek- t .......................... L_.~~~~~l= ....... L ............................. L ... _ ................ L .... ~~~~~~ ...... .; .cmo1(+) kg" 

baram : ppm : cmo1(+) kg ., j ' ppm : 

No. ["····s~··T···sii···T··s·;··T·s~··T····si·····r···s;;····T··si···r·sii··T··s~···T··s·ii···T····si .. ··T···si;·· .. . 
••••••••.•.•.••••••••••••••• _- .... -.•••• _ ••••••.••• _--._+ __ ···_. ____ t __ ••. __ ._._. __ t_.···.··. ______ t __ ••• __ ··-+--•••••••• - ••..• ----••.• --•••.•..•.. + ............................... . 

1 i 325 i 264 i 134 i 85 i 0.490 i 0.458 i 2502 i 520 i 1984 i 427 ! 2.251 ! 0.408 

·····i·····r··243··T··17i5··r·13i5··r·i·os··r·0:27S··r·0:!74"T2437T"sI5'T2230'r'457'T"0:iio:;"r'0:254'" 
...... "3" ...... 1 .... 246 .... 1 .... 81 .... 1 .. 100 ... 1 .... 47 .... l"'0:373'''1'''0:oss'''1''io44''1"""484'''1''1797''1'''409'''1 ·· .. i:07s··1···0:3zi·· 
······4······;--··48Z···r·373··T·34S··r·225T··0:343··r·0:3so"r4489'r'7io"r4312rs74"!""0:767'T:0:s94'" 
•••• -----._-_ ••••• _-.-- •• __ •••••••••••• _--- ... _---_ ........ -. __ •• _---- .. -_ ••• _ •••••••• -.--••• _-_ •••••• - .. ----•••••••• + •••••••• _ •• +_ .............. --••••••••••••••• -._-•••• - ••••••••••• _ ••• -

5 ! 251 ! 421 ! 148 i 137 i 0.263 ! 0.728 ! 1827 i 783 ! 1647 ! 692 ! 0.781 i 0.911 

·······6······r··231··T .. Z06··r·140··r·47··r·0:231··r·O:40i"T'9SS"r'35ti"r'830'T'zsoT'ii:6S7"'ro:3Z9'" 
······7······r··z/iz···r-i17··r·lS4··r·j·i·r·0:z7:;···ro:l/i/i'TiziTr364"T'i068'r'262'T"0:623"r'O:443" 
·_···S-····T··Z11···ri24··T·117··r··6"i···r·0:Z41··r·0:!Ss"r1374"1"'399"riz91'r"33i-'r'0:363"r'0:2W'" 
······9"·····r··400···r·1si··ri80··r··7·5···ro:307··r·0:z8/i"rZ024'r'24i5"rI987'r'Z09'--r"0:i'S9"r'o:itiz" 
···············.··············.········-···f·-·-········f·-······-··f-·············f···············f··· .... ·····f············t············.············.······-·······f··············· 

10 ! 535 ! 335 i 349 i 192 ! 0.476 i 0.368 i 3562 ! 926 ! 3416 ! 799 i 0.662 ! 0.551 

······ij·····r··200···T .. 1sS··r-i19··r··5·s···r·0:Z09··r'0:3z4"'rSlz"r'Z99'T69i-r'zsi'r'0:5zs"r'0:oii" 
······iz·····r··3zs···T .. 18/i·T·187··r··s6":··!""0:3s9··r·0:zss"TI420'r's49'T1263';--'380"r'0:687'-;---0:734'" 
······i3····-;--·-:iis·:--r··lss··-;---ii6··-;--·i3i·r·0:490··r·0:14/i'--;-1874'-;--'42s'TI6i-o'r4os-'T"iisi'-;--o:071" 
.•••••••••••••• i-•••..••••••••• .j. •••••••••••• .j. •••••••••••• .;. ••••••••••• .;. ••••••••••••••• .;. ••••••••••••••• .;. •••••••••••• .j. •••••••••••• .t ....•.• _ .•• .;. •••••••..•.. .t_ ••••• _ •••••.• .j. •••••••••• ,.. ••• 

14 ! 304 ! 337 i 151 i 132 ! 0390 i 0.526 i 1848 ! 411 i 1677 ! 362 ! 0.746 i 0.215 

······is .. ···r··isz···T .. 142··r·10s··r··76"··r·0:!91··r·0:!i5s"rI390'r'403Ti16s'T"313"r'0:980"r'o:38S'" 
······ii5·····r··zoi···r·141···j"""160··r··94·T·0:119··r·0:120"rlss-s'r'6Z6"T'14s3'-;--4io"r'0:4s7"T'I:34T" 
······i7······1····300····r .. loz-··l· .. 16z···1 .. ·4s····1"""0:3sl"'1'''0:14s'''1''207s'r'341'''1''19z4''r'3ii'';'''0:6s3"';"'0:ow'" 
••••••••••••... .t •••••••••••.••• .j. •••••••••••• .j..-_ •••... · •• .j..··········.j.··· •• • •••••••• ·t········ ..•...• .j. ••••••••• -•• .j. ............ .j. •••• _ •• _ ••• .;. •••••••••••• +_ ...... ~ ....... .;. .............. . 

18 ! 276 ! 142 ! "148 i 92 ! 0.326 ! 0.127 i 1651 i 545 ! 1514 i 462 ! 0.594 ! 0.360 

······i9·····r··21s···r1s2··r-i04·T·iii··r·0:292··r·0:!0i5"ri-S7s'r'424'T'1701'r'33:'-'r'0:75s-T-o:3is'" 
·····io·····r··ZZS···r··si-··r·138·T·49···r·0231··r·0:OSl"r'714"r'163"r's04"-;--lsz"r'0:910'T"o:047'" 
·····ii·····r··231··--r··137··r·11i""·-;--·6"i··--;-·0:304··T·0:19s'--r":;00"r'Z34'""1""s63"r'19s'--;-'0:S97--;--'0:1:;0" 
···············..j.············· . .;. .. ··········t··_ ........ .;. ..... -.....• - ............ .t ••••••••... _ ............................. ...j._ ••••• __ •••••••• _ •••••• .j. .•• - ••••••••• -.j. ••• , •.. , .. _ •• 

22 i 245 i 108 i 116 ! 53 i 0.331 ! 0.142 ! 1638 ! 415 i 1493 ! 385 ! 0.632 ! 0.129 

·····23······!····34Z····t··1Z4···t··230···!···j·i;6···j"-0:zss···!···0:14s···!··Z366··!"""34Z-··!··ii7s··t··Z90··"!"""2:sii-!"'ii:22S'" 
······24······1····280····1···Z93···1····i24···1 .. ·i"i"4·r'0:399"'1"'O:460"'n459"rs/iii"";---i22ti'T4zi5"';---'i:014"'1"'ii:/ii7" 
"""25"""1"418····1'··1s9··r·223··r··76"···1-·0:500· .. 1 "'0:z9O"'1"2343"1"'szl'"")"2010"r'369"'1"'1:449-'1"'0:664'" 

:::::~~:::::I::~s.:::r:~~~~:]::::~s.~::r::!~::I:~:~z.:::r::~:~s.s.::r:~1.::I::s.~z.::r:?I.~:::r::~~~:::L:~:~I.i::T:~:~?·:: 
27 ! 238 ! 163 ! 138 ! 63 ! 0.255 ! 0.255 ; 1648 ! 489 ! 1487 ! 304 ! 0.699 ! 0.802 

:::~~~:::j::::~::::!:::~~~:::1::::~~~::t::8!:::j:::~~I.!.:::1:::~~~~:::l::~~~~::t::~~'-:::!::~~~~:r:~~~:::L~:~~::T~ii:~~~:.: 
Range i 182- ! 81- i 100- i 47- i 0.119- i 0.081- i 700- i 163- i 504- i 152- i 0.159- i 0.047-

i 535 i 421 i 349 i 225 i 0.500 i 0.728 i 4489 i 926 i 4312 i 799 i 2571 i 1341 
··CD········i··-·····2ii··········t·········zj~0·········t-············~S···········+·········i~i·······+····-···~7········+····:·····ii:ij·o·:······· 

(0.05) : j ! i : i 
···············.j.············· ..... ······ .... l. __ ........... -·· ...•.... l .......... -.....•...............• l._ ......•..... _ ........... .;.._ ........................ .;. ................... _ .... _ ... . 

SEmi ~ 0.884 ~ 7.23 ~ 0.022 ~ 101 ~ 99 ~ 0.003 
. SI = Rainy season (BetOl" ttle closure of ThanneennUKKom regulator) 

SII = Summer season (After the closure of Thanncermukkom tegu1ator) 
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Table 25. Available, water soluble and exchangeable Ca and Mg in soils during rainy and summer 

seasons 

: 
: ~ i ~ 
t·····························..-·······_·····.···· .. ··· .................................... -+ ............................. .,.-.-------.-----.----, •. -----• .,..-----.----.•••. --.••••••• 

i Available i Water silluble i Exchangeable i Available 1 Water soluble 1 Exchangeable 
Pada- f··_·················,_·····L ........ , ................. j cmol( +) kg·1 f·····························i...······················· ... j cmol( +) kg ·1 

sekba- 1 ppm i· 1 ppm 1 
ram No. !------_·-----T----------··-r-----_-------T----------- --1-------------1-------------r-------------l'···----_·····r----·------r·····--·----t--·--·---····r····'---··--

lmiWiRiWimi·WimiWimiWimiW 
: -: : : : : : : : : : : ·······---·--·----t·····-----.. ·t .. ······---·t······ .. ·····t···········--t········· .. ···t·············t·----·--····t············-t· .. ···•·· .. ··t········_·-t····_··_···t· ........... . 

1 i 4000 i 1501 1 404 i 171 i 17.98 i. 6.65 i 348 i 287 1 241 i 50 i 0.90 i 2.05 
••••••••••••••• - • .j. •••••••••••••. j: ••••••••••••• ;. ••••••••••••• .j. ••••••••••••• .j. ••••••••••••• .j ............... ;. ••••••••••••• .j. ••••••••••••• .j. ••••••••••••• ;. ••••••••••••• .j. ••••••••••••• ;. ••••••••••••• 

2 i 4014 1 1966 1 503 1 328 1 17.55 1 8.19 i 378 i 450 i 279 1 84 i 0.82 i 3.04 
•••••••••• , ••••••••••••••••••••••••••••••••••••••••••••.•••••••••••••••••• + ........................................................................................................... " •••• 

3 1 1986 1 1548 1 423 1 430 1 7.82 1 5.59 1 429 i 155 1 392 ! 77 1 0.31 1 0.65 . 
•••••••••••••••••• + .................. ~ •••••••••• + ••••••••••.••••••.••••••••• + •••••••• ~ .................................. + ••••••••••••• + •• _ ••••••••• + •• _ .............................. ' ••••••• 

4 i 2401 i 3412 i 750 i 494 i 8.25 1 14.59 i 714 i 323 1 611 i 89 i 0.86 1 1.95 
········S·····-·n·99S··r"iS94··r··:i·(i-i··-r··Z9i···-r·s::w··-r·S:Oi··r··460··T···zi9···-r··Z99··r···SS····-r·1.3;j··T··i09"· 
•••••••••••••• - •• ;. ••••••• ~ .~ ••• ;. ••••••••••••• .;. •• - ••• _ •••• .j. ........ _ .................. .j. •••••••••• -.;. •• - ••••••••• .j. ................ - •••• - ••• ;. ............................ ;. ••••••••••••• 

6 1 2490 1 1498 1 297 i 187 ! 10.97 1 6.55 i 367 1 180 ! 311 i 90 1 0.46 1 0.75 
········i·······r·zoi"9··T···ii.i·j···r··s·6"i···r·Z(ii·r·;;:3;j··r·i6;j··r·4io···T··"iis···r··:ioi··r···S7····r·0:<iS··r··0:73-
········S··--·rz40:i··T···99i···r··S7S···r··i20···r·9:i;j··r·iS6··r·3·S·S···r··i·6S···r·324-r···99··-r·o.!i-i··r·o:55··' 
········<i·······r·z6"ii·r··-i76···r··i·0···r·"ii"9···r·9:ii7·r·Z:<is··r·iis···r··is1"··r3M···r··107···r·051···rO:4z··· 
..... ·············t···, ··_······t ......•..•... t·············t·;.···· ....... t ...... ·······t ..... ···~····t·········'···t;.············t : ............ t····· .; ...... t·· ........... t ............ . 

10 i 2799 i 2811 1 1010 i 383 i 8.95 i 12.14 i 1613 i 307 1 817 1 193 i 6.64 i 0.96 
.................. .j ............. j ...•........• : ...•.•... _ .•. j········c····.j········_··· t··.··-······ t············· ............... t············. t···· ......... i-.......................... . 

11 1 1602 1 1267 1 616 1 176 1 4.93 i 5;46 i 423 i 253 1 250 1 81 i 1.45·1 1.44 
·······12·······1···2i·6s···r·i3si···;---620·_·;-···Zo:i···r·;;:7;j···1···5:;;4···r·-ii·s···1····i62··1···349····1··"in····1·'1:45···1···j:35··· 
·····ii····r·zi"i:3··r·j·zii··r··s·is··r·3·S·9···rio:ijij·r·4:4i··r··4ji"··r··iis···r··iss···r··9s····r·z:14···ro:!if·' 
·······i4~-·--;--·zs·S4··r·l-iio··r··9so···-r··z6":i··T·8:1i··r·;;:Z3··r··iii···-;--··Z37···r··i46··r··99·· r·154··r··i:15 ... 
...................................... _ •••••••••• .j. ................................................................... _; ........... ; •••••• .j. ................. -........................... .j. ••••••••••••• 

15 1 1458 1 717 1 597 1 149 1 4.31 i 2.84 1 323 i 358 i 119 1 54 1 1.69 1 2.54 
••••••••••••••• - ................................ ~ ................... -.............. , •••••••• + ••••••••••••• + ••• -~ ......................... _ •••••••••• + ••••• , ••••• _.+_ ••• - •••••• _+ ............ .. 

16 . 1 1642 1 689 1 474 1 157 1 5.84 1 2.66 ! 481 i 263 1 240 1 57 1 2.00 1 1.72 
·······17·······1···zi·66··1···z1"8i···;-··4s"8···1···3·i·S····1···S:54··r·ij:31···r·ii7 .. ··1····i90····1····i6S···r···i·i;4··r·iis···l···o:iZ·· 

:::::::~s.:::~:r:~~~~:::[~~7~::I::s:i?:·:I::::i:??::::no.~~~J::?:~s.::T::~:i~·::IJ7L:T:~S?:::r:::5!::::LO'~4.?:::Lo.~~~.:: 
19 1 2921 1 1738 1 970 1 304 i 9.76 1 7.17 1 629 i 101 1 150 1 78 1 3.99 1 1.88 

·······ZO······r·i·421"·r··Ss:i···r··428···r··i3·0··r·5:Oii··r·i76··r··sii··r··iii···T-·ZS7···T··":i:i····r·z:i4···r0:70··· 
·······2i······r·iiio·ri-ii7··r·332···r··i·s·6"···ris9··r·;;:SO··r··6'i4··r·i4o··r··234··r··94····r·iii···j"""0:3ij· 
••••••••••.• - •••• + ••••••.•• ~ ••• + ••••••••••••• + ••••••••••••• + .•.•••.••••• -+ ..... _ ..................... + ............. +.-•••••. ~ •••• + ••••••••••••• + ••••••••••••• + ••••••• _ ••• - ............. _. 

22 ! 1369 i 1423 ! 314 ! 198 i 5.28 i 6.13 i· 616 i 427 i 240 i 190 i 3.14 ! 1.98 
............................ ~ .................................. .j. •••• - •••••• - .......... - ••• .j. ................. - ••• ~ ....................... - ••• ~ •••••• i-...................... _ ••• -i-••••••••••• --

23 1 2165 1 2071 1 422 1 414 1 8.72 1 8.29 1 402 1 497 1 144 1 249 1 2.16 1 2.07 
······24·····T·z:iii··ris93"·T···427···r··:i'oi··T··9:7i··r~i:ijs··r··:i·53'··r··i:i6···r·"i79···r··Z9S····rl:45··ro:l2"· 

·······zs·····r·27so··T··i·:i67··r-6"S·0····1····zs·i···r105o·r·5:si··r··s·63"··r···s6····r··30s···r···43····r·z:is·r·0:36··· 
·······26······r·ZS49··T·~i"8"-ifr60i"··r·i"9"8··r·ij:i4··r·;;:si··r··6os···r·is3···r··425···r··i·09···r·15z··r·0:3i··· 

·······zi·_··--;-··i·2os·T··ls2o··T·-6is··T···j·si···T·z:9i··r·i:oo··r··soo···-r·ij'0··--;-···i"99-·-r···S7····-r·s:iii··r·o:36··· 
··················.j.·-.··· ••.•••• t .......... ~ •.. + ............. .j. ••••••••••••• .j. ..... _ •.••.•• .j .................. _ ••••.•.• .j. •••••••••••• , .......................... ; ••• .j. •••••••• _ ••• .j. ••••••••••••• 

~1~1~1~I~i~I~I~lnllml~11Bl1.11 
···"····· .. ···-··"!·····~·······t·············t···-··-.. ···t·············1·-····~·····t·············t·············t·········-···t··········-··t··········· .. t·············t············· 

Range i 1110· i 717- 1 297- i 130- i 2.97- ! 2.66- ! 323- i 86- ! 119- i 33- i 0.31- ! 0.12-

:(~d~~~''''I''~'~~~f,,(~':t~''~!~:I~'~,l·:~t~~~ 
SEm ± i 110 i 27.4 i 0.538 i 39.0 ! 21.1 i 0.242 

Sl - Kainy season (Belore the closure of TbanneermuKKom regUlator 

SII " Summer season (After the ckosure of Thanneermukkom regulator) 
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Table 26. Correlation matrix showing inter-relationships among available, water soluble and 

exchangeable K, Ca, Mg and Na. 

~ ~ m h ~ m h ~ m hi~ m h 
acter- KKK Ca Ca c. Mg Mg Mg i N. Na .N. , 

··~~····p··~···r·······'···r··········l···········l···········+-············j···:··········l···········r··········j··············r··········r·········· 
··:~·····r~··;;;::·r;··~····r-·······T···········r···········r············r-·········r············r········r··········r······_··r·······-

::t··:··:r:·~:~.1::·~~~:~:J.:.·.=:J::···:·.:: .. :L:::::· .. ::I: .. :.:::::I:~::·~:J::··:·::::~::L:::::::::r:::::·.: .. ] .. : .... ::::.1::: .. :::.:: 
:. ! 0.563" ! 0.520" ! 0.415' ! I.OOO! ! I I ! I ! ! 

··:·····r~··~~·::·r~·~;;·::T~;;;··T~·~;~·::-r·:·~···r··········r············r···········r··-·····T·············r·········r·········· 
__________ ••• + •• __ ._. _______ + ___________ • __ .. __________ + __ • ___________ .. ______________ + __________ + ____________ .-+ ______________ + ____ • __ • ____ .f ____________ .. ___________ - .. ------_. __ ._ 

Ex. : 0.456' : 0.373 i 0.400' : 0.962" : 0.335 : 1.000: : : : : : 

Ca j ! ! ! ! I ! I ! ! ,! j 
. .. .. ..... ! .... "'---"-:' _._. ---- " .... i'-·-------'··· ! ..... _ .. _--_ .. ! .. _-_ ...... -.. f""""""" too

_----_ •• ····1·--···········1··-----·--·· r"------" ... _! .......• -_ .. ! .. . 

~: I 0.597" I o.~·· I 0.289 i 0.314 i O.66r· I 0.142 i 1.000 iii i I 
··~:·····r~·~;;·::·T~·;;::·r~:;~··r~·~;·:··T~·~;;::·T~··~~···r~··;I;~··P··~-·T·········T···········r··-······r········ 

... _---------+--------------+------------+-----------+-------------+-------------+--------------+------------+--------------+------------+---------------+--------+------------
Ex. i 0.307 : 0.348 : 0.141 : 0.050 : 0.421" : -0.083 : 0.766- i 0.297 : 1.000 : : . : 

Mg j j j j, j j j iii j i 
-------------+------._------+--------------+----------.--+--------------+--------------+--------------+---------------+--------------+------------+---------------+-_._---------+------------
Av. : 0.733" : 0.793" : 0.386' : 0.585" : 0.714" : 0.439' i 0.675- i 0.739" : 0.350 : 1.000 i : 
Na i ~ I I ! 1 ! I j j j I _____________ + _____________ + ______________ + ____________ + ____________ + ______________ + ______________ + __________ + ______________ + ____________ + ______________ + _________ --t------------
ws i 0.728" : 0.800" i 0.369 i 0.565" i 0.726" i 0.411" : 0.691"' i 0.760" i 0.359 i 0.994" : 1.000 i 
Na) 1 ) ! j j 1 )' 1 .) j j 

-------------+--------------+--------------+------------+-----------.. _+------------+--------------+---------------.. -----------_ ..... __ ._-------+-----.-------+---------+-------_._--:. I 0.411' I 0.337 I 0.359 I 0.399' I 0.223 I 0.388' I 0.194 I 0.172 I 0.137 I 0.520" I 0.430' i 1.000 

. Significant at 5% level·· Significant at 1 % level WS - Water soluble 

1.4. Iron: The problem of Fe toxicity is often 
encountered in Kutlanad soils and this is more 
serious in karl and karappadom soils rather than 
in kayal soils (Aiyer et aL, 1975). The extreme 
acidic soil reaction and reduced soil condition 
due to submergence maintained large quantities 

of Fe in soluble form. The, different fractions 
of Fe in soil are presented in Table 27. 

Major portion of total Fe in soils is in the form 
of free oxides. The mean value of free Fe 
dUring rainy season was 6.62 per cent and 
increased to 6.75 per cent during summer. Free 

Fe indicated the quantity of Fe that can be 
reduced within the soil. However, only a small 
portion of the free Fe is solubiJised and present 
in readily available form, even thert the Fe 
status of the area is very high (Fig 19). 

The available Fe extracted by DTP A extraciant 
and double acid (0.05 N HCI + 0.025 N H2S04) 

showed only slight variation. The mean value 
of DTPA extractable Fe was 373 ppm during 
rainy season and increased to 429 ppm during 
summer. Available Fe status of the study area 
was very high based on the critical level 
suggested by Tandon (1995). 
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Table 27. Different [onns of Fe in soils during rainy and sUllllner seasons 

Pada· j Fr"" Fe, % Available Fe, ppm ! Exchangeable Fe Water soluble Fe 

SCkharam! l' DTPA ..... ·T .. ····;;~~bl~ ;~i·d· ... ! cnwl(+) kg". ppm 

No. r .. ·S·;·····T····~;;·····T····s·i·····T····~;;·····r .. ··s·i·····r····~;;·····r····s·i·:···T····~;;·····r .. ··s·;·····T·· .. ~;;···· .. 
:::::::I.:::::::[::::i.·?~::::r:::~·:!~::J:::::~~?'::J:::::~~~:::::L::~~~:::::]::~:~~::::]::::?·:!2~:::I::?~i.iLJ:::::~:·~::::L:::iL3::::: 

2 ! 2.79 ! 4.37 ! 389 ! 529 ! 372 ! 524 ! 0.162 ! 0.215 ! 15 .. 2 ! 43.0 
• ____ ••••••• ____ .j. ••••••• _______ .... _ •• __ ••••• _ ••••• .j.. __ •••••••• --.......... _ ••• _____ ..... ____ • ___ •• ____ ._ .. ____ •• --•••••••• .t •.•.••• _ •.••. ___ • __ ••••••.• _ .•.• _ .. _ .•• ___________ .t._._._ •.• _ .• ___ _ 

3 j 8.56 j 7.01 j 346 ; 486 ; 362 ; 452 ; 0.152 ; 0.197 ; 11.6 ; 15.4 

·······4···· .. T··i·oii···T···i:32····T···556···T·· .. s71· .. ·T···442'···T···490····T··o:i:i'i··T··o:3·i53···T···i4:9 .. ··T···ls:i5 .... 
-•• -•. --- .. -.• -..... --.---.--.. --.-~--.-.-------.. --.................... __ •...•• _----_ ......... -•••. __ .••••. _ •• __ ._. __ ._-.. --------_ •.• _--- .. ----------------+----._ ..•••• -_ ....... __ •••...•.•. 

5 ! 6.84 ; 5.92 ; 440 ; 303 j 348 ; 350 ; 0.097 i 0.255 ; 14.4 ; 15.9 
·······6 ...... ·;-·· .. i5:4i .. ··j .. · .. i5:i4 .... ·j···'·44i .. ····;-.. · .. ioo·· .. ·j·· .. ·429· .... j .. · .. Z22·' .. r·iiz3 .... 1· .. ·o::ii3···j·· .. ·j·9.5 .. · .. 1""··Z4.7···· 
•••••••••••••••• j. •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••.••••• j. ••••••••••••••••••••••••••••••••••••••• ···········.················t················j.········ ....... . 

7 ; 2.87 ; 4.00 ; 249 ; 358 ; 249 ; 345 ; 0.146 ; 0.129 ; 10.4 ; 23.3 
· .... ··S···· .. ·['·· .. 2.96 .... ·1·····2.'62 .. · .. 1· .... z44····'1"· .. Z57·····['· .. ·z49· .... 1··· .. 56S .... '1" .. o."i97····ro."i2'6 .. ·'1' .. ·i9·.9·····[' .... ii5 .. 9···· 
••••••••••.••••• !" ................ !" •••••••••••••• ··t ................ t······ .......... t····· ···········t .. _ ....... ·····t···· .. ' ......... t ................ t··· ............. t···· ........... . 

9 i 6.42 ! 4.34 ! 242 ! 389 ! 215 ! 335 ! 0.099 ! 0.186 ! 6.5 ! 38.9 
................ t·· .......... ····t .............. ··t············· ... t················ t·· .. · ...... ·····t· ......... ·_··t········ ········t········ ········t······· .. -····· t· ......... _ ... . 

10 i 5.79 i 10.54 i 442 ! 798 ! 359 ! 671 ! 0.213 ! 0.372 ! 16.7 ! 18.0 
_ ............... t·· ........ ······t .............. ··t ................ t··· ............. t·········· ······t· ............... j ················t ................ j ....... ·········t ............... . 

11 ! 9.01 ! 10.56 i 182 ! 407 ; 174 ; 424 ; 0.159 ! 0.333 ; 10.6 ! 15.9 
......................................................................................................................................................... ~ ••••••.••••.•••• + •••••••••••••••• 

12 ; 9.42 ; 8.26 j 382 ; 395 j 311 ; 37! ; 0.216. i 0.264 ; 14.9 ; 14.3 
······j'3 .. ···'1' .. ·jo.03···r···S.4ii .... ·r··439··· .. 1" .. ·400 .. ··r .. ·541····r .. ·42S .. ··r··o .. iii···r··o:is2 .. T···ii'6 .... r···jS· .. s· .... 
.. ····14·· .... r··iii .... 1" .. 'i:07· .. ·T .... 36z .. ··T .... 39i .... ·r .. ·343 .. ·:T .. ·'34S .. ··r··O .. i7S··T··02Sl'·r .. ·ii4···--r .. ··j·i£ .. · 
.. ·· .. IS .. · .. T .. ··ii'6 .... T .. ·i'62 .. ··T .... 37s .. ···r··411····r .. ·236 .. ··r··'37S···r··o .. is7··T··o:Z76 .. r···jS·.'6· .. ·r··i·i5.9 .... 
••• ••. •••. ••• . " .t ...................... •··· •• ·· ••• t .•..•.....•... : .•................ .t •••••••••••••••••••••.•.•..•....• .;. ................................................... j. •••••••••••••••• 

16 : 159 : 2.85 : 401 : 456 : 339 ; 484 i 0.146 : 0.265 : 17.6 ; 19.6 
•••••••••••••• " + ............................................................ _ •••••••••• + •••••••••••••••••••••••••••••••••••••••• "" •••••••••••••••• _ ••••• + •••••••••••• _ •• + •••••••••••••••• 

17 ; 6.73 i 6.68 ; 484 i 498 ; 452 i 389 ; 0.233 i 0.208 ; 18.2 j 15.7 
················t················t··············-t················t················t··-············t················t········· .. ·····t················t················t················ 

18 ! 9.47 ! 7.37 ! 477 ! 567 ! 395 ! 533 ! 0.168 ! 0.255 ! 42.0 ! 13.9 
•••••••••••••••• + ............................................................. _ ........................ ·····f ••••••••• · •••••• f._ •••..••••••.. + •••••••••••• • ••• f_ •••••••• ••••·· + •••••••••••••••• 

19 ! 8.37 ! 7.82 ! 310 ! 437 ! 576 ! 1031 ! 0.279 1 0.165 ! 32.9 ! 15.5 
........................................................... _ .................................... _ ................................. " .......................... .t •••• , ••••• ' ••••• j. •••••••••••••••• 

20 ; 8.52 ; 6.83 i 313 ; 231 ; 302 i 222 ; 0.184 ; 0.221 r 15.6 ; 12.7 
.. ·· .. 21···· .. r .... s:70 .... '1' .... 9 .. 66 .. ··'1" .. ·262' .. ·'1"···420 .. ··'1' .... 243 .... '1" .. ·Z90···'1"··O.i5S .. ·'1" .. O.24i··'1"··i4",i· .. r .. ·ji::i· .... 
.. ·· .. 2Z·····r .. ·4:0S····T···i5."i2 .... T .... i6' .. · .. r··50Z· .. r .. ·254 .... T .... 442····'1" .. O .. z:is···T .. o::i'i54 .. T···Is.i .. ·T··2i5:7··· 
......... -...... ~ ....... ······!·· .. ····· .. ·····~················l· .. ······• .. · .. ·t·· .. ············l·· .. ·· .... · .. ···t··········· .. ···:· .. ········ ..... ! ............... ~ .............. . 

23 ; 9.88 ; 7.10 ; 522 ; 368 ; 483 ; 361 ; 0.222 ; 0.357 ; 18.1 ; 14.3 
................ j. ................................. .;. ................ t·· .............. t-- .............. j. ................ j. .............................................. , ..................... . 

24 ; 5.99' ; 7.91 ; 288 ; 505 ;. 275 ; 441 ; 0.216 j 0.423 ; 19.0 j 19.7 
·····2S .. ·· .. ['· .. ·9:47 .... ·;· .. ··i5 .. 72 .. ,··;·····523·····1"· .. 463· .... r .... 453·····1· .... 46s .... '1"··O:iiss···T .. o:i"65· .. ·r .. 7'.8·····; .. · .. j·6.0 .. ·· 
•••••·•••·· .... ·+ .. _· .. • .. ······f·····.····.··· .. +_ .. _ .. •••••• .................. + ............ _ •• + ............................. • .. ·f·· .. ··• .. ·······•···.··.·.·· .. • ... ··•· .. ·········· 

26 ; 8.01 ; 7.47 ; 403 i 448 ; 382 i 413 i 0.095 ; 0.332 i 6.0 ; 20.5 
.. ·· .. 27··· .. T .. · .. i2'6 .... r··j·0,32 .. ·T .. · .. :i66· .. ·T .. ·4s6 .... T .... 317 .. ··T .... 427 .... r·iiis5·· .. r··o.'i94···T .... ·:ij .... --r .. ··ji6 .... · 
.. ·M~~;;-··r .. ·i5.62 .... T .. ··ii:75 .... r .. 373· .. ·T .. ·429 .... T .... 35ii .... T .... 447 .. ··r·oi74 .. ·-;--·ois9· .. T .. ··i'!;",9 .... -r-.. ·lii .. ii··· 
......... " ...... .t •• _ ......................................... _ ................... _ ...... _ ............................. .;. .................................... _ ............................... . 

Range i 1.59· i 2.62- ! 182- ! 103- ! 174- ! 222, ! 0.055- I 0.126- i 3.1- i 12.7· 
: l ! i ! ! ! : : ! 
i 10.11 ! 10.56 ! 556 ! 798 ! 576 i 1031 i 0.279 ! 0.423 ! 42.0 ! 43.0 

CD··io.(5)!··········· .. ·NS··············!· .. ····· .... ·5S:z·············:--· ........ ··60X········· .. 1·· .. ········0:03·4· .. · .... ····1··············NS .. ············ 
.. s'ii;;;~ .. ·r ........ ·· .. ·0:287·········· .. r ...... · .... ·18§ .. ······ .... r ........ ····20:8'···········'1"· .. ········0:012 .. · .. ·· .... ·T········i:§i .. · .. ··· .... · 

Free Fe - Citrate·dithionite extractable Fe Double acid = 0.05 N HCI + 0.025 N H,SO. 
SI c Rainy season (before the closure of Tbannccrrnukkom regulator) 

SII ~ Summer season (after the closure of Tbanneermukkom regulator) 

Compared to available Fe, the exchangeable Fe 

content was very low and the mean value 
increased from 0.174 cmol(+) kg· l during rainy 

season to 0.259 cmol(+) kg· l during sumlller 

season. The water soluble Fe also followed the 

same trend as that of exchangeable Fe and the 
corresponding values were 15.9 and 19.6 pPlll, 

respectively. The exchangeable + water soluble 
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Plate XIX. Reddish scum of ferric oxide in padasekharams of Kumarakom village 

Plate XX. Iron sulphide deposition in kari lands of k'arumadi 



Fe constituted less than 20 per cent of available 
Fe indicatinga' 'major 'portion of available Fe ' .. 

was present in ~rganically complexed form. 

Since the data on above fractions of Fe during 

the pre-barrage period were not available, the 

comparison with present Fe status was not 
possible. However, the quantity of available Fe 

present is sufficient to cause Fe toxi~ity in the 

area and will be more severe during the summer 

season due to the greater quantity of Fe and 
reduction in concentmtion of exchangeable 

. CONCENTRATION 

10 

0.1 

0.01 

90 

.. bases during that period. Fe toxicity has been 

. reported for Fe levels varying from 20 ppm 

(Van Breeman and Moorman, 1978) to 400 
ppm (IRR!, 1964). In presence of adequate 

concentration of nutrients especially the basic 

cations, the plants tolerate Fe up to a few 

hundred ppm (Ottow et al., 1982). However, 

an intensification of Fe toxicity during SWIIIIler 

compared to rainy season can be expected in 

the study area due to the decrease in 
exchangeable base content and increase in 
available Fe during that period. 

.. 

A Fe, Rainy season 

6. Fe, Summer season 

~ Mn, Rainy season 

8 Mn. Summer ~eason 

O.OOlv-.----.---"'--- _____ L.. _____ ~"_ ___ __''_ ___ ..../ 

Free, % DTPA. ppm DA, ppm Ex, cmol(+)/kg WS, ppm 

Fig 19. Different fractions of Fe and Mn in soil during rainy and summer seasons. (DA - Double acid; 
WS - Water soluble) 

1.5. Manganese: Kuttanad soils are fairly rich 
in Mn and its concentration varied from 10.9 to 

49.7 ppm (Pisharody, 1965; Aiyer el al., 1975; 

Rajendran and Aiyer, 1981). TIle different 

fractions of Mn in the study area are presented 
in Table 28. 



Table 28. Different fonns of Mn in soils during rainy and swnmer seasons 

, 
Available Mn ' Excbangeable Mn 

, - ! l % •..... 00 ........... 00.00 ........ 000 ............. 000 ........ 0 ..... 0 .. 0.' cmol(+) kg" 

Padasekba- : l ............ ~~~ .... : ....... L. .... ~~~~I:.~~~ ..... o.j 

Free Mn 

ram No. ! ! ppm ! .: ;, 

Water soluble 

Mn, ppm 

91 

r···S;:·····T···s~···oT·····s;:·····T···s~····T·····s;:··.00T···s~···0·T"···· .. S;:··0.oT .. ··s;:;···or···osi·····T···SU· .. ·· 
: : : : : : : : : : -·······----·----··--'t·--.. ·····-·---·1-···---~---·-·-t····--·····--··-t··········------t·······--·····--t···----·.·······-t····---·······--t·-----·······--t··--··-·_·-----t·_·-· .. --.. ··· 

1 i 45.6 i 59.4 i" 3.10 i 3.07 i 2.7 ! 4.8 ! 0.018 ! 0.016 i 2.20 i 0.82 
··· .... ···Z-.... 0··-;--···2'lijo···T·004i.'ii··0·T .. ·'1'.'ii···T··io.ii .. ·T .. ··9 .. 4 .. ·0-;--··26.Z .. ·r .. ·o.oii .. 00-;--·o:06i5 .. -;--··2:U···T··s:6i5 .. .. 
.................. _--+ .... _--....... _-....... _ .. _ .. __ ........ ----........•... -----------.1' ........... -----.--... _______ .... .j. ••••••• _ ...... _ •• ••• ___ •••••• __ t· ..... ___ .... -.-............ --

3 i 785 i 36.1 i 6.69 i 13.93 i 335 i 15.5 i 0.011 i 0.019 i 2.47 i 0.86 
........ _----... --_ .... __ ._-_ ..... _--....... _-------_._- .. -------_._.-._--.. -_ ... -._---_.-.... -._--_._._._+ .•• -_._ ...... _-+-_._------------+_ .•• __ ._---_ ... -_._---. __ ._+-------------

4 i 93.3 i 45.8 i 6.65 i 9.43 i 16.1 i 40.0 i 0.012 i 0.103 1 2.39 i 0.69 
----... -.--------.-.-~--.-----.-.-.---~---.-.--.. ------t-··-----·---·-·-t--·---·-------t----·-------·---t·-·-·---·-------t·-·----··------·-·t--··---··--·--t--···--·------·t·-------·-----

5 i 75.0 i 35.0 i 12.43 i 7.43 ! 27.6 i 10.2 ! 0.014 i 0.015 i 3.49 ! 0.53 
0.0·······6 .. · .. ····T .. ·44soo.oT··i9T'T· .. li;:·i;so.0-;--··ii.'izo.T,,0'i'10.o'-'1""'i5'.'1"0-:r"''O:oizooT'0:oso''T.000:37'''T''o:7s'0" 
.--.-.--.-----_._ •• _ ••• _________ • _____ ._._ •• ____ • __ • __ -••• ___ ._._ ••••• __ • _____________ ••• ______ • __ ••• __ .i. ______ • ______ .; .. _ •• ___ ••• _. ___ ._.; ••• ____ ._. ___ ._j. __ • _______ -----.; ______ ._._ .. __ _ 

7 ! 40.1 i 24.4 i 18.10 i 2.62 i 19.0 i 2.9 i 0.009 ! 0.008 i 2.27 ! 1.02 
.. 0 ...... ·S·0 .. ··· .. T··s'1',S"· .. j"'··2'6.4·· .. ;--.. lo.93 .. oT .. ·iiioo .. T· .. iz .. s···T···4~4··· .. ;--.. 'O .. OOSoooorO:027··T .. 1:79··oT··33i: .. .. 
---------··---······-·.;.-··········----·t·····---"-··---.;.·······-··------+·····----··-·-.;.-········----·--f·····----·---···f--·-·--·····-·-·f···-·-----··-f·-·-·····.-.... ~ .... -- ...... -

9 i 36.4 i 34.0 ! 531 ! 3.94 i 9.1 ! 3.3 i 0.027 i 0.012 i 5.69 i 1.20 
_ ....... _ ... _ ..... --....... _--._ ...... _+ ..... _--. __ .• -+ .. -...•.... -.. _-+ ....... _-_ .. _ ..... _._ ..• ,_ .. _._--+ .. __ .,_ ......... -.. __ .. -......... _+-_ ................. -........... _+-•.... --_ ...• -. 

10 1 57.3 1 49.8 i 8.72 1 230 i 22.91 19.2 1 0.040 1 0.067 i 1039 i 0.82 
0 .. 0·· .. ·110 ...... 00;-···42.S· .... ;····32.·3·····;--··i6.4s .... ;0· .. i2.'04oo·;-···z2.'S·····;0 .. · .. 9:?i···0·;--···O .. oi2 .... ·;·000:044 .. ·r···S:39·· .. ;0···O§j·0 .. 
... -......... --..... -.j. ......... -.-.... .j. .... --........ -.j.······---·······.j.---·-·· .. ···-·-·t·······-·-····-t·-·.-·-···----t······--·----···-.j.·--··-····-·--t·····--· ....... .j.- ........ __ ._ .. 

12 i 34.5 i 26.3 i 10.92 i 9.12 i 15.1 i 8.1 i 0.037 ! O.oJ8 i 9.68 1 0.92 
........ ·13·· ...... T .. ·s6.'1····r .. ·2's·:.j .. oT .. z2'.'is .. or··ii7s··T .. 26.2 .. 'or···'1°.-s-.... r .. 'O:00j·00T .. 0:021 .. r .. 0:77 .. ·r .. 1:31 .. .. 
.. 0··· .. ·14-.. · .. 01 .. ··9'3'.s· .. ·T .. ·3isooo .. r··ZO.06··or· .. ·i.69 .. ·r .. 46·.4·00 .. r··6:6 .. ··r .. O·.O·i6·00r·0:olo··T .. ·4:ii· .. r .. 4:44 .. .. 
· .. ··· .. ·lS···· .. ·--;-.. 04i'1··00T··4i"o···'1" .. 4:7i .. oT·:iiois···To .. i'1o.0.oT··25.4··· .. ;--.. 'O.00:i .. 0 .. 1"·0:040 .. '1" .. 0:66 .... 1"'·0:15 .. .. 
-··············--·--··t···_. __ ·······_.; .. ······_ ...... -t-········--·-·-·.;···---··-····-··t .. ······· __ .... ·.j.···-·. __ .. ·····t ....... ·_·_ .... _ . .j..· .. _ ........ __ .j. ..... -.--.... -i.. ___ ... _ ... _ .. 

16 i 58.1 ! 52.6 i 6.81 i 28.56! 9.7 i 28.2 ! 0.003 ! 0.023 ! 0.67 ! 6.33 
.. · .. ····1:; ........ ·: .... 4S·.0 .... j· .. ·'46:So .... j· .. ·i2.7S· .. I· .. ·i7.7i .. ·j'· .. ·i·i:7 .... · 1 .... ·i9'.'i .... · j·· .. ·o:oii .... j"'0:085'" j .... 0.S3· .. · j·· .. 9:45 .. · 
..... 0··IS .... ·0 .. r··S06.s .. ·or··:i·9.s···T .. 2'ii?i .. ·rz2'.74··T .. 24j".or .. :i'i'j .... T .. 'O.-oso .. or·0:ii66 .. T .. 133s·r .. 9'.7'i .... 
······ .. ·19o ..... 0·r··s"8'.'1 .... T .... 46·9' .. T·z5.'is .. T .. oii99·0 .. r .. ii;j····r···ii.'i .. ··T .... o:oss·····ro:123 .. T .. 1ii"s .. r·26:ioo .. 
.... -........ -........ , ............... -...... -......... ··+-········-····-·t······--········+·-·······--_·· __ + ..... -.--....... + __ ._ .........• _._ .•..... __ ._ ......•. _ ..... _ .. __ ... +_ ..... ____ .. _ .. 

20 i 23.6 i 25.4 i 10.06 i 7.61 ! 12.1 i 10.7 ! 0.009- i 0.053 i 1.27 ; 0.87 
· .. · .. ·ZI· .. 0 .... r .. 28'.'i .. or .. :ii .. s .. ·--;-.. ·i·i·.4·6 .. r···9:60····r .. ·i2.6·0.or .. ·i'O.s .. · .. ;--· .. O .. 007 .. 0 .. 1"·0:OS3 .. -;--·i::74 .. T .. o:94 .. · 
.. _--- ........ _-_ ..... .j. .. -._ ................... _"-_ ..... -.j.--........... -._+ ....... _--._ .. -'-.j. .. -_ .......... _ . .j. .. _ ..... _-_ ........ _ .•... -.-..... _.- .. -........ _._-_.j. ••••• _-_ ..••••••. _-._ •••• __ ._ •• 

22 i 48.8 i 35.6 i 753 i 4.74 ! 9.7 i 15.4 ; 0.010 1 0.056 i 0.71 ! 2.84 
· .. ······23· .. ·····or·66'.'i'·· .. 1·····2i.3° ... or··9'.77·····1· .. ·4.32·~0·r .. 9'.'i··· .. ·lo .. 0·ii8'· .. ·r···'O.ooi· .. ·1·0·0:047·0·ro.01:920 

••• 1 .... 3:48 .... 
.... 00 .. ·24oooo .... roSO·.s .. ··T .. ·4o:4-.. r .. ·s·:s:i .. ·or·iii·s· .. T .... ji3 .. ··To··i'02°·T .. ·o:ool··Too~o20·r··o:35···T .. i73· .. 
......... i50 .. 0·· .. T .. 04i.4 .. ·oT .. ·'j"S:so··T .. ·ii82·or .. '6.4i···r·0·i9'.'O .. ·-;--···ii'1·0 .. r .. O:'Oi(;····T·O:013 .. T· .. 5:ss··T .. ·i:29· 
........ 026···· .... r··49'j"··r .. 43'.4 .. ·T .. ·i234··r .. io·.'1z .. r· .. iosj' .... r··ll:?i· .. r .. ·o:o40 .. Toii:043·oT .. ·s:ss .. ·To·i04 .. · 
..... 0.0·27· .. 0 .... ·1 .. ··44:6'·· .. r··3'?i.'i .. · .. r .. j·i"o.j·· .. r .. '6.'OSoo .. r· .. ii.3····ro.oi1'.'1 .. ·or .. 'O .. o2s .. ···!"'o:01z·To· .. 7:000.or .. i:3o· .. · 
..... oM~;;.:; .. ···T· .. 5io .. ·or .. ·:i7:ii .. ·r .. ·ii:o···T .. ··io:ii .. T .. 'i7j····To··i4 .. ii .... ;--.. ·ii:iii·ii .. ·T·ii:041· .. ;--0·i94·T .. i47· .. · 
· .... ·n;;~g~ .. · .. ·! .. ··zi;;:· .. l· .. ii:4,:· .. ·! .... 3j·0:·· .. j· .. i3o: .. ··I· .. ·i:;: .. · .. j··o .. 2:i):'· .. ·' .. ··o:ool:·· .. j .. o.oo·j: .. ·j···o:3s:···j .... o.'i5~"· 

i 93.5 ! 59.4 i 25.29 i 2856 i 46.4 \ 40.0 i 0.057 i 0.123 i 1335 i 2620 
o .. CD·(O:Osj···!""····· .... ·oi:4ii··o .... o·-ro.o .. o ... o·NS .... · .. o.000··t····0.0···NSoo.0 .... 0 ... 0.r--....... 0.00:oli .. ·00 ....... :--o ...... o· .. NS .. ··· o .... . 
- •••• _ •••••• _ •••••••• + ..• _ •••... __ •••••••••• ---•••••••• +----_ •••.•. -•••••••••••.• - .•.•••• +----••.••••••.• _---_. __ .-...... _._ .. -.--_ ••••. _-••••• _ .. _--- ......... _.--••. _----_._._ ••.. -

SEm ±: 257 : 1.25 : 1.900 ! 0.044 1 . 0.670 

Free Mn .. Citrate ditbionite extractable; Double acid· 0.05 N HCI + 0.025 N H2S04; SI c Rainy season (before t)le 

closure of 'Thanneermukkom regulator); SIT c Sunnner season (after the closure of 'Thanneermukkom regulator) 

In general, the different fractions of Mn showed 

a decrease during the swnmer season. The 

acidic soil reaction and reduced soil condition 

due to submergence kept Mn in soluble fonn. 

The heavy monsoon showers have removed a 

part of this which resulted in reduction in Mn 



content. The mean value of free Mn was 52.0 
ppm during rainy season and it decreased to 

37.8 ppm during summer. Compared to Fe, the 
above values were very low (Fig 19). The 
available Mn extracted by DTPA and double 

acid (0.05 N HCl + 0.025 N H2SOJ differed 

slightly and double acid extracted more Mn. 

The mean values for double acid extractable Mn 

were [7.3 and 14.6 ppm, during rainy and 

summer seasons, respectively. The exchangeable 
·Mn was present only in negligible quantity. 
The mean value of water soluble Mn was 3.94 
ppm during rainy season and decreased to 3.47 
ppm during summer. Here also, the comparison 
with pre-barrage period was not possible due to 
want of data for the particular area. 

1.6. Other elements: A uniform deficiency of 
Cu was reported from Kuttanad region which 

mainly constitutes reclaimed soils. In the case 
of Zn, more than 50 per cent of the area was 

reported to be deficient (Rajagopal et aL, [977). 

But certain parts of Kuttanad contain substantial 

amount of Zn, which sometimes attains toxic 
levels (Kuruvila and Patnaik, 1994). The Cu 
and Zn extracted by DTPA and double acid 
(0.05 N HCI + 0.025 N H2S04) are examined 

here (Table 29). DTPA extracted more Cu than 
diacid and the mean values were 6.44 and 4.89 
ppm, during rainy and summer seasons, 

respectively. For Zn, larger quantity was 
extracted by double acid and the mean values 

were 5.63 and 5.26 ppm, respectively during the 
above two seasons. The area was not deficient 

in Cu or Zn since their contents were above the 
critical level of 0.5 ppm suggested by Aiyer et 

aL (1975) for Kuttanad region or the levels 
fixed by Tandon (1995). Compared to the 

values reported by Aiyer et aL (1975), there 
was an increase in available Cu and Zn during 
the post-barrage period but not to the extent of 
toxicity. The application of Cu based fungi-
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cides may also playa role in increasing the Cu 

content of the area. 

The heavy metals like Cd and Pb were· not 
detected in the DTP A extract for most of the 

soil samples collected. In a few cases a con

centration between 0.10 to 0.15 ppm for the 
above elements were recorded irrespective of 
the closure/opening of the regulator. 

CONCENTRATION 

Free, '% Ex., cmol{+Ykg WS, ppm 

DIFFERENT FOAMS OF AI 

Fig 20. Different forms of Al in soil during 

different seasons 

The soil contained sufficiently large quantities 
qf free AI and the mean values were 2.22 and 

2.08 per cent, during rainy and summer seasons, 
respectively (Table 29). The Kuttanad soils are 

inherently rich in AI (Money, 1961a; Kabeera
thumma and Patnaik, 1978; Abraham, 1984. 
Though the soil contained large quantities of 
free AI, the water soluble AI was very low (Fig. 
20) apparantely due to the submerged condition 
and the consequent rise in pH. However, the 
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Table 29. Available Cu, Zn and different fractions of Al in soils during I"diny and summer seasons 

. Available Cu, ppm . Available Zn, ppm! Al 
t········.··········--··--···;-·.·····.····--·----·.·--··-1---··········----···········:-··························-1-·························--:·-_··············· ......... . 

kba i DTPA i Double acid i DTPA i Double acid i Free, % i Water soluble 

P;!""NO. - [""""""_,,,,,,,,,,,,,1,,,,,,,, ___ , __________ ,,1...,, _______ -. ____________ 1 __ "",,_""''' ___________ 1... _________ -. _____ '' _____ 1... _______ ~~~" _____ , 
: SI : SlI : SI : SlI : SI : SIl : SI : SlI : SI 1 SIl : SI : SlI 
: : : : : : : : : : : : 

'''- ,,---1-------- -1-- -2: 92-" 1---i':43-" 1---0:30- -- ;---0:6ii" -;---2:74-" 1--' 0:iii---1--'s :iio ---1--- I: oi-" 1"-i:io---1' --1 :ii3" -1- -2:s 1--'1" '1.88-" 
•...•••••...•.•••••••••••• __ ••••••.. .i •••••••••.•••••• : •••.•.•••••••••••••••••• f .............•............. j •••••.•••••••••••••••••••.•••••••••.•••..•.•. _ .. -..•..• ; ....•....•.. " . .t o _ ,- ,- ._ ••• 

2 : 3.96 : 1.41 : 0.63 1 0.47 ! 2.08 ! 4.16 1 5.35 1 9,83 1 1.92 1 2.75 1 3.42 1 3.22 
... --.......... -.- .. -'":" _ .. -...... -.. ~ .. _. _ ... -.... t··· _ .. _ .... --t,·,····· ..... t······ ....... r············t .... ·········t···· ..... ····t··,,········· t· ............ -: ............. -: ...........•. 

3 ! 9.46 i 7.74 i 2.69 ! 2.58 i 1.15 i 2.06 ! 9.23 i 3.87 i 2.45 i 2.37 ! 7.33 ! 6.41 

'~-------;;-------r-9:97--r-ii:iil--r-i:07--r-0:ii9--r-6:75--r-Z:69-T"6:;;3--r-;;:9;;--r-3:35---;---2:75--r-6:oi--1"':;:3ii--

--"------S-------r-6:«---;--'5:;j6--r-Z:30--r-;j:3:;--r-6:;;;;--r-j33-r1151-r'1:09--r-i:;;9--r-2:Z3--;---i39--r-;;:46---
................................................................. + ••••••••••••• + ••••••••••••• + , •••••••.•••• + ••••••••••••• ••••••••••• ••••••••••••••••••••••••••••••• + ........................... . 

6 1 9.34 i 0.67 1 1.85 1 2_25 1 2.45 1 0_90 1 3.71 1 5.62 1 2.22 1 2.15 1 4.13 j 4.57 
--------:;---------r-2:oii--r-;;:oi--r-O:S3--r-i:46--r-1:;;;;--r-5:95--r-iiio--r-2:0;;--T-i:;;0--r-i:i54--r-iz2--Tiif 
······················-:·············t·············-:·············-:-·······--1·············t·············-:·············t·············1·············-:·············t·· ........... -: .. , ......... . 

8 i 2_11 i 1.82 i 1.60 i 0.28 i 1.53 i 5.12 i 4_16 i 3,03 i 1.68 i 1.31 ! 2_12 i 2,98 
-'-'------9------'·-1--1:97---1-'3:9;;---1'-'0:25---1"'0:90---;---j::3:;---f--I:97---r-2:2:;---r--Z:09---1--Di6'-'1'--i:49-rs:i3--'1'"1:91-' 
······················-:·············t········_···:····· .. ······t·············1·············t·············!··· ....... _.-: ............. -:._ .......... -: ............. -: ... - ........ -: ............ . 

10 i 1.73 i 1.15 i 0.39 i 256 ! 1.84 i 2.30 i 5_74 i 8.30 i 2,29 i 3.83 i 3_91 i 9.88 
-·-------11---------r-ii:69--r-C}:7i--r-i':23--r-;;5ii--r-;;:99---;--2:96--'1"-3:39--'1"-5:zii-~-;---1:73---;---1:6:;--'1"-2:11-T-Z:14--

······················-:···· .. ·······-:·············t·············t·············!·············t·············:·· .... _ ..... -: ....... : ..... -: ............. -: ............. : .. _ ... _ ... -: ............ . 
12 i 6_04 i 7.30 ! 1.55 i L35 i 2,86 i 1.62 ! 3.49 ! 3.38 ! 2.25 i 1.86 i 4.03 ! 2.22 

---------i3-------'1"12:10--;---6:;;7--'1"-o:ii6--'1'--2:9;;--'1"-o:70---;--i96-;---5:is---;---3:60--'1"-2:5ii--'1"-I:59ri':iiiJ--'1'i:95---
····· .. ···· .. ····· .. ··:········ .. ···-:········ .. ···t· .. · .. ·· .... ·t····· .. · .... ·t· ........ · .. ·t··· .. ····· .. ·t········ .. ···t········ .. ···!· .. ·· .. ······t· .. · .. ··,· .. ·!· .. · .. ··• .. ··t···,···· .... · 

14 ! 6.46 i 9.67 ! 1.90 i 2.63 i 0,23 L 1.38 ! 4.56 ! 4.94 ! 2.71 ! 1.81 ! 1.21 ! 2.32 
-, ----- ---I 5 -------- -1' -, i3ii---1- --2:69---1---1 :66-- '1' -'0:60 ---1---i::99---1-- -ii: 06---1---2:65 ---1--lz:il--1---1:53" -~.' '1:53--1" -o:io-' r -2: i 3---
.. ······· ...... · .. ····~.i······· .. ···-: .......... · .. t ...... ·······t··· ...... ·_·t·· ........ ···1 .. ·· .. ·· .... ·-:··" .... · .. ··t ...... ··· .. ··-: .. ···· .. ·····t .. ··· .... · .. ·:· .. ··········-: .. ·······~··· 

16 i 1.60 ! 4.13 i 0.33 i 1.25 ! 1.20 i 3.57 i 7.34 ! 3.88 ! 1.88 ! 1.68 i 1.38 i 2,09 
............... -....... + ............................ + .......................................................... + ....................................... •• ........ • ............ ·_ .. • .... ·04 .... •• .... • .. 

17 1 6.50 j 4_63 1 1.25 1 1.36 1 4.25 1 5.68 1 3.75 1 5.45 1 2.40 1 2.32 1 0.40 j 4.85 
--------I ii ---- --- -1' --6: 7Z-- -1' -Os: 11---1- i 4S--- r --0:47- --1"';;: 13---1--3: 13---1---5:60---1---ii:06---1---i:69- T' --I :9S---1---2:io- '1-'iIS' --
---·----19-------'1"-6:2z--'1"-z:ii7--'1"-i::79--'1"-0:«---;--lilo-'1"-j37--'1"zo:05-'1"9:56---;---2:19--'1"-2:0'--'1"-;;:03--'1'--5:19--
---------zo---------1"'ii:99--'1"-2:93--'1"-5:00--'1"-3:5ii--'1"257·-'1"-z:ls-T-ii:9i---;---iiJo--'1"-Z:19--'1"-1:63--r-l:3ii--T--i~i2-
..................... ·t· .... · ....... t· ......... '-" t· .... ········t ............. -: ............. : ............. t ............. t .. ···· ...... ·t .... · .. · .... · t .... · ...... ··t· ............ t .. ·· ........ . 

21 i 7.57 i 11.00 i 2.16 i 4.29 i 1.51 ! 258 ! 3.24 i 3.9p i 2.03 i 2.40 i 2.25 ! 2_87 
................................................................................................................ + ............. + ............. -+ ........ _ ............... , ................ + ........... .. 

22 1 6.85 1 6.17 1 1.43 1 2.37 1 2.91 1 2.85 1 4.85 1 8.30 1 1.9 i 2.07 j 6.22 \ 2_01 
---------Z3---------;--ii2ii-r-;;:il--'1"-2:;;0---;--i90---;---i70---;---i;;ii---;---;;:79--'1'-6:63---;---ill--'1"-ii3--'1"-7:3i---;---2:o'l--
............................................................................................................................................................................................ ~ ...... 

24 j 9_88 1 8.41 1 350 j 3.31 1 4.20 1 2.73 1 6.30 : 4.92 1 2.10 1 2.37 i 7_82 1 3_17 

:::::::::~~:::::::r::::~1.::IJ~~::r:~~~~:::[~~~~::rx~~~:I:~~~~:J::~:~ii~:I:~~~~::I:~~~9.::I::i:~9.:::1:::~:Ti:TEi~::: 
26 1 6,85 1 9.69 1 3,19, 1 3.40 1 1.06 1 2.04 1 3.89 1 3.83 1 1.95 l· 2.77 1 0.18 j 2_18 

......................................................................................... _ ................................. - ........................................................................ . 
27 1 5.97 1 4.56 1 2.21 1 2.53 j 1.77 1 1.30 1 4.42 : 9.05 1 2.40 1 1.95 j 0_17 j 1.79 

............................................................................................................................................................................................ 

Mean 1 6.44 1 4.89 1 1.76 1 2.12 1 2.95 1 2.81 : 5.63 : 5.26 : 2.22 : 2.08 : 3.11 : 3.37 

------R~~ii~------j---1:60--j---O:67--r--O:iiS--rO:2ii---!---iii3-T--o:iiii---ri:2:;---!'-'I:oz-'-r-i:40--j---i:3I--'j---O:i-0--)--1:79--

j 13_22 i 11.00 j 5.00 j 4.58 . 13.10 j 8.06 1 20.05 1 12,21 j 3.35 . 3.83 : 7_82 . 9.88 
.. · ............ · ...... ~ .......... · ................ ·t ............ · ............... ·t· .... · ...... · ..... · .. · ...... ·t ........ _ .... · ..... ··· ........ t .... · .... · .. · .. · .. • .. ·· .. • .. t .... • .... · .. · .............. . 

CD (0.05)! 1.42 ! NS ! NS ! NS ! NS i NS 
----SE;;;~----r--------O-:4'8'8----r--o.i'8'2--------r-------O:.\.i4--------T--------o:!iiiii--------r------ii-.-iii9'-----r-----o.-:i4i----

Free Al - Citrate dithionite. extractable 

S I = Rainy season (before the closure of TIlanneennukkom regulator) 

SlI = Sununer season (after the closure of Thanneermukkom regulator) 

Double acid - 0_05 N HCI + 0_025 N H2S04 



soil showed a marginal increase .in exchan

geable AI" during summer (Tab 21). 'The 

closure of regulator has not influenced AI 
content of soil like that of Fe and the present 

values showed only marginal variation from that 

of p~-barrage period. 

2. Water 

'The water quality problem is minor in KeraIa, 

compared to other parts of India .. and is mainly 
confined to the coastal areas due to sea water. 

intrusion. 'The Kuttanad region is such a 

coastal area lying 0~5 to 2.2 mbelow ms! and 

periodically inundated by saline water due to 

the tidal inflow from the sea during summer. 

Sea water intrusion and the consequent crop 

failure was a regular phenomenon in Kuttanad 

during the pre-barrage period. 'The construction 

of'Thanneermukkom regulator has restricted the 
frequent intrusion of sea water into the area and 

thereby the punja crop was protected. How

ever, this had resulted in the stagnation of water 

on the southern side of thc? regulator while the 

northern side of the regulator through which the 

water dr-dins out has free access to the sea. On 

the southern side of the regulator, the stagnation 

of water and the re-use of stagnant water frequ

ently for all pmposes including domestic uses 

further deteriorates considerably the quality of 

water due to the accumulation of various orga

nic and inorganic constituents which create 

several environmental and health problems. 

'The various q~ity attributes of surface (Tables 
30 and 32) and ground water (Tables 31 and 

33) during rainy and summer seasons (before 

and after the closure of Thanneermukkom regul

ator) are evaluated, and the comparison with 
pre-barrage period was not possible due to wOOt 

of similar studies taken up during pre-barrage 

period. 

'The water of the study area was mildly acidic 

in reaction. Surface water recorded a mean pH ' 
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of 6.7 during rainy season and decreased to 5.9 

during summer. For ground water the 

corresponding values were 6.7 and 6.3, res
pectively. During rainy season the pH values 

of ground and surface water were the same. 

'The total quantity of water involved is so high 

during rainy season that it is difficult to impose 
a pH change in such a large waterbody and 

hence no difference was observed in pH. 'The 

decrease in pH during summer was due to the 
lowering of water table by the closure of the 
regulator and the release of subsoil acidity due 

to partial drying of soil. 'The northern side of 
the regulator through which water drains out to 

the sea recorded a higher pH during sununer 

compared to the southern side where the water 

flow is restricted .. Since the free passage of sea 
water is possible on the northern side, it caused 

an increase in pH. 

As per the WHO (1971) and lSI (1991) stand

ards, the pH of the water for domestic purposes 

should be within the range of 6.5-7.5. Based 

on this, the water quality is rated as poor in the 
study area during summer. About 60-67 per 

cent of the area recorded a pH below 6.5. For 

irrigation water, pH is not an accepted criterion 

of water quality because it tends to be buffered 

by soil and most crops can tolerate a wide 

range of pH. But the leaching of acid waters 

from rice fields and adjacent canals are 
injurious to aquatic organisms like fish and may 

even lead to their mortality (Nair ana Pillai, 

1990). Since aquaculture is widely practised in 
the area, the (langer posed to it due to the 

acidity of water may be high. However, the 

preferred pH is around neutrality. 

Another parameter which decides the quality of 

water is salinity which is measured in terms of 

electrical conductivity. For surface water the 
mean value was 0.28 dS m· l during rainy 

season and it increased to 0.51 dS m" during 

summer. 'The corresponding values for ground 



• Surface water, Rainy 

EllGround walllr, Rainy 

pH EO (dS'm) SAA 

QUALITY ATTRIBUTES 

Fig 21. Few quality attributes of surface and 

ground water during different seasolls 

water were 0.37 and 0.42 dS m·' respectively. 

The increase in EC (Fig 21) during summer was 

evidently due to· the lowering of water table and 

the accumulation of fertiliser residues from 

agricultural fields since the free flow of water 

from the sea is prevented by closing the 

regulator. This result was in contrary to the 

variation of soil EC which decreased during 

summer. This was evidently due to the 

difference in the period of soil collection. The 

soil samples were collected during early 
monsoon period (May-June) since proper soil 

sampling was not possible during the heavy 

monsoon season due to the flooded condition of 

the area. Water sample collection alone was 

possible at that time. As per the standards of 
irrigation water '(Ayers, 1975; Ayers and 
westcot, 1985) the' permissible limit for no 

problem of salinity, the EC value should be 
below 0.75 dS m·'. Judged from this, the water 
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of the study area is not of bad quality. For 

domestic purposes also the maximum acceptable 

limit is same as above (WHO, 1971). The lake 

water on the northern side of regulator recorded 

a very high EC during the summer season . 

The major elemental constituents of water, in 
general, are sodium, calcium and magnesium in 

the fonn of chlorides, sulphates and bicar-, . 

i>onatCll:.. In the study area also the major ele

mental constituents were Na, K, Ca and Mg in 

the fonn of chlorides and sul phates both in 

surface (Fig 22) as well as in ground water (Fig 

23). The water soluble P is uSually absent in 

surface or ground water. Here also, the 

concentration of water soluble P was in traces, 
evidently due to its low mobility and high 

fixation in soils. The mean value of K in 
surface water was 1.92 ppm during rainy season 

and 5.95 ppm during summer season. In 
ground water, the mean K content was 3.8 and 

4.4 ppm, during rainy and summer seasons, 

respectively. TIle increase in concentration 

during summer was due to the decrease in the 

volume of waterbody and accumulation of 
fertiliser residues from rice fields. The K 

concentration in drainage water from agricul

tural fields was in the range of 0.4 to 4 ppm 

and this ,range, in normal cases, is safe for 

irrigation and domestic purposes (La! et aI., 
1993). In general, the K content of water is 

evaluated on the basis of EC and as per the EC 

values the water quality was not poor. The 

permissible limit of K in drinking water is 10 

ppm (lSI, 1991) and ground water recorded 
values much below this limit. Ca and Mg are 

identified as the dominant cations of water. 

The allowable maximum for domestic purposes 

is 75 ppm for Ca and 50 ppm for Mg (WHO, 

1971; lSI, 1991). For safe irrigation, the ratio 

between Mg and Ca + Mg should be less than 
1.5 (Ayers, 1975; Ayers and Westcot, 1985) 

since higher concentration of Mg deteriorates 
the soil structure particularly when water is Na 
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Table 30. Quality attributes of surface water during rainy and Summer seasons 

Padasek- pH ! EC, dS m· l ! P ! K . Ca 
: : .................... 1. .......................... 1 •••••••.••••••. ... ! ..... Mg 

hllrlllll Nu. 1 1"'" 

::=El~~~rffJ~~;:~~J~:~lif~:~~f~:J-f~i~r~~~ 
3 ; 7.0 ; 7.0 ; 0.15 ; 031 ; 0.01 ; 0.02 ; 1.06 ; 3.60 ; 10.0 ; 10.0 ; 8.40 ; 12.00 

••.•••..•..••. __ •..•. .; ................................... _______ .................... _ •.• _____ .,; •••••.. ______ t •.•.••. _ ••.• ,; •••••.••••••• ;. ••• __ •. __ •. .1 .•• _______ ................ _+ ......... __ .. 
4 l 7.0 l 7.0 l 0.84 l 0.30 l 0.01 l 0.02 l 5.14 l 3.80 l 24.0 l 12.0 l 6.00 l 11.00 

·········s··········j··-4:S····j····6X···j···ois···to:54···j···iiii6···j···O:Ol···j···o:;;s···j···7:00···j····s:0····j···;:6:0···j··;:5:60··j··;:3:20·· 
············-·----·--:---········-·t··-·--·-··t····---······t········-···t···----······t·····--·····t··-··-·····t·-·····----·t······---···t·--·····-···t-···········t-_·_-·_-···· 

6 i 7.0 i 4.8 i 0.31 i 0.50 i 0.02 i 0.02 ! 2.01 ! 4.00 i 10.0 i 14.0 i 15.60 i 9.60 
·············----····t·············t·············t·············t·············t·········-··t·····~·······t·············t······· .. ····t······-·····t·············t······-·_··t············· 

7 ; 6.8 ; 6.5 ; 0.31 ; 0.58 ; 0.01 ; 0.05 : 1.23 ; 6.00 ; 18.0 ; 16.0 ; 7.20 ; 12.00 
................ -...•... - ........•.............•. -.-.. - ..•.............•......... - ......... - ......•.... ·········f·~·········- •. -.... - ..... f.· ... ·· ................. --...... - ...... ' 

.......... ~ .......... L..?:O' .... L..~:~ .... L.O'::z~ ... L..O'::O' ... l...O':O': ... L..O':O'~ .... l...!::~ ... L.~:~O' ... L..!:?:O' ... L..~~:?.L..?.?O' ... l...~~::'ll .. 
9 ! 7.9 ! 6.5 ! 0.15 ! 0.55 i 0.02 ! 0.03 i 0.68 i 11.30 ! 22.0 ! 18.0 ! 6.00 ! 6.00 

·····················~·············~·············t·············t·············t·············t·············t·····-·······t·············t······-···-·~··········-··t·····-····-t············· 

10 i 6.9 i 4.8 i 0.26 i 0.55 i 0.05 i 0.01 i 1.25 i 5.80 i 24.0 i 24.0 i 4.80 i 7.20 
········-············t········-····t······-····t····-········t·············t········-···j·············1··-····-····1·············t···········-·t··········· .. t·······-····t············· 

11 i 6.2 i 6.3 i 0.44 ! 0.47 i 0.08 ; 0.01 i 1.80 ! 2.60 i 14.0 i 10.0 i 7.20 ! 10.80 
•••••••••••• _ ................. _ .......................... _ ••••• + .................... _ •••••• + ••••••• -._ ..... _._ ............................ _._ ............... -_ ......... _ .................... . 

u i6]!33!~i1~i~i~1!~i~l8ni~!1~i~ 
....•••••••••• _ ••••••••...... _._ ...... _ •• ..,... ........................................ _ •••••• -i-•••..... -....•••••••• - ••••• .;. ••••••.......•. : ..••••.• - • .;. ...................... _ •••••.•....•.... ,_ 

13 i 6.4 i 5.5 i 0.54 i 1.42 ! 0.08 i 0.01 ! 6.61 i 11.30 ! 24.0 i 10.0 ! 13.20 ! 6.00 
.................................................................. + ••••••••••••• + ..................................................................................................................... . 

14 ! 6.8 i 6.6 i 0.10 i 0.32 i om i 0.01 i 123 i 620 i 12.0 i 8.0 i .14.40 ! 720 ........•.•.•. _ ........................................ _._._ ............... -...... _ .... _ ................ -.... _-_ .. -............. - .. - .... __ .-•....... _ .. _ .... ---_ .. - ........ - .... ' 
15 iU!U!~12i~i~i~i~i~i1Ui~i1~i1~W 

............. - ...... t·· ·······_··t·············t· ·········,··t· .. #·····---·t ·············t···· ······-··t·············1··········· ··t······-·-_· t·············t ·············t·········· .. ' 
16 ; 6.7 ;6.4 ; 020 ; 0.55 ; 0.11 ; 0.Q7 ; 2.65 ; 5.80 ; 20.0 ; 16.0 ; 8.40 ; 13.20 

_ .......................................... _ •••• _ ................. _ •••••• _ •••• _ .................. _._ ••• _ ....... __ ............................ _ .•••..........• _.-i- ••••• _ •....•...••.. _..., •• 

17 i 7.0 i 6.9 i 0.23 i 0.45 i 0.05 i 0.01 i 1.82 i 1.80 i 18.0 i 18.0 i 8.20 i 24.0 
•••••••••••••••••••••••• _ ••••••••• + ................. _ •• _._ ......... , ••••••••••••••• _ •••••••••••••••••••••••••••••• -•••••••••••••••••• + ........................................................ . 

18 i 6.5 i 5.9 i 0.30 ! 0.52 i 0.05 ! 0.01 i 2.16 i 5.00 i 18.0 i 16.0 i 10.80 i 12.00 
........... ··-······t ········--·t·········-·· t········_···t·············t·· ·-···_····t·············t·····-·-· .. ··t·········_···t·············1 ·············t·· ·····-·····t ............ -

19 i 6.9 ! 6.2 i 0.17 i 0.43 i 0.05 ! 0.02 i 1.14 i 3.70 i 20.0 i 16.0 i 8.40 i 9.60 
........................................... _ ••••••••••••••••• _ •• + ....................................................................................... ~ ....................... _ ................ ' •• 

20 ! 6.9 i 6.1 i 0.10 i 0.66 i 0.01 i 0.01 ! 0.85 i 4.20 ! 18.0 i 16.0 ! 8.20 ! 3.60 
•••••••••••••••• _ ............................................... .;. ....................... _ •••••••••••••••••• .j. •••••• _ •••• - .......................... _ ••••••••••••••• .t •••••••.•....••••.•••••.•••• 

21 !Ui~li~10i~i~i~!~i~wi1U!~i~i~ 
-.... _ ............................................................ + .................. _ ...... -......................... _ ........................ , ..................................... _ ............... ' 

22 i 6.8 i 4.8. ! 0.34 i 0.60 ! 0.01 i 0.01 i 2.13 ! 3.60·! 26:0 ! 20.0 ! 8.40 ! 2.40 
........... ·········· •............. l············ ................ + ...................... __ .......................................................................................................... . 

23 i 6.7 i 4.7 i 0.21 ! 0.54 i 0.02 ! 0.02 i 135 ! 4.40 ! 22.0 i 24.0 ! 6.00 ! 8.40 
········i!·······r·-6;!i···T··4:S···T·o:3i"·r·O:6;:··r·iioi"·r·o;0:i··r·2:i"s··r·S:60··r·lS:0-r··i6:0··r·s:oo··T16:iio· 
_ ............................................................ c ............................. -.-................................ t ............................................................. _ ••••••• ,. •• 

25 . ! 7.0 i 7.0 ! 0.27 i 0.44 i 0.06 i 0.03 i 1.64 i 5.20 ! 14.0 ! 14.0 i 1.20 ! 19.20 -_ ......................... __ ............. -._-....................................... .,. .................................................... -•••.•• _._-+ .•••• _ .............. _--.............. , 
26 ! 6.8 i 5.1 ! 0.27 i 0.51 i. 0.02 i 0.02 ! 1.71 i 2.60 i 12.0 ! 10.0 i 1.20 i 7.20 .......................................................................................... -.. _ ............................. -...................................................................... . 
27 i 6.9 ! 3.7 ! 0.59 i 0.94 i 0.Q7 i 0.02 i 420 i 5.00 i 14.0 i 22.0 i 10.80 i 4.80 

···-·M~~;;-····r··6:7···r··S:9···T·o:zii··r·o:sl··r·O:ii5··r·ii:iiz··T·i9i·r·s:9s··r·17:i·r·16:i··r·ii:iio··r·9:3ii·" 
- ............... - ..•.......... -......................... ······· .. ·············1········-···· .. ·············•···· ... _-.............................. - ........................ --....•............. 

Range i 4.8- i 3.7- i 0.10- I 0.31- ! 0.01- i 0.01- ! 0.20- I 1.80- I 8.0- I 8.0- i 120- i 2.40-
i 7.9 ! 7.0 i 0.84 i 1.42 i 0.23 i 0.Q7 I 6.61 I 27.50 I 24.0 i 48.0 i 15.60 i 19.20 

··co··iii:05j"·r······O:436········T······o:·ios······:·r····:·iio19········r·······2:o6·········r········NS··········r·······NS·········· 
·····S~·~·····r········0.·150········T········o:o3i········r········O:OO7········r········o:7o'l········r········ii7·········r········oiii········· 

·········N········-r··6:S···T··6:2···-;--·O:;;s··T·!i:!i7··-;--·o:oz··T·o:oi·T··sX·T··67s···-;--··"j·6··T···s8"···T·16:i"·T·33:6·" 
................. _ ................. -i- ••••••. _ ............... __ ........................... _ •• .;. ..................... -••... .;. ......•.•. -•• .t .••.••••••••••.•••.•.. -.••••••.•.••• _ .... .j. •••• _. __ •• 

S ! 6.8 ! 5.9 ! 0.50 ! 1.80 ! 0.02 ! 0.02 ! 8.6 ! 1.2 ! 34 ! 18 ! 16.4 ! 7.2 

S[ = Rainy season (before the closure of Thanneermukkom regulator) 

SIT ~ Summer seaason (after the cl~sure of Thanneennukkom regulator) 

N c Nonhern side of Thanneennukkom regulator; S ~ Southern side of Thanneennukkom regulator 
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Table 31. Quality attributes of ground water during rainy and summer seasons 

~= ~ ~~~ K ~ i ~ 
~_. __ ••..•...•... _ .• _ •... _._ ..•..•. .J._. ____ .. _ .. _ .••..••..•...........• .1._ .•............... ____ ........... . 

kharam , 
i ppm 

.... ::: .. j::::::~~:::::I::::~~~::::::r::::~~::::T::::~~:::::l::::~:~:::::I::::~~::::I::::~:;:~:I:::::~~~::::T::::~:~:::::C:~~.:::: 
1 i 6.9 i 6.7 i 0.28 ! 0.44 ! 3.6 ! 3.0 ! 8.2 ! 16.2 ! 4.0 ! 7.6 

·······2"······j······i.o······j······i.o·····j·····P:i"s····j_··'O:4S··,··\······3":9······\··,··3"2······1·····"8".O······l·'···i5".ii·····l·····4.4·····\·····"8"."8"····· 
·-··········-·--!"·····-·--···-···t-·--··-····-··--~·-·····----···-t-····----······t--··· .. ·····---·t-·····---······t····---·----···-t····----·-···-t---············-t·-·······----·· 

3 : 7.0 : 7.0 : 0.20 : 0.45 : 3.9 : 3.1 : 8.2 : 16.0 : 4.2 : 10.0 
•••••••••••••••• .j. ••• _ ••••••••••• .j. •••••••••••••••• .t .............. __ .. _ •••••••• ____ ••• .j. ••• ___ • __ •••••• _+ ___ ............. .j. .............. __ .t ................... _______ ._ ....... ----••••• _. ____ _ 

4 i 7.0 ! 6.9 ! 0.21 ! 059 ! 2.8 i 2.8 ! 8.8 ! 12.2 i 5.0 ! 8.4 ----------_ .. ---.. ------_____ . __ + _____________ + ________ --____ ._.:. ________________ t. _____________ ._+ ____________ ---.. ---____ .. : ______ + ________ ... _._+ ______ ._. ____ ._ .. _ .. -._._ ...• ___ . 
5 i 6.9 i. 6.3 i 0.37 i 1.20 I 6.2 I 3.0 I 26.0 I 18.2 I 2.4 1 6.2 

---------·_----t----···---------t----------·----t---------_·_----t---------------t-------.. ·------t----------····t--------··-----t---------------t----------------:-----._ .. -.. ---
6 i 7.0 i 6.6 i 0.37 i 0.84 ! 5.2 i 10.0 i 32.0 i 22.6 ! 2.4 i 6.4 

.... ' .. 7 ...... T .. ·ii·.i5 ...... r' .. ·ii3 .. ·-T .. ·0.3ii .... T .... 032 .... -r .. ·i.i ...... r .. ·4.'i'-.. -r .. ·io·.o' .... r .. ii;j .... T .... ·4.4 .... r .... i;j ...... 
-.. ------------.+----------------.:.---------------+--------__ ... _ . .;. ___________ . __ ._.;. .. ______ .... ___ ... ________ ------.. ----. ___________ .. ___________ . ____ ..... __ . _______ ---t--_____ · __ ···· __ 

8 i 6.4 i 6.3 ! 0.36 ! 0.30 i 3.0 ! 1.2 ! 9.2 i 20.2 ! 4.2 i 6.8 .... --_ .... _ .... :...---_._---......•........... _ ........................................................ .;. ........ _ .................. _ ..................... .;. ........ _ .. _ .. :. .... -......... . 
9 i 6.8 i 6.4 I 0.50 I 0.27 i 2.2 I 4.2 !. 10.0 i 14.8 i 6.2 ! 8.4 ................•................•.............. -•..... _ .........• - ..............•................•...... _ ........•................•................•................•................ -
10 i 6.4 I 65 I 0.38 I 0.44 ! 3.3 I 2.0 I 8.2 I 18.2 I 5.3 I 6.2 

.•.............. t·· .............. : ...•...... ······t ...... ~ ......... : ....... ' ········f················ : ................ : ...... ' ......... : ................ : ................ : ............... . 
11 i 6.4 i 6.4 ! 0.38 ! 0.29 i 2.8 ! 5.2 ! 11.6 i 22.0 ! 4.2 i 4.8 

················:················:················t················:············-··t················t······· ......... : ................ : ...... , ......... : ................ : ............... . 
12 : 7.0 ': 6.6 : 0.36 : 0.29 : 4.5 : 3.8 : 6.8,: 24.0 : 3.2 : 8.0 

••••..•••••••... f .................................................................. _ ....................................................................... " ; ................................. . 
13 i 6.8 i 6.4 i 0.32 I 0.32 i 2.8 i 3.6 1 8.2 1 14.6 i 3.6 i 6.2 

...... 14 .... ·T .. ' .. i;··ii ...... r .... ii3 .... ·r .. 0,3s .... T .... 0.29 .... r .... :i'.2 ...... r .. ·4.0 .... r .... S·.S .... --r .... i'6i .... r .. ·4.Z .... r--ii:o .... .. 
...... is .... 'T-'6.s .. ' .. r' .. ·ii.2-.... ;--.. ·O.40 .... T .... O.2S .... T .... S',2 .... ·T .... 2.9 .. ' .. T .. ·io·.4 .... -r .. ·i4.'l .... r .. ·is ...... r-' .. ii· .. .. 
················t················t················f·····_·········f················f················f·_············f···········-(·-f····_·········f············_··t ............... . 

16 i 7.0 ! 6.3 i 0.45 i 0.44 i 4.8 ! 2.8 ! 8.4 i 12.3 i 4.2 i 1.2 ................•................•.............. -............................................................................................ _ .........•.......... -._ .................. . 
17 i 6.7 i 6.2 i 0.48 i 0.18 i 3.4 1 3.6 1 10.2 i 145 i 3.6 i 4.2 

...... lS .... -r·_·ii.'8' .... r .. ·'63 ...... r-.. 0.52 .... T .... 0.zs .... r .. ·4.Z .... "r .. 3'i .... ·r' .. ioj .. ·T .. ·'8:z .... ·T .... 4·.0 .... ·r .. S.Z .. · .. 
················t···········_···t················:················t················:················:················t················t···_···········:················t··_············ 

19 ! 6.9 ! 6.3 i 0.42 ! 0.24 i 4.0 i 3.0 ! 10.4 i 9.2 i 4.2 i 6.8 
················t···_···········t··············-t·-······-·····t················:··· .. ···········:·-·············:···········_·-: .. ···-·········t················t·· ... - ........ . 

20 : 6.8 : 6.7 : 0.43 : 0.30 : 4.2 : 1.0 : 16.6 : 12.7 : 9.6 : 6.2 -.............. ; ...... -..................... - .................................. _ ............................. _ .. _ ........................................... _ .............. -............ . 
21 i 7.0 i 65 1 0.40 i 0.28 i 3.0 I 1.6 i 102 i 14.6 i 2.8 i 6.0 ...... zz ...... r .... ii .. S' .... r .. ·S',4 .... T .. ·O.29 .... r .. ·0.4Z-.. r .. ·2.0 ...... r .. 2.ii·-.. r .. ·iii·.i: .. r .. zi;·.o .... T .... ·i'i .... T' .. '6.o ...... 

•••• _ ••..••• -.+ ... _._ •••.•.•••• _ •.•••• _ ••.•. _ •••••..•••••••....•••••••..... + ••••••.•..•••••••• _ ..•••••••...• + •• _ •.•••••.••••••••.....••••••..••.••••••....• _ •••••..•••••••.•.. 

23 1 7.2 1 5.6 i 0.31 I 0.40 i 2.8 1 2.8 I 12.4 i 13.0 ! 2.3 i 3.2 
················:················:················t················t················:················:················t················t····_··········t················t····-·········· 

24 : 6.8 : 5.4 : 0.30 : 0.40 : 2.2 : 4.0 : 15.0 : 16.2 : 2.8 : 4.2 ................................................. -................................ _ .......................... _ ............................... _ ......................... ..,. .•................ 
25 1 4.0 1 6.1 1 OM 1 .0.74 i 7.8 1 13.8 i 16.0 I 26.1 i 13.2 i 6.0 ." .... z6 ...... r-·iii .. -.. r .. '6·0 ...... r .. 0,3ii· .... r .. 0.44·-T .... 4.Z .. " .. r .. io'i·-.. r .... 8'.4 .... ·r .. ZZ:O .... ·r .. ·sj· .... [ .. _ .. sX .. .. 

...... z7 ...... r .. '6.ii'-.. r .... iii ...... r .. ·O.4S .... T .... 03·j .. -r .... 4.o .... ·r .. i4:i-.. r .. ·i'i.4' .. T .. ·Z4.0 .... r .. ·i·ii"-T' .. ·;,-:s .... .. 
"·M;~; .. T .. ' .. i;'.7 .. ' .. r' .. 6.3 ...... r .. ·0.37 .... T .... ij.42 .. ' .. r .. 3-.-8 .. ' .. r_·4·X-'r .. ·iiX"T'i'7:o .... r .... .jj .... ·T .. ·'6.2" .. .. 
.. ·R,;;;g~ .. T4.i'ii .. p·.4=7·:o .. T .. O:18: .. ·T .. o:i·ii:-.. rz· .. ii-6·2'r .. i:O: .... r' .. ii:o: .. '-r .. ii:z: .... r· .. i:z:·-·r-·i:z: .. · 

i i ! 052 i 1.20 i ! 14.7 I 32.0 i 26.1 I 13.2 i 10.0 

:: .. ~~~5~.I::: .. :~·.·.~~~~·:·."~: .. :: .. L .. ::::·.·.::~~:.:' ... : ... :: .. J,: ... :::·· .... ~~'··.· ... ~ .. 'J .. , .... ··· .. ·i4~·· .. _ .. :·:.:::: ... ::: .. -. .. ~:~~ .. ~~ .... :. 
SEm.! 0.090 ! 0.034 ! 0.427 !. 0.833 ! 0.403 

S I - Rainy season (before the closure of Tbannecnnukkom regulator) 

S 11 c Summer season (after the closure. of Tbanneennukkom regulator) 

dominated and highly; saline. The concentra
tions of Ca and Mg in both surface as well as 

in ground water were within this limit 

Na is the most abundant cation in all natural 

waters whereas its presence is least deSirable. 

Excess of Na ions characterises that the water is 



saline or alkaline depending up on its occu

rrence in association with chloride/sulphate or 

carbonate/bicarbonate ions and accordingly the 

irrigated soil may develop salinity or sodicity 

problem. The sodium absorption ratio (SAR) is 

one of the most important indices of water 

quality based on which saJinity/sodicity hazard 
is evaluated. In the study area the average Na 

content of surface water was 34.1 ppm during 

rainy season and it increased to 77.9 ppm dur

ing summer. The corresponding SAR values 

were 9.47 and 21.6. For safe irrigation SAR 
value should be below 10 (Richards, 1954). As 

per Richards (1954) classification, water quality 

during summer was included under the class 

CONCENTRATION. ppm 

10 

0.1 
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moderately unsafe for irrigation. For ground 
water the average Na content during rainy sea
son was 46.2 ppm and 63.3 ppm during sum
mer season. The corresponding SAR val ues were 

16.2 and 18.6, respectively. Based on the above 
classification the ground water was placed 
under moderately safe class (SAR 10-18) during 
rainy season and moderately unsafe class (SAR 
18-26) during summer.The ground water quality 
was more poor compared to surface water 
during rainy season, evidently due to the influ
ence of leachates and underlying soil layers. In
fluence of leachates from the upper fringes of 
Western Ghats on the ground water quality of 
Kuttanad has been earlier reported by Jacob 
(1980). 

f::.. SUmmer 

.A Rainy season 

0.01 "--;;--"--;:~...L-;-:-_~:-...L.~:--L-:-:-:...L:"::::=::L=:::::;C=::;; 
Fe AI Mn Na Sulphate Chloride 

ELEMENTS 

Fig 22. Elemental concentration in surface water during rainy and summer seasons 



l3ased on the level of Na for ~pccific toxicity 

effect on plants also the study area recorded a 

value below the pennissible maximum prescri
bed by Ayers (1975). For domestic purposes, 

the ionic concentration in water is generally 

evaluated on the basis of EC. However, the 
level of Na in ground water exceeded the limit 
of 20 ppm prescribed by OECD (1986) but was 
far below the level suggested by WHO (1971) 

of 200 ppm. The lake water on the northern 
side of the regulator recorded very high values 

for Na, K, Ca and Mg during summer compared 

to the southern side· due to the frequent entry of 

sea water under tidal influence. The data on 

concentration of various elements in ground 

water are presented in Fig 23. 

CONCENTRATION, ppm 

100 

10 
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Among the micronutrient elements present, Fe 

predominated. The mean value of Fe in surface 

water was 0.79 ppm during rainy season and 
0.87 ppm during summer. For ground water, 

the corresponding values were 0.85 and 1.3 I 

ppm, respectively. Here also the ground water 

registered a higher content. The pennissible ma
ximum concentration for Fe in irrigation water 

is 5.0 ppm and for drinking water it is 0.3 ppm 

as per the standards derived by the National 

Academy of Sciences and National Academy of 
Engineering (1972) and lSI (1991). The Fe 

content of the area did not exceed the per

missible limit for irrigation water. TIle quality of 

drinking water was very poor as per lSI (1991) 

standards and it has to be purified before use. 

..... Rainy season 

6 Summer 

Ca Mg Fe . AI Na Chloride Sulphate Nitrate Amm. N 

ELEMENTS 

Fig 23. Elemental concentration in ground water during rainy and summer seasons 



Plate XXI. An estuary at the meeting place of Pennar (Tributery of Meenachil river) with 

Vembanad lake 

Plate XXII. A water-way at <lJeepumkal, Kumarakom village 

100 



Plate XXrH. A feeder canaI at Kumarakom 

f::>.' , 
1./ .J'" 
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• 
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Plate XXIV. Practicing aquaculture with giant fresh water prawn in kayallands of Kutanad 

Plate XXV. Relics of mangroves at Vembanad lake 



. , .:,; .. 
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Table 32. Toxic ·characteristics of surface water 'during rainy and summer seasons (Ppm) 

Pada- i Fe . i Mn . . Al . , Na i'· sO,-s i CI' 

sckha- ,1---·--·-------:--·----·---··-f---·····-·---i~--···-:···--~··--·····--·-i----·--------f-----:------:r·----·~---~·t----·------··,·-··-·-·---··t··--···:--··-r-··---· ..... . 
ram No. i SI .j SII j SI i' SII i SI i SII i ill ! SII i SI i SII i SI i SII 

:·.·.::::T:::j::::1:S.~j:·:T~~::t:~:~?:::L~:~~:::t§:~?::t:~:~~::t:i~:~:::t::::~:s.::::t:::~~~:::t::~:!.?:::l:::::~:::::\:::.~~7·::: 
2 1 1.84 1 1.25 1 0.01 1 0.10 1 0.07 1 0.04 -I 20.2 1 87.5 i 3.23 1 5.91 1 85 1 170 

---.-... -.--.-.. -~ ... -.-.--.---.;..---.--------.:.----......... .;. ............. .:. .. -..... __ ...• --_ ..... __ ...• ---_ ... ---.. .:..-.~-.-.-.. --.;. ..... -....... + .... -... -.. -. .;.-.. -......... ,:..--......... . 
3 1 0.69' 1 0.43 1 0.06 1 '0.18 i 0.Q7 i 0.02 1 15.2 1 50,0 ! 2.69 i 10,80 1 71 1 114 

:::::::~:::::~t~:~?:::t:::~:~s.:::t:::~:~~:::t:::~:~~:::t::~:~~::t:~:?~::t~~:6":t:::~:?::t:~:~~::t~~:~?:t::~::J::~!:3:8:::: 
5 1 0.91 1 0.87 1 0.04 1 0.06 1 0:15 1 0.06 1 325 .1 90.0 1 10.21 1 20.40 1 85 1 170 . . . , , . , , . . , . 

::::::r::::r:~~~::T:~~~~::r:~:~rr:~~~~:::;:::~~~~:::F~~~~::F~~:~~:F~~~:::;:::~~~::T:~~~~:::F:~~:::::F::~~:;: 
-••••.••••••••••••••••••• - ••• -.-+ - -_ .............................................................. _ ••••••••••••••••• _ •••••••••••••••••••• - -................................... -- ................ . 

8 ! 0.8~ ! 0.69 ! 0.61 ! 0.79 ! 0.07 ! 0.Q3 ! 28.4 !, 81.3 ! 3.23 ! 3.23 i 92 ! 156 
•••••••• ______ •••••• _ •••••• ___ + _______ • __ •• _+_._ •••.•. ··-t---·········_+······· __ ·_--+ .. ···········.········--.+-----.--.. _ ...... _ ........•.... __ . _____ .•.............•.. _-_.-._ .... 

9 i 0.43 ! 0.38 i 0.14 ! 0.17 i 0.07 i 0.05 i 20.2 i 80.0 i 2.69 i 6.45 i 99 i 170 

::::::::~:::::::F~~:::T:~:~::T:~~~~:::F~~~~:::F~~~~:::F~~~:::n~rF~~:~::T:~~~~::+~~:~n::::!~?::::;::::::~r:: 
••••••••••••• _ •• +--_ •••••••••• + •••• _-------•• -._ •••• - •••••••• -.---••••••••••••••••• -.-•••••••••••••••••••••••• _-+._---------........ __ • __ .+---••.••.••.• + ••• _ •••••••••••••••••••••• 

12 i 0.96 i 1.08 i 0.69 i 0.04 -! 0.Q7 i 0.70 ,i 25.0 i 137.5 ! 3.23 i 45.20 i 99. i 284 
.•.••••••••• _ ••• + •.••..••••• -+ ••••.••.••••• + .•••••••••••• + •••..••.••••• + ••••• " .•.••• + ••••••••••••• + ••• _ ••••••••••••.•..•••.••••••• _ ••••••.••••.••••••••••••••...•.••••••• _ ••••••••. 

13 1 1.25 10.69 1 0.69 1 0.09 i 0.11 i 0.12 1 90.0 1 137.5 i·18.81 1 21.50 1 99 1 440 
.................•.............•.............•........ ·································t··· .. ············_··· .....•.............•.............•............. ;, ... _ ........•.. - ........ . 

14 i 0.60 i 0.84 ! 0.07 i 0.10 i 0.08 1 0.04 i 15.2 ! 50.0 i 3.23 i 7.00 i 99 i 114 
.. · .... is .... ·"! .. 0:iii .. r'o:91 .. r-<i:oi .. r'o:03 .. r'o:oii· .. ["'0:os· .. ["'ii0:4-'; .. ,.:;3:S·,,["'.:;:S"3' .. ["zl:s0 .. ; .... '.:;i .. ' .. ['''·i5·6'· .. 
...... ·i'6· .. · .. ·r'o:iii···;···0:S3· .. ;· .. 0:OS'··; .. ·0:OS·" [·"0:06·-:j·"0:os"-1·"10S":0·T"6i:s·"[·"6:4S"·!·"16:'iO" ['····ss·· .. 'l .... j :iij'" 
................. t············· t •.••.......•. t ............. t· .......... ··t· .......... ··t· "'.'" ... "'1" ············t·············t ....... ······t··· .......... ~ ............. ~ ............. . 

17 1 0.60 1 0.75 1 0.10 1 0.15 1 0.Q7 1 0,02 1 62.0 1 68.8 1 5.91 1 17.20 1 71 1 128 
••••••••••••••••••••••••• _ ••••••••••••• ~ ••• + ................................................................................... + •••••••••••• ·f········ ..... f·· ........... + •••••••••••.• 

18 i 0.93 i 1.17 i 0.28 i 0.39 i 0.10 i 0.05 i 42.2 i 80.0 i 7.53 i 26.90 i 92 i 170 ...... ···········f .........•... + ••••.•••••••• + ••••••••••••• + ••..••••••••• + ••••••.••.••• + •••••••• _ ••• + ••••••...••••••••••••••••••••••••••••••• ' f ............. + ••••••••••••• f···· ........ . 
19 ! 0.60 i 0.21 i 0.10 i 0.08 i 0.07 i 0.05 i 20.2 i 52.5 i 8.06 i 19.90 i 71 i 128 

...... Zo .... ' .. ["'o:li' .. ro:ii .. T .. 0:oi .. r'o:06 .. r'O:13 .. r'o:os· .. r14:4-r'zo:o .. r'i6ij' .. ["'ii:i'ii' .. ["'-.j3 .... r'i99'· .. 
, ...... i'j .... 'T'o:iii· .. ;--'2:9s .. T"0:os' .. r·0:l0 .. -r'o:i3 .. T"0:oz .. -r-i2:z' .. r .. ·zo:ii .. -r'ii3· .. r .. ·;J:iiii' .. r .... '.j3 .... r .. 5·j· .. " 
••• - ••••••••••••••••••••• - ••••••••••••• - •• -•••• - •• ~ •••••••••••••••••••••••••••• _ ••••••••••••••••••••••••••• - ••• .j. ••••••••••••• .j. ............................ .j. •••• _ •••• _ ............... . 

22 i 036 ! 1.08 i .030 i 0.32 i 0.16 i 0.27 i 45.8 i 825' i 16.13 i 12.80! 71 i 170 
' .... '23 ...... T'O:43 .. -;: .. 0:6ij .. T"02S··'["'0:4Z .. ·["'0:i4 .. '["'0:is .. r'20:4'"["'.:;O:ii' .. ["'.:;:S3 .. T'ii:9ii"! .... 6-i .... r·i56'·· 
, .. ' .. iI' .... T .. 036··T"0:6i' .. r03ij .. r·O:S6 .. r·0:i4 .. r'O:ZO .. ·(4i:o .. 'rii5:o .. T .. .:;:53-rI4:iiii·T .... -ji' .. r·js-6'· .. 
::~::~:::::::L~~~:I:~:?~::r:~:?~::r:~:?2.:::r::~:?ErI?~:::r~~Ir:~~:?~r:~:~~~:::::~:~?:T:::~~::::I::!~:~::: 

26 i 0.43 i 0.65 i' 0.07 i.' 0.11 ! 0.08 i 0.01 i 175 i 80.0 i 3.76 i 23.10 i 57 i 142 
...... 27 .. ' .. ·T~0:60 .. T .. 0:60 .. '["'0:oi .. r·0:is .. r'O:i·5=·T .. 0:oi .. r·5S:0 .. 'n:3i:5:ri-i2ij··["z3:10"!·· .. .j3· .... r .. ·j'4Z··· 

~~~=Il!f~-n~I!I~~H~f~~I~~I~:[~~~I:~f~ 
CD(0.05) 1 NS 1 NS 1 NS 1 12.4 I' 3.51 1 24.5 , ' , , . . . . .. ·sii;;;'~ .... f .... ~·:0:5i6' ...... 'T ...... ' .. o:oz9 ...... ' .. T .. ' ...... o:019 ...... " .. ;-----.. ·4:2ii' ...... ' .. ,; .. · ........ 1:i1 .......... ·1 .. · .... 'ii:46· .. ···· 
, ...... N .... 'To:2iis .. !"ii:ij6.( .. -<i:oz .. T .. o:06' .. ro:oi' .. !"'0:iij .. r-j'i6 .. '-;--i531:3r .. 5:S .... [ .. ·5i:5 .. '[' .. 3·44-.. ·[ .. '3'067 .. 
.. · .. ·s .... ' .. 'i .. 0314 .. I .. ~:si2 .. i· .. 0:oz .. '1' .. 0:oz .. ·i· .. 0:01 .. ·ro:i4 .. -;--.. j'j4'--;--··6:2"·'r .. 24:.:; .. '1' .. ·3·40 .... ['''340'''' [""5'82"·' 
Sic Rainy season (before the closure of ThanneenDl;kkom regulator) 

Sll = Summer season (aft" the closure of Thanneermukkom regulator) 

N c Ngrthern side of Thannecnnukkom regulator; S c Southern side of 'fhanneennukkom regulator 
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Table 33. Toxic characteristics of growld water during rainy and summer seasons (ppm) 

: 
Padase Fe AI Na SO,-S i Cl" 

.. ~:..l::::::~~:·:::r::::~~~:::::t::::~:~::::::L:::~~::~:t::::~~:::::r:::~~:::.:.J::::::~~:::::I.:.:~~~:::::t::::~~ ... :.I::::s.~:::.: 
I i 0.% i 0.91 i 0.10 i 0.03 i 33.0 i 39.4 I 5.4 i 10.8 i 57 I 114 

~~lii1;:li~~[ji~f~il~J~1=~~~nri-rjll~~~ 
5 i 1.06 i 1.20 i 0.Q7 I 0.02 I 53.0 i 67.5 i 5.9 i 26.4 i 57 i 114 

~~~~~::~::::::T:~:?·~~:::::r:::~~~::::T::::~·~::::l::::~:·~~::::T::::~~:;~:::::r:::~~:·:~::::l::::!·~::::::r:::~~·~::::T:::~~~::::::r::::~~~::::: 
7 ; 0.74 ; 0.92 ; 0.06 ; 0.02 ; 38.6 ; 62.4 ; 6.6 ; 14.0 ; 99 ; 128 

.-....... -•..... ~ ....... --.--.-.. + ...... -.. -.--.-_ .. _ ....... ___ . __ .. .;. ... _ .... _______ + .. _ ... _ ........ .t. ................ +-•.•............•......... -_ .....•..... _-.........•................ 
8 i 0.82 i 0.78 i 0.06 i 0.02 i 40.4 I 70.6 I, 6.5 i 12.6 i 106 i 132 

•••••••••••••••• ;. ••• _______ •••••• ,:. •••••• __ •••••• _ ••••••• _ ••••••••• .j. ••••••••• _ ••••••••••••••••• ____ •••• _ ••• _ •••••••• + .. ___ ._._. __ .... + _____ .... _ .... + .... _._._ .... _.f. .•...•.• ___ ..•• 

9 i~i~j~i~j~i~iWi~i ~ i~ .. _._ ...........•.. --_ .. _ ... _ ... ;_._ ... _ .........•... -.. -... ~.-... + .... -.-.. -.-... + ... -.-.-.... --.-•. -........... -..• --....•.........•.. -.... -........ ~ ... -.-....... _- ••.. _--_ ...... _ ... . 
10 i 0.78 j 0.84 ! 0.06 i om : 60.6 i 42.3' i 5.9 i 12.8 ! 128 ! 116 

-··-···-·······-f-··········-····f···-·····-·-···-~·----····-·-····f-··-··-----:----f···-··-··-·-···-t··-··-·-··-·----+···-··-··-·--···f·--·-·······-·-t-·····-·······-·t··---·-····--·_-
11 'j 0.86 i 0.96 I 0.07 ! om I 35.2 i 92.6 I 7.9. I 14.4 I 85 ! 128 

-_ •• __ • __ ••••• -.+ ••• -._._ •• _ ••• + •• -._._ •••• _._ ••• - •• _.-_ •••••••• + •• _ ••• __ ••..•.. _+-_. __ •• _ •••• _.-.+._---_ •..• _ .. _+ ••• _. __ ._ .• _ ••.. + •• _. __ ••••.• _-_.+-_ •••• _ •... __ •. _+._ ••• _._._-----

12 i 1.15 i 0.72 i 0.06 i 0.02 i 18.8 i 42.0 i 5.6 i 6.8 i 99 i 142 . 
.. · .. ·ij .. · .. r···O.9i····r .. ·O.80·· .. r .. O.07 .... :r .. ··O.Oi .... r .. ·26:4 .... r .. '40.o .... r· .. i.z ...... r··i·oj .... T .. ···9z .. · .. r· .. 142··· .. 
•••.•..•••• __ ._-+_._._--_._._-_ ......... _-_ •• _ ... +. __ .-.-•••••. _._+_ •••• _ ••••.•.. _-+_ ••••••••••••• _.+ ••• _ •..... __ . __ .+_ •••• _ ..•. _-_ •• _+_ ••• _-_ •• _._. __ .+._ ••.• -_._._ •••• + ..... -._-_._ •••• 

14 i 0.78 i 0.70 i 0.Q7 ! 0.02 ! 38.6 ! 62.4 ! 6.4 ! 6.8 ! 108 ! 128 

::::::~s.:::::I:::O':8:8:::::r:::!::8~:::::r::~:!~::::T:::O'.~i::::T:::~~:!::::r:::~~:~::::r::::1.·~::::::r::!X~::::T::::~:::::T:::!~~:::: 
16 ! 0.78 ! 1.62 i 0.09 i 0.02 i 48.2 ! 84.2 ! 9.7 ! 10.2 ! 99 ! 142 

."'.'" •••••••••••• "" ••••• _ ••• I·· .. •••· ..................... • ... 1_ ........ __ • .. •• h._ ...... _······, ....... _ ....... _ .. _ .............. _ .................. + ..... _ ..................... _._ •• _ 

17 i 0.7S ! 0.88 i 0.09 i 0.02 I 62.0 i 78.6 i 7.5 I 7.6 ! 85 ! 142 
.......... --.. -- ......... -... ---........ -........ -..... _ .. _ ........................ ;. ............................. ___ • .l. ______ ..... _ .. __ + __ .. _ ................. _ .... _ .... ;. ...... ____ .. ___ _ 

IS i 0.83 ! 0.92 ! 0.08 ! 0.02 ! 84.0 ! 78.0 ! 7.5 ! 11.3 ! 71 ! 128 
.. ·· .. iii .. ···· [· .. ·o.'8'j .. ···l· .. ··o.'8's .. · .. i .... ·o.o!i .. '''1'''' o.o·j· .... l·· .. s·6' .. o· .... l· .. ··p;o.o· .. ·· [· .. ··7.4 .... ··1 .. ··j<i'.6 .... i .. · .. :;ii· · .. ··1 ··· .. 128 ... .. 
...... zo .. · .. ·['· .. ·o.69 .. · .. 1· .. ··o.9i' .. ··i· .. o.o7 .. ···i· .... o.oz .... ·r-.. ·3'8'.z .. ··1 .. ···j5'.o· .... r .. ·ii:i .. · .. r .. ·i .. 6 .... ·T .... ·!i9 .. · .. ·1· .... 14z .... · 
··-·-.... --· .. --t .. ·-.. ·-------··t·------··-.. --t····---· .. -.. -.. t···-----.... ··-·t .. ----------.. ··t·· .. · .. -.... ····t· .. -··--.. --.... t---·--.. -.. -.. ··t· .... · ........ ·-t--.... -.. ···--· 

21 ; 0.78 ; 0.95 ; 0.Q7 ; 0.02 ; 36.4 ; 82.0 ; 7.5' ; 8.4 ; 85 ; 142' 
-----...... ---...... ----..... ---•• -.. --...... -............ --------...... __ .. _ .. -•• t..--_ ... _ .. __ ... .j. .... _ .. _ ... _____ ... __ ....... ___ •• + ______ .... ______ • ___ ._ ........ _ .. ~ __ . ____ .. __ .. _ 

22 i 2.05 i 5.% i 0.16 i 0.06 i 35.0 i 47.5 i 4.3' i 16.1 ! 85 i 114 
__ ·· .. · ......... ~. ____ .. __ .. _. __ l .. ____ ..... _____ ... ~ .... _. _____ .. _ ..... __ ... _ .. _._ ........ oo ....... + ....... ____ ... ~ __ oo .. _ ......... + .. _ .. _ .......... + .................. ___ ............ _ 

23 ! 1.60 ! 2.S1 ! 0.12 ! 0.06 ! 42.2 ! 52.8·! 1.6·! 14.2 ! 71 ! 114 
------... ---- ·--too--· .-------t .... ··-------·-t .. · · .. · .... ----·t .. ----.. -.. ··---t ...... - .. -.... -t ..... -----. · .... t-·-· .... · .. ·· .. -t--· .. ·· .. --·----t-· .... ·--.. _-·t· .-.... -.-..... 

24 ! 1.60 ! 4.32 i 0.10 i 0.06 I 36.4 i 54.6 ! 1.6 i 16.7 i 68 1 128 
·· .. ··zs·· .. ·-r .. ·O .. 69·· .. -r .. ·i: .. oo .. · .. r .. ··O.07 .. ··T .. ·o.06 .. · .. r· .. 7sj .... -r· .. 6'2.5 .... -r .. ·5· .. 9 ...... r .. ·ii.:i .... -r .... s:; ...... r .. ·lzs .. ··· 
...... -.....• -~- •. -.. --..... --.. -+ .. -.. -......... -+ .... -..... --.... + ....... --_ ...... ;. .. __ ... __ ....... --_ ..... _--..... ;.----.......... --+-_ .. _.--.... _--+_ ........ -.oo--.;. ........ _ .... _--

26 ! 0.58 i 0.96 i 0.Q7 ! 0.06 i 6S.6 I 66.S i 5.9 i 7.5 I 57 ! 132 
;.. .. -..... --.. --;. ....... -: ... -... +.---............ +~-.-...... --~--.. --...... ----... -.-.. --........ ;. .. -~ ...... ---.. -+ .. :..---.... -----+-----_ .. _-_ .... -_ .......... _ .... -....... .,. ... _ .. 

27 ! 0.42 ! 0.82 ! O.OS i 0.06 ! 66.5 ! 78.2 i 4.8 -! 11.3 ! 57 ! 128 
........... _ •• _. + ....... _ .. --....... _---_ ...... ---+ -------....... _-+-_ ....... --.----.... __ ......... ---+--_ .. --..... _--- ... -_ ............ -+_ .... _-- ...... --+--............ -- .... _.-..... ---_. 

Mean i 0.85 i 1.31 ! 0.08 i 0.03 i 46.2 j 63.3 i 6.3 ! 11.9 i 80 I 130 , . . . . . , , , . 

·:::~~:::!:: .. ~~~~J~~~~::.r::~~~~.[~·~·:·r.:~~~~·~L.~~~·::r·:·~:~~:]~::~~~·:~r~~i~8:·L·i:~~::.: 
. ! 'I i ! (0.05) ! : . : i __ ........... ___ L. ___ .... _. __ ••. __ . __ .. _ .. _ ..• __ •. ~. _________ •• __ ._ .... _ ............. _! _____ ._ .• __ ...• _ ........... __ .• __ ! _____ ....... __ . ____ .. __ . __ . __ . ___ .;. ___ .... _________ .~ .... -_---.. -__ 

SEm± i 0.l13 i 0.003 i 2.67 i 0.688 i 2.69 

SI - Rainy season (before the closure of ThanneemlUkkom regulator) . . 
SII = Summer season (after the closure of Thanneermukkom regulator) 

. The Mn content of the surface water was 0.20 

ppm during rainy season and 0.19 ppm during 
summer. As per the above standards the 

concentration of Mn allowed is 0.20 ppm and 

0.05 ppm for irrigation and drinking water, 
respectively. The Mn content of the irrigation 

water is approaching the limit and in future 

there is every chance for its increase, unless 



suitable management measures are adapted. In 

ground water Mn was not detected. In the 

study area Al was present only in minute 

quantities both in surface as well as in ground 

water. However, Even this concentration in 

ground water was above the maximum levyl 

prescribed by lSI (1991) for drinking water and 

hence is sufficient to cause health hazards. 

Heavy metals like Cd and Pb were not detected 

in surface and ground water. On the northern 

side of the regt,JIator the concentra-tion of Fe, 

Mn and Al showed only marginal variation 

from that of sonthern side, evidently due to 

their low concentration in sea water. 

Among the anions, sulphates, chlorides and 

nitrates were detected in surface water as well 

as in ground water. The mean value of chloride 

in surface water was 78 ppm during rainy 

season which increased to 169 ppm during 

summer. For ground water the corresponding 

values were 80 and 130 ppm, respectively. 

Unlike Na ions, the chloride ions neither in

fluenced the physical properties of the soil nor 

are adsorbed by the soil. For this reason, the 

absolute chloride ion content has not found any 

importance as a general criterion in the 

evaluation of the quality of irrigation water. 

The WHO (1971) and lSI (1991) acceptable 

maximum for chloride content in drinking water 

is 200 PP!ll and the area falls within the safe 

limits. In terms of specific toxicity effect of 

chloride, the area faces the danger during 

summer season since the chloride content of 

surface water exceeded the critical limit of 142 

ppm (Ayers, 1975). The lake water of 

Vembanad on either side of regulator exceeded 

the above permissible limits. 

The area is also facing pollution due to accu

mulation of nitrates in waterways and canals, 

since large quantities of N fertiliser residues are 

released into the environment, from the rice 

fields through drainage water (Table 46). In 
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ground water also N fertiliser residues were 

detected (Table 34). The mean value of NO,-N 

during rainy season was 2.0 ppm which in

creased to 2.74 ppm during summer. 

Table 34. Ammoniacal and nitrate N in 

ground water during different seasons (ppm) 

Padasckh- i NH,-N . NO,-N . 
aram No. r------si'---T----sn-----l------si------r---siI---

--------"---_ .. ---+----.-----_.-----+._--_ .... ------.. +-----_.--------.+-_ ..... _-------
! 2_0 ! 3.2 ! 2.5 ! 4.3 

---.--------------+----------_.-----+--------_.-_._---~.------.--------.+----... ---.... --
2 ! 1.2 ! 2.0 ! I.S i 5.2 

· .. ------------·-··.;.·-------·-·------.t-----··----------t ... ---------... - •• _._------..• _.-
3 ! I.S ! 2_S ! 3.1 ! 3_S 

--------:;---------;------I:ii------;-----z§-----;------2:3-----;------z.-O'----
--------s--------;------0:5------;----o:ii-----r----4:0------r---ii--
...... _ .. __ .. _---.. +-_._---_ ......... + ••••••••••••••••• + .................................. . 

6 ! 3_2 ! 2.0 ! 0_6 ! 004 ................... ~ ................. ~ .................•.................•............... 
7 ! 1.0 ! 1.6 ! 1.3 ! 1.5 

·············· .. ···t···········.·····t······ ... ······ .. ;. ................. j •..••.•......•. 
S ! 1A! 2.0 ! O.S ! 1.5 

--------9-------r---i:o-----r----z:0-----r----s:o---r---4:i----
-------io-------r----z:o-----r----il----T---i:z----T-----ii----
.............. ·····t······· .......... t················· t···· ............. t·········- .... . 

11 ; 1.0 ; 2.7 ; L5 ; 2.5 
··················· .. ············ .. ···t······ ... ········.j. ••.•...•..•...... .f •• _ •••••••••••• 

12 ! 0.5 ! 1.9 ! 0.3 ! 25 
-------i:i-------r----0:8------;------ij-----r----O:6-----r----z.-o'--
.... ···············t················· t .•.......••.•.... t· ................ t·· ............. . 

14 ! 0.3 i O_S i I.S ! 3.2 
·················-t·················t·················t······-···_····r-·········_··· 

15 ; 1.2 ; 15 ; 2.2 ; 3_0 
••••••••••••••••••• .f ........................... _ •• _ ••• .j. ••••••••••••••••• .j. •••••••••••••••• 

16 i 2.0 ! 2_0 ! 3.S i 3_9 
--------i7------i------j·:z-----;-----z:0------i----4X···-i-----.i.o-
. -------j B--------! ----0:5 -----·1-- ----I :0-----t -- --. iii --.. --! -----ii---
• •••••••••••••••••••••••••••••••••••• + ................. + •••••.•••••••••••••••••• _ .••..••• 

19 i 004 ! O.S ! L5 ! 1.0 
··················· .. ·················t················ ................................... . 

20 !O.S!L3!I.S!L2 
-------ii--------;-----i:o------;------I:I------;------z:2------;------z.-5--
-------ii--------I------i:z------t--2:5------i-----z:5------1-----3":3-----
···················r·················t··········-·····t······-·········t-··-········-

23 ! 1.5 i 1.7 i 1.9 i 25 
••••.•••••••••••••••••••••••••••••••• ~ ••••••••••••••••• + •••••••••••••••••••• _ •••••••••••• 

24 ! 1.3 ! 1.5 i 2_0 ! 2.5 ............................................................................................ 
25 ! 1.1 ! 1.2 ! 1.3 i 3_2 

------z6-------r-----I:o-----r----i:s---r----ji"---r---i(j---
......•............ ~ ................................... ~ .................................. . 

27 ! I.S ! 25 ! 2.0 ! 25 

~~~~~~~~~~~~~1~~~~~~~~_~~~~~~1~~~~~~~~~~~~~1~~:~~~~~~~: :~l~~:~~~~::::~ 
Range ! 0.3-3.2 ! 0.S-3_2 ! 0.3-5_0 ! 0_4-5.2 

--CD(O':O'si"\-------------ii:ii-4-------------;-------------O':i7Z--------
----:<;"E;;;-~----r_-----------(j.(j56-----------r-----------o:084--------

SI ~ Rainy season (Before the closure of 

Thaonecnnukkom regulator) 

SlI = SlllIlDler season (After the closure of 

Thaonecnnukkom regulator) 



ForNH,-N, the corresponding values were 1.24 

and 1.84 ppm, respectively. The increase in 

concentIation was evident! y due to the release 

of N fertiliser 'residues through the drainage 

water from the punja rice fields. Both forms of 

N were below the critical levels suggested by 

WHO (1971) and lSI (l99l).However, the 
danger from pollution of waterbodies by N fer

tiliser residues should be seriously looked into 

and suitable management measures advocated. 

The S04-S content ·of surface water was 6.12 
ppm during rainy season and it increased to 

14.00 ppm during summer. For ground water 

the corresponding values were 6.3 and 11.9 

ppm, respectively. As per the standards pro

posed by the National Academy of Sciences and 

EC. dS/m 
1.4r------r---------, 

1. 

O. -

O. 

O. 

y Q O.03B + O.OO3X; A ... 0.667"

- Calculated EDI Observed EC 

50 100 150 200 250 300 350 400 

CHLORIDE. ppm 
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the National Academy of Engineering (1972) 

the sulphate content should not exceed the 

permissible maximum of 67 ppm of SO,-S in 

water_ Both surface as well as ground water 

were within this limit Even the lake water on 

either side of the regulator did not exceed the 

above limit. 

Among the anions, chloride was the dominant 

one indicating most of the bases were present as 

chloride salts, though some quantity was present 

in sulphate form also (Fig 24). This was further 

confirmed from the correlation coefficients 

between EC and chloride (0.817') and with 

sulphate (0.644') in surface water (fable 35). 

Similar relationships were observed for ground 

water also (fable 36). 

EC. dS/!," 
1 .. 2r------,----------, 

O.B 

0.6 

• 
0.4 • . if . 

O. 
. . • 

0 
0 5 

• 

.. " • 

10 15 

y =0.233 + 0.021 X; R =0.414M 

-Calculated EC* Observed EC 

• 

20 25 30 35 40 

SULPHATE SUlPHUR. ppm 

Fig 24. Relationship of EC to chloride and sulphate in water (R = Regression coefficient) 
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Table 35. Correlation matrix showing inter-relationships among quality attributes of surface water 

Characteristics I pH EC K N. Ca Al SO-S CI-

•••••••••• ____ •• _ ••••••••• t. .•• __ .•.• _ •••• __ •• .j. ••• _____ ... _ ............ __ •• __ • ____ •••• _+ ........ ____________ .j. ............. __ ••••• .;. •• ______ • _______ •••• .;. •••• _ ••••••••••• --·f--···-------········ 

pH i 1.000 iii iii i 
--•••••••••• _ ••• __ .----.-.-........... _-_._----•• +-•••• _ •••••••• _--- ... --•••• __ •••• _---- .. ---_ ••• --•••••••• - ... -_.-•• _------- •• -.. -_.--_ •••• __ ...... ---.---••• _--_ ....... -----------.---•• 

EC l -0.613·· l 1.000 l l. l. iii 
.........•. _------_ .................. _----.. __ ........ _--.. _---.................. _---.................... _-_ .. _-... _-.................. --------.--..................... _--............................ . 

K ! -0.487·· ! 0.773·· i 1.000 ! ! : . ! ! 
--;:;~········-·----···-···r·=O:5:;ii::-···rO:?;;::····1····0:~;7::····1··--;·:OOO---·-·1:··--···-·-·····r----··--·········)·-··----·---····-··T··········----·--· 

.••••••••••••.•••..•••.••••• ;. ........................................ +- ••••••••••...•.•••••••••••••••••••...•.•. ,f. ••••• _ •• _ ••• _ ••••• +- ...................................... _ ........... - ••••••••.•• 

Ca i -0.310 i 0.254 i 0.549·· i 0.485·· i 1.000 iii 
: : . : : : : : : ............................................... _ .. - ........ -........................................................................................................................................... . 

AI i -0507·· i 0.398·· ! 0.642·· i 0.187 i 0.739·· ! l.ooo! ! 
: : : : : : : : 

••••••••••••• _ ............................................................................................... _ ....................................... _ •••••••••••••••••••• _ ••• _ •• 4·'" •••••••••••••••• 

SO -S i -0.596·· ! 0.644'· ! 0.682- i 0.592·· i 0.428·· i 0.472· j 1.000 j 
: : : : : : : : 

··ci··--··-_··_····-·;·r-·=0500::··-·;---O:;;·:;:;··--;---·0:;~::···-r·-~7~::··--r···0:~37::·-···r-05~0::·-··;---'0:;';3::'---;---"';'.;;;-"--
: : : : : : : : 

• Significant at 5% level·· Significant at 1% level 

Table 36. Correlation matrix showing inter-relationships among quality attributes of growld waler 

Characteristics" 1 pH EC K Na Ca Al SO -S CI' 
: 
! . , . , • , . ..... , ................. _ ............................................................................................... _ ............ ··· ... ···-_···_········4··· .... · .. ···· .. ·· ... · .. · .... · .. ··· .... ·· 

pH l 1.000 l iii \ i \ .. oc· .. ··-· .. ······--·T··~o~~o~::· .. T····i~~o .. ·-r·· .. ····-··· .. -.. r .. · ............ ··T ...... · .. ······· .. T·· .... -.. · .... · .. T .. · .. ·· .. ···· .... -r .. ··· ...... ····· .. · 
··K-··-····-····---··-··r=o:~53::···r--0·.3·89:···T···-;·.o;;····r-··-···········-T···········-···---r···········-···-r··········--·-··r······-··-··-····· 

............. _ .......... _ ........................................................ --................................................................... _ ..................... _ ........... __ ........ . 
Na i -0.426·· i 0.425· i 0.543·· i 1.000 iii i 

: : : : : : : : ............. - ...... - .. _ ...... _ ................................ _ ......... _ ........... _ ............................................................ __ ................................................. . 
. : .: .: •• : • i~ : : : ' 

Ca ."- i -0.380 j 0.371 i 0.488 j 0.427 i .' 1.000 iii 
.................................. , ............... ~ ..................................................................................................................................................... . 
Al i -0.491·· i 0.378· i 0.613·· j 0.411· j 0.651·· j 1.000 i j 

: : : : : :, : : ............. _ ...... - ... - ............................ _--_ ...... _--........................................ --..................................... ----................................ ---............. . 
SO -s i -0511·· j 0.428·· i 0.647·· i 0.536·· j 0.607·· j 0.472· i 1.000 j 

............................ i .................... i ................... i .................... ~ ....... " ............ l._ ................. i .................... l .................... ; ................... . 
CI . j -0.478·· i 0521·· i 0.652·· i 0.685·· i 0.489·· i 0.783·· i 0.575·· i 1.000 

: : : : : : : : 

• Significant at 5 % level·· Significant at 1 % level 

In general, salinity is always associated with 
alkalinity due to dominance of carbonate~ and 
bicarbonates. Becanse of the dominance of 
chlorides and sulphates the contribution of sa
linity is unable to create any alkalinity due to 
the neutral nature of salts involved and the 
native acidity is never neutralised. TIlls fmal~y 
contribute to a situation which we refer as acid 
saline soils. 

On evaluating the various toxic parameters 
persisting in tJ1e study area, it was observed that 

the area was subject to severe water pollution 
and its impact is reflected on various soil 

properties. The pH, SAR and Fe and Al 
contents of ground water exceeded the per
missible limits for domestic purposes (lSI, 
1991). In the case of surface water, SAR and 
CI- content were far greater than the allowed 
maximum for irrigation water (Ayers, 1975). 

The Mn content of surface water is approaching 
the critical level for irrigation which may also 

contribute towards environmental con
tamination. Though the level of other nutrients 



in the surface wafer was within the limits 
pcrillitted, it WIIS sumciellt to cuuse eutrophI
cation as manifested by the luxurious growth of 
algae and other water weeds in canals and 

waterways leading to oxygen depletion and 
death of aquatic organisms. Apart from the 
above qualitative as~ts, the entire Kuttanad is 
also facing severe pollution of water by the 

high level of coliform bacteria due to improper 
sanitation facilities (IDMR, 1989). 

B. Introduced toxic characteristics 

Rice cultivation iii Kuttanad region is charac

terised by the profuse use of fertilisers, pesti
cides and herbicides. Among the agrochemi
caIs, only a part is taken up by the crop and 
rest will remain in the environment Since the 
tract is traversed by a large number of water
ways and canals the residues of agrochemicals 
may spread to the entire area within a short 

span of time. The closure of Thanneermukkom 
regulator from December to April, which is the 

major cultivation season of Kuttanad results in 

the stagnation of water with heavy load of 

fertiliser and pesticide residues. The indis
criminative use of agrochemicals may hamper 

the ecosystem in the long run, though some 
immediate benefits are obtained. 

1. Pesticide residues (Table 37) 

Among the pesticides, organochlorine pesticides 
are highly persistent in the environment due to 
their chemical stability, low water solubility and 
low volatility. The major forms of chlorinated 
hydrocarbon pesticides identified in the area 

were ~-HCH, ¥-HCH and DDT (Fig 25 and 
Table 37). 

In soil, the concentration of ~-HCH ranged 
from 0.047 to 0.240 ppb during rainy season 
with a mean value of 0.162 ppb. During 
summer the mean value increased to 0.647 ppb 
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(mnge 0.320-0.839 ppb). TIle increase w:!s of 
nbuut 4 times. '111c mil-off frum rice fidds 

containing residues of pesticides, get accu
mulated in the. region since the free drainage is 
restricted during summer by closing the 
regulator. In rainy season most of the applied 
pesticides are washed off by the rain water. 

The concentration of ~-HCH in water during 
rainy season ranged from 0.175 to 0.467 ppb 
with a mean value of 0.302 ppb. It increased to 
a range of 0.400 to 0.934 ppb with a mean of 
0.631 ppb' during summer. The concentration 

was greater in water compared to soil. The 
attributed reasons are that the pesticides applied 

during the current season might have remained 
in water itself si~ce it require more time for its 
entry into soil layers. The prevention of water 
flow towards the sea results in accumulation of 
pesticide residues in the stagnating water and 
the reuse of this water further enhanced their 

concentration. The pesticides already entered 
into the soil complex might not have been fully 

extracted by the extractant used even though the 

recovery of the method was high in that soil. 

The ¥-HCH content was very low compared to 

the ~-HCH in soil. The mean value of ¥-HCH 
was 0.020 ppb (range 0.002-0.038 ppb) during 
rainy season. The values increased to a range of 

0.028 to 0.062 ppb with a mean of 0.045 ppb 
during summer. Here also water showed higher 
concentration. The mean values were 0.126 and 
0.173 ppb, during rainy and summer seasons, 
respectively. The higher concentrations of ~

HCH and ¥-HCH were observed in the sedi

ments from Alleppey, compared to other parts 
of KeraIa. The highest concentration was 

observed during the post monsoon period due to 
the run-off from rice fields (Balakrishnan and 
Ouseph, 1995). 

The concentration of DDT was much higher in 
soil and water compared to HCH, either due to 
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Tal?le 37. Residual concentration (ppb) of chlorinated hydrocarbon pesticides in soil and water during 

rainy and summer seasons 

Pada- i Soil i Water 
sckharam~""""'-'-'-'---'-'--"'----:------'--""-""---------.·-:-------------·· ... ··.·.f-·--·------··.··----······-r-----------··--·····--··--:-·---····-···-----··,---,---

N i cx-HCH i y-HCH i DDT i cx-HCH i y-HCH i DDT 
o. : : : : : : 

l"···--Si·-·T"···s~··T····si···T"··-s~··T·· .. si···T"···sii··T-"-s~··T···sil-·T··-si··-T···s~··T····si···T"···si-;··· 
j : : : : : : : : : j : 

·"·"·i··-·r·o:o4ir·0:3ior·0:oi·:i"T··0:oiiir··o:os"T··O:Oiir·o:iS(···o:siiir·0:i-04r·0:i·40r··O:Oi·r··0:OS-
······i·-··r·O:OSir·0:339r·O:oi·ii"""o:iii9r··O:iO·r··O:9ii·r·o:23"2"[""·o:siii"r·o:i"oiiT·o:i"siiT··o:iii··r·-o:19-
·······:i·····r·o:i·iior·ii:Si7·r·ii:iii·s·T··o:ii3·ir··2:ii··r·-i:io-r·O:3·iior·o:iiii-;--·o:iOiir·ii:i·4ir··i:iii ·r··3:io" 
·····--4-----r-0:ij"5r-O:sii"i"""o:iiii-r-O:iisiir--iii4-r--i:4j-T-0:iSs-r-0:iii-s-r-o:ii i-r-o:i-si-r--0:95--r--2:34-
-------S-----r-O:ii9s-r-0:4iiii"j""-o:iiii"r-O:03-0r--o:oi--;----ii:oi-r-ii3i-iir-ii:iiii-r-ii:ioiir-ii:i:i"sT---ii:oi--r--0:oi---. . . . . -, . . ., , , . -_ ••• -- ••••• _ ......... _---•• __ .+--_ •.••. ----...... _-_ •• _--.• -.-•••••••• _-_.+----_ •••••• _-•.• _--..... _---.-.•• _------...... __ .• __ . __ .... --_ .• _--........... -----...... --_ •.• _-----.---_ .••.•. _--

6 i 0_056 i 0.406 i 0.016 i 0_032 i 2_92 i 6.31 i 0.336 i 0.716 i 0.112 i 0.146 i 0.16 i 2.41 
•••••••••••• __ ...................... , .............. __ ......... o •••••••••••• .j. ••••• ___ ............... __ ............... --.f-...••••••.•••• -••.•..••.••••••• __ .--_ ............... __ ............... . 

7 i 0_220 i 0.780 i 0_031 i 0_056 i 11.92 i 16.42 i 0.426 i 0_791 i 0.210 i 0.248 i 4.41 i 6_87 
-------g-----r-0:i9ii-j"""0:7iq---O:03i-r-0:oSS-r--0:ii4-r--2:3Tr-03iiiT-0:Siiir-0:i"SoT-0:iSi-T--0:~-T--o:io-
._-•••••••• _---.... -. __ ••••• _-.... --•••••••• -... _---•••••• -.... _-.--••••• - ... -_._---.......... __ •• _-......... _-_ .•. -.... -••••••.•••• _+----•• -_ •••• +-- ••••••••••• +_ ••••• __ ....... -_ ••• -•••••• 

9 i 0_212 i 0_764 i 0_038 i 0_062 i 0.18 i 1.80 i 0.391 i 0_834 i 0.110 i 0_262 i 0_05 i 0.Q7 

-------iO---j"""oj-ii6r-0:600r-o:iiiSr-0:iis-iir--ii:ii--r-iiiis-r-0:i9ii-;---0:iiii4-;---ii:i"4i--;---O:i"9iir--iiiS-r-s:oS---
------iY----r--6:i4o-r--0:iii"S-r--0:0ii9-r--0:o3-ii-;----iij-o--;----oj-Z--r--0::i"i-s-r-0:iii4T-6:04ir-oj-oi-T-6:iii--T--0:oi--
••••••••••• ___ -.f •••• __ •••• _0_", .............. _ .. ___ ......... __ "'_0" _ ...... ____ .......... _____ •••••••• i-•••• ___ .••••• .j. •••••• _ •• -. ___ .. _._ ••••••••• _ ............... ;. ............. ;. ••••••••••••• 

. 12 i 0_200 i 0.720 i 0_012 i 0.041 i 7.90 i 12.45 i 0.416 i 0.934 i 0.072 i 0_124 i 2.35 i 4_72 
••••••••••••••• ; ............. .j. ••••••••••••• .:. ••••••••••••• .:. ••••••••••••• .:. •••••••••••• :..:. •••••••••••• .J ............. .:. ....•........ ;. .......•..... ;. •...•...•.... .:. ......•...... :. ............ . 

13 i 0_234 i 0.800 i 0_036 i 0.059 i 0.08 i 0.10 ! 0.386 i 0.870 i 0_091 i 0_138 i 0_04 i 0_04 

------14----r-0:iiir-0:7Biir-o~oi9r-0:iiss-r--o:io-r--i:4ii-r-034iiT-0:i3-ir-o:i"iisT--oioir--0:i"i-r-0:4i5--
................................... ~ ............... - ........................................................................................... _ ....................................... _ .......... -

15 i 0.110 i 0576 i 0.002 i 0.037 i 2.34 i 4.21 i 0.259 i 0_226 i 0.132 i 0:186 i 0.56 i 0_61 
••••••••••••••• :. ••••••••••••• .:. ••••••••••••• .:. ••••••••••••• .:. ••••••••••••• .j. ••••••••••••• .j. ••••••••••••• .j. ............. .j. ••••••••••••• .:. •••••••• - ••• .j. ••• :. ••••••••• ;. ••••••••••••• ;. ••••••••••••• 

16 i 0_162 i 0.680 i 0.010 i 0.029 i 1.01 i 0_82 i 0_181 i 0.400 i 0.125 i 0.138 i 0_10 i 0_11 
------17-·--r-0:i"si-r-0:iio3-r-0:oi-iT-0:iiis-r--7:00-r--ii:2ii-r-oiiis-r-050i-r-0:i46-T-ii:i"9i-T--i~s-o-r--2:4i---

------i]j"---r-0:ii9iir-0:5ioT-0:oiiT-o:o4oT--0:io-r--0:43"-r-0:i"isr-0:5iiq---oj-:i"iT-oj-sT;---O:oj--r--O:0i--
-------i!i----T-0:i-43"T-0:iii"iiT--0:iiiii-r-0:ii3"8"T-iiii3"T-i7:iiOT-O:2ii4-r-O:soi"T-0:iiii-r-o:ii"or--i9ii--r---6:oii--
••••••••••••••• .j. •••• _ ••••••• .j. •••• _ ••••••• + ... _ ........ .j. ••••••••••••• .j. •••••••••••• ...j. ••••••••••••• .j. ••••••••••••• .:. •••••• - ••••• ;. •••••••• - ••• .j. ••••••••••••• ;... •••••••••••• ;...._ ••••••••• 

20 i 0.126 i 0_635 i 0_012 i 0_046 i 1.24 i 4_21 i 0.176 i 0.325 i 0.103 i 0.186 i 0_16 i 0.85 
------iT---r-ii:1:i"Or-0:6i-Z-f"""0:oiir-0:03-iir--4:iio-r--ij-S--r-0240r-O:44S--ro:i-iii-r-oj-ii5-r--i:iis--r--o:i1-
••••••••.•••••• 1' ••••.•.... "'1"" •.•• ' •..•• 1' ........ ·····t ............. 1' ........... ··t·· ........ ···t ·············t············· t·· ···········t .. ······· .... t·············t··_· ....... . 

22 i 0.234 i 0.800 i 0_036 i 0.062 i 2_81 i 4.20 i 0.316 i 0_816 i 0_164 i 0_196 i 0_37 i 1.25 
..................... _ ••••••• -f. ••• "_ .......................................... _ ............. __ .............. _ .......................................... , ................ ,_ ................. . 

23 i 0208 i 0_821 i 0_029 i 0_056 i 6.35 i 12.46 i 0.208 i 0519 i 0.132 i 0.152 i 1.28 i 3.61 
••••••••••••••• .j. •••••••• -:: •••• .j. ••••••••••••• .j. ••••••••••••• .j. ••••••••••••• + ... _ ........ .j. ••••••••••••• .j. ••••••••••••• ,;. ••••••••••••• ;. ••••••••••••• .j. ••••••••••••• ;. ••••••••••••• .j. ••••••••••••• 

24 i 0_189 i 0_786 i 0_021 i 0.053 i 14.21 i 20.60 i 0_467 i 0.721 i 0_151 i 0.186 i 3.79 i 10.34 
------is-----i---0:iio-t--0:7si--j---0:Oi"9-j---0:04S--j----ii:04--j---i4:iii"j"--0:3S-0-t--o:ii9ii-t--0:i"io-j---oj-si--t-i~oo--t-4:iiS--

------i6----r-oii-iiT-0:ii39T-0~o33T-0:059r-lo:4i"r-i7:ii3r-0:252-;---0:604-;---6:i4ii-;---0:16ir--3:76-r-7:44--

------27-----j"""0:iiior-0:6iior-0:iiiir-0:oii2r--ii:3o-r-io:iis-r-0:i4Sr-0:Ss-q---oj-ii6T-o:i"iii-r--2:S-g--r--4iii--
.................... - .............. _ ............ _ ........... _ •••••••• + ••••••••••••• + ••••••••••••• + ....................................................................................... . 

~i~i~i~i~i~i~i~i~li~i~I~I~ 
---R;."~g~-rii:047~ro:32o.:rii:002:ro.o2ii:r-ii:02~--rii:02:-roj7s:rii:22~ro:ii42~ro:loi:-ro:ol~--ro:oi~-

i~i~I~8!~I~li~!~!~!WOI~!W!I~ 

:--:;~~~~--L:_:_: ___ ~·~~_~: ___ :-_:: __ ;:-::: __ :_:_~:~~~:-------:--I::::-:------~:~:~::_-____ :::r---:: __ :_~-~~;--:-_: __ :I_-:---::_~:~~-~--__ ::::J:::----__ -__ ~:I-~---_-::-: __ 
SEmi i 0.013 i 0_008 i 1.93 i 0_016 i 0_004 i 1.08 

SI = Rainy season (Before the closure of Thanneermukkom regulator) 

Sll - Summer season (After the ekosure of Thanneennukkom regulator) 
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PESTICIDES 

Fig 25. Residual concentration of chlorinated hydrocarbon pesticides in soil and water during different 

seasons 

slower dissipation rate or application in large 

quantities. Its concentration in soil ranged from 

0.02 to 14.21 ppb with a mean of 4.34 ppb 

during rainy season. During summer it further 

increased to a mean value of 6.92 ppb with a 

range of 0.10 1020.60 ppb. The padasekharams 

showed large variation in residual concentratio~ 

of DDT. The mean values for water during the 

above two seasons were 1.28 ppb (range 0.01-

4.41 ppb) and 2.51 ppb (0.01 -10.34 ppb) of 
DDT, respectively. Though the use of this 

chemical for agricultural purposes was banned 

it was present in large quantities. The use of 
DDT for hygienic purposes may contribute 

towards its accwnulation in soil and water. 

There has been some reports on the incidence 

of using DDT as a proteclant for preservation of 
concentrated organic manures like bonemeal 

and it is likely that the use of such manures 

may contaminate the soil. IDMR (1989) also 

reported the toxic accwnulation of DDT in 

water, sediments and organic tissue samples and 

the concentration was highest during the month 

of January near the Thanneermukkom regulator 
in the sediment (1 mg I-I). 

Organophosphorus compounds were detected 

only in traces in the area. This might be due to 

their rapid degradation in soil. The samples 

were collected 3 weeks before harvest. Hence 
the applied organophosphorus compounds might 

have got degraded and lost by that time. 

As per the specifications of OECD (1986) and 

lSI (1991) the presence of even the traces of 

pesticides is not allowable in drinking water and 
water for domestic purposes. From this point 
of view, the water of the region is highly 

contaminated with chlorinated hydrocarbon 

pesticide residues. 



The National Academy of Sciences and the 

National Academy of Engineering (1972) per

mit a maximum concentration of 50 ppb for 

DDT and 5 ppb for HCH in surface and ground 

water. According to Sebastin (1994) the 

acceptable maximum for pesticide residues in 

water with regards to the safety of aquatic lives 

is zero ppm. In the present context of greater 

environmental awareness, acceptability of 

ecofriendly farming and considering the ability 

of pesticides to accumulate and magnify in 

various organisms, the zero level of con

centration of pesticide residues in water is the 

preferred criterion with regards to environ

mental safety. The chlorinated hydrocarbon 

residues recorded in soil and water even a 

month after the period of peak plant protection 

activities in Kuttanad were not negligible. In 

that context, the area is considered to be highly 

vulnerable to pesticide pollution po~g serious 

health hazard to the people and mortality to 

aquatic organisms like fish as well as duck. 

2. Fertiliser residues 

2.1. Nitrogen: Nitrogen plays a major role 

among the plant nutrients. The average re

covery of N under submerged condition is 40 

per cent indicating that the extent of loss is 

much greater than the recovery (Savant and 

Datta, 1982). The losses of N take place by 

leaching, run-off, seepage, volatilization and 

denitrification depending upon the soil condi

tions, contrjbuting towards environmental pol

lution.The peculiar hydrophysiography of the 

area favours the leaching loss of nitrogen 

leading to the pollution of waterways and 

canals. 

In the study area, the fanners applied 45 kg N 

ha" as factomphos (20:20) at the time of b'L~al 

dressing i.e., 2-3 weeks after sowing. The 

mean value of NH,-N in soil before fertiliser 

III 

application was 133 ppm during additional crop 

season and the value increased to 136 ppm, 4-7 

days after fertiliser application (Table 38) but 

before letting out the water. The mean values 

for NO,-N + N03-N were 17.9 and 18.5 ppm, 

respectively, during the above two stages. Out 

of the added N, only a small portion was 

accounted in soil. A part of it might have been 

taken up by the crop and the rest might have 

remained in water or lost. 

The NH,-N content of water showed consid

erable increase due to basal application of N 

fertiliser (Table 39). The mean value increased 

from 6.65 to 11.86 ppm. The NO,-N + NO,-N 

also followed the same trend and the mean 

values were 4.91 and 6.70 ppm, respectively, 

before and after fertiliser application. The 

quantum of N held in standing water was 

considerably greater at this period, major part of 

which was likely to be lost through the drainage 

water and contaminated the waterways and 

canals in the area. The pennissible maximum 

concentration for NH.-N is 16 ppm in water 

and a concentration above this is lethal to the 

. marine lives like fish and prawn (Sebastin, 

1994). Based on this criterion the NH.-N rele

ased from these padasekharams to the water

ways or canals through drainage water did not 

create any problem to the marine lives. How

ever, the padasekharams of Arpookkara village 

showed values near to the tolerance limit and in 

Chalakari padasekharam the values exceeded 

the limit. For N03-N, the permissible maximum 

is 20 ppm for the safe life of aquatic species 

(Sebastin, 1994) and for domestic uses it is 10 

ppm (WHO, 1971; lSI, 1991). The study area 

recorded values below the critical levels. 
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Table 38. Ammoniacal N, nitrite + nitrate N and available P and K in soils during additional crop 

season 1993-94, ppm 

, 
Padase- i NH,-N NO,-N + NO,-N Available P ; Available K 
kharam ;----·--· .. ·-·-----·-----:----------·--·-----------t-------------··----------:--····_···--------···----t-------------------------f---------------------···_-:-------._---_._-------

; Basal ; Topdressing; Basal ; Topdressing; Basal ; Basal ; Topdressing 
No. L __ . ______ ... _. _______ .. L .. _. ____ .. ~.~ ______ .. _i.--.. -----.... -___ ... ____ i __ ..... ___ ... _________ .. L. ____ . ____ ... _________ ... 1.. ________ ._ •......... ____ 1. _________ .,. ... _. ____ . 

: Tl : T2 : T1 : T2 : Tl : T2 : Tl i T2 i T1 i T2 i Tl i T2 i Tl : T2 
·······"i······1····io"i .. 1····io4··1····9·S···1· .. ·9jj"··1 .. ·16:6·;---16:ii"·;---1i":9"r·i"2:9"r·l:si··1····4:7'2··1 .. ··23i·1····23s·T·192T·z06·· 
···---·--·-----t·-----·· .. ·t-.. ·----·--t···----··---:··----_···-t-----_·_---t------------:---_:------1-----------t---------·-1·----·-·--··-1-·-·········j-····--··-··-1··---··--·1·-········ 

2 ; 104: 104: 100; 103 ; 15.9; 16.B; 11.9, 12.6; 2.02; 5.39 ; 220, 231 ; 1B4; 19B 
.......... -................ + ........... ; ........... + ........... +····· .. ··-.;.··········· ... ··.·-····-f-·.-· .. -···.;.·.·-··.· .. ·.;.····-········t .... ····· .. ·i-.. · .. -· .. ··_.;.-·-... _ ... .j..,·-.. ·-••• 

3 i 149 i 155 i 13B i 151 i 23.0 i 23.4 i 17.3 i 17.5 i ·1.79 i 6.00 i 141 i 14B i 122 i 126 ............. _.:._ .... __ ._ . .;. ...... __ ... + ........... ; ........... : ........... ; ........... + ........... t ...• _ ...... t ........... ; .......... ~ .. .;. ............ ~ ............ _.;. ......... _: .. _ ..... .. 
4 ! 1B2 i 1B7 i 176 i 177! 27.0! 27.5 i 20.1 ! 20.9! 1.22! 4.71 i 23B i 246 ! 190 i 200 

...... 5 ...... : "'i 7S·· :····i93··:·· ··iiS3 :···iiSs· i'" 2ii:0 i :"29:3'· ["·:20:0:· ··20i·j···2:6:i"·1····i:i9··1··24i·i .... ii;g-··: '··202· i··21i·· 

..................................................... -.. -.................. " .................................... _ .•... _._ .. _ .. , .... _ ............ _ .. _ .................. _ .•.. -._ .. --........... -
6 i 173 i 174 i 159 i 163 i 23.9 i 22.6 i 15.B: 16.0 i 2.01 i 5.46 i 192 i 201 : 160 i 170 

................. -........... -.......................... -............ · .. ·· .. · .... · .. ·· .... •· .. · .. · .... 1···· .. · .. ··f··· .. ······• ...... ---·· .. • ............................................... . 
7 i 97 i 106: B7 i BB i 12.0 i 13.5 i 9.3 i 11.2 i 1.B6: 4.75 i 129: 136 i 92 i 102 

·······S·····r··ioir··ioi r··90··r··93··r·lo:iir·ii:ir··2:9·r··4Tj"""i":izr··s:oo·T··i42T-·I44··r··9s·Ti04" 
·······9·····r··iso·r··i41·r·"14s·r··i4ii·r·17.3·r·lii:6r·li"j·r·12:ir·l:9Zr··7:2S·T··i·:i·sT···i6s··T"94·ri06" 
······io····r··i93·r·204·r·lso·T···is4·r·24:z·;---2:i:iir·19:iiT·20:Sr·2:s9"T··6:4S·T"268T···~1iT·203T2i4· 
.. --.. ··· .. ·· .. 1 .. -·· .. --··1----··--···1··· .. ----··t------···-t---·· .. ·--·t·· .... ·-· .. 1 .. --· .. ·· .. 1····--··-··1 .... · .. ··--t···--······ .. 1 .. ·· .. --····~-··-· .. ·· .. --t .. --·· .. ·t·-.. ······ 

11 ; 107: 112; 103; 104 i 20.4; 20.B; 15.0; 15.3; 1.42; 4.B5 ; 196 i. 221 ; 162; 167 
............. -.+.--.-.. -.-+----...... -t-.. ---.... ..;..-....... -+.---.~-·--· .. ······--···t--···· .. · .. ·t .. ---~---.. t .. ·-.. ·· .. .;. .. · .... · __ .. _t-.......... j.~ .......... -.+ .. - .... -.+ ...... ~ ... 

12 i 73 i 77 i 62 i 66 i 13.9 i 15.5 i 11.3 i 12.2 i 1.3B i 5.24 i 204 i 225 i 154 i 170 

·······i3···T·-i3oT·134·r··i21·r··iZ!i"T·2ij·r·21:iiT··liXr·li6ri:94r·6:6z·r·i:5sT···"is·i·T·i·osriI9·· 
·······i4····r··ij9··r··i04·r··9i·r··93··r·li4r·i"3.3·r·10:zr-iij·r·o~4sr··:ii6T·iii6T···ii"j"T·144T"i6z" 
........................ -.-.... - ........ --........ --.--.. -. __ .. ___ ._ ... -··._·· __ ··_ .. · ...... _·· .. ··f .. _· __ ........ __ • .. • .. _._ .. _·· __ ·_. ____ .... _._ .... _._ .. __ ._ ..... __ .... _._ 

15 i 109 i 116 i 94 i 97 i 17.3 i 1B.6 i 13.5 i 14.4 i 4.66 i 10.70 i 197 i 206 i 150 i 154 
· .. • ...... -· .. ·f---·-··· __ · .... ···· __ ·_·t .. __ ·_ ..... __ .. ___ • ... • .. __ • .... • ................. ___ ......... _ ........... __ .... _ ......................... _ ........................ _ .......... . 

16 i 104 i 111 i 90 i 94 ! 15.9 i 16.3 i 13,0 i 12.B i 3.B1 i B.1B i 130 i 144 i B4 i 9B 
.-.............................. -- ......................... --............. --_ ........ _._ ..... _ ........ -.--._ ...... -.... --.... --........... _.--....... --................... --.............. __ ... 

17 i 173 i 176 i 161 i 164 i 14.6 i 14.9 i 10.4 i 11.4 i 4.25 i 11.30 i 141 i 166 i 91 i 99 
..... -.... -....... __ .. ____ .... __ ••• __ .......... _ ... _ ..... _._ •• ___ • __ ._·· .. __ ·+ .. _··· __ .. ·f···_ .. ····_f· .. _·_· __ • ... • __ • .. _·_f .. ·_ .. _·_ .. -.............. _______ • __ ._.+ •• __ •• ___ ....... __ __ 

IB i 113 i 115 i 9B i 100 i 16.B i 17.9 i 11.6 i 12.3 i 431 i 10.50 i 153 i 162: 107 i 114 
-····-· ...... --t-·-,··-.. -.. t----------t .. --------·t-----,--·--t·----.. ·--·t--...... ···t .... · .. · .. ·t .. ·----···-t .... · .. ·· .. t· .. ·---...... 1-· ...... ·-·t--· .. --···· .. 1 .. ·· ...... t· .. ·-.. ··· 

19 i 105 i lOB i 93 i 93 ! IB.O! 17.B i 12.8 i 13.2 i 5.12 i 12.60 i 136 i 168 i BO! 89 
·····~20····r··i"j4r··i"j4·r··91··r··9S··r·ls.ir·19:iir·li6T··lii·r4:iii·r:toior"i'z2T···"j:j8"T··i6·T9z··· 

······Z'i····r··ij9··r··ioo·r··s"i"·r··SS··r·17 .. ir·lsj·rT:i:i"r·13j'r·si4r·i"o:sor··i27T····i36··r··7S·r·SS·· 
······ZZ'···r··i7sT·lsl·r··iss·r-15sT·i"i .. oT·17:9"T·13Xrli6r·6:i:i"r·ll:2o·P·76T-·19iTl1srlz9·· 
······23··r··iiis·r··i90·r··iiSSr-iiSiir·liij·r·is:ir·12:9r·lizr·7:ii··rli40r·iii7T···zoo·r·i:iirI3s·· 
......... --.................... -- ....................... -- ............... -- ............ t· .. •·•• .. ··i •. ,. ........... _ .. - ............................... , ........ - .... , .................... . 

24 i 1B7 i 150 i 142 i 150 i 20.B i 213 i 14.B i 15.7 i 5.95 i 12.60 i 154 i I7I i 112 i 124 

·····ZS···r··i4s·r··iso·r·13o·r-i33·r·1S:9"r·16:iir·i"i":Or·li-..s·r·4:26T···9::i"j"·r··i37T····i66·r·i·o4T"iio .. 
-_·Z6····r··i19·r··i2z·r··ios·r··iosTlo .. iir·1i·:9T··9:6·r·li"j·r"S':Oi·r··9:4s·T··j·s9·r··Z04···(147T"iss" 
.-- .. --.. -· .... t .--- ... '--' 1 ...... -.... t· .. ·· .... ·· t --.--...... t· .... ·· .... 1 ...... --... t ...... -- .. ·t· --.--.-- .. t .. - .... ---t .... · .. -- .... t .. - ........ ~ ............. : .......... ~ ........ .. 

27 i 129 i 132 i 120 i 124 i 12:9 i 13.4! 10.0 i 11.2 i 6.26 i 11.30! 164 i 1B2! 12B! 139 
........................... + ... _----............... +--. __ •... _ .•• _- •••.. _ .... -...... -.- ...... __ ............ -............ -... -.......... _ ....... -•• _ ...... -.............. -.............. _ .. -

; : : : : I : : : : : : : : 
Mean i 133 i 136 i 121! 123 i 17.9 i 18.5 i 12.8 i 13.7 i 3.41 i B.09 i 175 i 190 i 130 i 140 

... -- --........ + .--.... ----+-.. -.. --. -. .;.-. -.. -. ·--·.;.--------·-+------.. · .... --·--· .... ·f--· .. -·----+· .----.----: -----.--... :---------.. -+ ......... - .• ----...... .;. ... - ... -.;.---.-.--
Range i 73- i 77- 1 62- 1 66- ! 10.B- i 11.7-! 2.9- i 4.2- i 0.45- i 3.26- i 122-1 136- i 75- i B5-

11~IDI1Wl1MI~I~I~I~17211~.4!~lmIEI2M 

:.·~~~;J.:.: .. :~·.~s·_~]:::: .. :::.~~;~·.·.::···I···.··.~:~~;:.::·.··I::~:·.~~~~~:·::~r=:.:~:~·~:::::::I::·~~:~:~~::::::::I::·::·~~~:~·:· 
SEni± j 1.25 j 0.3B6 j O.OBO j O.06B j 0.179 j 123 j 0.179 

n - Prior to tertilizer application '" - Alter lert1l1Zer appllcanon 
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Table 39. Ammoniacal N. nitrite + nitrate N andd K in field water during, additional crop season 

1993-94, ppm 

Pada- . NH,-N '1' NO,-N + NO,-N. K 
sekh- .--..... ------............. ---..... -.. ------.--...... --- ....... - ... ----.... ----------...... - .. -.----............ ---··-t···-··--·----·····-······--T--··--·······--· .. ··-._ .... . 
aram: Basal : Top dressing: Basal : Top dressing! Basal ! Top dressing 

No. !· .. ·~;····r .. ~;: .... r·~;· .. ·l .... ~;: .... ;--.. ~; .. · .. I .... ~ .... ;--.. ~; .... r .. ~;: .. ·T· .. ~; .... r .. ~ .. 'T .. ·~; .... ·i .. ·~·· .. 
: :.: : : : : : : : : : 

••• ------••.••• 't •• ----••••••• 't ••• ---•••••• -t .... ---.•.. ··t·-------·····t---·-········t--··--·····--t------·······t·--····---····t···----·--··t····---······t··-----·_····t····_-_······ 
1 ; 8.43 ; 15.02 ; 4.55 ; 6.18 ; 4.90 ; 7.0 ! 231 ; 3.49 ; 1.81 ; 3.20 ; 1.26 ; 329 

...... ·2 ...... ·; .. ·720 .. ·; .. 13:1S .. ; .. ·4:90·:·; .. ·5:7s .. ·t .. ·2:S7 .. ·t .. ·5:3s .. ·t"·ijio .. ·t"·2:sii .. ·t"·i::72 .. ·t"·4:i:S .. ·t"·i:57· .. t"433"· 

.•..• __ •••• __ •. .; .••••••.. ____ ••••••••.. ____ ..... _______ ... .; •...•• ___ .••• ; __ .••. _____ ._. ______ .• _ ••.•• ______ ._-••••• -____ •••••• t. ••• _____ ••• _.t. •• ______ ••••••. ___ • ___ ••• _t. __ ._ ••••••••• 
3 : 12.31 : 16.75 : 5.21 : '7.26 : 3.15 : 5.38 : 1.05 : 2.65 : 3.25 : 5.45 : 3.00 : 5.15 

...... 4 ...... -;--·9:!;j .. -;--IS:9;j--;-.. 4:2S .. r·7:0S .. -;--·6:42 .. -;--·7:s;j .. r·231 .. ·ri4S"'r"'i::OS"r';j:37"'r"i::!s"T"2:79'" 

.. ··· .. S ...... 1···5:2S .. ·1· .. io3S .. 1· .. 3:is···;· .. 6:7i .. ; .. ·3:4ii .. -;--·6:30'";'''2:4S'''1'''3:iil''';'''3:20''';'''6:82''';--'3:oo''';---5:16''' 

...... '6 ...... ·; .. ·i4ii· .. ;· .. s:97· .. ;· .. 2:10 .. T .. 439··-;-.. ;j:2S···;· .. 6:7S'";'''3::i0''';-''4:39'''1'''2:iis'--;-''4:93'''r''':Di2''-;-''3:44''' 
-..... _._ ... ---.... _----..... -...... ---...... .;.--- .. _-_ .... _.;.._ .. __ .. _ ....• -.... _._ ... _-•......... , .......... __ ......•.. -.... -..... ;. ........... -. .;. ............. ;. ...... -.-.... ;. ... -........ . 

7 : 238 : 8.24 : 1.85 : 3.90 : 2.50 : 3.05 : 2.01 : 2.15 : 5.21 : 6.76 : 3.16 : 627 
·: .... ·S· .... -;--·4:01 .. T'i4:oi .. -;--·2:so .. r·4:4ii· .. r35ii .. -;--·;j34 .. r·i::9ii .. r'2:4ii"-;--'4:64"'["'731"'["'2:7S"-;--'3:79'" 
...... ·9 ...... -;--·iss .. ri-o:4ii .. r2:4ii .. r·4:os .. T .. 634 .. -;--·730 .. r·431 .. T .. 5:iS"-;--'2:SS"-;--'6:S9"r'2:64"-;--4:26'" 
...... iO ...... n2:oo .. !"'i73i .. r·63S .. ·r93i .... ;--·;j:49 .. r·6:2S .. -;--·;J:79 .. -;--·S3s"'1"'321"r'63ii"r'2:49"r';j:67'" 
••••••••••••••• +- ••••••••••••• +- •••• _ •••••••• +- ••••• __ •••••• +- ••••••••••••• +- •••• _ ••• _ •••• +- •••• _ .............. _._-•• _ •• +- ••••••••••••• +- •••••• __ •• -•• +-••••••••••••• +- •• _ ••••• "-"+-.'.""" •• '-

11 i 733 i 10.13 i 3.50 i 5.75 i 6.21 i 7.91 i 231 i 4.16 i 438 i 7.84 i 3.11 i 5.51 ...... -............... __ ..................... + .......... _ .... _ ............................................... _. __ ...... ,. ..................... _ ............. __ ............ _ ...... t •...... __ .. . 

12 : 6.48 : 10,38 : 3.85 : 5.39 : 3.18 : 4.30 i 2.06 i 3.08 i 2.47 i 7.25 i 2.06 i 5.08 
.... ·-ij ...... ;---6:73 .. Ti:i39 .. riiii .. T .. 6:o;j .. r·i3;j .. r·5:13 .. ·r·2:iii .. '1' .. i70"r'i93"r'S:iS"'r"'i:sii"T";j:00" 
._ •••• _ ••••• _ •• +- ••••••••••••• +- ••••••••••••• +- •••••••• _ •••• +- ••••• _ ••••••• +- •••••••• _ •••• +- ••• _ •• _ •• -••• +-._ •• _ ••••• _ ........................ _ .............................. -_ .................. . 

. 39' ... I • 0' . I 8' I • 14 i 5 i 11.48 i 3.50 ! 5.88 i 2.50 ! 5.2 ! 2.09 ! 3.66 i .28 ! 10.34 i 3.14 ! 523 
···············t····-········t·············t····--······t·············t········-···-t·-···-·······t····-·······-t······---····t····-·--····t········-····t······-······t,-············ 
~ ;~16;1~;~;~i8m;~;33;~;~;~;321;5E 

•••••••••••••• ..j.-•••••••• -....................... --........... - •• -.......... - •••••••••• --.............. -........ __ •• ·-·+····.··_·····t····· __ ·· .. ···· __ ·_····t·_····_······ ... --.... -... . 
16 i 5.42 i 10.60 i 2.94 i 5.38 i 7.31 i 7.85 i 1.45 i 2.90 : 9.42 : 11.64 i 2.89 : 5.10 

.. ·· .. i7 ...... ; .. ·73ii .. rii:4i .. '1' .. 3:5s· .. ; .. ·6:7S···;· .. s:4i:· .. l· .. 93s"'1"'z31"'1'''3:s4'''1'''720'''1'''9:3s'''1'''3:24'''['''637''' 

........ --...... ! .... --....... ! ............. ! .......... ···t·············t·············t·············t······--·····t·············t······--·····t·······-·····t·······-·····t···-···--~··· 
18 i' 8.12 ! 10.28 ! 6.40 ! 836 ! 7.28 ! 9.41 ! 3.76 ! 4.91 i 4.86 i 794 !. 1.26 i 3.78 

••••••••••••••• +- ••• _ ••••••••• +-•••• __ ••••••• +-_ ••• _ •••• -••• +- ••••••••••••• +- ••• _ ••••••••• + ••••• _ ••••• _.+- ••• __ ................ _._ •••• +-............................ + •••••• _ .................... . 

19 i 730 i 11.38 i 4.28 i 6.15 I 4.39 i 7.06 i 2.11 i 3.76 i 533 I 8.38 i 1.78 i 3.91 
•••••••• - ••• -.... --•• -_ •••••• ..j. .................... - ••••• • .. ···-·········.;.·--·······-·· .. ····--·······f·····---·· .. j. •••••• - •••••• .j..-••••••••••• .j. •••••• -•••••• j.-•••••••••••• .j. ••• -••••••••• 

20 : 432 i 8.91 i 3.21 i 5.01 i 328 ! 5.39 i 1.06 : 1.79: 2.14 : 4.68 i 2.01 i 3.55 
.... ·2'j .... ·'1' .. iso .. -;--·7:74 .. -;--·3:oS .. r·S:4ii .. r·3:1ii·-r·6::i0: .. r:i:06 .. -;--·33S"r3~io"'rs:00"T'2:29"'f"'4:0S'" 
••••••••••••••• + ••• _ ••••••••• + •••• _ •••••••• +_ ••• _ •• _ ••••• + •• _._ •••••••• + ••• _._ •• __ ••• + •• _ •• _ ••••••• +._ •• _ ................ _-_ ........... -. __ .......... ,.._ .......... _ •• _ ....... __ ••••••••• 

22 i 7.16 i 11.41 i 4.13 i 6.09 i 625 i 8.24 i 3.14 i 420 i 3.10 i 5.87 i 2.40 i 3.94 
.... ·ii ...... ;--·6:12 .. ·1"123ii .. 1"·i4s .. -;--·5:93 .. -;--·5:9S .. ·1"'6:9( .. 1"·2:66 .. 'ri70"-;--'2:S9"'1"'4:i3"'r2:i7'";--'4:27''' 
••••••••••••••• ';' ••••• -.•••••• .j. ••••••••••••• .j. ............................ t·· ........ ···i .................... _ ....... .j. ••••••••••••• ~ •••••• _ •••••• .j. •••••• _ • .-•••• j. •••••••• _ .... t ... _ ... -... -.. 

24 ! 6.00 i 11.12 i 4.23 i 6.18 i 5.05 ! 6.78 i 2.46 i 2.96 i 438 i 6.98 i 3.13 i 4.78 
...... i5 ...... r7:13 .. Ti2:34 .. r4:oo .. r·6:oii .. T·5:l9 .. ·r7:2s .. r·ilo .. r·;j:7s"r'335"r'5:ii2"'1'''2:14'''1'''420''' 
.... ·'26 ...... ri.4ii .. -;--ii:iis .. riss .. r·593· .. ;---5:ii3 .. T·6:90 .. -;--·i-:-i;j .. r-is1'''j'''42z''r'730''r'2:z7''T''i91'' 
.-•••••• _ •••••• +-. __ ••••• _ •• + ••••••••••••• + •••• __ ••••••• + •••• __ ••••••• +- ••• _ •••••••• + ••• _ •••••••• +. __ •• __ •• __ •• + ................ _ •••• - •• _ ........... __ •••• +_ ....... _ ........ _ •••••••• -

27 i 634 i 10.30 i 3.66 : 6.71 i 5.25 i 7.18 i 1.91 : 2.94 i '3.87 j 6.28 i 1.78 i 3.28 
._ •••••• _ •••••• +-•• __ ••• _ ••••• + ••••••••••••• + ••••••• __ •••• + •• ~-••• -••• +--••• --••• -••• +- ••• - ••••••• +- •• -•• ----.-.-+ ••••• -••••••• + ••••••• _ ............................. _ ••• + •• __ •••••••• 

~1~ll~:~:~I~I~I~:~I~:~I~:~ 
.. R;;;;g~ .. t2.3ii~ .. t7.7;j:' .. t'i-.-s5~ .. t:i··90: .. li:5o: .. liiis: .. l·j:05:-.. t·j··7j)::"("'j·.os:"l'izO::"l"·j'.'iS:"·!"·ijj)::-

i 1231 i 16.75 i 6.40 i 9.31 I 8.41 , 9.45 ; 4.79 i 5.35 ! 9.42 I 14.45 i 3.24 i 6.37 

-·;~~;·:r ...... ·~:;~;-...... ·r ...... ·~:~;~ ........ ·r ...... ·~:;~ ........ l .... ·-·~·.·;;~""""r""·-~·;;~""""·r"""·~;;·;""""· 
· .. sfu~···T· .... ·-.. 033-:i· ...... · .. 'I: ........ -o:osi-· .. -.. T'·--.. ·0:099 ........ ·T .... ·_ .. 0:OS4--.... ·T .......... 0:!z;j .... · .... T ........ O:07S-...... · 

! . : ! i ! 

Tl - Prior to fertilizer application; T2 .. After fertilizer application 
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Table 40. Ammoniacal N, nitrite + nitrate N and available P and K in soils (ppm) during punja 

season 1993-94 

Pada- j NH,-N NO,-N + NO,"N Available P i· Available K 
sckha- }······ __ ········ __ ··_···:--··_·······_-_········ __ ·t······--···-····.······:--···.···.·--·----·.··.··.t·······"···---·········t----········---·--····--r--·---····-.......... . 

; Basal ; Top dressing ; Basal ; Top dressing ! Basal ! Basal ! Top dressing 
ram No. ~ __ .........•....... _ ... L .. __ ........• -_ ....... --1 ......... _ .•.. __ .. __ . .1. _ ........................ 1.. ........................ 1..--_ ....... .,._._ ........ L ______ .. _ ......... _. __ 

j Tl j T2: Tl j T2: Tl: T2j TI: T2: TI: T2j TI: T2j TI: T2 
: : : : : : : : : : : : : : •••.•••••••• __ .... __ ••• __ ........ _-- ........ --•• - ••• _--....... _--.......... _--•• - ... _---•• _---+-••••• _---........... -........ _--............ _---••• +.-._--............. _ .................. + ••••••••• -. 

1 : 825: 853: 80.4 i .81.3: 15.8: 16.5: 13.0 i 13.6: 1.62 j 451: 218: 236: 152: 170 
·······Z'····T"·iiij·-r·i9"AT"··/i9::;"T··:;4:S"'!"··1:;:/i-;--·liij·-;--··ij§T"·iX3"r·2:iiiiT"·s:i"4T"·2Z'i··r224Tl64T·i74·· 
... -- ...................... -................ -...........•....... ~ ... + ..................................... - ....... ······.········~t········-··t······· .. ·· .. ···········j.·· ..................... . 

3 i 104.6 j 108.3: 92.3 j 96.2 i 15.8: 16.7 j 14.1 : 14.8: 1.61 i 3.82 i 156: 171 i 132: 140 
·······4-····;--9"iX;· .. 9i2·r···iii·:n-·ii4:ir-18~i·T"l9:iT··13":6··j··-14:ii"['"-I:i"O·;-··3::ui"['"'22s··r·230·T··ios··r·iTi·· 
···············t···········t···········r········ .. ···t···········t···········~···········t·· .. ·········t···········r··· .. ······r···········t···········-:···········t···········t······_··· 

5 ! 70.6! 77.7! 74.1 ! 76.5 i 18.9! 19.3 i 15.1 i 16.4! 2.01 i 3.91! 232! 244! 178! 192 
·······6···_·r-:;6:iT·ii03·r··:;oS··r·:;:;::;r-l:;i-;--·1:;5r··149·T"ls3r·I:71T"3:2iir·18s·r··i98r··i:i9T··i:j"j"· 
.............................................. - •••• _ • .j. ••••••••••• .j. ••••••••••••••••••••••••••••••••••••••••••••• = .•• .j. ••••••••••• + ........... + ••••.•••••• +_ .•.•••••• + ••••••••••• + ••••••••••• 

7 i 775 j 82.7 j 72.3 : 75.9: 16.1: 16.6: 14.0 i 143: 1.42: 4.41: 141 j 160: 140 j 158 
••••••••••••••.•• _ •••••••••••••.•••.•••••••..•••• _ ••••••••••••••••••.••.••••••••.••••••••••..••••••••••. _ •••••• + ••••••••••. +-_ ••••••. + ••••••••••••••••••••••• + ••.•• __ •••..••••••••. 

8 i 70.8: 76.6 j 66.4: 73.1: 17.1 j 17.5: 15.4: 16.7: 1.50: 4.21: 128! 141 j 112 j 124 
••••••••••••••• ~ •••••••••• - ••••• 0 •••••• + ••••••••••••• ~ ••••••••••• + ••••••••••• ~ ••••••••••• ~ .......... _ ••••• --•••••••••••••••• t .................................................. + ••••••••••• 

9 : 74.3: 79.3 j 70.2 : 74.2 i 15.2 i 16.2 i 15.B: 16.7: 1.71 i 3.78 i 130! 142 i 126 i 141 
·······io····r·9i::4"]"""93"·9"r·-81:6-;-··iis£;-··i"8."4T·19:3·T··16::;··j"""I:;:6r·ios·r·s:1s·r·274·r·286·r·2·iij·r·23ij· 
···············t···········t···········t·············t···········t···········t···········t·············t··_·-····r .. ·········r· .. ········r···········t···········r···_······r··········· 

11 ; BO.3; B35; 72.7; 77.0; 17.6; 1B.0; 149; 16.1; 1.27; 3.46; IB6; 193; 152; 157 
............................. - ............................. _ ....• + ....................................... .j.··_ .. ·····t··········· t········-·· .j. ••••.•••••• .j. .•••••••••• ;. ••••••••••• i-•••••.••• " 

12 j 77.9 j 79.4 i 71.3 j 74.4 j 13.7 i 13.9 j 14.1 : 15.0 i 1.16: 3.70: 200 j 20B j 174 j 17B 
·····-13····r·!iii:iT·!ii:3"T··sii:n···s5:iiT·ls:9T·16:7"j····lS:6·r·16:0r·1:4sr·iilr·lss·r··i76·r··i:i·i·r-isZ'· 
.. ' ............•...........•..... , .....•............. ~ .-........•...........•... ""," ................... -..........•...........•...........•...... , ....•...........•. -.... . ..•.... . 

14 ! 7R.3 i RO.4 i· 72.1 ! 76.3! 16.7! 17.9! 16.2! 16.7! 0.67! 0.96! 191! 200! 144! 153 
.............. ~ ..... -..... : ........... \ ·············t ····-······~'···········t·······-··r········ .. ···t····· .. _ .. j ... - ...... t-··~······· t .. ··_·····t·······_-t··········· ~ .......... . 

15 ! 6B.4 1 72.3 i 65.1 ! 70.3! 15.1! 16.1! 12.7! 13.4! 3.25! B.31 1 192! 206! 166! 1B1 
••••••••••••••••••••••••••••••••••••••• + ••••••••••••••• " •••••••• + ••••••••••••••••••••••••••••••••••••• -+ ••••••••••• + •••• "'" •• +._ •••••••• + ••••••••••• t· .......... t ._ ••••.•• ' t •••••••.••• 

16 j 71.3 j 75.4 j 66.2 j 70.8: 15.6! 16.7: 12.1 i 12.7: 3.40: B.2B: 134 j 139 j 131 i 144 
······j7 .. ··r·6s:S··j""6i:7r··6ii:S·r·ii4:i"r·ls:oT·16j·r··lii··r·lis·r·i4iiT·~:sor·132·r"i44T···i28T·-i36·· 
···············t···········-:···········t·_····_····-:···········r···········1'···········t···········-t···-~·····r···········r····-·····t···········t···········t···········r··········· 

1B . 1 70.2 i 72.7 1 66.4 1 70.1 1 15.1 1 16.2 1 12.4 1 13.7 i 3.51 i 9.06 1 150 i 168 i 1421 155 
······19····r-6ii:9"r·io:9"T"·-6iXr·6:;j·r·16:7·r·i:;:6:T··-14:6·r·1sj·-;--;;:ii"T"·ij:i6T··i25·r·1:io·T-iio·r-i:i'j"· 
......................................... .j. ••••••••••••• .j. ••••••••••• ;. ••••••••••• .j. ••••••••••• .j. ................... - ••••• i-._ ••••.•.. i-••.•••....• f---. ••...••• ,;. ••...•• _ •• t··· ....... · ,;. ......... " 

20 j 70.3: 74.5: 65.9 j 6B.4: 16.9: 17.B: 13.1 ! 13.8 j 4.23 :.9.75: 134: 139: 120 j 136 
••••••••••••••• ~ ••••••••••••••••••••••• + ••••••••••••••••••••••••• + ••••••••••• + ••••••••••••••••••••••••• + ••••••••••• + ....................... + ••••••••••• + ••••••• "-' + ••••.•••••• + ••••••••••• 

21 : 63.7: 6B.1 j 60.1 ! 64.3! 16.5! 16.8: 15.1 I 16.2 i 5.1B I 10.001 107: liB: 94 i 105 
······22"····;···:;3:5-;---i5:6·;····io:2""1···:;43-·;···i"ii:i--;-··1ii:9"T··ii:;··;···16:6·r6j·4·j""i"ii:3iij"" .. is4··;···170 .. ;····i34··;--··i48·· 
······23····T"·:;:;:9"r·:;9":i""j"""·iiij··r·7s:ir·l:;::;r-18:3T··lil·r·ls:8r-6:i55Tll:iilr·i7iT·17s·T"·is3T··i69"· 
••••••••••••••• .j._ ........................................... _ .......................................................... ,;. •• _ ••• .;.. •• .j. ••••••••••• .j. ••••••••••••••••••••••• i-_ .•••••••• .;. ••••.• _." 

24 : 69.2: 74.2: 64.4 j 663: lB. 1 : 1B.8 j 17.1 : 17.9: 5.02! 9.45: 162: 184: 136 i 141 

······25····T·ii:sT·i3:4T··68:/i·r·i2:ir·18:6T·19:s"['"··i:;:6T··18::;"['"3:iis-;--8:6i'"1"···i30·r·145'"1""I·i6T···iii·· 
···-····_····1'········-·t···········-:·············-:·····_····-:···········t···········t-·········-t···········t···········r···········r···········t···········r-······-r··········· 

26 i 92.4 i 95.8 i 82.5 i 87.3! 16.7 i 17.4! 14.6 i 15.4 i 4.02 i 8.72 i 168 1 181 1 144 1 162 
··_··27··-T"9OX;---94:8'r··83":4·r·ii:;:6r-lii:6r·19:8'"['"··I:;:6--;--·18::;·Pj·i"j""·ij:iii"r·164T""is2"T··"i3sT···is:i" 
••••••••••••••••••••••••••• ~ ••••••••••• + ••••••••••••• ~ •••••••••••••••••••••••••••••••••••• - ••••••••••• ~ •••• - ••••• + ••• - •••••• + ••••••••••• + ••••••••••••••••••••••••••••••••••• + ••••••••••• 

M~I~I~lnsl~I~I~lwlwl~I~lwl~I~lm 
···R;;;,g~··1··63:i:T6s:1:·r··60:5:··t-64Tr"i3j:T·ii!i:T·12:1:··i1··li7:·ro:67~ro:9(i:T·liiPI···118:·i····9;j:··rj"05:· 

: : ; I : I I I, I'; ;: 
; 104.6; 108.31 92.3; 96.2; 18.9! 19.8; 17.6. 18.7; 6.65; 11.01! 274; 286; 219; 239 

···~~~;·l-····~·~~;·····T········~·~:·······l·····~~:~·~ .. ····l· .. ····~:~~········r-···~:~~······l·······;~;~·······l·······;~~····· .. · 
" .............. -:-......................... ~ ........... -..... -....... ;.-....... -.-..... -~ .................. -...... ~.-.................. +-....................... ; ....................... . 

SEm.; 0.217 ; 0.847 ; 0.043 ; 0.043 ; 0.196 ; 0.732 ; 0.785 

TI - Prior to fertilizer application; T2 - After fertilizer application 
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Table 41. Ammoniacal N, nitrite+nitmte Nand K in field water (ppm) during pWlja season 1993-94 

: 
Pada- i NH.-N . NO,-N + NO,-N i K 

sckl1arami ..... ... . .. -- --_.-............. , ....................... --- .---.-.................. _ ........... _-- -_. -._. _ .. _ .. -. 0_,_, _. I . _.- - ---_.--. ---.................................. -_. ---_ .•• 

: Basal i Topdressing! Basal i Topdressing i Basal i Topdressing 
No : : : : : : 

. :""·~·;·"T""TI""r"';;:;""r"'~~""r"';;:;""r"';;:;"T"";;:;""r"'TI'"T"";;:;"'T""Ti"'T";;:;"'T"";;:;'" 

""""i"""!,,"4':iO'''!,,''7:3'6''!,,''3ii''i''''tij'4''T'''s:i7'''i''''7:iji'T'''i7i"f""4'j'ii"f""isi'" [""4'iii"i""i':7i"[""i84''' 
"""'Z"'''T,,·ti:i·i''T'''9iO'''1''''i9s'''i'''·S:9'9'''1''''isi''T'''ti:i6''1''''z:<i4'''I''''iSS'''F'''3i4'''[''''s:iii''I''''ii'4'''I'''';;:7i'' 
••••••• _- •• - •• _+ •••••••••••• _+------ ........................................ --................. __ ._--- ......... __ .............................. _ ••• _+_ •••••••••••• +_ •••••••••••• + •••••• _--, ••• 

3 i 8.35 i 10.20 i 4.66 i 6.82 i 3.75 i 6.18 i 1.78 i 2.25 i 4.45 i 6,15 i 294 i 4.92 

"""'4'''''T''s:oi'T''10:4's''1''''s:3'i''1''''7:9i'''1''''ti:3i''1''''9:09'r''4:3i"[""4:s'O'''I''''ti:06'''1''''7:94'''r''ii'1''1''''S':3i''' 
..... ----..... --: ............ -'1'-------------1'-------------1'-------------1'-------------1'-------------1-·-----------t--------·---t------··---··t-··---·------t-------------t------------

5 i 5.14 i 8.35 i 3.14 i 6.48 i 4.14 i 8.10 i 2.10 i 2.62 i 5.24 i 7.01 i 3.28 i 5.67 
---------------t----··-------t-------------t----··---c-·-1'·------------t-------------t--·-----·---1'-------------t-------------t------------t-------------t--·-----··---t--·----------

6 : 4.12: 8.Q7: 2.06: 6.04: 450: 8.06: 2.65 : 3,06: 3,72: 5.12: 1.72: 4.35 
---- ____ . ___ . __ • _____________ t ____ •. _____ ._t __________ ---.-----________ i-_· _____ · _____ t ____________ . t _·· __ · __ ----+--------------i--------------f.---.--------.----------___ • ___ . ___ ,--___ . 

7 i 3.16: 6.82 i 2.18 i 4.87 i 3,21 i 5.87 i 1.01 i 1.78 i 2.65 i 3.86 i 1.89 i 4.25 
----"'B''''''!''·:iii'''1''''7:s'O'''r''i3s''T'''ti:39'''!''--i76--!''--ti:3'4'''j''''1:si"1""2:46'r--2.14'--1""i9i"'1"--ioi"'[----4:04" 
---------------t--·------·---t-------------t-------------t----·-------·-t-----------·-t-------------t-------------t-------·--··-t------------t-------------t--·----------t-------------

9 i 325 i 7.85 i 1.81 i 5.06 1 5.84 1 7.95 1 3.21 1 4.81 1 2.88 1 3.57 1 2.04 1 4.58 
""·"iii----T"'s:9'6"["'1i:iT!""s:iji"!"--s:9'4'--["--4:O's"T--ji:9'6--r"ii'6"1"--itii--[,,--3.53'--1""4:43---;---'1:%,"1"--i0" 
·--·--·i'j··"·;"··ti:;jii--;"--9:is";--"4:i4'--;""s:76--;----ti:is'";""9:3'1"'i""i7i--r--'4:ii6--'[""4:3i--r'''S':i'S''!''''2:74''';''--i9S'' 
_______________ i ____ . ________ t- ______ . __ . --i. _. _____ ._. __ .;. ____ • ___ .. _. -f .• _. ___ ••• _ .. f. _____ . _. _ -•. i ____ ._. _____ . i-... __ . _. ___ ._ t __ • -___ ••• _ •• t . __ . _. _. _ .. _. t __ . ____ ._. _ •.•... __ .. __ .... 

12 i 5.28 i 8.93 i 3.24 i 7.14 i 4.20 i 6.85 i 1.86: 3.20 i 4.05 i 6.07 i 2.58 i 5.07 
,,··,,·i:i"'·'1····4:3i"'l--··s:3O'··l""2:9s'--j--··s:sO'''[''--ii·s--j----ti:9'0"1--"I:si--["--2:8i"["--i2'6"1'--·7:9s·--1·"·I:os--·1""3:46·· 
'''''''i4'-'1'--'4:08''1----sj's'''1''''z:86''1''--tij'6''1''''i77--r--s:8i'''1''--i~iO'·T--'2:9i--I"--iii5''1''''S:i'9--r--ij'i--1''--4:oi-

" .. " 'is"--; "--:;:20' "1'" 10:2ti'; '" '3 ::;9 "1" "7:4 j--·1----:;:6ii" ;--"iii:23·1···· 4:2ti";--" s:3ii" t--· 3:iio" i' "';;:65' .;. '''2:64' .; .. --S::;2" 
•• -•• - ••• - .• -- - j . -••• -. - ••• -.,; • - - ---- .• -......... ------ - -. t -•. __ ., ...... t -... '--.. --.. t '" -.--·-·-···f·-· .---.. -.-. t.- ---•• -" ••••• t--·------· .-- j. --- •• -••••• -. +-- .--.. --. -- -.- ---' --.-... -

16 i 5.17 i 8,71 i 2,46 i 5.96 i 7.55 i 10.98 i 5,21 i 5.86 i 4,21 i 5.04 i 2,28 i 4.94 
"--"'j:;"--r--tij'3"'1""9:3's"'1""i3s"'1"--7:O's"T--'s:89"[",10:96,[,"'s:i6'--I"--ti:%"["'·i6i;"'["--S:4S·"[""i':t;6"["'--.j:oi" 
'''''''iii'''''1''''6:is--T--'9:i'4'--r--i9i--'1''''7:8'i--'1''--s:os'''j'''jo:iiT'''4:9i--1"--s:98'''[",'i05--,[,,''S':09''1''--z:oi''1''''3:si--
--·-·-··-·-·--·t·-··----·--··t-------·---··1'-----·----·--1--··-·----·--1'·---···----··1'-·--·---····-1'-··--·-------t-----------··t···-·-------t--·-·---·----t----···-·----1'---.. -.-... --

'19 : 6.70 : 9.95 : 4.20: 7.92: 4.18 : 6.97 : 2.35 : 4.10: 3,16: 5.87: 1.74: 3.95 
.-----.-------. .;. .. ---.-.---. .;.------.-.. -.. .;. .. ----------·.;.--.-._···_··_t···· _____ ·_·_f_· __________ • .;._··_·· ___ ----•• ----.---.••. .;.- .••.• _ •• __ ._. ____ .•.••. _._._. ___ ._ ••• _ •• ;.. __ ._. ___ ... _ 
Witl°i1~i~:~:~iU1i~:3.Q7i~i~:1~i~ -_ .. __ ._._-----+. __ ._-_.-._--+._---_._----+------.. _.--.-----_. __ ._--ojo------- .• _ •• _.+-_. __ ._---_.-•.. _----------+-._---_ •• __ ..•• _-----_.--_.+-.---_.-_ •• _-•.• _ •.. ---_ .• -.---------_._. 
21 j 3,86: 6.79: 1.73: 4.16: 4.25: 7.62 j 2.38 : 3.94: 2.42: 4.12 i 2.04 j 4.05 

----_ ••• _ •• _._-.-----_._---- .... -••• _------- .. -_ ••• _------.+ •••• __ ._-_ •• -.--_._--_._--••••• _ •••• _----... _ •• _-_ ••• __ .+----•• _ •• _ ...... _--_ .• __ ._--.. -_ ..• _ •••. _--+----.-. __ .• _ •• -._.-._-_ ...• -
22 : 6.05 : 9.68 i 3,08 i 6.79: 7.16 ! 9.19 i 3.45 i 4.26 i .3.62 i 5.92! 2.78 i 4.64 

--"--Z3'----;----S--,3'i--r--9:06--;----i9;j--r--ti:i'3---;----ii:is'''r''7:S6'';----iS'0--;--"4:ii"-;--"4:4:i--T"'5:si--;--"ii4'--r"--5:3S" 
---------------.;. .... -----.. --.-----------.. .;. .. ---------. .;.-.-.. --------.;..-------.---.• ----.----.---.--.----.---·i----·--------·.--·----------i-·-··-··--·---f----·--·-··-·f·--------··--
U!~i8~!~i5Mi5Mi~i3~!~i3~i~:~i~ --.••• -.•.• --... --.---.----.-.. -----•. -.-.-••• -----~----.-_ .. _----..•. +--_ •• __ ._-_.-.. -•• _._--_._.-.-.---•• __ .-._+._-_. __ •• _---+_._----------+.-._. __ ._ •.• _+._ •• _._----_.+_._----------
25 : 6.15 i 10A2! 3.14 i 6.95 i 5,01 ! 7.75 i 2.87 i 3.80! 4.40 i 6.72 i 3.18 i 6.94 

------26----'[''''ti:3i''1''--9:8'i''1''''354'''[''''7:06''1''''5:4'S''1''--s:3'i--1''--i56''[''''4:ti7--'1"--3.82--[--"S:1s"'1"--i04"[,,--s:65" 
--""2:;----r--tij·O'--]"'1o:07'1""ii's--r"6:36--r--6:3s--]"'8.97--r--iiT1"--4:so--1"--3:7s''1''''S':4'3''1''''2:i'i''[",--5:ii7'' 
...... -.-...... : -. -. ---... "'j -. ----.-. -.-'j'" .-- ~-- ---'j' ----.-. -.. -. r··----· -.----r" -.-.~.-. '-j .--.--... ----r---' -.------r .-- ---------'r' -··-·-----·r .. --.. ---... r" .-.... -.. --

Mean! 5.56! 9,11 ! 3,29! 6.59 1 5.24 ! .8,11! 2,96! 4.05! 3,61! 5.36! 2.27! 4,61 
._-_._---------••• _---_ •• _--+----------._ ••.• _----------.---------_.--... --_ ••• _._--.. -------------.--.-._----•• +_ .. _._--_._._+_._-----_._--.-.... -._---_.+--_._._ •• _._-+---------.-.-

• I • , , • I ' I I • • 
Range: 3,16- i 6.82- I 1.73- i 4.16-: 2.77- i 5.81- I 1.01- i 1.78- I 1.80- j 2.91-: 1.08-: 2.98-

__ ".''''''''"L"~:~6",L.1}:3,~"! __ "~?8,,,L,,~:~~,,.L,,~:8?,,,L~,~:?.~ __ L.~::l,,,L,,~:~,,,L,~~~,,,L.?:~.J,,'~~~.~,,.L.,~:~,, 

"'~::~-1---"------~~:;--------I--,,,--,,,'~~::.--,,----I,,,,,,,,,,'~~~:~------,,,1--'''------:~~:----'''',I,''--------:~,;,,,--,,--f,,,,,,,,,,:~~~,--,,--,, 
Tl - Prior to fcrtilizer application; T2 - After fertilizer application 



At the time of topdressing (45 kg N ha- I as 

urea) the value of NH,-N decreased further to 
121 ppm, evidently due to crop uptake and 
other type of losses (Table 38). The mean 
value increased to 123 ppm, 4-7 days after 
fertiliser application. The above value was 
lower compared to the basal application of 
fertiliser. The uptake might 00 greater during 
this stage since the crop is well established and 
the root density will be high resulting faster 

uptake of nutrients. 

The mean value of N02-N + NO,-N of soil 

before topdressing was 12.8 ppm and after it, 
the value increased to 13.7 ppm (Table 38). 
Here also soil accounted only a small portion of 

AMMONIACAL N, ppm 
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applied N. However, the amount of NO,-N 
found in a continuously flooded soil is insig
nificant because of its high instability. The 
N02-N + NO,-N exist in the surface oxidised 
layer, rice rhizosphere and flood water in a 
continuously submerged rice field. TIleir move
ment in response to the concentration gradient 
results in their loss by denitrification (Savant 
and Datta, 1982). 

TIle NH,-N and N02-N + NO,-N contents of 
water were lower at the time of topdressing, 

compared to the basal application due to better 

crop uptake (Table 39). The mean value of 
NH,-N before topdressing was 3.82 ppm which 
increased to 6.06 ppm after topdressing 

IiIsoll (addnlonal) Dsoil (punja) o Water (addnional)Blwater (punja) 

O~ ____ L-____ ~ __ ~~ __ -L ____ ~ ____ -L ____ ~ ____ J 

Basal-t Basal·2 TP-t TP-2 BasaJ-t BaSal-2 TP-t TP-2 

1993·94 1994-95 

(TP - Topdressing; 1 - prior to and 2 - aRer fertiliser application 

Fig 26. NH,-N concentration in soil and water during additional and punja crop seasons of 1993-94 
and'I994-95 



in water. TIle corresponding values for N02-N 

+ NO,-N were 2.50 and 3.60 ppm respectively. 

This was also within the maximum pennissible 

limits. However, the contribution towards 

environmental contamination by different forms 

of N is not negligible (Fig 26 and Fig 27). 

During punja season, 1993-94 also the same 

trend was observed (Table 40) but the values of 

NH4-N in soil were reduced considerably, 

evidently due to better aeration which would 

have resulted in the mineralisation of ammo

nium to nitrate. The mean value before basal 

dressing was 77.7 ppm which increased to 81.0 

ppm after it. For N02-N + NOJ-N, not much 

variation was observed and this indicated the 

NITRITE + NITRATE N. ppm 
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possibility of greater loss of N by denitrification 

during summer. The NH.-N content of water 

also decreased during punja season, while N02-

N + NO,-N showed an increase during the same 

period (Table 41) evidently due to better oxida

tion and accumulation in water. 

At the time of topdressing the mean value of 

NH4-N in soil further decreased to 71.9 ppm. 

After topdressing the value increased to 74.8 

ppm. For N02-N + NO,-N, the corresponding 

values were 14.6 and 15.4 ppm, respectively. 

[n water, NH4-N content did not show much 

variation from that of additional crop season, 

1993-94. However, N02-N + NO,-N showed a 

marginal increase during that period. 

I!! Soil (addnional) El Soil (punja) D Water (addilional)El Water (punja) 

t5 

5 

O~ ____ ~ ____ ~ ____ -L ____ -L ____ -L ____ -2~ __ ~~ __ ~ 

BasaI·l Basal·2 TP·l TP-2 Basal-, Basal-2 TP-, TP·2 

1993·94 1994-95 

(TP - Topdressing; 1 - prior to and 2 • after fertiliser application 

Fig 27. N02-N + NO,-N concentration in soil and water during additional and punja crop seasons of 
1993-94 and 1994-95 
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The 'same trend as that of 1993-94 was ob
served during 1994-95 also with regard to 

content of NH4-N and N02-N + NO,-N before 
and after fertiliser application (Tables 42, 43, 

Table 42. Ammoniacal N, nitrite + nitrate N and K in soils (ppm) during additional crop season 
1994-95 

Pada- i NH.-N " NO,-N + NO,-N Available P i Available K 
sekha- r····-------····--· .. ·---·-r--··------------·.·---t--------------·-----···!···············-----------t .. ----···_---_·_--------t·_·_--------··----------r--------_·--_ .... :-.. _-

, Basal ,Topdressing! Basal i Topdressing, Basal ! Basal ! Topdressmg 
ram NO.l. _______ ._~ __ ._ .. __ ... L __ ._. __ . __ ._ ... _____ ._. __ l .. ---------..... ________ .l .. ___ ... __ . __ ....... ______ l._. ___ .. ___ .. ________ ... 1 ____ .... _ ... _. ________ .1. __________ ... _ ........ . 

j Tl i T2 i Tl j T2 i . Tl j T2 j Tl i T2 i Tl i T2 i Tl i T2 i TI i T2 
···············l···········~·-·-·······!·····-·······i ........ ··f······ __ ···;··········-!·············I···········j···········!···········t···········~····· ... ·i··· ....... ; ....... " 

I 1 108 1 III 1 96 i 100 1 16.0 i 16.7! 12.6! 13.7 L 2.51 i 6.31! 218 1 228 i 187 1 199 
...... ·········: .. ··· .. · .. ·:· .... · .. ···~··· .. ···· .... i ...... · .... t···· .... ···!· .. ·· ...... !··· .. · .... ···l·· ........ ·j· .. ·· ...... t·· .. · .. · .. ·: .. ··· .. ··-~ .. · ........ t· ...... ~ ....... . 

2 1 112 1 117 1 105! 107 1 16.3 1 16.8! 13.1 , 14.4! 2.03 1 5.72 1 220 1 232 1 182 1 192 
............................... , ..................... , ........... + ........... , ................................... _, ........... , ........................................................ . 

3 i 156 i 160 i 123 i 126 i 20.4 i 20.8 i 17.2 i 17.8 i 2.15 i 5.94 i 151 i 174 i 161 i 177 
·······4·····r··i7iT··i76·r··1S6··r·1s9·r·iA:iiT·2j:iiT··!ii:ii·r·193r·i::51r·4:7S"r-Z4Z'r·2jo·r·19ir··i99· 
·······S·····r··i7ii~T··is4·T···i7o··r··i7iT·2j3·r·z/i:i"r··!ii:ii·r·195r·2:3zr·/i:4zr·240r·2js""!"···iss'"["··"200·· 
....................................... , ..................................... • .. · .. · .. · .. t ........ · .... , ...... · .... • ...... · .... ,· .... · .. • .. • .... ···· .. ·• .... · .............. _ ............. . 

6 i 178 i 183 i 165 i 169 i 22.3 i 23.2 i 17.5 i 18.1 i 1.91 i 5.21 i 184 i 189 i lSI i 161 
·······7······j···"ioo··r··io4··j·····90····r-·9Z'··r··liiT··li9r··lo:O··j···11j··r·1:9ii·r-S":3/iT···iii··r··i4Z'·j····il···r··io3"· 
............... + ........... + ........... .j. ............. + ................... _._+ ........... + ......... ___ + ... __ ............. o.j. ........... + ........... j. ........... j. ........... j. ......... .. 

8 i 94 i 96 i 84 i 87 i 9.9 i 10.6 i 9.3 i 10.0 i 1.63 i 4.79 i 152 i 164 i 98 i 108 
·······9······j····is:i··i···is6··i·····i:i4···j···i:is··r··!S":i"T··1S":7·j····12':/i··i···i3":3·r·z:ii5··r··/i:oS"r··i:iir·i49··r···9(j···j····io4·· 
...... • .. • .... ·!"· .. • .... • .. !" .. · ........ t .. · .. · ...... ·!" .... • ...... t·_ .. _ .... !"· .......... t ...... · .. ·_!" .......... ·t ........ · .. t ...... ·-.. !"· .. • .. •• .. ·t .... · ...... t .... · .... -t-......... . 

10 1 174 1 178 1 138 1 141 1 22.6 1 23.4 1 17.9 1 18.4 1 2.42 1 5.79 1 260 1 267 1 206 1 216 
..................................................... t- ........... t- ........... t-........... t- .................................................................................................. .. 

II i 100 i 102 i 95 i 96 i 18.9 i 19.7 i 13.3 i 13.9 i 1.40 i 5.21 i 190 i 202 i 151: 164 
•• .. • ...... • .. • ...... • ...... t- .... • ...... t .. • .......... t··· .. · .... · ..... • ...... t- .... • .. • ................................................................... t- ........... t- ...................... . 

12 i 62 i 66 i 60 i 64 i 13.2 i 14.2 i 9.7 i 10.3 i 1.52 i 4.78 i 192 i 197 i 156 i 170 
....................................... + ............. t- ........... t- ........... t- ........... t- ................................................. + ....................... t- ........... t- .......... . 

13 i 128 i 130! 111 i -114 i 20.1 i 21.1 i 13.1 i 14.2 i 1.92 i 4.21 i 161 i 171 i 132 i 144 
·······i4····r··io1"r··ilo·r···94···r··97-r·lz:9r·13":sr···s:i···r··9j··r·o:iioT"iiliT"2ooT··"21iT···iss"T···i6s·· 
····:··is····r··ios·T··ioij·-r···9:i···T··96··rlS":iT·!/iXr··!i":/i·r-il:9T·s:liT·9~o7-r·19ir·"203T··i6·i·r·i7o·· 
............... + ........... + ........... j. ............. + ........... .j. ........... + ........... + ...... _ ..... .j. ........... .j. ........... j. ........... j. ........... j. ......... _j. ....................... . 

16 i 104 i 110 i 94 i 97 i 15.1 i 16.0 i 10.6 i 11.7 i 3.78 i 7.46 i 141 i 160 i 114 i 128 
······17····r··i7oT·17s·r···iss··r··iss·r·i2:iir·12:7r···9:s-·r·1i":Or·45/iT·iI:iliir··i:w·r··isii·r··ios·("""i"2o·· 
······ls·····j····iil·T·-iiz··j···"ioS···j····io7·r·l/i:iT·i"6j'T··li":i··j···i"i":7r·4:i2·r·iI:ii·r:·~iso··r·-·i64··r···ii2··j····i27·· 
.. · .... ·· ...... t .... ··· .... !" .. • .. • .... ·t .. · .... · .... ·t .... · .. · .. ·t· .. · .. · .... t·· ...... · .. -t .... • ........ -t ........ ···t ...... · .... t .......... ·t .... · ...... t· ...... · .. ·t .......... ·t .......... · 

19 1 108 1 110 1 94 1 95 1 17.01 17.4 1 11.6 1 12.1 lv.07 1 10.151 135 1 lSI 1 94 1 102 
······zO·····1····izo··r-·iiz··r····ios···l····io7--;-··17:iiT·ls:4r··!2::i··j···133·1···4:oi·r··iI:3"2"r···i"27··j····iJ4··r···iiS-··j····ioo· 
······2 i·····j···· 97···j····ioo·· i·····90·· i ····93···j···l/i:i·j···l/ij·T···i"i"X·l···i"io·j·s:io·j···iI:iis' i····iz6·· r"'i4ii' i ····9"j" .. r····j 09 
······z2·····j····i69··r--17z··r··is"j··r··is7·r·lS":Or·l/i:oT···i"iii··j···13:/i·["""i:oj·· r·i"O:7S"r···iso··j····i9i·r···is·i·· r···i64· 
······z3····r··is4·T··is7·r···i6:i··r··i6ii·r·l/i:iir·17:iT··13:i··r·13":ilT"7:11Tii:2oj"""io4r·2"i"!i·r··i79·r··j·92 
............... t- ........... t- ........... t- ............. t- ....................... t-........... t- .................................................. t- ........... + ......... _ ....................... . 

24 1 198 1 199 1 168 1 171 1 18.2 1 19.1! 14.7 1 15.0 1 6.28 1 9.71 1 182 l' 200 1 166 i 181 ............... + ........... .j. .......................... .j. ........... j. ........... .j. .......... ·t ............. + .... _ .. ···.j.· .. • .... • .. j. .. • .... • .. ·j.· .... • .. • .. + ........ · .... ·· .. ·· ..... ~ ......... .. 
25 i 152 i 155 i 137 i 138 i 15.0 i 16.0 1 12.5 i 13.5 i 4.31 1 9.82 i 171 i 190 i 158 i 174 

. ...... .., ... --... ,....... ..... , ..... ,... ..I....... ..... ... •... I . .•.. ,... • 
26 i 122 J 126! 109 Jill ! I:I.I! 13.9! IO.:I! 11.2! 5.00! 9.75! 201 i 218! 174 i 186 

······27·· ···j···iis· i -··120··;--···99·:··i ···iOJ·· r···liiT·li·7r···9~7···j···lO:7·r··/i:lii·i···lo:3· r···19i·j···"2os-r-··is"j"· i····i96·· 
.... · ...... · .. ·;·_ .. · .. -·r· .......... r·_ .......... r· .... · .... ·r ........ ·--: .... · ...... r .......... ·-t ...... · .... r .... ··· .... r-·_· .... r-· .... · .... r .... · .... -r·_ .. · .... r· ......... . 
M~!W!~! l~!W!~!~!~!~!~!~!m!m!~!m 

.. ····· .. · .. · .. ~ .. · .. · .... ·~ .. ·· ...... ·~ ........ · .... t·-........ t· .. · .. ~· .. ·r .. -...... ·r .... · ........ r· .. ·_ .. ·-t· .......... t ...... · .... t ........ · .. t· .... ·, .... t· .. ·-.. · .. t ...... · .. ·· 
Range 1 62-1981 66-1~ 6O-170! 64-1711 9.9-! 1O.6-! 8.1- i 9.1- 1 0.80- 1 3.92- 1 126- 1 142- 1 88- 1 100-

i ! i ! i 25.3! 26.1! 18.8 I 19.51 7.11 1 11.2! 260! 267! 206! 216 
............... ! ........... .! ........... .;. ............. .! ........... ! ........... .!. ........... ! ............. .!. ........... ! ........... !. ........... .;. ........... !. ........... .:. ........... .:. ......... .. 

. ~~~) ..... j ........ "~:~~~ ....... L .......... ~.~ ..... _ .... I ...... _~:~.8~ ....... I .. _ ..... ~:.I~~ .... J._ ..... 0:~~~ ....... l... .... _.~:~.7 ...... ..l .. : ....... I:~ ....... . 
SEm±! 0.196 ! 2.60 ! 0.031 i 0.035 ! 0.115 ! 1.12 i 0.496 

: : : : I : : 

Tl - Prior to fertilizer application T2 - After fertilizer application 
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Table 43. Ammoniacal N, nitrite + nitrate N and K in field water (ppm) during additional crop 

season 1994-95 

Pada- : NH.-N NO,-N + NO,-N i K 
sckhararnf-···················---····-r···--··············· .. ·······f-·---···········--······--···1"···· __ ··_-_······_-······· .. ·f--·······_--········ .. ·······':'·· __ .. ····• ................. . 

: Basal ! Topdressing i Basal ! Topdressing! Basal ! Topdressing 
No : : : : : : . r····:;:;···r···:;.;···r··:;:;···r···:;.;···r···:;:;···r···:;:;···r·":;:;"'r"':;;"'r"':;:;"'r"':;;"'r"':;:';"'r"':;";'" 

········j·····-l-··· 8:01 ·-1-··I6;oi-l-··-6:ii··-l-···i:3s·-1-··Tsi·r··i:!;"s··r·'2:si'" r"'i6i"r"2:os"r"'ii:zs"'r"'I:7i"r"4:oi'" 
..... -... -.. ---~ ...... --- .. --t·· ... --_ ..... t·----······ ·-t- _. ···_---···t· --.--_.- ····t -----·······-t·····----··· -t --- --_· __ ··_-t············ -t o ••••• --_. ---t··_- --..... ,- ~-.. -._. _.-.-. 

2 i 9.26 !. 16041 i 5.78 ! 7.25 ! 3.26! 7.28 i 2.25 ! 3.15! 1.92! 5.97 i 1.61 ! 3.72 
•••• _. - •••• -••• +-..... _ •••••• t ___ ---- "··-··t· . _______ ".". + •••••••• '--'-1- ••••••••••••• + ••••••••••••• + ............. + ••••••••••••. + ............ ' + ••••••••••••• + ••••••••••••••••••••••••••• 

3 j 10.87 j 15:92 j 6.39 j 8.14 i 3.15 i 6.45 i 2.18 i 3.79 i 2.86 i 5.72 i 1.82 j 3.91 

······-4-····r··ii:oi·r·16:4Sr·-4:ii"·r·-6:3ii·r·-6~4S·r·'ii:iis'r"4:i6'r"4:SZ'r"I:oS"r"4:3i""["'0:iis"r"z:S5:' 

·······S·····r-6io·r·i"o:i6r·-2:is··r··s:is·-;--·-3:ii·r·-6:86-r··I:s2""j···-2:16--;--·-2:sZ·-;--·-6:43-r·-2:1s·-;--.. 4:6i·· 
........... ····t· ............ t ••••••..•••. ·t········ .. ···t·· ···········t········ .. ···t············· t········_··· t···· ......... t··· .......... t···· ......... t· ............ t······· ..... . 

6 : 4.41 i 9.35 i 2.02 i 5.38 i 4.10 i 7.16 i 2.06 i ,2.75 i 2.75 i 6.08 i 2.12 i· 4.73 ............... .; ............. ,:. ............. .; ............. ,:. ............. ,:. ............. ,:. ............. .;. ...... - .................... .; ............................ ; ............. .; ............ . 
7 j 2.31 : 8.32 i 1.31 : 5.05 i 2.81 i 6.35 i 1.21 i 2.05 i 5.11 i 9.25 i 3.32 i 5047 

............................................. + ........................ - ..................................................................................................................... . 

8 i 3.85 : 8.75: 1.58 i 4.28 i 326 i 7.91 j 1.86 j 2.62 i 4.56 i 9.08 i 2.41 j 5.92 

······-9-·····r .. i6Z .. i····s:iio··i····i:6i .. i· .. -4:i·i;··r-·6:oi"'r-I0:3'iT"'z:3Z"r"'2:iii";---'ios";---'ii:i6";---'2:IS" r"4:8':;" 
......................................................................................... + ............................ + ............. + ............................ + ............. + ............ . 

10 j 10040 i 16.49: 4.32 : 7.30 i 4.30 : 895 : 1.89: 2.91 i 3.38 i 8.21 i 2.20 i 4.38 
······E····r··i:s:i··r·14j·ir··ii5-·-r·-6:sii·r·-6:00·-r·lii:40-r"iiz'T"4:ii6'-;--:'4:4i"-r"ii:Qi;"-;--"Z:80'-;--"S:;ZS" 
.................... - ................................................. ,:. ........................... .; ........ - ........................................................................ -

12 ! 7.02 ! 12.86! 3.62 ! 5.68 ! 4.15 ! 8.71 i 2.87 ! .3.65 ! '2.60 i 6.75 i 1.79 i 3.82 
............... ,:. ................................................................................................... .; ........................... .; ............. ~ ............. ~ ........... .. 

13 i 6.85 i 11.90 i 3.50 i 5.71 i 4.02 i 7.39': 2.91 : 3.58 i 3.10 i 7.18 : 1.88 i 4.06 
·······i4-···-;--··s:ii·T·lo:sii")···-2~iii··r--6:io·r··iijii·r··i:os·T···i~:iz·r·-2j-9-·T··is2""j····.:;:i5-·T··i-52-·T .. 3:9i'" 
·····-ls····T·1I:4oT·16:ioT·-6:si··T .. ·sj·-j··r··.:;:oi·T·'loj'i-;--"4:ii"r"s:is"r"ii:8s'--r"i"O:4i""["3:4S"r"6:2:i" 
........................................... ,:. ............. .;. ............. .; ............................................................................................................... .. 

16 i 10.20 i 16.01 i 5048 i 8.12 i 7.35 i 10.80 i 4.62 i 5.71 i 7.21 i 11.23: 3.21 : 5.96 

·······i7-···r··s:7s·r·i4:3or·-32s·T .. -6:44-r··:;:iii··rll:40r"4:6ii--r"'6:0S"r":;:i"S"r'IO:iis'r"i:iir"6:ZS'" 
·······is-···r··:;:iin···14:ior·-3:s0·r·-6:s0·r·-6:94-r·ll:6oT'"4::iTr"s:ii4"r"4:iii'r"ii::;:i"r"2:iii""[""';i:7Z" 
·····-19-···T··i:4z·-1-··iisoT"·"4:zi··-;--··ii:zs·T··s:3i .. l"'io:io'r'izs"-;--";J:iii"r"'ii:os"'r'ii:3S"';-'"4:ii''';-"'6:93" 
............... ,:. ........................... ,:. ............. .; ........................... .; ........................... j. ............. ;. ......................................... j. ............ . 

20 i 4.05 i 10.10 i 2.18 i 5.16 i 4.20 i 8041 i 2.18 i 3.26 i 2.12 i 5.92 i 1.25 i 3.65 
....................................................................................................................... + ........................................................ + ........... .. 

21 : 4~1 : 9.87,: 2.06: 4.91 i 4.26 1 9.25 : 2.32 i 3.72 i '2.18 1 6.01 i 1.20 i 4.04 

·····-22-···r··i:i"6"·r·IZs·or··i4:i··r·-4:iis·r··s:Zi··r-l0jor"Z:6:i"r'is4'r"i07"r'6:ii'r"2:i's"r'iiis" 
······ii··· .. ;····s:io·-l-··i"z:so-1 .... 4ii···;--··i:3s··r··S:i;s-·-1-··-9:iii·-l-···izi···;····4:Z6··;··-2:ii9 .. r···ii:i6··;····2:44-·;-··-3:92-· 
............... ; ............ j ............ j .......................................... " ............................ j. ............. j. ............. ;. ............. ;. ....................... .-••• 

24 : 7.05 i 12.30: 4.10 i 7.14 : 5.16 i 9.60 : 3.19 i 4.71 i 4.18 1 7.85 1 2.50 i 4.02 
·····-2S···--r···i:ss··r·i"3:z0T··-4:is·r··ijii·r··sio·r·-9:i".j··r·-2:9i·r·-4:oi··r·-4:siT··'i:94-r·-2:6i·r··i4i"· 
·····-26-···r·-6:ii:i··r·ll:40r·-4:i·s··r··iiiiT··-4:8s··r·-9:06-r··Z:SS··r··4:ii6-r··iiii·r·-6:;ZS·r·-2:s2""j···-4:2i5-· 
........................................................................................................................ + ................... - ................. _ ................... _ ...... .. 

27 ' '20' O' 5' . 8' . 9' . '2' ! 7.44 i 1.6 i 4.9 i 8.6 ! 5.86 i 10. 0: 3.n! 4. 2 i 3.75 i 7.89 i ,44 i 4.78 
........................................................................................................................ + ............................ + ......................................... .. 

~i~i~i~i~i~i~i~i~i~i~i~i~ 
: : : : ! : ! ! : : ! ! 

· ...... · .... · .. !··· ...... ····!··· .... · .. · .. t .. · .. ··· .. ···t .. · ...... ·· .. t···· .. ··· .... !· .. ·· .. ······t .. ·· .... ··· .. !" .. •• ........ ·t .. · ........ ··t ...... ·· .... ·t .......... · .. t .......... · .. 
Range! 2.31-! 8.32-! 1.31-! 4.16- i' 2.80-: 6.35-: 1.21-: 2.05-! 1.05-: 4.32-: 0.95-! 2.85-

._ ............. Ll_?:~.?j ... ~.~:~~ .. L.~:s.: ... L.~:~~ ... L.::~.z ... Ll.:.:6.~..l. ... ~:~ .. L.~:?~ ... L.?::: .. .Ly::~J. .. ?:~~ ... L.~:~ .. . 
CD i 0.363 i 0.314 i 0.280! I ! 0.218 

(0.05) iii I 0.125 I 0.225 i 
.... · .... ··~··1·· .. · .... ··· ...... · .. ·-.. · .. t .... · ........................ t· ............ ··· .... ··· .... ··t .... ··· .......... · .. · .... · .. ·t .. ··· .......... ·· ............ t· .. · ............... -....... .. 

SEm_ i 0.125 i 0.108 i 0.096 i 0.043 j 0.Q78 j 0.Q75 

Tl - Prior to fertilizer application; T2 - After fertilizer application 
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Tuble 44, Ammoilillclil N, lIilrile + lIill'llle N und IIvuillibie P lind K In soils 9ppm} dllrill~ Plllljll 
SCI~"'" 1<)<)4-95 

: I • 
Pada- i NH.-N N02-N + NO,-N i Available P 1 Available K 
sekha- ~-~-------------'---'-----r-----"-'-------------i------------------------1'-----------------------+--------.--------------f·----···------.. --------r------------------.". 

IlIm No.l ........ ~~~.~~ ....... L .. ~~~~.~: .. L ....... ~~~ ...... .I .... ~~~~~~: .. L ...... ~~~~ ...... J ....... ~.~~.~~ ....... L..~~~c.':'~".~. 
1 TI 1 TIl TI 1 TIl TIl TI'l TI 1 TIl Til TIl TIl TIl TIl TI 
: : : : : : : : : : : : -: : --... --.---....... ----------......... ---- ....... --.------... ---------+------_ ... -+-----... ---+ .. -----------+------·····+-----------t-----------+·---·----·-+-----------.. -----.-----+------.----

1 i 85.0 i 88.6 1 78.6;' 81.3 i 13.9 i 14.4 1 10.1 1 10.9 i 1.81 i 4.60 i 212 i 220 1 161! 176 
....... -.----..... _--------- .. -..... __ ...... -_ ......... -......... __ .-.. ----_ .. _--... ------ ....... -------_._.- .. ----------... -----------.. -----------.. ---.---._--... -.------.-... ------_.-... -._---._--

2 i 82.3 i 85.3 i 72.4! 74.5 i 15.1 i 15.5 i 13.2 i 13.7! 2.20 i 4.80 i 216 i 224 i 172 i 181 
--_._----------.-_._-------.. _--------- .. ------------- .. --------._-.----_._----.-------_._-.------------- .. -._-------- .. --_._---_ .... --_.------... -----------.---------.---------_ ... -----------

3 i 94.8 i 96.1 1 86.2 1 88.3 i 13.2 i 13.5 1 10.0 1 10.9 i 1.52 1 3.78 1 161 i 171 1 130 1 148 

:::::::~::::::F~~~~:F~~~~:I::~~:H:::~~~~:F~fn~:~:~~H:::~~TFf~:~r:~~~~rI~n::~~:T:~~::F::~~::F~::: 
--------------t-----------t-----------t-------------t-----------t-----·-----t--------·--t------------t-------t-·---·-----t-·-·-------t------·----t-----------t-------·--t-----------

6 i 72.4 i 75.6 i 59.4 i 62.1! 15.6 i 16.3 i 11.6 i 12.0 i 1.80 i 3.75 i 180! 194! 158 i 107 
--------------.. ----_._-.. -----------+-------------+----._-----+-----------+-----_._-_ .... _._---------.. -._------- .. --_._._----.. ---_._-----.. -----------.. -----------.. -----------.. -----------

7 1 74.4 1 79.3 1 61.2 1 66.7 i 14.3 1 15.1 1 ILl i 11.8 1 1.42 i 3.46 i 142 1 155 1 i28 1 139 
--------------- ... ---------- .. ---_._._---.. ---.. _._.----+_._--_. __ ._+. __ ._------+._-_._-----.. ------------.. -----------+--------_.- .. -._--------.. -----------.. -----------.. -----_._._-.. ------.. _--

8 1 72.1 i 75.2 1 6O.8! 64.8 i 14.8 i 15.6! 11.3 i 12.1 i 1.56 i 3.80 i 120 i 136 i 104 1 121 -.. ---.... ---.... ----... --.. ---... -.---+--.-.-------~-.---------+----------- .. ----------.... -----_._-_._+ .... -----+ .... _._----+. __ ._._._-.. -----------... _--_._----.. -_ ... --_._-.. -._ ..... _.-
9 i 73.8 i 76.1 i 60.6 i 63.2 i 15.1! 16.1! 12.4! 13.1! 1.62! 3.9O! 132! 148! 116 i 132 

.......... --..• -----.----.--.. -.. ----.;..----.----... .;.-.· .. ··-·-·.;····-·-··-·.;·----------f··-··-------·-·--·----..• ----.----.-.-------.---.;.-.------.. .;.-.-.-----.• --.-----... .; ..... ----.. 
10 i~i~li~i~.li~in3i118i13~!~i~i~imimiD ---••.... -... -. .;..--.-.---.;.-.. --... -.--i-----.. ------.• --.... _ .... i-__ ._._ ....... ____ • __ ••• _ .... _____ • ___ ... ________ ._ .. ___ •• _____ .... _ •••• ___ ._._ ••• _ ••• _._._ •• _. ___ • ___ •• _____ .. __ •• __ •••• 

11 i 82.4! 83.8 i 68.7 i 71.3 i 15.0 i 15.7 i 12.6! 13.0! 1.60! 3.92 i 186! 198! 161 i 176 
---.----.. -.. -. .;.-.. ---.... -+ ..... -.. ---... - .. --.----... -.-.. --.. --.. ----.--.---.. ---.. ---.--.;.---.-.-......... -----.---!.-.-.-.---.t--.-----+----... -.--.. --- _____ ... t- __ . __ .. __ ._t-.. ______ .. . 

12 i 78.6 i 81.3 1 68.6 1 70.4 i 12.7 i 14.0 i 11.2 1 11.8 i 1.45 i 3.90 i 204! 219 i 172 1 180 
······'i:i····r·9i:iT·96j'T··iiij··'["·iiiiT··i3:i'T··j·iiiT··lij·T··iiiiT·j·:siiT·iiiiiT··iss·r"i7:j·T·i26·T··i32" 
•• -. -. - - •• ---••• ,.-- • -. - - - •••• - •••••• -. I • _ •• _ •• _ •• ___ ~, _______ • _. 1_·· __ • ' ••• -i ___ • __ ••• _. i _______ •• _. __ +_. __ • ______ + • ________ ._ + •• _. ______ •• _____ • __ ._ + ___________ •• _______ •••• ___ ... _ .. _. 

. • • I ' I ' , I • 2' , . . 
14 i 81.3 i 86.3! 70.4 i 71.8 i 14.3 i 15.3 i 12.3 i 13.1 i 0.64 i .45 i 194 i 216! 162 i 184 

... _ •• _ .. --_._-... _--------- .. -----_ .. _--+--.-... _ .. _-.... _--_ ... -... -----------.. ---_._-----.-•. _.-.-._ •• -+_ ... -•• -_ .. +------.-_ .. +-_._-----... -_ .. _------... _-- ..... _ .... _ .. _-.. ---+-------_._-
15 1~1~11615i~1118113.211~lm13Mi~i1~lml~i172 

·······ii5····r·;;o.iT·;;4iT··siij··T·iiiTT"'lisT·14:iT .. ioj·T·io:iiT·iiiiiT·;;joT··i30·r··isiT·ioi5·r·iis·· 
.. _--------_ ... +-------_ .. -............... --_ .... _ •• _-- .. --_ ...... _-...... _------+ .. -.. _-._--..... _-.. _-_ ••• +-----------+.----------+------.. ---.. ---.. --... -.. -.. --------+ ...... --_ .... ---_ .. _----

17 1 71.2 1 73.2 1 59.2 i 62.8 1 105 1 13.6 1 10.0 1 113 !3.61 i 7.21 i 132 i 148 i 114 1 122 

·······jS····r·6ii:iiT·69:oT··siij··T-62:i·T·I2:iT·ii:;;T··iij"T'iijT'ilsT'6:iioT'j:j'j'T"iss'T"iis'r'j36" 
.. _ .. ----------.. ------- ............ _ .... + •••• -- .... ---+----_ ........ --................ --- ............. _ .. +----.. _ .. --+ .. _ .. --........... -----....... --..................... _ .................. .. 

19 1 64.4 1 67.8 i 50.5 1 54.1 i 11.6 1 12.5 1 9.3 1 10.1 i 3.80 i 6.90 i 138 i 148 1 121 1 139 

·····-io····T·;;oj·T·74:iT··siiTI""iiij'T·14:sT·iXiiT··llj··rll:iiT4:;;iiT'ii:i5T"i30'T"js'j'T"j'jiT"j2ij' 
........... - .............. - .......... - .. - 0· .. • -- ....... +- --...... --~ ........... 0-·· .................. - ...... --..... -- .. t .... -.. ----............ + ......... ,- +-.-.- .. -- --....... -....... ---- - -.'" 

21 1 71.41 73.8 i 59.0 i 63.1! 14.4! 15.1! 11.1! 12.3 i 4.81 ! 9.00! 131! 147! 114 1 132 
·· .... ii .... ·j···7i;s·j···;;s;4·1····6ij· .. 1 .. ·ii4£r·14£j"·lii .. j····11:1··I""I2::i .. j· .. 6:iiT·i·o:4sj····jsi··j····j6·j .. j····ji6··1····j4j·· 
··· .... ··· .... ·t .... ·· .. ---t .. ···--· .. -t .. -.... ······t .. · .. ··· .. -t·· ........ -t· .. · .. · .. ··t ............ -r ...... -.. --t ...... -.... t-.. ----.... t ...... ··-··t····-··· .. ·!-.. · .. --· .. t .... ·-.. · .. 

23 i 79.8 i 81.2 i 63.4 i 66.7 i 15.1 i 15.3: 12.1: 12.9 i 5.55 i 9.80: 162 i 174: 144 i 155 
.... --- ... --.. -.. --.... -----..... -.... -... -..... -------+----.-.. --.-------..... ---~ .. ·----+--------.. -.. .j.-.... --.... .j. .... • .. • .. -t ...... · .. --...... --.... · .. --- __ .. _ .. _ ..... ___ . __ .. _____ ...... 
. 24 i 80.4 i 83.8 1 78.6 1 71.3! 14.7! 15.2! 12.3 i 13.1 1 5.35 1 9.30 1 160 1 176 1 143 i 150 -- .. -................ -...... +_ ..... ___ •• f-____ .. _ ... __ .-1-___________ -1-___________ .. __ ." ..................... __ + ......... __ + ... ____ .... + .. ________ + ___ ........... __ ........ _ ..... -....... --+ .... --.. __ • 

25 1 88.6 i 91.0 i 72.4 1 75.3 i 15.1 1 15.8 1 13.4 i 143 i 4.05 i 8.16 1 148 1 160 1 123 i 136 

"'-"i6"'T'iii':sT'iiiiiT"7ii'T-;;sj'T'j'S:4T'j'ii:3T"j'io'T-'j'iiiT'iiiiT'i:iioT"is4'T'ii54'T"iii'T"j'j9" 
............. -......... -.- ........ -... -- ..... -.- .. ---- .i .............. ___ ...... : .... -- ..... + ..... --...... t----...... -+ ........ -... -....... -,-: ........ -.............. i ... -- .. -.-; ... - .. 

27 i 90.3 i 93.2 i 76.0! 79.2! 15.8 i 16.6 i 13.5: 12.4 i 4.10 i 8.36! 163 i 177 i 141 i 154 
........ -.............. __ ... _ .... _ ..... t. ... __ .................... _ ........................ .j. .... _ ....... _ ............................................................... _ •• __ .. __ ........ _ ... _ ... 

Mean 1 78.9 1 81.7 1 66.8 1 69.8 i 14.1 1 15.0 i 11.7 1 12.4 i 2.92 1 5.97 i 168 i 182 i 141 1 153 
- ••••.•. -. - --.......... - ...... __ ....... + __ .... _ ...... ~ ...... _ ••• _f- ....... __ •• 0 _ .. ____ ........ __ .. ____ .... _________ ......... _ ............ ____ + ........... 0 ......... __ + __ • __ """ ......... .. 

_pl~I~~I~I~1-1~11~1~11Q1-1~!~11_113~!1~11~ 

............... L~~:8 .. L~! .. L...~~:: .. LS.S.?L:~:~ . .L:?.:~ .. L.~_::~ . .L1.~?.L..~::l..1._1.~:~~L..:~.~.L:~~.L.1~~ .. L:~ .. 
CD! 0439 ! 0333 ! 0.460 II 0.085 I 0.326 I 1.56 I 1.89 

: :: r: I 
(0.05) ! ! ! I ! ! ! 

.... _ .. _._-----.:. ......... ---- .. --... ----.:...-----.. _--_ ............. _.,:.._--------.. -... -.-.-.. ~.--.. -.... ------.. --.. --.:. .. --.. --.--------.. ---...;.--.. -.. -............... .:.--------.--------
SEm± i 0.151 i 0.115 i 0.159 i 0.029 i 0.112 i 0.538 0.653 

TI -Prior to fertilizer application TI -After fertilizer. application 
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Table 45. Ammoniacal N, nitrite+nitrate N and K in field water (ppm) during punja season 1994-95 

Pada- . NH,-N . NO,-N + NO,-N 1 K 

sckh- r·········B~~~i··-···T··:;:~~d;~;;;~····r····-··B~i········T··T~;;;h~~~--··T---·····B~~i·········T··T~;;;i;~;~~-··-
aram •........ _ .... ~_ .... _._._ ....... _. __ .. _ ............. __ ..•.•......• ___ ...•........•.. __ f. ••••• ______ ........ __ •••••• f. ••• --- •• -----.. --••••• ------.-•• ----........... --•••••••• 

No. : Tl : T2 : Tl I T2 i Tl i T2 i TI i T2 i TI i T2 I Tl ! T2 
............................. - ........................................................................ -_ •••••••••• _f. •••••• _ •••••••••••• _ ••••••••••••••••••••••••••••••••••••••••••••••••• 

I i 6.00 1 8.26 1 4.82 1 6.13 1 4.87 1 7.32 1 2.80 1 5.20 1 3.21 1 4.79 1 1.82 1 3.96 
·--············f············-f···--····--··f····----·····t--_··_-_···_-+··_-_·_-_····+··-:-········.;.············-f·······--····t·············f·············f·············f············· 

2 i 6.41 1 8.71 1 4.90 1 6.28 1 4.48 1 7.05 1 3.15 1 5.10 i 3.14 1 4.80 1 2.31 1 4.44 
···············-:·············-:·············t·············t·············t·············t·············t·············t·············-:·········-·t·············t·············t············· 

3 1 7.28 1 9.50 1 526 1 7.05 1 3.70 1 6.92 1 2.14 1 4.08 i 4.50 1 6.14 i 2.78 1 4.78 
...............•.............•.............•..... _ .... ··t·············t·······_····.·············t·············t·············t·············t···~········· .. ········-··i············· 

4 i 7.41 i 9.28 i 5.15 i 7.46 i 6.54 i 10.48 i 3.82 i 5.67 i 6.12 i 7.95 i 3.14 i 5.16 
.............................................................................. t····· ........ t············· t· ............ t·.· .......... t···· ......... t··· ••••....••••........•••• t····· ....... . 

5 i 5.65 i 8.31 i 3.72 i 5.13 i 4.18 i 8.16 i 2.43 i 5.03 ! 5.04 i 7J4 i 3.04 i 5.26 
···············-:·············-:·············t···_········t·············t·············t·············t·····_······t·············t·············t·············t········_···t············· 

6 i 5.05 1 8.06 1 2.'98 1 3.46 1 4.60 1 7.20 1 2.06 1 4.04 i 3.51 1 6.98 i 1.82 i 3.95 
······i·····-r·ios··-;--·7:J0··-r·i:s6 .. T .. i2s .. -r-·i3s-·-r-·6:2s··r·i:2S··-r-·is7··-;--·2:07··-;--·Sj·;j···ti:os-·-;--·i48·· 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••• j. ••••••••••••• ,j. ••••••.••..•••••••••••••••• ;. ••••••••••••.•••••••••••••• ,j. ••.••.••••••• ,j. •••••••••••.• ,j. ••••••••••••• ,j. ••••••••••••• 

8 : 3.26 i 6.85 i 1.92 i 3.08 i 3.16 i 5.48 i 2.43 i 3.44 i 2.00 i 4.02 i 1.16 i 3.26 
······"9······1···i7i····1···7:24···1···;z:os···r·-4:06· .. r-'5:64"-r"io:;W"r--i29-";-"4:9S"'!"z:7S"-;--4:3S''';-'''i:7s''';---4:0S'" 
·····10·_···1· .. 9.05 ··1- i"i:s2"i-'4:79"'i"'5:9s"r'4:10"'1"'9:21"'j"i04"';'-'6:os-";"'i76"1"-5:16--;"l:s9'''1'''3:76'' 
······ii······l···7:os···;··10:3i"··;···3::is-·-r--4:76 .. r·6:4s"-;--io:40";--'3:s;;"-;--'6:1s"';--'450"';---5:7s"-;--'2:94-";---4:95"-
.••••••.•.••••• ,j. •••• _ ...................... ,j. •••••••.•.••• ,j. •••••.•••.••. ,j. •••.•••• _ •••• ,j. ••••••••••••• ,j. ••••••••••••• ,j. ••••••••••••• ,j. ............................ .j. ........................... . 

U i5~li8.Mi116i~i~i~i~i~i~i~i3~i5n 
······i3·-···r-42S .. -;--·7:3S··r·2:76··-;--·3:s2··r·i7S··-;---6:J;j·--;---2:78'--;--'5:07"-;--'3:oS"-;--'5:S;;-'-;--'l:sS"r-3:94" 
'·····i4-···r-i91·-r·6:46··r·i:s2··r·i9i"·-r·i90-·r-5:80-;'1'-'i:46-'-;--'3:47"r'3:00'-;--'5:21'--;---i:7s"r'3:ss'" 
······is····--;---6:7s .. -;-·10:3s·-;--·3:90··-;--·4:9s··-;--·s:;ji" .. -;--10:3i"'-;--'4::is"-;--'7:19"-;--'i91-T'5:;j3'-r-2:4ii-'r';J:96-" 
········c.······,j.·············,j.·············,j.········· •••• .j. •••••••••••••••••••••••••.. .j. .•...••.•••.• .j. ••.••••••.••• ,j. ............. ,j. ........................ _ •. .j. ••••••.•••••• ,j. •...••.••••.. 

16 i 5.82 i 9.07 i 2.76 i 4.62 i 7.60 i 10.26 i 5.02 i 7.45 i 4.10 i 5.87' i 2.97 i 5.03 
······i7·····-;--·6:;js··-;--li:;ji··-;--·35s .. -;--·S:;j2"·-;--·s:9;j··r11:3;j'-;--'5:10"-;--';;:3S"-;--'354"-;--'S:42"-;--'2:87"-;--'5:16'" 
·_·· .. ili- .. _ .. ;---7:01··-;--12:30·-;--·4:2s··-;--·6:7i"-·-;--·s:oo .. -;---io:4s·-;---4:9s"-;---5:67'--;---ios"T5:1ii''';---2~6ii''';---4:87'' 
···············f·············f·············f·············f···········"·f······":.······f·············f·············f·············f·············f·············f·············f············· 

19 i 6.90 i 11.91 i 3.96 i 7.06 i 5.16 i 8.47 i 3.21 i 5.75 i 3.09 i 4.77 i 2.07 i 4.04 
............................. ...j. .................. - ••••••• ,j. ••••••••••...•••..•••••.... ,j. •••••••••••••••••••••• _ ••• ,j. ••••••••••••• .i. ................ _ ...................................... . 

20 1 4.20 i 7.62 1 2.47 1 5.18 1 4.10 1 6.45 1 3.05 1 5.48 1 2.80 1 4.81 1 2.04 i 4.16 . . ~. . . . . . . . . . 
······ii-· .. ·l· .. 4:Js· .. l···7:40··-;--·i-:-6s···;---S:06··r-4:06---;---6:92"-;--'2:96"-;--'5:30"'1"-251-'-;--'4:64"'1"'I:S7"'1"3:98 ... 
···············t·············t·········· .. ·t··········,···t·············t·············t······-······t·············t·············t .. ···········t·· .. ·········t·············t············· 

22 1 6.25 i 9.38 1 3.48 1 6.43 1 8.16 1 11.38 1 3.78 1 7.74 I. 3.54 1 5.92 1 3.27 i 6.76 
·_··23·····-;--·5:s£·_;---8:94 .. -;--·2:87··-;--·S:21··-;--·;;:i8··-;--10:46·-;--·356"-;--'6:~6"-;--'4:2s'--;--'6:36"-;--'i;W"r'6:14'" 
......................................................... t.·· ....... ···t············· t········· .. ··t··· .... ······t············· t······· .. ····i· ....................................... . 
~ !~Ei8nl~15~15MI~!3AI~13~1~1~!~ 

............................. .j. ............. ,j. ............. ,j..············.j.·············,j.·············t·············;. •••••••••• , ••• .j. .......... - ............. , ...... ~ ••....•••. .j. ............ . 

25 i 6.28 i 10.41 i 2.46 i 6.75 i 5.06. i 8.71 ! 3.95 i 7.06 i 4.50 i 6.94 i 2.50 i 6.34 
............... t· ........................................ ~ ............. t .................................................................................................... t ............ . 

26 i 6.50 : 10.()5 i 3.78 i 5.78 i 5.25 i 8.06 i 3.04 i 6.85. i 3.92 i 6.78 i 1.88 i 4.66 
·-·-··i7-····-;--·6:2S:·r·9:79-·T·3:9i"··r-6:46'T .. 6:10 .. T-9~4i""-;--'3:S7"-;--';;:47"T"4:i'8"-;--';;:oii"-;---ii"ij"T";J:7ij--
.................................................................... · .. · .. t·· .. ········· .. · .. ······· .. ·t············· .. ···· .... ·· ... t ... ··········t_ .. · .. ···· ......... · .. ·· .. ·· ....... ········· 

~!~!~luil~·iuli~li3~i·~i~i~i~i~ .. ·~~g·~··r~::···r~;~-·r-~~~··r-~~~~-r·~~~·r·~·;~:n-·~·~~~·r~~··r·~~·T~~~~-T~·~~~·T-~~~·· 
.. ·;~~;···I··········~··;~;·-····-··l·········~··;;;·········!·······=~:;~~ .. -- .. ··-r-·-·····~··;~;··· .. -···!··· .. ····~··~~··········r·······~:·;~;··-····--
···sE;;;~-··t··--.. -··0:113··········j····------0:10l .... -····-t .. ········0,104-_······t-···_·O,i06····_·_···t-·_· __ .. ·0:079--· .. ·-.. -t··-· .. --·O~051-········ 
iii I I ! 

T1 - Prior to fertilizer application; T2 - After fertilizer applicationm 
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Fig 28. Concentration of NH4-N and NOz-N + NO,-N in soil and water during additional and pWlja 

crop seasons (pooled means) 

44 and 45) and hence the pooled mean (Table 

46 and Fig 27) for the above two seasons did 

not show much variation from the individual 

values. IDMR (1989) reported a concentration 
of 0.2 ppm of NH4-N and 5.0 ppm of NO,-N in 

waterways and canals of Kuttanad. The highest 

concentration was observed in Thanneer

mukkom area 

Since the quantities of different forms of N 

released into the waterways and canals are not 

negligible, their contri))ution towards the con

tamination of the environment has to be seri

ously looked into and suitable measures chalked 

out to reduce contamination to the minimUm 

extent possible. 

NH4-N was significantly and positively cor

related with NOz-N + N03-N at the time of 

ba<;a\ dressine (0.552'') and NH.-N at the time 

2.2 Phosphorus: The study area was generally 

deficient in available P due to the high P 

fixation capacity of soil. The mean value of 

available P during additional crop season, 1993-

94 before basal application of fertiliser (@ 45 

kg P20 S ha-1 as factomphos) was 3.41 ppm and 

it increased to 8.09 ppm after fertiliser appli

cation (Table 38). About half of the applied P 

only was accoWlted in soil and rest of the P 

might have lost by fixation, since these soils 

were of very high P fixing capacity. The 

Kuttanad soils contain very low available P due 

to their high P ftxation capacity (Kuruvila and 

Patnaik, 1994). 

The water soluble P present in the area was 

practically nil since it recorded a concentration 

below 0.05 ppm in water and hence not 
presented here. The very low mobility of P and 

hieh P fixation caoacitv of soils are resoonsible 
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(1 - prior 10 and 2 - aller fer!,!11ser applJcatlon) 

Fig 29. Available Phosphorus concentration in 

soil during additional and punja crop seasons of 

1993-94 and 1994-95 

During punja 1993-94 the values of available P 

was slightly lower (Table 40) compared to that 

of additional crop of the same year. The punja 

cultivation without any fallowing after addi

tional crop results in continuous crop uptake 

and removal of available P from soil and thus 

lowers the available P ,content. 

The behaviour of available P during additional 

and punja crop seasons of 1994-95 (Tables 42 

and 44, respectively) was similar to that of 

1993-94. The pooled mean values of available 

P are presented in Table 46. 

2.3 Potassium: The study area recorded 
comparatively higher values for available K 
The mean value of available K before basal 

application of K fertiliser was 175 ppm which 

increased to 190 ppm after fertiliser application 

during the additional crop season, 1993-94 
lTable 38). The free flow of sea water within 
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the study areas resulted in the higher values for 

available K. The increase observed due to 

fertiliser application was considerably high 

indicating that the fanners ar~ applying higher 

quantities of K fertiliser than that recommended 

as per package of practices (KA U, 1993). The 

quantity of fertiliser applied by the farmers 

varied from 50 to 65 kg K20 ha·l , while the 

recommendation is 45 kg K20 ha·l for medium 

duration rice. 

The K content of water during this period was 

4.17 ppm before fertiliser application and it 

increased to 6.94 ppm after fertiliser application 

(Table 38). Considerable amount of K applied 

was also lost through the drainage water, 

though the loss was not as severe as that of N. 

The K concentration of drainage water from 

recently fertilised fields ranged from 0.4 to 4 

ppm and the plants and aquatic species are not 

affected by K content around this range. Low 

concentration of K in water has a fertilising 

effect on plants (Lal et aL, 1993). 

At the time of topdressing the mean value of 

available K in soil before fertiliser application 

was 130 ppm which increased to 140 ppm after 

fertiliser application (Table 38). In field water, 

the corresponding values for K were 2.38 and 

4.42 ppm, respectively (Table 39). 

During punja season the mean value of avail

able K was 169 ppm before basal dressing and 

it increased to 181 ppm after the addition of K 

fertiliser (Table 40). At the time of topdressing 

the mean values were 140 and 152 ppm, before 

and after fertiliser application, respectively. 

The K content of water followed the same trend 

as that of additional crop, 1993-94 (Table 40). 

The trend was similar during the additional 

(Tables 42 and 43) and punja crops (Tables 44 

and 45) of 1994-95 also. The pooled mean 

values are oresented in Table 46. 
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POTASSIUM, ppm 

Eli Soil (add~ionaQDsoil (pun)a) o Water (add~ionaQOWater (punja) 

Basal-f Basal-2 TP-f TP-2 Basal-f Basal-2 TP-f TP-2 

1993-94 1994-95 

(TP - Topdressing; 1 - prior to and 2 - after fertiliser application 

Fig 30. Concentration of available K in soil and K in water during additional and punja crop seasons 

of 1993-94 and 1994-95 

Table 46. Pooled mean values of different forms of N in soil and water, available P and K in soil 
and K in water (ppm) 

Charac- Cropping seasons 
tcristics r .. · .. ······ .. -...... ········· .... -·······~ddi;ion~l .. ···· .... ··· .... ··········· ...... ······· .. ·T ...... ···· .... ·· .. ··· .... ·····~~j~ ............................. . 

................ - ..... _-_ .. --... _--_ .. __ ._----------_ ... -------........ -----_ .. _-...... _---... __ ...... __ ... _-_ .... -------...... -...... -------.--.--.. --.-.-- ..... -.--.~._ ..... --_.--_._ .... _--.-.--.-.. . 
: : Basal . : Topdressing: Basal : Topdressing 

j ["' .... ~·;···:·T .. · .. TI ...... l···· .. ~·;· .... T· .... TI···· .. l· .. · .. ~·; .. ·· .. r .... TI··· .. T· .. ··~·; .. ·· .. r····TI·:··· 
l····· ______ . _____ ······ _____ ·_·. ___ .. ___ ·····_._. ____ ...... ______ .. ____ ... __ ..... ______ ..•. ________ ... ____ ... __ . _____ ..... _ .. __ .... __ .... ____ .. _ ...... _ ... _____ ........... _. ____ . 

: NH.-N : 133 : 136 : 120 : 121 : 78.3 i 81.4 i 69.4 i 72.3 
•••••••• __ • __ ••••••• _ •••• _-- ••••••••• - •••••••••••••• --1- •• ___ ••••••••• __ ••••• __ •••• _ ........ ,_. __ • __ ................... __ ._ ...... ____ •••• __ •• __ ..... __ •••••• _____ ••••••••••••••••• 

i NO,-N+NO,-N : 17.4 : 18.0 : 12.7 : 13.7 : 15.4 \ 16.2 i 13.2 ! 13.9 
•............ -... __ ._ .. _----....... -.. --_ ........ _--_ ..... __ .. __ ............ __ .... _----- ......... _----........ --_ ........ _ .. _-... _---_ ........ _- .. ---........ __ ._-... _-_ .. --.--.-.. ,-Soil 

: Available P ! 3.46 : 7.78: : : 2.91 : 6.20 i : 

! .. ~~~;;~b;~·~ .. ········ .. T····;:;:;····T···~9·;··T····;3ii·· .. T .. · .. ;~9····T· .. ;69··· .. r· .. ;ii;··· .. r··;~~· .... r··;53···· 
: :: -: : : : ~ : .... _- •...•.•.• _--.-_ .... _-....•......•..• _-- ............ _-_._- ......••.•..•.... -_ .•• __ ._+. __ ... _-............. _--_ ....•.•.. + ••• ---_.-••••••••••• __ ........................................ -.-- •• 

! NH.-N : 6.90 : 11.95 : 3.80 : 6.30 : 5.65 : 9.09 : 3.35 i 5.96 
Water .-........... ----------.. -.......... ~.-................ ---.-...... -.-.... ---........ --- .. ~ ... -.-.. -....... ~ ... ---- .......................................... -.-•....... "-"-" 

: NO,·N+NO,-N : 4.92 i 7.84 : 2.68 j 3.72 j 5.33 : 8.31 : 3.11 j 4.89 

r-K····· .. ·· .. ·········· .. · .. T .. ·3~·9;····T··; .. ;5 .. ··T·; .. 35 .. ··T .. ~5~····T .. ··3· .. ~·3····T .. ·5.5~··T .... ;·.·3·;·· .. T··~:~5 
Tl c Pnor to Icrtiliser applicatiOn; Tl. :::l Alter JcrtiJlscr application 



Thc pooled IIICrul values of K are presented ill 

Fig 31. 
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Fig. 31 Concentration of available K in soil 

and soluble K in water during additional and 

punja crop seasons (pooled .means) 
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From the study it was observed that consider

able portion of fertiliser applied to the soil is 
lost mainly through the drainage water. Under 

submerged conditions the major means for the 

loss of nutrients is through the drainage water. 

Among the nutrients, the loss through drainage 

water was maximum for N since it is lost from 
the soil in the forms of ammoniacal, nitrite and 

nitrate N. The loss of N was mainly in ammo

niacal form in the study area since it is the 

major form of N in the flooded soil. The loss 

of p through water was practically nil. A 

considerabie quantity of K is also lost from the 

soil through drainage water. Though the fertiliser 

residues released through the drainage water did 

not exceed the tolerance limit at present, the 

quantity released. into the surrounding en

vironment is not negligible since this concen

tration may be sufficient to cause eutrophication 
in canals and waterways. Hence better nutrient 
management strategies involving ecofriendly 

farming systems along with improved regnlator 

operation have to be adopted to minimise the 

damage to the life supporting systems of 

Kuttanad. 
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SUMMARY 

The present experiment consisted of three parts 

viz., (I) Morphology and physicochemical 

characteristics, (2) Fertility characteristics and 

(3) Toxicity characteristics. In part I, fifteen 

profile samples were collected from the villages 
Arpookkara, Aymanam, Kumarakom, 

Thirnvarpu and Kaipuzha of North Kuttanad to 

stUdy the morphological and physicochemical 

characteristics. Surface samples (0- I 5 cm 
depth) were collected from the 27 padasekha

rams of the above sites to study the fertility 

characteristics of the area during rainy and 

summer seasons (before and after the closure of 

Thanneermukkom regulator). Under part 3, 

bulk soil samples (0-25 cm depth), surface 

water and ground water from the same area 

were collected during the same period to study 

the accumulation of various toxicity factors 
including pesticide and fertiliser residues. 

Part 1 

(I) Morphological characteristics of soils ex

pressed a great deal of heterogeneity. The hue 

of the soil matrix varied from 7.5 to 10 YR 

with a colour change of dark brown to black. 
Bleached eluvial horizons were noted in well 

developed profiles. Random deposits of lime 
shells and ilIuvial accumulation of humus were 

observed in subsurface layers. Faint to 

prominent reddish yellow or brown mottles of 

hue. 7.5 to 10 YR were observed. 

(2) Soil texture varied from sandy to clayey. 

The soils were sticky and plastic witi1 sub
angular blocky structure. Large number of rice 

roo.ts and reddish yellow or brown root canals 

were observed in surface soil. 

(3) Sand, silt and clay contents showed wide 

variation among the soil profiles and' their 

ranges were 1.8 to 93.1, 2.4 to 56.3 and 1.0 to 

69.5 per cent, respectively. This variation was 

reflected on each and every physical property of 

soil. 

(4) Apparent" and absolute specific gravity of 

profiles vaned from.0:79 to 1.36 and 1.38 to 

2.69, respectively. 'Water holding capacity 

varied from 37.0 to 90.3 per cent. Pore space 

and volume expansion ranged from 40.9 to 66.3. 
and 0.59 to 28.71 per cent, respectively. The 

range observed for hydraulic conductivity was 

0.37 to 59.10 cm h'! . 

(5) Soils of th~ study area were invariably 
acidic with a pH range of 3.0 to 5.0 in surface 

soil. The lower layers were more acidic . 
• 

(6) Salinity, of the area has been considerably 

reduced after the commissioning of Thanneer

mukkom regulator. Presently the area is mildly 

, saline during summer and the EC of the surface 

soils ranged from 0.33 to 2.63 dS m·!. Subsoil 

layers showed still higher values due to salt 

accumulation in lower layers. The contribution 

of Na to soil salinity was high. The total Na 

content varied from 280 to 8640 ppm and was 

concentrated mainly in lower layers. 

(7) Soils contained large quantities of organic 

matter, either decomposed, panially decom-, 

posed or undecomposed resulting wide variation 
in organic carbon content. In surface soils 

organic carbon content varied from 0.12 to 5.62 

per cent while in subsurface layers the range 
was 0.07 to 16.22 per cent. 

(8) The CEC varied from 7.6 to 28.9 cmol(+) 

kg'! in surface soiL CI horizo? of profile I 
recorded the highest value due to its high OC 
content. CEC was highly correlated to clay 
(0.413') and OC (0.567"). In Kuttanad soils, 

organic carbon is the major factor that decides 



the soil CEC which is evident from its relation

ship' with organic carbon. ECEC of the surface 

soils ranged from' 5.75 to 20.84 cmol(+) kg". 

Percentage base saturation also showed great 

variation among the soil layers. 

(9) Wide variation was observed for total nutri

ent content in the area. Total N concentration 

was 0.02 to 0.54 per cent in surface' soil. The 

sandy layers showed very low total N. 

(10) Total P content of surface soils ranged 
• 

from 69 to 982 ppm. Sixty seven per cent of 

the area was categorised under medium and 

remaining 33 per cent 'under low in total P. 

(11) Total K, Ca and Mg content of the 

profiles varied from 560 to 5000 ppm, 0.20 to 

1.80 and 0.06 to 1.92 per cent. respectively. 

(12) Total S content of the area varied from 

0.15 to 7.12 per cent. The S starns of the area 

was very high, especially in Kaipuzha village. 

However, the large quantities of Fe present in 

the soil protect the crop from S toxicity. 

(13) The total and available (DTP A) Fe content 

of the Surface soils ranged from 1.62 to 10.30 

per cent and 121 to 516 ppm, respectively. The 

concentration in subsurface layers were greater 

than surface soils. 

(14) The ranges observed for total Mn, Cu and 

Zn contents were 34 to 354, 2 to 84 and 8 to 

122 ppm, respectively. Cu was present in 

smallest quantity. 

(15) Total Al content of the samples ranged 

from 0.82 to 10.16 per cent. The exchangeable 

Al content of surface layers ranged from 0.33 to 
5.99cmol(+) kg". 

(16) Among the available nutrients, soil was 

hIghly deficient in available P and medium to 
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high in available N. For available K, 13.3 per 

cent was rated under low, 78.7 per cent under 

medium and 8 per cent under high. The soils 

were not deficient in Ca or Mg. Available S 

content ranged from 380 to 10528 ppm. 

(17) The ranges observed for available Mn, Cu 

and Zn were 0.50 to 12.86, 0.1 to 8.85 and 0.19 

to 5.45 ppm, respectively, in surface soil. In 
general, their concentration increased with 

depth. 

(18) Chloride content of the area ranged from 

246 to 1721 ppm in surface horizon and lower 

layers recorded greater values. 

(19) Water soluble and exchangeable cations 

followed the same trend as that of total cations, 

Among the exchangeable cations Ca was the 

dominant cation followed by Mg. 

(20) Soils of the study area were extremely 

acidic in namre. The potential acidity of the 

surface horizons ranged from 2.8 to 92.7 

cmol(+) kg and it increased with depth. The 

soil acidity is mainly pH dependent (0.993') 

and exchangeable acidity is present in very 

small amounts (0.489') 

(21) Soil profiles were classified up to subgroup 

level. Profile IX was classified under Inceptisol 

order with subgroup Auventic Dystropept. All 

other profiles were grouped under Entisols. 

Profiles I, II, III, VI, VI, X, XI, XII, XIII, XIV 

and XV were grouped under Typic Sulfaquents, 

profile V under Typic Tropopsamment, profile 

VII under Typic Tropofiuvent and profile VIII 

under Typic Auvaquent at subgroup level. 

Part 2 

(1) In general, most of the soil properties were 

significantly influenced by the season /closure 

of Thanneermukkom regulator. Soils of the 



area .• were- highly acidic with an average pH of 

_.. 4,4 -during rainy season and decreased to 4.0 

: duriI:lg summer. Compared to the pre-jJarrage 

period, an.inerease in soil acidity was observed 

(2) Salinity ihtrusion. into Kutfunad was 

considerabfy reduced after the construction of 
Thanneennukkom regulator.- The average soiJ 
EC was 1.35 dS m·1 duri.ng_ rainy season which 

,decreased to 0.67 dS m-I during summer, 

evidently due to prevention of salinity intrusion. 

(3) The variation in salinity was reflected on 

Na content of the area (0.730")_ Available Na 

contenf was 1983 ppm during rainy. season 

,which decreased to 501 ppm during ~er. 
Water soluble and exchangeable Na also fol

lowed the same trend. Water soluble Na con

stitute more than 87 per cent of available Na. 

(4) Soii' orgaruc carbon content during rainy 

season was 3.66 per cent and decreased to 3.45 

per cent during summer. Compared to ,the prec 

barrage period a decrease in organic carbon 

content was noted. 

(5) CEC and ECEC of the study area were 

25.8 and 19.6 cmol(+) kg-I, respectively d~ring 

rainy season. The mean values decreased to 

19.6 and 13.9 cmol(+) kg-I, respectively, d~g 

summer. The percentage reduction observed for 

ECEC from CEC was greater during - rainy 

season indicating the presence of more pH 

dependent charges during that period. CEC and 

ECEC were significantly and positively 

correlated to OC (0.631", 0.715', and potential 

acidity (0.813", 0.522~·). The percentage base 

'saturation was below 50. 

(6) The available N and P contents of the area 

were not altered by the construction of the 
regulator. The average available N content of 

the area was 284 ppm during rainy season and 
-increased to 324 ppm during summer. The 

mean value of available P was 3.17 ppm during 

rainy season which increased to 5.50 ppm 

during summer. About 67 per cent of the area 

was rated as low in available P. 

(1) During t)1e post-barrage period an increase 

in concentrations of available K, Ca, and Mg 

was observed: The area was not deficient in 

any of the above elements. A reduction was 

observed in their contents during summer. 

(8) The area was rated as high in available Fe 

content Tlie average value of DTPA extractable 

Fe was 353 ppm during rainy season and 

increased to 421 ppm during summer. The 

construction of the regulator did not influence 

th~ available Fe content of the area. 

.' (9) The study area was not deficient in micro

nutrient cations. During rainy season the mean 

values of available Mn, Cu and Zn were 9.76, 

5.51 and 2.85 ppm, respectively. The corre

sponding values during summer were 8.65, 4.40 

and 2.95 ppm, respectively. 

(10) Water. soluble and exchangeable cations 

followed the .same trend as that of available 

. forms. 

(11) the study area recorded very high potential 

acidity. The mean values were 25.5 and 17.9 

cmol(+) kg-I, during rainy and summer seasons, 

respectively. Potential acidity was mainly pH 

dependent. The hydrolytic acidity contributed 

87.6 and 63.7 per cent, of it during rainy IUld 

summer seasons, respectively. Exchangeable 

acidity occupied a minor share. All the acidity 

characteristics were significantly correlated with 

OCand CEC. 

(12) The exchangeable acidity was rather low 
compared to potential acidity. The mean values 

were 4.46 and 5.98 cmol( +) kg-I, during rainy 

and summer seasons, respectively. Among its 



.-

components exchangeable AI" was dominant 

(67%) during rainy season and exchangeable H' 
(54%) during summer. 

Part 3 

(1) The general soil properties of bulk soil 

samples followed the same trend as that of 

profile and surface samples. Soil pH and EC 

were significantly influenced by both the sea

sOns and the regulator. An increase in acidity 

and a reductiop. in soil EC, CEC, ECEC and 

available .nutrients were observed during the 

summer se~1L 

(2) The free Fe content was very high in the 

soil. The mean value was 6.62 per cent during 

rainy season and increased to 6.75 per cent dur

ing summer. Available Fe extracted by both 

DTPA and diacid also followed the same trend, 

showing greater concentration during summer. 

The available Fe content was sufficient to cause 

severe Fe toxicity during both the seasons. The 

exchangeable and water soluble Fe were present 

in negljgible quantities. 

(3) Compared to Fe, Mn content of the area 

was very small but sufficiently above the 

critical level. ·The free Mn content was 52.0 

ppm during rainy season which decreased to 

37.8 ppm during summer.The available, water 

soluble and exchangeable Mn also showed a 

decrease during summer season. The study area 

was not deficient in available Cu and Zn. 

(4) Soil contained large quantities of free AI. 

The mean values were 2.22 and 2.08 per cent 

during rainy and summer seasons, respec

tively.The water soluble Al content was very 

low. 

(5) Water of the study area was mildly acidic 

in reaction. Surface ·water and ground water 
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recorded a pH of 6.7 during rainy season. 

During summer, the pH reduced to 5.9 for 

surface water and 6.3 for ground water. The 

water quality was poor during summer since 

more than 60 per cent of the area recorded a pH 

below 6.5 

(6) EC of surface and ground water were below 

the critical level for irrigation and domestic 

purposes during rainy and summer seasons. For 

surface water the mean values were 0.28 and 

0.51 dS m· l
, and for ground water the mean 

values were. 0.37 and 0.42 dS m- l
, respectively 

during the above seasons. 

(7) Among the various elements present in 

water Na and CJ' were the dominant ions. The 

surface water recorded a concentration of 34.1 

ppm during rainy season and 77.9 ppm during 

summer for N a. For ground water the corre

sponding values were 46.2 and 63.3 ppm re

spectively. Based on SAR values both surface 

and ground water were rated as moderately 

unsafe for irrigation during summer. In both the 

waters P was present in traces only. 

(8) The concentrations of K, Ca and Mg in 

surface and ground water were well below the 

critical levels suggested, during both the sea

sons. K concentration was 1.92 ppm during 

rainy season and increased to 5.95 ppm during 

summer. For ground water the correSponding 

values were 3.8 and 4.4 ppm, respectively. 

(9) Among the micronutrients Fe was the 

dominant element However, its concentration 

in water was below the critical limit for irrig
ation, but far exceeded the level for drinking 

water. Fe content was greater in ground water 

compared to surface water. 

(10) Mn content of surface water has approach

ed the critical limit for irrigation. In ground 

water Mn was not detected_ 
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(II) Al was present in minute quantities in 

· surface and ground water, but the Al content of 

~ ground water exceeded the lSI limit for do

mestic purposes. Cu, Zn, Cd and Pb were not 

· detected· in:'surface as well as in ground water . 

(12) ,The CI- content of surface and ground 

water during summer was sufficient to cause 

speCific 'toxicity clTect. The CI- content of 

· surface water- was 78 ppm during rainy season 

and increased to 169 ppm during summer. For 

· ground wat.er·the corresponding values were 80 

and 130 ppm, respectively. SO,-S content was 

well below the critical levels suggested. 

(13) The chlorinated hydrocarbon pesticides 

identified in the area were a-HCH, y-HCH and 

DDT. The concentration of a-HCH in soil was 

0.162 ppb during rainy season and increased to 

0.647" ppb during summer. For water the 

corresponding values were 0.302 and 0.631 ppb, 

respectively. The concentration of y-HCH was 

very small compared to a-HCH. Its 

concentration in soil was 0.020 ppb during 

rainy season which increased to 0.045 ppb 

during summer. In water the corresponding 

values were 0.126 and 0.173 ppb. 

(14) Among the chlorinated hydrocarbons DDT 

was present in larger quantities. The average 

value of DDT in soil was 4.34 ppb during rainy 

season and increased to 6.92 ppb during 

summer. For water the corresponding values 

were 1.28 and 2.51 ppb, respectively. 

(15) Considerable quantities of fertiliser resi

dues were released in to the area through the 

drainage water-. The highest concentration was 

observed for NH,-N during additional crop 

season. The mean values were 133 and 136 

ppm, before and after basal fertiliser applicat

ion. The values were reduced to 120 and 121 

ppm respectively, at the time of top dressing. 
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For water the corresponding values were 6.90, 

11.95 and 3.80 and 6.30 ppm, respectively. 

During punja season also, the trend was same, 

·but the values were slightly lower. 

(16) Accumulation of NOz and NO)-N were 

comparatively low in the area due to the persist

ence of aquic moisture regime. However, 

smaller quantities of nitrite+nitrate N were 

detected both in soil and water. In soil the 

concentration at basal application and topdres

sing with fertilisers were 17.4, 18.0 and 12.7 

and 13.7, ppm respectively, before and after 

fertiliser application. For water the correspond

ing values were 4.92, 7.84, 2.68 and 3.72, ppm 

respectively. During punja season the values 

showed slight variation both in soil and water 

from that of additional crop season. 

(17) Available P status of the area was low. 

Loss of p tll!ough drainage water was nil. 

(18) A sizable quantity of K was also subjec

ted to loss through drainage water, though the 

level was not as high as that of N. Available K 

of the area before basal application of K 

fertiliser was 177 ppm and increased to 191 

ppm after it. At the time of top dressing the 

values were 138 and 149 ppm, respectively. In 

water, the K contents were 3.97, 7.25 and 2.35 

and 5.0 ppm, respectively, before and after 

fertiliser application. During punja season also 

a similar trend was observed. 

(19) From the study it was observed that the 

study area is subjected to severe environmental 

pollution due to the enhancement of existing 

native toxic factors like soil acidity and 

concentration of Fe, AI, Mn etc., and 

accumulation of introduced toxic factors like 

pesticides and fertiliser residues. The closure of 

Thanneerrnukkom regulator during summer 

season aggravates the above situation. 
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ABSTRACT 

An investigation was carried out at the College 

of Horticulture, Vellanikkara during 1992 to 

, 1995 to evaluate the morphological, physical 

, ,and chemical chara~teristics of soils of North 

Kuttanad and to assess the extent of toxic 
, " . . 

factors that pertained iIi the soil due to 

restricted movement 'of water under the influ-

" ence of ThanneermukkOm regulator.The study 

was carried out in three parts, viz., (1) Morpho

logy and physicochemical characteristics, (2) 

Fertility characteristics and (3) Toxicity chara

cteristics. Fifteen soil profile were drawn from 

. North Kuttanad to study the morphology and 

physicochemical characteristics of the area. The 

fertility characteristics were studied by 

co\1ecting 97 surface soil samples (0-15 cm 

depth) from 27 padasekharams of the area 

during rainy and summer seasons (before and 

after the closure of Thanneermukkom regula

tor). Toxicity characteristics of the area were 

studied by co\1ecting bulk soil samples (0-25 

cm depth), surface water and ground water from 

the above sites during the same period. ' , 

Morphological and physicochemical properties 

of the soils showed great degree of variation. 

Soils were dark brown to black in colour, sticky 

and plastic, subangular blocky in structure and 

sandy to clayey in 'texture, with random 

deposits of lime shells and humuS. Presence of 

faint to prominent reddish yellow or brown 

mottles;rice roots and root canals were some of 

the special characteristics observed in the soil 

profiles. 

Soils of the area were highly acidic and mildly 

S<iline. Both soil acidity and salinity increased 

with depth. Organic carbon, CEC and ECEC of 

!lie are!! were higher compared to other parts of 

Kernla" but the base saturntion" was 
":, comparatively lower. The area was rich in 

;: ::: almpst a\1 the essential nutrients except P. Fe, 

i:,'.: AJ and S were present in toxic. concentrations. 

Potential acidity of the area was very high and 

more than 70 per cent of it was contributed by 

hydrolytic acidity and the rest by exchangeable 

acidity. All the acidity characteristics increased 

with depth. The profile IX was grouped under 

order Inceptisol and all others under order 

Entisol. 

On evaluating the fertility characteristics of the 

area it was observed that the area experienced 

an increase in soil acidity and availability of N, 

P, Fe and Zn and a decrease in salinity, CEC, 

ECEC and available K, Ca, Mg, Mnand Cu. 

However, the availability of all nutrients except 

P was above the deficiency level. Fe was 

present in toxic qUantities. On a general 

comparison with that of pre-barrage period, the 

area experienced a reduction in salinity and an 

enhancement in soil acidity and availability of 

K, Ca and Mg. The Na content was reduced 

~onsiderably in response to the reduction in 

salinity. The exchangeable and water soluble 

cations followed the same trend as that of 

available cations. Among the exchangeable 

cations Ca was the dominant basic cation 

instead of Na which occupied the same place 
during pre-barrage period. . 

Acidity characteristics' of surface samples 

behaved similar to that of profile samples. Pot

ential acidity and hydrolytic acidity recorded 

higher values during rainy season while 

exchangeable acidity was greater during 

sununer. Among the componeilts of exchange

able acidity exchangeable AP' dominated 

during rainy season, and exchangeable H' dur

in~ summer. The overall influence was greater 

for exchangeable All. as evidenced from the 

higher correlation coefficient (0.862"'). 

The general soil properties and acidity 

characteristics of the bulk soil samples were 

similar to that of surface samples, showing a 



reduction in pH, EC, CEC and ,available, 

exchangeable and water soluble cations during 

summer compared to the miny season. 

Among the different fractions of Fe, free and 

available forms were present in large quantities 

while exchangeable and water soluble forms 

were present in negligible quantities. All the 

fmctions expressed a bigher concentmtion 

during summer indicating more chances for 

severe Fe toxicity during that period. Mn was 

also present in large quantities. Compared to Fe, 

the concentmtion of different fractions of Mn 

were very small. The availability of Cu and Zn 

were also above the critical levels. The area was 

rich in AI. Reverse to that of Fe the different 

fractions of Al showed a lower concentmtion 

during summer. The free Al content was three .. , 

times lesser than that of free Fe, while in 

exchangeable form AI expressed a higher 

concentmtion. The water soluble AI was very 

low. 

Surface water and ground water of the area 

were mildly acidic and saline during miny 

season and they showed an increase during 

summer. The acidity exceeded the permissible 

maximum but the salinity was maintained below 

the permissible limit for agricultuml and 

domestic purposes. 

Among the various elements present in water, 

Na and CI- were the dominant ions expressing 

greater concentmtions during summer in both 

surface and ground water. Based on SAR they 

were mted as moderately unsafe for irrigation 

during sununer.. The concentmtions of K, Ca 
and Mg were within the permissible maximwn 

for agricultural and domestic purposes. P was 

present onl y in tmces. The Fe content waS 

greater for ground water than surface water and 

it exceeded the permissible limit for drinking 

water. Though Mn was absent in ground water, 
it has already reached up to the permissible 

maximum in surface water. Al content 

exceeded the permissible maximum for 

domestic purposes. Cu, Zn, Cd and Ph were nOI 

detected in water. S04-S; NH4-N and NO,+N03-

Ncontents of both surface and ground water 

were well below the critical levels suggested, 

but CI- contents of both were sufficient to cause 

specific toxicity effect. 

The chlorinated hydrocarbon pesticides identi",",----

fied in the area were a-HCH, y-HCH and 

DDT. They showed higher concentration during 

summer. Among the chlorinated hydrocarbons, 

DDT was present in larger quantities, though it 

was banned for agricultural uses, followed by 

a-HCH. The concentmtion of y-HCH was 

comparatively small. 

The accumulation of fertiliser residues in the 

area was not so negligible. The highest concen

tration was observed for NH4-N during addi
tional crop season, at the time of basal dressing. 

both in soil and water. During punja season, a 

decrease of 55 to 60 per cent in soil and 10 to 

12 per cent in water for NH4-N was observed. 

The content of N02+,N03-N was comparatively 

low in'soil due to continuous submergence. In 

water it was not as low as that of soil, 

indicating a major portion of N02+NOr N 

retained in water. P content of the area was 

very low. Its loss through drainage water was 

nil. 

A sizable quantity of K was also subjected to 

loss through drainage water, though the extent 

of loss was well below the level of N. Here also 

highest concentmtion was noted during 

additional crop season at the time of basal 

dressing both in soil and water. 

The study indicated that the area is subjected to 

severe pollution due to the accumulation of 
native toxic factors as well as residues of 
pesticides . and fertilisers. The closure of 

Th3lUleermukkom regulator aggravates the 

situation by restricting the water movement. 
'"' , 
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