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1. INTRODUCTION

Kuttanad has long been known as the "Granary of Kerala" or the "Rice bowl
of Kerala" is a unique tropical wetland ecosystem that spreads over the districts of
AJappuzha, Kottayam and Pathanamthitta m Kerala state. India. The Kuttanad tract
is a low-lying area extending over 874 sq. km in which, about 500 sq. km is lying 0.6
to 2.2 m below MSL with backwaters, canals, and stream networks. Geographically
this tract extends from 9*^ 17 N to 9® 40' N latitude and 75° 19 E to 76° 33 E
longitude (Chattopadhyay and Sidharthan, 1985). Saline water intrusion due to
seasonal inflow of tides from the Arabian sea makes the area saline. During the
monsoons, the rivers and rivulets cause intrusion of fresh water into the area. As the
North East monsoon recedes, seawater again enters the Vembanad Lake and the

whole area becomes saline. But this has been prevented by constructing a barrage at

Thaneermukkom so as to protect the punja crop from salinity. The Kuttanad soils

which forms the typical water logged soils, are completely different in their
morphological, physical and chemical properties con^ared to normal well-drained
soils (ENVIS Center, 2014).

The Kuttanad wetland system, inclusive of the Vembanad lake, is a major

agriculture tract in Kerala con^rising of 32 Panchayats of Alappuzha district, 27
Panchayats of Kottayam district and 5 Panchayats of Pathanamthitta. The
predominant livelihoods in these areas are farming and allied sectors like fishing,
animal husbandry etc. (MSSRF, 2007). It is believed that, in the geologic past the
entire area of Kuttanad was a part of the shallow coastal area adjoining the Arabian

Sea. The silt deposition at the river mouths contributed to the present coast,

converting it into an extensive lake-lagoon-backwater system from a shallow bay.
Sedimentary formations were occured by the silting up of lagoons and lakes
gradually and due to continuous reclamation processes, they eventually converted



into garden lands and wet lands that presently contribute to the unique characteristics

of Kuttanad (PiUai et al., 1983).

The three major regions of Kuttanad are Upper Kuttanad, Lower Kuttanad

and Kayal-lands (Vijayan and Ray, 2015). Based on the physical, chemical,

biological and also by geological features, Kuttanad soils are classified into three

groups namely Kari, Karappadam and Kayal soils. Large part of the upper Kuttanad

region is characterized by Karappadam soils which extend over an area of 33,000

hectares. These soils, which are s^n mostly towards the interior areas of Kuttanad,

exhibit less salinity compared to the soils of Kari and Kayal land and are river-borne

alluvial in nature.

Reclaimed wetlands from the Vembanad lake beds, which occupy an area of

about 13,000 hectares in the districts of Alappuzha and Kottayam represent the

Kayal land soils and are deep and dark brown in colour. These poorly drained soils

exhibit low fertility status due to low content of inorganic matter and nutrient

availability. Even though most of the nutrients are deficient, the kayal lands are

fairly rich in calcium. The soils arc predominantly silty loam to silty clay loam in

texture with slightly acidic to neutral in soil reaction.

Kari soils are characterized by high acidity and salinity with conparatively

higher content of organic matter tliat in^arts the deep black colour of the particular

soils. The upper and lower Kuttanad regions, comprising the acid sulphate soils have

properties similar to the submerged and burned mangrove forest areas. The

peculiarity of the acid sulphate soils is the natural formation of sulphuric acid. The

oxidation of sulphur confounds present in the wood fossils which are seen at

various stages of decomposition occur embedded in this soil leads to the production

of free sulphuric acid (Money and Sukumaran, 1973). Beena (2005) delineated six

soil series viz., Ambalapuzha, Kallara, Purakkad, Thakazhi, Thottapalli, and
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Thuravur that represents the acid sulphate soils. The total area comes about 14,227

ha. The main problem pertaining to this area is the presence ofjarosite mineral.

A declining trend is observed in rice production in Kuttanad for the past few

decades despite the use of high yielding varieties and nwdem fanning techniques.

This could be attributed to loss of soil health and fall in cropped area. Another major

problem is the low inflow into Kuttanad during summer months (February-May)

which leads to an increase in salinity, acidity and lack of water. Since the acid

sulphate soils can exert severe effects on surrounding ecosystems, immediate steps

should be taken to improve these soils further. Extreme acidity affects the various

biological processes including the activity of agriculturally significant enzymes and

other microbes.

Therefore, to increase the production in the Kuttanad tract, especially in the

acid sulphate soils, there is a dire need to manage the acid sulphate condition.

Generatii^ research knowledge on the physical, chemical and biological

characteristics of the soils will help to develop appropriate management strategies.

Hitherto several studies have been carried out to characterize the soil physically and

chemically, only limited number of research works have been undertaken to

characterize the acid sulphate soils in terms of the biological characteristics that is

very important for nutrient cycling and microbiologically mediated transformations.

This study will help to add to the existing knowledge about the fete of the microflora

and various enzyme; in severe acidic conditions. Moreover, the characterization of

enzymes in these soils would provide a database for the future researcher to

investigate in this field of study. Hence the present project was envisaged to

characterize the acid sulphate soils in terms of enzyme status with the following

objectives
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To assess the chemical and biological parameters of the already

identified acid sulphate soil series of Kuttanad.

To evaluate the biological fertility of the acid su^hate soils of

Kuttanad in terms of enzyme activity number.

To prqjarc maps using Geographical Information System (GIS) based

on various themes viz., enzyme status and microbial population in the

acid sulphate soils of Kuttanad.
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2. REVIEW OF LITERATURE

To feed the escalating population in the country, there is a high need to increase the

agricultural production either by means of area expansion under farming or by increasing the

productivity. Area expansion is not at all a possible option in the present scenario. Here comes

the importance of maximization of production from unit area and the proper exploitation each

and every single cultivable land in India, including even the problem soils. In Kerala, the acid

sulphate soils of Kuttanad is one of the unique and most problematic soils. Kuttanad has around

14,227 ha area of acid sulphate soils. A handful of research works were carried out on the

aspects of physical and chemical characterization and management of acid sulphate soils to

increase the production in tliose areas and in this chapter, an attempt was made to review some of

the related works in this context under various subheadings.

2.1 KUTTANAD

Extreme acidity facilitating the solubility of chlorides and sulphates of iron are reported

to be the chief source of toxichy in the Kuttanad (Money, 1961).

The replenishment of soils by silt brought by rivers in Kuttanad made the area highly

suitable for rice production since early days, but the reclamation practices and prevention of sea

water intrusion was a major constraint (Pillai and Paniker, 1965). Aravindakshan and Joseph

(1990) opined that Kuttanad that extends over 53,600 ha, is the largest unique wetland ecosystem

in the world contributing 18% of the area and 25% of total production of rice in Kerala.

Kuttanad soil contains organic matter in the range of 3 to 7 % and the soil is found to be

acidic (Muralidharan ef al., 1999). For the prevention of saline water intrusion into the rice

fields, Thanneermukkom regulator was built. According to Thanpatti and Jose (2000), during

the past 23 years closure of the regulator during summer months had affected several important

chemical cliaracteristics of the acid sulphate soils of Kuttanad and it was found that most of the

physical properties remained unaffected during this period.

Seasonal fluctuations of salinity together with intenningling of fluviatile and estuarine

silts have further modified the chemical and biological characteristics of the soil (Padmanabhan

et al., 2001). Punja lands which are the cultivated wetlands of Kuttanad lying below MSL is
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categorized into Kari, Karappadam and Kayal lands based on variations in physico-chemical
properties of the soils (Panicker and Sebastian, 2002).

Kuttanad region extends over Alappuzha, Kotlayam and Pathanamthitta districts

con^rises of ten taluks. More than 75 per cent of the area has silt dq>osits brought by the rivers

named Meenachil, Maniraala, Pamba and Achencoil (Thomas, 2002). The quality of irrigation

water as well as drinking water in the area is d^eriorated due to the presence of pollutants from

coir industries, pesticide residues and also by the sea water inflow. These include most of the

threats for biodiversity of Kuttanad. Therefore, upgradation of irrigation systems, protection of

channel bunds, mechanization in farming can increase yield and production of rice in Kuttanad

(NBSS & LUP, 2004).

Kuttanad, comprising of about 53,639 ha is a unique wetland system formed by the

deltaic formation of five rivers (Sudhikumar e/ al., 2005). There are many geotechnical failures

rqx)rted in Kuttanad region (Hindu and Vinod, 2008) and hence improving the properties of the

soil have been a matter of intense research. The soils of the Kuttanad area are typical water

logged soils and fall imder the acid sulfate group. However, the soil acidity, salinity intrusion

and accumulation of toxic salts m the soils make this area less fertile for rice (Prabha et al.,

2013).

Sasidbaran and Padmakumar (2012) reported that the rice fields in Kuttanad are

imderutUized and mostly single cropped. Therefore, there is considerable scope for inQ)rovement

for farming system approach by growing 2000 fish fingerlings, 300 broiler ducks, 1 -2 buffaloes,

20 coconut palms, 40 banana plants, 20-40 yams/cassava in one acre paddy land.

Kuttanad rice agricultural ecosystem is a unique tropical ecosystem as it is lying 0.6-2.2

m below mean sea level. The wetlands of Kuttanad are subjected to flooding during monsoon

season and the inundated fields are drained out to the canals and backwaters after rain. Also the

northern part of the system is influenced by brackish water during the summer season (Kannan et

al.. 2014).

Generally the soils of Kuttanad are deep black with high clay content and thereby liaving

high organic and mineral matter with limited variability among different regions of Kuttanad

(Ray et ai, 2014).
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2.2 ACID SULPHATE/KARl SOILS

Beye (1973), Kanapathy (1973) and Yin and Chin (1982) reported that in potential acid

sulphate soils, the crop yield was low due to deleterious effects of oxidation of iron pyrites when

there is a decrease in level of water table.

Patnaik and Mandal (1982) reported the occurrence of acid sulphate soils in Kari and

Kayal lands of Kultanad. Van Breeman (1982) reported that acidity in acid sulphate soils is

directly or indirectly caused by sulphuric acid formed by the oxidation of pyrite (FeS:). Based

on principal conponent analysis, Marykutty (1986), classified the soil properties of Kuttanad

kari soils into various clusters. Kari soils of Kuttanad have been grouped in first and second

clusters having an aluminium saturation of effective CEC above 75 per cent, A few acidic Kan

soils of Kuttanad have been grouped under third cluster together with Kole soils having an

ahiminium satiaration of effective CEC 70.1 to 75 per cent.

Sen (1988) rqx)rted that, regardless of the water table, acidity and pH at 0-30 cm depth,

potential acid sulphate soil columns did not show much variation under lower water tables

through enhanced oxidation of pyritic materials. Subsoil layers of actual acid sulphate soils were

characterized by the presence of sulfidic depositions or yellow mottles of jarosite within a depth

of 30 cm (Van Mensvoort, 1988). Approximately 0.2 million hectares of acid sulphate soils

were found in the coastal area of Kerala in west belts (Iyer, 1989).

Konslen et al. (1990) in Kalimantan, detected no signs of turther acidification when the

watertable dropped and exposed the sulphuric horizon of acid sulphate soils to the air during the

dry season. Stak (1991) calculated that a rainfall intensity of 36.3 mm in 30 minutes could

leach 143.6 mmol m"' of acidity fi-om the topsoil of a new (three months) raised bed of acid

sulphate soil. Mapping of acid sulphate soils in Finland has been conducted by conventional soil

sampling (Palko, 1994).

The profile and surface samples of Kari soil of Thakazhi and Pokkali soil of Njarakkal

recorded the highest active acidity with a soil pH around 3.2 (Usha,1995). 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
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yellow or brown mottles and root canals were some of the special characteristics observed in the

soil profiles of acid sulphate soils of Kuttanad (Thampatti, 1997).

Variations in depth of groundwater table is a controlling factor of pH and redox potential

in acid sulfate soils. Strongly acidic conditions by pyrile oxidation due to deepening of the water

table deteriorates agricultural fields in the dry season. On the other hand, toxicity due to reduced

Fe under reductive conditions is caused by the high groundwatw table in the wet season.

Usually, both A1 and Fe toxicity do not appear simultaneously. Constraints of rice growth due to

excessive Fe and A1 can be avoided by choosing an optimal time (moderately reduced condition)

for sowing rice in actual acid sulfate soils (Husson et al., 2000).

Land reclamation of potential acid sulfate soils accompanied by water table depletion

affects both agricultural and aquacultural productivity because of the deterioration of

groundwater quality and soil acidity (Shamshuddin et al., 2004, Gosavi et al., 2004).

A total of 24 million ha of acid sulfate soils exits worldwide (Sullivan, 2004). One of the

major impact of acidification is solubilization of the soil matrices that releases toxic products to

the soil (Nordmyr et al., 2006). Whenever there is an occurance of sudden and profound drop in

water table in the acid sulphate soils, that contribute to the production of sulphuric acid and

thereby extreme acidity and release of toxic metals into the adjoining areas (Roos and Astrom,

2006).

The acid sulphate soils covered an area of 14277.51 ha, conprisied of six soil series viz.,

Ambalpuzha, Purakkad, Thottapally, Thuravur, Kallara and Thakazhi out of the total 54,000 ha

of wetlands in Kuttanad. Soils of the region are extremely acidic, deep, poorly drained and

waterlogged for most part of the year. Among the different soil series, the largest area is

occupied by the Kallara series (Beena et al., 2007).

According to Janjirawuttikul et al. (2010) acid sulfate soils are divided into five groups

viz.. potential acid sulphate soils, active acid sulphate soils, post-active acid sulphate soils, non-

acid sulphate soils and transitional soils.

Soils that are strongly acidified by oxidation of pyrite is actual acid sulphate soil, which

substantially reduces biological activity and plant productivity. Acid sulfate soil usually emerges
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foUowing land degradation after inadequate land reclamation or land use management

(Kawahigashi et al. 2012). Sadiq and Babagana (2012) opined that food production in the

tropical areas can be increased by bringing the acid sulphate soils, which are riverbome alluvium

in origin for cultivation. Eventhough the acid sulpahte soils are fertile in origin, the extreme

acidity causes the escape of fixed heavy metals and also anaerobic conditions prevailing in these

areas are not at all beneficial for surroundings (Michael, 2013).

2.2.1 Physical Properties

The textural analysis of the soils indicated that the predominant soil texture of acid

sulphate soils were clay to silty clay loam. Soil water content at field condition is low in the

surface horizons and high in the subsurface horizon (Rahman et al, 1993).

There were contradictions about the moisture content at various dq)ths in the acid

sulphate soils, i. e., with depth the moisture content remains conastant (Salt et al, 2002) or the

moisture content could increase or decrease with soil depth (Schulze et al, 1996). Kuttanad clay

have a natural moisture content of 90 per cent and an optimum moisture content of 33 per cent

with specific gravity 2.02 Mg ra'^ and maximum dry density 1.36 Mg m"^ (Bindhu and

Ramabhadran, 2011).

The long term incubation study of acid sulphate soil sCTies done by Ara et al (2013)

reported that these soils had a bulk density of 1.03 Mg m'^ and moisture content under field

condition was 49 per cent and the textural class is silty clay loam. Kannan et al. (2014), reported

that the soils of Kayal lands, Lower Kuttanad, Purakkad Kari and Upper Kuttanad are loamy

sand and sandy clay loam.

2.2.2 Chemical Properties

2.2.2.1 pH, EC and Organic Matter Content.

According to Datta and Srivastava (1963), organic matter content of the flooded soils

help in the reduction of ferric form of iron aiKl thereby improving the bacterial dynamics in the

wetlands.
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Nhung and Ponnamperuma (1966) opined that oxidation of iron pyrites lead to the

production of extreme acidity which decrease the crop growth. The same deleterious effect of

low pH was also recorded by Brinkman in 1982.

Negative charges provided by organic matter content of the soils facilitate the adsorption

of cations from the soil solution (Ponampemma, 1972). Hesse (1982) reported that high content

of organic matter in soils helps in minimizing the release of toxic elements into the soil

environment.

Potential acid sulphate soils can be identified by incubating moist samples. Here the pH

drops rapidly and may continue to drop for at least one year if the sample is kept moist (Dent,

1986). Even with continuous field submergence for long period, the pH cannot be raised above

4.5 due to varying nutrient dynamics in the acid sulfate soils and also the soils showed steady

and steep decline in EC and organic matter content (Kuruvila and Patnaik, 1994). Storage of soil

carbon by the deposition of organic matter is an important characteristic of a wetland ecosystem

(Schlensinger, 1997). The pH of the area decreased to more than 0.5 units on incubation,

indicating the presence of sulphidic materials and thus confirms the acid sulphate condition

(Beena, 2005).

Acid sulphate Kuttanad soils have pH 3-4.5 and an EC of 6 dS m*' during summer and

this high EC does not cause any exhaustive effects on surfiice layers because of continuous

surfece drainage practices followed by farmers in the area (Mathew et al, 2001). Application of

organic matter is an important reclamation practice for improving the acid sulphate soils (Kaderi,

2004).

Mahvi et al. (2005) and Sitio et al (2007) reported the toxic metal removal capacity of

rice husk and hence improving the rice production. High organic matter content also influences

the characteristics of acid soils by raising the pH and cation exchange capacity (El Sharkawi et

al., 2006). Use of various amendments like fly ash, paper factory sludge and rice husk ash for

improving the physical and chemical properties of acid soils was studied by Karkamar et al.

(2009).
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According to Sylas et al. (2010)» the pH of the Kuttanad ranged from 2.4 to 4.8 with a

high conductivity of 6.31 dS m"'. He also observed that the organic carbon is enriched during

pre-monsoon season and attributed this to the luxuriant growth and decaying of the macrophytes.

2.2.2.2 Nutrient Status

The available N and P content in the soils raited to be deficient for plant growth. As

the soils are highly acidic, the available P is obviously low as most of the P get fixed. Slightly

higher content of available K in the upper horizons may be due to bio-cycling of K (Black,

1968). The availability of phosphorus was high while the land get submerged (Patrick and

Mahapatra, 1968) and low pH at extreme level leads to deficiencies and toxicities of some other

elements simultaneously (Rorison 1973).

The submerged wet-land rice soils of Kerala showing a pH value of less than 6 were

found to contain appreciable amounts of exchangeable aluminium (Abraham, 1984). Keeping

the soils under submergence help to maintain the Fe and Mn in soluble form. Again by the

prevelance of low pH in these soils, the water soluble and extractable Al content were also high

(Raju, 1988; KAU, 1994). Phosphorus availability is usually restricted in acid sulfate soils as

added P is strongly absorbed (Belmehdi and Nyiri, 1990).

Because of its marine origin Mg^^content in the acid sulphate soils were relatively higher

than Ca^^ (Ahmed and Wilson, 1992). The high aluminium content in soils inhibited the enzyme

activities mainly phosphatase (Minggang, 1997).

Ramesh and Chhonkar (2001b) reported that the Kuttanad acid sulphate soils had an

available P content of 7.13 mg kg ' and available K content of 105 mg kg*'. In a field study to

evaluate the nutrient status of Kerala, Usha and Varghese (2002) reported a high status of

available N, P and K. Acid and acid sulphate soils were characterized by low P status while the

contents of aluminium, iron and manganese were toxic (Onthong et ai, 2007).

Aluminum toxicity decreases the availability of P by producing iron and aluminium

complexes and at very low pH the toxicity of Al leads to the inhibition of rice growth (Ward et

al, 2008).
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Disintegration of silicate minerals in acid sulphate soils released the metals like A1 and Fe

under the existing soil and environmental conditions (Shazana et aL, 2011).

The available nitrogen content was high in Kayal and Kari lands and available

phosphorus and potassium contents were high in Lowe* Kuttanad (Bindu, 2012). Organic

carbon content of soil samples of the acid sulphate soils were high. Due to high P fixation, these

soils were deficient in available P. The potassium content of acid sulphate soils were high and

ranged from 142.1 mg kg"' to 326.4 mg kg"'. Ca, Mg, Na and S content were also high. Fe, Mn

and A) toxicity were prevalent in the region (Beena and Than^atti, 2013). Zin et al. (2015)

rq)oited that the rice production in acid sulphate soils was limited by low pH, excess Al, Fe and

Mn and also deficiency of P.

2.2,2.3 Acidity Characteristics

Marsh and Grove (1992) reported that one of the important limitations of acid sulphate

soils was subsoil acidity that inhibited the crop yield. Approximately 75 per cent of the global

acid soils exhibiting subsoil acidity (Eswaran et al., 1997).

Potential acidity and hydrolytic acidity recorded higher values during rainy season while

exchangeable acidity was greater during summer. Among the conponents of exchangeable

acidity exchangeable Al^^ dominated during rainy season, and exchangeable during summer

(Thampatti, 1997).

Soil san^les from acid sulphate region of Kuttanad recorded a positive significant

correlation between pH and exchangeable calcium content of 325 mg kg"' ak>ng with an

exchangeable aluminium concentration of 293 mg kg"' (Rameshand Chhonkar, 2001a).

The potential acidity of most soils ranged from 13.32 to 112.1 cmol kg"'. The subsoil

showed higher potential acidity compared to surface soils. In the surlfece horizon, potential

acidity varied from 32.87 to 110.5 cmol kg"'. The subsurface samples were highly acidic. The

exchangeable acidity v^ied from 1.78 to 9.83 cmol kg"'. The exchangeable Al'^ content varied

from 0.67 cmol kg"' to 6.64 c raol kg"' (Beena and Thampatti, 2013).
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2.23 Biological Properties

2,2.3.1 Enzyme Status of the Soil

Soil organic matter content affects the enzyme activity as reported by Dalai, (1975).

According to Jha e/ a/. (1992), the activity of major enzymes could be correlated with microbial

population in soils. Enzyme activity of soil was contributed by the accumulated enzymes and

also by the enzymes produced from proliferating microorganisms (Kiss et al., 1975).

Various enzyme activities viz., urease, amidase, phosphatase, arylsu^hatase and

ghicosidase activities were inhibited by waterlogging as reported by Pulford and Tabatabai

(1988). Dick (1992) and Visser and Parkinson (1992) were reported that the changes in enzyme

activities is considered as an important index of changes in soil quality. Similar reports of

inhibitory effect of waterlogging on enzyme status of soils were also reported by Freeman et al.

(1996).

An increase in soil pH was positively related to most of the enzyme status in soils except

acid phosphatase enzyme as it was sensitive to high pH (Martinez and Tabatabai, 2000).

Activities of different enzymes helped to specify a particular group of microflora in soils

(Hofrichter, 2002; Baldrian, 2008). Cycling of major nutrients also related with the enzyme

activities (Dinesh et al, 2004).

Reports by Wittmann et al (2004) and Nannipieri et al (2012) pointed that the enzyme

activities of a soil was crucial for its fertility and Renella et al (2006) opined that each enzyme

possess different range of pH for its activities.

2.2.3.1.1 Urease

Urease activity in wetland rice fields was mainly affected by pH and not by moisture

content (De Laune and Patrick, 1970) while Singh et ai. (1991) studied some more fectors by

correlating the relationship between enzyme status of the soil with its pH, organic carbon

content, CEC and texture.

Klose and Tabatabai (1999) studied the relationship between urease and microbial

biomass C and N and revealed higlily significant relationship between urease activity and
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microbial biomass C and N. It was noted that urease activity of the microbial biomass, expressed

as per cent of total urease activity ranged from 37.1 to 73.1 % and the remaining 26.9 to 62.9%

was extracellular. Urease activity was influenced mostly by soil factors, management practices,

and other environmental fectors there by it used to be known as biological indicator (Yanget al,

2006).

Corstanje et al (2007) suggested that activity of urease was influenced by both physical

and chemical properties of soil while its stability could be controlled by several factors including

complexes formed by organic and mineral compounds and humic substances (Makoi and

Ndakidemi, 2008). Based on available soil nitrogen content, incorporation of various carbon

sources positively influenced the urease activity (Rajashekhararao and Siddaramappa, 2008).

2.23.J.2 Phosphatase

Soil pH was the most important fector related with the synthesis, stability and release of

phosphatases (Juma and Tabatabai, 1977).

According to Tarafdar and Chhonkar (1979), mostly soil bacteria and fungi were

involved in the production of phosphatases in the soils. But the contribution by actinomycetes

was negligible.

Killham et al (1983) reported that acid rain and the subsequent drop in soil pH inCTeased

the activity of acid phosphatase. Organic P became available to plants by the action of acid

phosphatase, mainly the phosphatase of microbial origin (Sarapatka, 2003).

There was a strong relationship between pH, clay content and soil organic P status with

phosphatase activity as observed by Turner and Haygarth (2005) in temperate grassland.

2.23.13 Aryl sulphatase

Hydrolysis of the O-S bond was the important function of aryl sulphatases (Spencer,

1958) and this enzyme also mineralizes the sulphate esters in soil (Tabatabai, 1994).

Study by Deng and Tabatabai (1997), explored the strong bond between the organic

carbon status and activity of aryl sulphatases in soil and Knights et al. (2001) suggested that one

among the key factors that affect the aryl sulphatase enzyme was carbon availability in soils.
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Other fectors related to status of aryl sulphatase in soil were the population of microbes

(KJose and Tabatabai, 1999) and sulphur immobilization (Vong et ah, 2003). Turner in 2010,

reported that a pH of 3 was found to be optimum for the arylsulphatase activity.

2.2.3.1.4 fi-D-glucosidase

According to Esen (1993) glucosidase is a rate limiting enzyme in microbial degradation

of cellulose. Most of the enzymes including glucosidase, urease and phosphatases were sensitive

to field management practices that induced significant alterations in soil quality (Yakovchenko et

al., 1996; Adam and Duncan, 2001).

As mentioned in the case of most enzymes, the watelogging practices or situations caused

decrease in P —D-glucosidase activity (Wang and Lu , 2006). The P - glucosidase activity ranged

in the soils from 1.04 to 63,4 mg kg * soil h * (Acosta-Martinez et al., 2007).

Various enzymes have different pH range for optimum activity and in the case of

ghicosidase it preferred acidic pH while the pH optima showed a wide variation among various

soils (Turner, 2010).

2.2.3.1.5 Dehydrogenase

Because of its anaerobic origin, there was an increase in the activity of dehydrogenase

enTyme under flooded conditions (Chendrayan et al., 1980; Orten and Neuhaus, 1970).

Dehydrogenase activities in soil are biological indicators of overall microbial respiratory activity

of soils (Bolton et al., 1985). Ray (1985) reported the negative impact of drainage conditions on

ddiydrogenase activity.

Flooded soils under rice recorded comparatively higher activity of dehydrogenase

enzyme than the non flooded lettuce grown soils in the acid sulphate soils of Kuttanad and the

dehydrogoiases exhibit a pH optimum at 7 (Raraesh and Chhonkar, 2000).

Direct relationsh^ between dehydrogenase status and evolution of CO2 and N2O from the

wetland flooded soils were reported by Wlodarczyk et at. (2002). From the experiment

conducted by Siraek et al. (2011) it was observed that acid sulphate soils have highest

dehydrogenase activity in the range of 14.3 ± 0.1 pg TPF g * h '.
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Hinjosa (2008) recorded dehydrogenase activity in non polluted, reclaimed and pyrite

sludge polluted soils and the values were 71.4 ± 5.2|ig TPF g"' 24 h"', 53,0 ± O.lpg TPF g ' 24 h'"

and 2.9 ± 0.Ipg TPF g ' 24 h ' respectively.

Activity of dehydrogenases in soil s>^em assures the exact cycling of nutrients and all

other bio-geochemical activities were going on smoothly. It was used as an index for

deterioration of soil by pesticides and heavy metals or by management practices followed in soils

and also known as the direct indicator of microbial activity in soil (Kumar et ai., 2013).

2.2,3.2 Enzyme Kinetics and Enzyme Activity Number

The estimation of enzyme activity in soils only provides an indication of its quantity

present in the soil, while the kinetic parameters of enzymes provide most important details

regarding the origin, status and catalytic propaties (Perez-Mateos and Gonzales- Carcedo,

1985). In terras of Michaelis-Menten enzyme kinetics, potential enzyme activity is an empirical

measurement of Vmax and Km(Michaelis and Menten, 1913). Vmas/Km value of soil enzymes was

affected by soil physicochemical properties, available substrate, organic matter and microbial

activity (Garcia et ai, 1993)

Farrell et al. (1994) and Tabatabai et ai (2002) opined that the protective influence of

various soil conponents could be assumed by determining the kinetic parameters of soil

enzymes and it could also be used for differentiating enzyme sources. One of the parameter, Km,

a constant used to measure affinity o f an enzyme for its specific substrate (Palmer, 1995).

According to Nanniperi et ai (1996), the reduction in enzyme activity in enzyme-clay

conplexes as conq>ared to its free form could be indicated by its kinetic parameters. Kinetic

parameters (Vmax. Km) of a specific enzyme under fixed conditions were constant, but may vary

independently (Marx et ai, 2005).

In soil, the constant Km varied from 0.62 to 1.00 mM (Marinari et ai, 2008). Kujur and

Patel (2014) rq)oited that the kinetic parameters could be used as markers for measuring the

changes occurred in microbial dynamics of soil.
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2,2.3,3 Microbiat Biomass

The living portion of soil organic matter was constituted by microbial biomass which

represented the pool of carbon, available nitrogen, phosphorus and sulphur in soils. Microbial

dynamics in a soil could be realted to its microbial biomass activity (Jenkinson and Ladd, 1981).

Diaz et ai (1993) reported that immobilization of nutrients as a result of increase in

microbial biomass. Alternate flooding and drainage imparted significant effect on microbial

biomass and thereby influenced the nutrient cycles in soils (Bossio and Scow, 1995; Noll et al.,

2005).

Approximately 80-90 per cent soil processes were mediated by microbes (Nannipieri and

Badalucco, 2003). The availability of most of the nutrients especially P was strongly related to

the microbe mediated processes (Wakelin et al., 2004; Vassilev et ai., 2006).

Increase in rice production and maintenance of soil fertility in wetlands were the two

important contributions by microbial community by mineralization and decomposition processes

(Kikuchi et al., 2007). In a rice field, all the important basic processes were mediated by

microbes (Jianping et al.. 2008).

Mineralization and immobilization along with oxidation and reduction reactions resulted

in the transformations of sulphur in soil (Vidyalakshmi et al.. 2009). Growth of rice was directly

and indirectly affected by microorganisms, i. e., directly by symbiosis and indirectly by

facilitating nutrient cycling in flooded soils (Kogel-Knabner et al, 2010).

2.2,3.3.1 Bacteria

The optimum pH for Thiobacillus thiooxidans in culture is about 2.5, with a range from

0.9 to 4.5 (Rao and Berger, 1971).

The major sulphur oxidizers were heterotrophic organisms and hence the changes in

heterotrophic microbial activity also caused changes in sulfur oxidation potential of sulphate

enriched soils (Lawrence and Gemiida, 1988). Chapman (1990) and Lawrence and Germida

(1991) reported that there were only scarce population of Thiobacilli in most agricultural soils.

But during 1991 itself, Grayston and Germida under their study isolated around 273 bacterial
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species and among them 133 were sulphur cxidizers. The major sulphur oxiidzers in soil were

Thiobacillus thiooxidans and Thiobacillusferrooxidans.

Till now only isolation of these major sulphur oxidizers were carried out extensively

(Wood and Kelly, 1991; Johnson et ai, 1992), while importance should be given for the activity

studies too. Among the known species of sulphur oxidising bacteria, most of them comes under

Thiobacillus, Thiothrix, Thiomicrospira, Achromatium and Desulfuromonas genera (Das et at.,

1996). Drop in pH of the media by the sulphur oxidizers was reported by Donati etal. (1996).

Alam et al (2002) stated that bacteria were the most predominant organisms in

phosphoriis solubilisation as compared to fungi. Regarding the total microbial load, phosphorus-

solubilizing bacteria con^rised 1 to 50 per cent whereas fungi were O.l to 0.5 per cent only

(Chen et ai. 2006). PGPR/PGPB associated abundantly with the rhizosphere soil of rice and

produced more quantity of organic acids thereby increasing availability of P and also alleviating

the Al toxicity (Nakkeeran et ai, 2005). Soil pH was the most important fector that contributed

the bacterial activity in soil (Fierer and Jackson, 2006; Hartraan et al., 2008; Jenkins et ai, 2009;

Lauber et ai, 2009).

Thiobacillus, an important chemo - lithotrophic bacteria mediated the sulphur

transformations primarily (Vidyalakshmi and Sridar, 2007). In the rice — fish rotational farmmg

system, there was an increase in microbial activity because of the the bacterial flora released

from tlK fish excreta and body parts (Smily et ai, 2012).

2.2.33.2 Fungi

Bewley and Parkinson (1984 andl985) reported a low fungal population in sulphur

polluted soils. Fungal species could grow in a wide pH range from 5 — 9 without inhibition of

their growth (Wheeler et ai. 1991; Nevarez et ai, 2009).

Beales (2004), opined that the fungus had less connection with pH compared to bacteria.

Total bacterial and actinomycetes population in the acidic soils were found to be higher than

fungal populations (Panhwar et ai, 2014).
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2.2.3.3.3 Actinomycetes

The predominant roles of actinomycetes in soil nutrient cycling and in incr^sing

agricultural productivity was well known (Elliot and Lynch, 1995). Actinomycetes population

was reported to possess similarities with fungi than bacteria with regard to the habitat as seen in

the case of an increase in actinomycetes count after convereion of land use from forest to

agriculture (Burck et al.^ 1989; Fierer et al., 2009).

Greiner et al. (2007) reported actinomycetes population were 10^ cfti g"' soil in most

studied soils, thus inferred that the actinomycetes popu^tion had no influence by the salt content.

As the actinomycetes prefer dry soils than the wet soils, water logging or flooding the lands

provided an unfavourable condition for their growth (Zenova et al, 2007).

P solubilization capacity of actinomycetes was reported by Ghorbani-Nasrabadi et al.

(2012) and Ghorbani-Nasrabadi et al. (2013) opined that the actinomycetes population were

affected by soil salinity when comparing two landuses, /. e., the irrigated and rainfed areas.

2.2.3.4 Soil Respiratory Activity and Microbial Biomass Carbon

The rate of CO2 evolution is an indicator of soil microbial respiration as suggested by Xu

and Zheng (1986). Accumulation of CO2 is also an index of activity of microbial load

predominantly soil respiration (Stotzky et al.. 1993).

Some of the indices of soil quality included microbial activity, soil respiratory activity,

and soil enzymatic activities (Wardle and Ghani, 1995; Ross et al, 2003; Bastida et al, 2008).

According to Anderson and Domsch (1989), microbial biomass carbon comprises 1 -4 per cent of

organic matter in soils and it contributed the most active conponent of soil organic carbon which

facilitates nutrient cycling in all ecosystems (Paul and Clark, 1996).

For estimating various biological processes in different ecosystems basal respiration is

crucial (Islan and Weil, 2000). A general direct relation was seen between soil respiration and

microbial biomass carbon as indiacted by a decr^se in soil respiration upon reduction in

microbial biomass (Klose and Ajwa, 2004) or increase in respiration indicated the improved

growth of bacterial population (Haney et al, 2000). Chen et al. (2004) reported the relationship

between soil respiration and soil physical attributes like soil temperature and soil moisture.



Ghosh (2003) reported that agricultural surfece soils had MBC in a range of 24 - 252

mg kg ' whereas subsur&ce soil samples recorded a range of20 — 150 mg kg"'.

There was a positive significant correlation exist between microbial biomass carbon

status in soil with organic carbon content, total culturable microbial load, N content and

moisture availability (Velmourougane et ai, 2014).
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3. MATERIALS AND METHODS

The present study entitled "Enzyme characterization of the acid sulphate soils

of Kuttanad" was carried out by coliecting soil samples fix)m six soil series viz.,

Ambalapuzha, Kallara, Purakkad, Tbakazhi, Thottapalli and Thuravur representing

the acid sulphate soils. Analysis wctc carried out in the Department of Soil Science

and Agricultural Chemistry, College of Agriculture, Vellayani during March 2014 to

June 2016. The study was envisaged with four phases.

1. First Phase - Collection of soil samples

2. Second Phase - Incubation studies

a. Confirmation of acid sulphate condition

b. Enzyme kinetics,

3. Third Phase - Generation of maps using GIS

4. Fourth Phase - Confutation of biological fertility index.

The present study was envisaged to characterize the acid sulphate wet land

soils of Kuttanad on the basis of chemical and biological parameters and to assess

the biological fertility status of the soil.

3.1 LOCATION DETAILS

The study area, covering the acid sulphate soils of Kuttanad is spread ovct

three taluks viz., Cherthala, Vaikom and Ambalapuzha. Beena (2005) delineated the

acid sulpahte soils comprising an area of 14,227 ha of Kuttanad into six series viz.,

Ambalapuzha, Kallara, Purakkad, Thakazhi, Thottapalli and Thuravur.

The soil series under acid sulphate soils in Kuttanad from where the

geospatial soil samples from surface and subsurfece layer representing 0-15 cm and

15-30 cm were collected are presented in Table 1.
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Table 1. Location details

SI.
Locations

GPS Coordinates

No. Latitude Longitude

1 Ambalapuzha
9®2r30'T^ to

9''23'0'TSJ

76°22'0T to

76''23'0''E

2 Kallara
9°41'0'N to

9°42'30'TsI

76°27'0"E to

76°28'30''E

3 Purakkad
9°2r30'TsJ to

9°22'0'TM

76°22'0*'E to

76^3'OT

4 Thakazhi
9^21 ̂ CN to

9'^2'30'N

76°23'0''E to

76'^4'30'E

5 Tlwttapalli
9''19'30'TM to

9°2rO'N

76°22'0'Eto

76°24'0''E

6 Thuravur
9°45'0'N to

9''46'30'TsI

76°17'0'E to

76°I8'30''E

The two other major soil types of Kuttanad i.e.. Karappadam and Kayal lands

were also included in the study for the purpose of data generation and general

conqjarison. Karappadam and Kayal soils were collected from Nedumudi

(Alappuzha series) and Kainakari (Champakulam series) respectively.

3.2 EXPERIMENT DETAILS

Design

No. of locations

No. of samples / location

Con^letely Randomized Design (CRD)

6

20



93

Lf5

Total number of samples

Table 2. Treatment d^ails

120

Treatments Details

T, Ambalapuzha

T2 Kallara

T3 Purakkad

T4 Thakazhi

Ts Thottapalli

Tft Thuravur

3.3 EXPERIMENTAL METHODS

3.3.1 CollectioD and Preparation of Soil Samples

The soil samples from both surface (0- 15 cm) and subsurfece (15- 30 cm)

were collected by stratified random sampling technique and was geocoded. Ten

samples each were collected from both levels. The samples were collected in

polythene bags and a part of the sample stored in deep freezers to ensure the viability

of microorganisms. The rest of the sanples were dried in shade, powdered with

wooden mallet, sieved using 2 mm sieve and stored in polythene bags for carrying

out physico-chemical analysis.



3.3.2 Characterization of Soils

5.3.2.1 Physical and Chemical Characterization

Table 3. Standard analytical methods followed in the soil analysis

SLNo. Soil Properties Method Reference

Physical Properties

1 Bulk density Core method
Gupta and Dakshinamurthy

(1980)

2 Particle density Pycnometer method Black e/a/., 1965

3
Water holding

capacity
Core method

Gupta and Dakshinamurthy

(1980)

Chemical Properties

4 pH

pH meter (soil and

water taken in a ratio

of 1:2.5 w/v)

Jackson, 1973

5 EC

Conductivity meter

(soil and water taken

in a ratio of 1:2.5 w/v)

Jackson, 1973

6 o.c
Walkley and Black

wet digestion.
Walkley and Black, 1934

7 Available N
Alkaline potassium

permanganate method
Subbiah and Asija, 1956
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8 Available P

Bray No.l extraction

and estimation using

spectrophotometer.

Bray and Kurtz, 1945

9
Available K and

Na

Neutral Normal

NH4OC extraction and

estimation using

flamephotometer.

Jackson, 1973

10
Available Ca and

Mg

Versanate titration

method
Jackson, 1973

11 Available S

CaCb extraction and

estimation using

spectrophotometer.

Massoumi and Cornfield,

1963

12

0.5 N HCl

extractable Fe,

Mn, Zn and Cu

Atomic Absorption

Spectrophotometer.
Sims and Jhonson, 1991

13
Hotwater

extractable B.
Spectrophotometer Jackson, 1973

3.3.2,1.1 Exchangeable Acidity (cmol kg'' soil)

Exchangeable acidity was determined using extraction with 1 M KCl from

dried soil samples as described by Page (1982).

Ten grams of dried finely ground soil was transferred into a dry filter paper

placed in a funnel. Leach this soil with ten equal portions of 10 ml IM KCl solution

into a 100 ml volumetric flask at sufficient time intervals. After percolation, made



24

upto 100 ml and pipetted out 25 ml aliquot into a conical flask. Added 3-5 drops of

phenolphthalein indicator and titrated against 0.02 N NaOH.

3.3,2,h2 Exchangeable Aluminium (cmolkg'' soil)

Exchangeable aluminium was determined by titration method using dried soil

sample with 1 N Potassium flouride. After titration for exchangeable acidity, 10 ml

IN KF was added and titrated with 0.02 N HCl until pink colour disappeared. Aftw*

30 minutes, additional HC! was added for a clear end point (ISRIC, 1992).

3.3.2.1.3 Exchangeable Hydrogen (cmol kg'' soil)

Exchangeable hydrogen was calculated by deducting exchangeable

aluminium from exchangeable acidity (ISRIC, 1992).

3.3.2.1.4 Exchangeable K, Na, Ca and Mg (cmol kg' soil)

It was ̂timated by taking the difTerence between avaihble and water soluble

K, Na, Ca and Mg (Hesse, 1971).

Water soluble extract was taken by shaking 10 g soil with 50 ml water for

half an hour and the filtrate was collected. The filtrate was fed to flamephotometer

for the determination of exchangeable K and Na while versanate titration was done

for determination of exchangeable Ca and Mg.

3.3.2.1.5 Effective CEC (cmol kg'' soil)

ECEC of soil samples were determined by addition of exchangeable Na, K,

Ca, Mg and exchangeable acidity (ISRIC, 1992).
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3,3.2,2 Biological Activity

3.3.2.2.1 Urease Enzyme Activity (ppm of urea hydrolyzed g'' soil ft')

Broadbeni et al. (1964) described the method of estimation of urease enzyme

activity in the soil samples.

I g soil was taken in a SO ml conical flask and 20 ml of 500 ppm urea

solution was added. Then kept for incubation at 37 ® C for 4 hours. After that, the

flasks were taken out and add 100 mg CaSO^ to stop the urease activity in the

sample. To the filtrate 10 ml of colouring agent, p - dimethyl amino benzaldehyde

was added and the volume was made upto 50 ml Colour developed after 5 minutes

and the resulted greenish yellow solution was read by spectrophotometer at 420 nm.

Urea standards of known concentration was also prepared.

3.3.2.2.2 Acid Phosphatase Activity (fig ofp-^itrophenol released g'' ofsoil It')

The acid phosphatase activity of soils was determined using the procedure

outlined by Tabatabai and Bremner (1969). The enzyme activity was expressed in

|ig of p-nitrophenol released g"' soil h ' on dry weight basis at 37 ® C at pH 6.5.

In a 100 ml volumetric flask, Igm soil was weighed. Toluene (0.2 ml) and

modified universal buffer having pH 6.5 (4 ml) were added ito the flask, followed

by I ml of 0 .05 M p- nitrophenyl phosphate and kept in the incubator after swirling

the flask for one hour at 37 ® C. After incubation period, 1 ml CaCb (0.5 M) and 4

ml NaOH (0.5 M) were added. The filtrate with yellowish colour was collected and

read in spectrophotometer at 420 nni. The concentration of pnp in the filtrate was

determined by pbtting standard curve.
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3.3.2.2.3 Alkaline Phosphatase Activity (pg of p-nitrophenol releasedg'^ soil h'')

The procedure for alkaline phosphatase assay was outlined by Tabatabai and

Breniner (1969). The enzyme activity was expressed in pg of p-nitrophenol released

g'' of soil h'' at 37 ° C at pH 11. The procedure followed was same as acid

phosphatase assay except for the use of modified universal buffer at pH 11.

3.3.2.2.4 Arylsuphatase Activity (pg of p-nitrophenol releasedg ' soil h'')

The assay was done on the basis of procedure outlined by Tabatabai and

Bremner in 1970.

One gram of soil was taken and added toluene (0.2 ml), 0.5 M acetate buffer

having pH 5.8 (4 ml), followed by 1 ml of 0.05 M p- nitrophenyl sulphate and kept

in the incubator after swirling the flask for one hour at 37 ® C. After incubation

period add 0.5 M CaCb (1 ml) and 0.5 M NaOH (4 ml). Filtrate was collected and

the intensity of developed yellowish colour was read in spectrophotometer at 400

nm.

3.3.2.2.5 Dehydrogenase Activity (pg of TPF releasedg'' soil 24 h'^)

The dehydrogenase activity was measured by the procedure described by

Casida fl/., 1964.

One gram of air dried sample blended with 0.2 g CaCOj and add 1 ml of 3

per cent 2, 3, 5 - triphenyl tetrazolium chloride (TTC) and distilled water (2.5 ml),

mixed well and kept for incubation (24 hours) at room temperature. After 24 hours,

add methanol (10 ml) and shake for one minute. The sample was then filtered using

a glass funnel plugged with absorbent cotton and the whole amount of soil in the

tube should be transferred into the funnel by washing with methanol. The tube was

washed and the soil was transferred into the funnel. The reddish colour in the

absorbant cotton was vanished while washing with methanol. Filtrate, which is red
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in colour, was made up to 100 ml with methanol and the colour intensity was

measured using spectrophotometer at 485 nm. The concentration of dehydrogenase

in the sample was obtained by plotting standard graph drawn by using tri phenyl

formazon (TPF) as standard.

3.3.2.2.6 fi'g/ucosidase Acthity (fig pnp D- glucosidaseg'' soil h''x 10"^)

Eivazi and Tabatabai (1988) outlined procedure for estimating activity of

glucosidase in soil samples.

One gram of soil was taken and added modified universal buffer of pH 6 (10

ml) and 1 ml p- nitrophenyl beta - glucopyranoside (0.5 M) into it, mixed thoroughly

and incubated for one hour at 37 ° C. After incubation, added 1 ml of 0.5 M CaCb,

then 4 ml Tris buffer (pH 10). Yellow colour of the filtrate was read at 405 nm in

spectrophotometer.

3.3.2.2.7 Soil Respiratory Activity (pg of CO2 evolved g'^soil h'')

Jenkinson and Powlson (1976) described the procedure for estimation of soil

respiratory activity. The CO2 evolved from the soil was trapped in 1.0 N NaOH kept

in the vial and quantified by titrating against 1.0 N HCl.

3.3.2.2.8 Aficrobial Biomass Carbon (pg g' soil)

Biomass carbon was determined by the fumigation - incubation technique

outlined by Jenkinson and Ladd (1981).

3.3.2.2.9 Michaelis — Menten Constants (V„axOnd

The collected soil samples were incubated at 37 ®C in the laboratory for

estimating V max and Km. Soils were added with varying concentrations of substrates

and the activity of the major enzymes such as dehydrogenase, glucosidase, aryl

5"/



5A

sulpbatase, acid pbosphatase and urease were estimated by constructing the Line-

Weaver-Burk plot.

When lA' is plotted against I/S, a straight line graph is obtained in Line-

Weaver-Burk method, where V is the velocity and S is the substrate concentration.

Here the slope is Kn/Vmax, the intercept on the ordinate is l/Vma* (Vaughan and Ord,

1991).

Six concentrations each of urea solution (0.005, 0.010, 0.015, 0.020, 0.035

and 0.040 mol I"'), p-nitrophenyl phosphate solution (0.0005, 0.001. 0.0025, 0.005,

0.015 and 0.050 mol 1"') and TTC solution (0.003, 0.007, 0.010, 0.020. 0.030 and

0.050 mol r') were the substrates for different enzymes viz., urease, phosphatise,

dehydrogenase respectively and incubation study was carried out.

3.3.2.2.10 Microbiat toad (log cfu g'^ soil)

Microbial counts in the soil samples were enumerated by serial dilution

technique given by Timonin (1940).

Table 4. Media used for estimation of microbial population.

SI

No.
Microflora Media used

Reference

1 Bacteria Nutrient Agar medium Atlas and Parks, 1993

2 Fungi Martin's Rose Bengal Agar Martin, 1950

3 Actinomycetes Ken knight's agar medium
Cappuccino and

Sheman, 1996.

4 Thiobacillus spp. Thiobacillus differential agar Atlas and Parks, 1993

5 Nitrogen fixem LGI agar
Cavalcante and

Dobereiner, 1988
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Phosphorus solubilizers
Phosphorus

6 differential agar

(Pikovskaya's media)

Rao and Smha, 1963
solubilizers

3,3»Z3 Incubation Study.

The soil samples collected from the different soil series from the study area

were incubated at 37 ° C in the laboratory for three months to confirm the acid

sulphate condition. Here the initial pH was recorded and then pH readings were

taken in fortnightly intervals (Beena, 2005).

3.3.3 Generation of ThematicMaps

GIS (ARC VIEW) software ArcOIS 10.3 was used to pr^are thematic maps

on various themes such as population of microflora and enzyme status of the study

area using the spatial intrapolation technique IDW (Inverse Distance Weighted).

33.4 Computation of Biological Fertility Index Using Enzyme Activity

Number (EAN)

Biological Fertility Index, for the different soils collected from the identified

soil series were confuted based on the activity of five different enzymes viz.,

Phosphatase (Acid and Alkaline), Aryl sulphatase, Dehydrogenase and Glucosidase

following the procedure outlined by Beck (1984).

EAN = 0.2[TPF + (Acid phosphatase/40) + (AlkaUne phosphatase/40) +

(Aiyl sulphatase/20) + (P-glucosidase/10)]

3.4 STATISTICAL ANALYSIS

The data generated from the above mentioned experiments were subjected to

analysis of variance as per the design, CRD and their significance was tested using F
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test (Snedccor and Cochran, 1975). If the treatments were found to be significant,

critical difference (C D) was calculated using standard techniques at 0.05%

probability levels.
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4. RESULTS

The study entitled "Enzyme characterization of acid sulphate soils of Kuttanad" has been

carried out by collecting geocoded samples from six acid sulphate soil series of Kuttanad viz.,

Ambalapuzha, Kallara, Purakkad, Thakazhi, Thottapalli and thuravur along with two other soil

types from Karappadam (Alappuzha series) and Kayal areas (Chambakulam series) for the

purpose of general comparison among the soil types. The soil sanq^les were analyzed in the lab

for various physical, chemical and biological parameters for the confutation of biological

fertility index. Results were expressed based on statistically analyzed data pertaining to the

experiment conducted during the course of investigation and are presented in this chapter.

4.1 PHYSICAL PROPERTIES OF THE SOIL SAMPLE

The physical properties like bulk density, particle density and water holding capacity of

the surfece and subsurface soil were analyzed and the results are presented in the Tables 5 and 6

respectively.

4.1.1 Bulk Density

The mean values of bulk density at surface soils ranged from 0.61 to 1.06 Mg m"'.

Among the sbc different acid sulphate soil series, the highest bulk density was reported in

Ambalapuzha series (L|-1.06 Mg m*^) which significantly from other locations. The lowest

value was noticed at Kallara series (L2-O.6I Mg m*^) and was on par with Thottapalli (L5-O.67

Mg m*^) and Thuravoor series (L6 - 0.68 Mg m''). At 0-15 cm level, the Karappadam soils

recorded a bulk density of 1.18 Mg m'^ and the Kayal lands had a bulk density value of 1.01 Mg

m'^.

Regarding the subsurface soil, the bulk density values ranged from 0.63 to 1.07 Mg m*'

and the the highest value for bulk density was recorded at Purakkad series (L3 - 1.07 Mg m'^)

and the lowest bulk density of 0.63 Mg m"^ was noticed at Thuravur series (L^) which was on par

with Kallara series (L2 - 0.68 Mg ra'^). Here the Karappadam soils were found to have a bulk

density value of 1.12 Mg m*^ and the Kayal lands recorded a bulk density of 0.95 Mg m"^.
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Table 5. Physical properties of acid sulphate soils of Kuttanad- surfece soils (0-15
cm)

SOIL SERIES
Bulk density
(Mg m'^)

Particle density
(Mg m"^)

Water holding
capacity

(%)
Li-Ambalapuzha 1.06 2.04 48.44

L2-Kallara 0.61 1.19 48.31

L3-Purakkad 0.97 1.87 48.39

L4-Thakazhi 0.88 1.71 48.36

Ls-Tholtapalli 0.67 1.30 48.35

Lft-Thuravur 0.68 1.31 48.34

S.E(M)* 0.03 0.03 0.04

C.D(0.05) 0.06 0.13 NS

Karappadam 1.18 2.18 45.75

Kayal 1.01 2.18 53.81

♦- Standard Enor (Mean)

Table 6. Physical properties
subsur&ce soils (15-30 cm)

of acid sulphate soils of Kuttanad-

SOIL SERIES
Bulk density

(Mgm-^)
Particle density

(Mgm-')
Water holding

capacity
(%)

Li-Ambalapuzha 0.96 1.87 48.39
L2-Kallara 0.68 1.31 48.31
Ls-Purakkad 1.07 2.09 48.39
Li-Thakazhi 0.73 1.42 48.29
Ls-Thottapalli 0.73 1.43 48.36
Lft-Thuravur 0.63 1.24 48.31
S.E(M) 0.02 0.06 0.03
C.D(0.05) 0.07 0.15 NS
Karappadam 1.12 2.09 46.11
Kayal 0.95 2.05 53.61
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4.1.2 Particle Density

Among the six acid sulphate series ofKuttanad from where the soils are collected, the

highest particle density was recorded from samples of Ambalapuzha (L|) at surface soils with

2.04 Mg m'^ value and the lowest at Kallara series (L2 - 1.19 Mg m'^) which was on par with

Thottapalli (L5-1.30 Mg m'^) and Thuravur (Le-1 31 Mg m*'). The Karappadam and Kayal lands

recorded same values for particle density at surfece soils, ie. 2.18 Mg m*'.

Considering the subsurface soils, the highest value for particle density was recorded in

Purakkad {L3-2.O9 Mg m"^) and the lowest at Thuravur series (L^- 1.24 Mg m"^). The lowest

value noticed in Thuravur (1.24 Mg m'^) was on par with the particle density of Kallara series

(L2-I.3I Mg m'^). The Karappadam soils recorded a value of 2.09 Mg m"^ for particle density

and 2.05 Mg m"^ at Kayal lands.

4.1.3 Maximum Water Holding Capacity

The water holding capacity of acid sulphate soils did not vary significantly at both the

surface and sub surface soils. The water holding capacity of six acid sulphate soils didnot show

much variation between locations and the mean values varied from 48.31 to 48.44 per cent at

surfece and from 48.29 to 48.39 per cent at sub surface soils. Among the Karappadam and Kayal

lands, Kayal lands recorded a higher water holding capacity of 53. 81 per cent at surface and

53.61 percent at subsurfece levels.

4.2 ELECTROCHEMICAL PROPERTIES OF THE SOIL

4.2.1 Soil Reaction (pH)

From Table 7, it was observed that pH of the soils are found to have significant effect

among locations at surfiice soils. All the samples show pH below 4.5 except Thakazhi soils (L4)

and the mean values ranged between 2.43 to 4.67. Comparing various locations, the Thuravur

series (!.«) recorded the lowest pH of 2.43 at surfece soils. Thakazhi recorded the highest pH (L4-

4.67) which was on par with Ambalapuzha series (L|). Regarding the pH of Karappadam and

Kayal lands, Karappadam soils recorded the highest pH among all locations, i.e. a pH of 5.25

and the Kayal lands showed an extremely low pH of 2.94.
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Table 7. Electrochemical properties of acid sulphate soils of Kuttanad-
surfece soils (0-15 cm)

SOIL SERIES PH EC (dSm'*)

Li-Ambalapuzha 4.45 0.71

L2-Kallara 4.18 1.01

L3-Purakkad 4.07 1.59

L4-Thakazhi 4.67 0.23

Ls-Thottapalli 4.09 0.14

Le-Thuravur 2.43 7.52

S.ECM) 0.08 0.26

C.D(0.05) 0.22 0.73

Karappadam 5.25 0.14

Kayal 2.94 0.72

Table 8. Electrochemical properties of acid sulphate soils of Kuttanad-
subsurfece soils (15-30 cm)

SOIL SERIES pH EC (dS m"')
Li-Ambalapuzha 4.40 0.19

Lz-Kallara 4.22 0.74

L3-Purakkad 4.04 1.08

Li-Thakazhi 4.33 1.59

Ls-Thottapalli 4.04 0.15

Lc-Tliuravur 2.89 6.53

S.E (M) 0.07 0.09

C.D(0.05) 0.19 0.25

Karappadam 4.76 0.22

Kayal 4.51 0.91
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From Table 8, it was clear that at 15-30 cm depth, the pH showed a significant effect

among locations and at subsurface level the Thuravur series recorded a lowest pH of 2.89 and the

mean values ranged from 2.89 to 4.40. The highest pH was seen at Ambalapuzha series (Li).

Karappadam soils registered a pH of 4.76 and Kayal lands had a pH of 4.51 at subsurface level.

4.2.2 Soluble Salt Content (EC)

In the case of EC (Tables 7 and 8) both the surface and subsurface soils were highly

significant and among different locations the highest EC of 7.52 dS m ' was recorded from the

Thuravur (L6) area value which was significantly different from others. The lowest value was

recorded by the samples of Thottapalli (Ls) with the lowest EC of 0.14 dS m''which was on par

with Thakazhi (L4- 0.23 dS m"') and Ambalapuzha series (Li-0.71 dS m*^). Karappadam and

Kayal lands recorded EC values of 0.14 dS m*' and 0.72 dS m"' respectively at surface soils.

With regard to the EC values of subsurface soils, the highest EC of 6.53 dS m*' was seen

at Thuravur series (!«) and the lowest at Thottapalli (L5) with a value of 0.14 dS m'' which was

on par with Ambalapuzha series (Li- 0.19 dS m '). EC values of 0.22 dS m ' and 0.91 dS m'Vas

recorded from the subsurface soils of Karappadam and Kayal lands r^}ectively.

4.3 CHEMICAL PROPERTIES OF SOIL

4J.1 Organic Carbon

Statistical analysis of the data indicated that the organic carbon contents of the soils were

significant in all the acid sulphate series both at surface and sub surface soils. The mean values

of organic carbon content at surface soils ranged from 1.28 to 3.01 per cent. The highest organic

carbon content was recorded in the Kallara series (L2-3.OI per cent) and the lowest organic

carbon per cent was shown by the Purakkad series (L3-I.28 per cent). Both Karappadam and

Kayal lands have significant influence on the organic carbon content of the area. Kayal lands

had a higher organic carbon content of 3.13 per cent while the Karappadam area recorded an

organic carbon content of 2.73 percent at surface soils.
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Table 9. Organic carbon and organic matter content of acid sulphate soils of
Kuttanad-surface soils (0-15 cm), %.

SOIL SERIES O.C O.M

Li-Ambalapuzha 1.93 3.33

L2-Kallara 3.01 5.18

L3-Purakkad 1.28 2.20

L4-Thakazhi 1.94 3.35

Ls-ThottapalU 2.79 4.82

Lfi-Thuravur 2.00 3.45

S.E(M) 0.09 0.15

C.D(0.05) 0.25 0.42

Karappadam 2.73 4.70

Kayal 3.13 5.39

Table 10. Organic carbon and organic matter content of acid sulphate soils of
Kuttanad - subsurface soils (15-30 cm), %.

SOIL SERIES O.C 0.M

L]-Ambalapuzha 1.17 2.01

L2-Ka!lara 2.96 5.10

Ls-Purakkad 1.01 1.74

Li-Thakazhi 1.92 3.31

Ls-Thottapalli 2.41 ' 4.15

Le-Thuravur 1.69 2.91

S.E (M) 0.10 0.18

C.D(0.05) 0.29 0.51

Karappadam 3.06 5.26

Kayal 2.68 4.62
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On considering the subsurface soil organic carbon content, the Kallara series soils again

recorded highest organic carbon content (L2-2.96 per cent) and the lowest organic content of l.Ol

percent at Purakkad area (L3) which was on par with the Ambalapuzha series (Li-1.17 percent).

At the sub surface level, Karappadam soils recorded an organic carbon content of 3.06 per cent

and 2.68 per cent in Kayal lands.

43.2 Organic Matter

From the Tables 9 and 10, it was clear that the all the locations vary significantly with

respect to the organic matter content in the Kuttanad area. Among various locations the highest

value of organic matter content was recorded in the Kallara series at surface (L2-5.I8 per cent)

and was significantly superior than all other soil series. The lowest mean value was seen at

Purrakad series (L3-2.2O per cent) and was significantly different fiom all other locations

In the case of sub surface soil analysis, again the Kallara series (L2-5.IO per cent)

recorded highest organic matter content ard lowest by the Purakkad area (Lj- 1.74 per cent).

Here the lowest value was on par with the organic matter content of Ambalapuzha series (Lr

2.01 per cent). The Kayal lands registered an organic matter percent of 5.26 at sub surfece and

the Karappadam soils had an organic matter contait of 4.62 per cent.

433 Available Nutrient Status in the Soil

The soils collected were analyzed for the available nutrient contents and the resuls are

presented in Tables 11 and 12.

4,3.3.1 A vailable Nitrogen

The available nitrogen status clearly depicts that the locations had a highly significant

effect on available nitrogen status of the areas at surface level (Table 11). In general, the soils of

Kuttanad recorded high available nitrogen content at surface soil layers. The available nitrogen

status vary from a mean value of 296.94 to 674.02 kg ha*' in various locations and among them

the highest available nitrogen status was reported by the Kallara series (L2-674.02 kg ha"'). The

Purakkad (L3 - 296.94 kg ha"') series wliich was significantly different from all other sample

means recorded lowest available nitrogen status among the six acid sulphate series. While
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con^aring the distribution of available nitrogen in the surfece samples of Karappadam and

Kayal lands, Kayal lands showed a higher value of 701.34 kg ha'' than the surface sanqjles of

Karappadam soils where the available nitrogen status was 611.52 kg ha*'.

Regarding the contents in subsurface soil, all the locations showed a wide variation in the

availability of nitrogen and the mean values varied from 226.69 to 663.26 kg ha*'. The highest

available nitrogen status was noticed at Kallara series (L2-663.26 kg ha*') and the lowest at

Purakkad series (L3- 226.69 kg ha*') at the sub surface level. The lowest value was on par with

the available nitrogen status of the Ambalapuzha series (Li-271.18 kg ha*'). The Karappadam

soils recorded an available nitrogen content of 684.54 kg ha*' and the Kayal lands registered a

value of600.77 kg ha*'.

4.3.3.2 Available Phosphorus

Analysis of the data showed that the variations in available phosphorus content in the six

acid sulphate series in Kutlanad are significant and the phosphorus availability varied widely in

these soils. The highest phosphorus content at surface soils was noticed at Ambalapuzha series

(Lt-78.60 kg ha '). The Purakkad series (L3) with available phosphorus content of 4.09 kg ha*',

reported lowest available phosphorus status. Among Karappadam and Kayal lands, Karappadam

recorded a higher phosphorus availability of60.36 kg ha*' than the Kayal lands (33.65 kg ha*').

At subsurface level, the mean values for the available phosphorus content registered

mean values ranged from 11.95 to 66.73 kg ha*'. The highest phosphorus availability was

recorded at Purakkad series (L3-66.73 kg ha"') and lowest at Ambalapuzha series (Li-11.95 kg

ha*'). The Karappadam soils had a higher phosphorus availability than Kayal lands with a mean

of 72.01 kg ha*' while Kayal lands recorded a value of 45.64 kg ha*' for available phosphorus

content.

4.3.3.3 Available Potassium

Analysis of the data in the Tables 11 and 12, in respect of the surfece and subsurfece soils

of Kallara series have showed a significant effect on the availability of potassium from the soils

of the investigated area. The mean values for available potassium ranged from 65.40 to 148.49
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kg ha"'. The highest value of 148.49 kg ha"' was recorded in the surfece soils of Kallara series

(L2) and the lowest availability at Thuravur series (Le) having a mean value of 65.40 kg ha"'.
Karappadam soils recorded an available potassium content of 301.11 kg ha"' while the Kayal

lands recorded a value of 384.57 kg ha*' for available potassium content.

Considering the sub surface soil availability of potassium, the mean values ranged from

51.87 to 154.14 kg ha*'. The highest available potassium content at sub surface soils was

recorded at Kallara series (L2-154.14 kg ha"') and the Thuravur series (Lg) registered a lowest

potassium availability of 51.87 kg ha*'. The comparison among the Karappadam and Kayal

lands showed that Karappadam recorded a higher value for potassium availability with a mean

value of 343.33 kg ha*' while the Kayal lands recorded 290.63 kg ha*' available potassium

content at subsurface soils.

4.3.3.4 Calcium

Data presented in Tables 11 and 12 have shown that all the locations were found to have

significajit effect on the availability of calcium in the soils of Kuttanad both at sur&ce and

subsurface soils. The mean values of calcium availability at surfece soils varied from 634.00 to

912.80 mg kg*'. Among the six acid sulphate series, the highest calcium availability was

recorded at Kallara series (L2-912.80 mg kg*') and lowest at Thuravur series (L^ - 634.00

mg kg"'). The Karappadam and Kayal lands recorded calcium content of 935.80 to 900.10

mg kg*' respectively in surface samples.

With respect to the sub surfece samples, the highest calcium content was noticed at

Kallara series {L2) with a mean of 959.21 mg kg*' while Thuravur series (Lfi) recorded lowest

calcium content with a mean value of 715.30 mg kg"'. The lowest value was on par with the

Thottapalli series (L5) with a mean of 729.00 mg kg*'. The Karappadam soils recorded a value

of977.60 mg kg*' for calcium while Kayal lands recorded a value of 1005.70 mg kg"'.

4.3.3.5 Magnesium

Critical appraisal of the data in Tables 11 and 12, revealed that the availability of

magnesium was significantly influenced by the locations. Considering the effect on surfece soils

on the available magnesium content, the highest mean value of 669.20 mg kg*' was recorded in
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Table 1L Available nutrient status of acid sulphate soils of Kuttanad- surfece soils
(0-15 cm)

SOIL SERIES
N

(kg ha')
P

(kg ha"')
K

(kg ha"')
Ca

(mgkg-')
Mg

(mgkg"')
S

(mg kg"')

1

1

432.99 78.60 121.93 743.10 507.40 284.14

Li-Kallara 674.02 9.59 148.49 912.80 537.30 657.49

Ls-Purakkad 296.94 4.09 142.91 865.40 669.20 389.54

L4-Thakazhi 435.01 37.04 116.18 789.90 524.00 286.77

Ls-Thottapalli 626.75 9.33 125.39 662.80 446.10 883.86

Le-Thuravur 448.89 11.46 65.40 634.80 498.70 435.70

S.E (M) 17.49 1.49 14.98 8.14 11.01 59.50

C.D(0.05) 49.61 4.21 42.46 23.07 31.226 168.71

Karappadam 611.52 60.36 301.11 935.80 512.20 114.93

Kayal 701.34 33.65 384.57 900.10 695.60 179.94

Table 12. Available nutrient status of acid sulphate soils of Kuttanad- subsur&ce

soils (15-30 cm)

SOIL SERIES
N

(kg ha"')
P

(kg ha"')
K

(kg ha')
Ca

(mg kg"')
Mg

(mg kg"')
S

(mgkg"')
Li -Ambalapuzha 271.18 11.95 77.28 800.50 591.70 695.82

La-Kallara 663.26 36.78 154.14 959.20 621.20 485.31

L3-Purakkad 226.69 66.73 75.62 889.90 706.40 553.59

Li-Thakazhi 430.30 32.18 77.00 820.30 618.60 364.59

Ls-Thottapalli 539.84 22.67 77.71 729.00 581.80 374.52

L«-Thuravur 378.56 19.81 51.87 715.30 539.40 728.53

S.E (M) 22.02 2.53 7.34 14.86 13.79 104.68

C.D(0.05) 62.44 7.17 20.80 42.12 39.10 NS

Karappadam 684.54 72.01 343.33 977.60 482.70 85.56

Kayal 600.77 45.64 290.63 1005.70 623.30 82.37
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the soil samples of Purakkad series (L3). The lowest mean value was 446.10 mg kg"' and it was

recorded in the samples ofThottapalli series (L5). The Karappadam soils recorded a magnesium

content of 512.20 mg kg"' whereas Kayal lands had a magnesium content of695.60 mg kg*'.

At subsurface level the available magnesium content of the six acid sulphate series varied

from 539.40 to 706.40 mg kg"'. The highest mean value for magnesium content at sub surfece

soils was recorded at Purakkad series (L3- 706.40 mg kg"') and the lowest values was seen at the

soils of Thuravur series (L«- 539.40 mg kg"'). Karappadam soils recorded a magnesium content

of482.70 mg kg"' and the Kayal lands recorded a mean value of623.30 mg kg"'.

4.3.S.6 Sulphur

It was obvious from the data presented in Table 11 that available sulphur in the surface as

well as other soil types were significantly influenced by the effect of locations. The effect was

highly significant and the mean values ranged from 284.14 to 883.86 mg kg"'. The highest mean

of 883.86 mg kg*' was recorded in the surface samples ofThottapalli (L5). The lowest sulphur

availability was recorded by the Ambalapuzha series (Li- 284.14 mg kg"') and was on par with

Thuravur (Lft - 435.70 mg kg"'), Purakkad (L3- 389.54 mg kg ') and Thakazhi series (L4 - 286.77

mg kg"'). The Karappadam soil registered a mean value of 114.93 mg kg"' for available sulphur

and the Kayal lands recorded an available su^hur content of 179.94 mg kg"'.

The available sulphur content in subsurface soils of different series showed a non

significant effect. Even though the effect was non significant, the highest available sulphur

content was recorded by the Thuravur series (L6-728.53 mg kg"') and the lowest value at

Thakazhi (L4- 364.52 mg kg"'). Karappadam soils had an available sulphur content of 85.56 n^

kg"' and Kayal lands recorded an available sulphur content of82.37 mg kg"' at sub surfoce soils.

4.3.4 Ammomum Acetate Extractable Sodium Content

The NH4OAC extractable sodium content in the six acid sulphate soils of Kuttanad was

significant both at surface and sub surface soils. In surfoce soils, the mean values for available

sodium content varial from 140.02 to 408.53 kg ha"'. The highest sodium availability was

noticed at Purakkad series (L3 - 408.53 kg ha"') wliich was on par with the Thuravur series (Lg-
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Table 13. NH4OAC extractable sodmm content in the acid sulphate soils - surfece (0-
15 cm) and subsurface soils (15-30 cm), kg ha*'.

SOIL SERIES

NH4OAC extractable sodium content

Sur&ce Subsurface

L]-Ambalapuzha 286.59 161.73

L2-Kallara 338.01 354.41

Ls-Purakkad 408.53 276.49

L^-Thakazhi 140.02 164.19

Ls-Thottapalli 148.98 139.44

Le-Thuravur 391.88 392.21

S.E (M) 27.63 22.50

C.D(0.05) 78.33 63.79

Karappadam 196.39 242.15

Kayal 168.33 137.39



391.88 kg ha"') and Kallara series (L2 - 338.01 kg ha"'). The lowest value was recorded by the

Thakazhi series (L4-140.02 kg ha"') and was on par with the surface samples ofThottapalli series

(L5-148.98 kg ha"'). Regarding the Karappadam and Kayal lands, the Karappadam registered an

NH4OAC extractable sodium content of 196.39 kg ha*' while Kayal lands, a value of 168.33 kg

ha"' at surface soils.

At subsurface soil samples, the highest NH4OAC extractable sodium content was

noticed at the soil sarcq)les of Thuravur (L6-392.21 kg ha"') and was on par with Kallara series

(L2-354.4I kg ha*'). The lowest NH4OAC extractable sodium content was seen at Tfaottapalli (L5

-139.44 kg ha"'). The lowest value was on par with the NH4OAC extractable sodium content at

Thakazhi (L4- 164.192) and Ambalapuzha (Li-161.73 kg ha"'). Among the Karappadam and

Kayal lands the highest NHjOAc extractable sodium content was recorded by Karappadam soils,

i. e., a mean value of242.15 kg ha*' . The Kayal lands recorded a mean value of 137.39 kg ha"'

forNHfOAc extractable sodium content.

43.5 Available Micro Nutrient Status

Tables 14 and 15, shows the availability of micronutrients in the Kuttanad soils at sur&ce

and sub surface level.

43.5.1 Iron

The location effects were highly significant with respect to the availability of iron in acid

su^hate series (Table 14 and 15). While analyzing the available iron content in the six acid

sulphate soils at surfece level, the mean values ranged from 145.78 to 1024.23 mg kg*'. The

highest available iron content was noticed at Thottapalli series (L5-1024.23 mg kg"') and the

lowest at Thakazhi series (L4-145.78 rag kg"'). Regarding the con^arison among Karappadam

and Kayal lands, the highest available iron content was noticed at Kayal lands (840.35 mg kg"')

while the Karappadam soils have an iron content of485.85 mg kg*'.

Regarding the subsurface soil iron availability, the mean values ranged from 84.15 to

924.50 mg kg"'. The highest value was recorded at Thuravur series (L6-924.50 mg kg"'). The

Purakkad series recorded the lowest value for available iron content (L3-84.15 mg kg"'). At
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Karappadam area the available iron content was 607.85 mg kg"' and the Kayal lands recorded
738.85 mg kg"' of iron availability.

4.3.5.2 Manganese

From the Tables 14 and 15, it was clear that the location effect was highly significant and

the mean values varied between 2.57 to 31.69 mg kg"'. Among locations, the highest mean value

was recorded by Thakazhi series (L4 - 31.69 mg kg ') and the lowest by Ambalapuzha sanples

(Li-2.57 mg kg '), both the highest and the lowest location effects were significantly different

from others. Considering the Karappadam and Kayal lands available manganese content, the

highest manganese content of 18.40 mg kg"' was seen at Karappadam and the lowest at Kayal

lands (11.37 mg kg"').

Considering the subsurface soil manganese availability, the highest mean value of was

observed at Thottapalli series (L5-33.92 mg kg"') and the lowest at Purakkad (L3-8.38 mg kg"')

among the acid sulphate soils. The Karappadam soils registered a value of 16.68 mg kg"' for

available manganese content and the Kayal lands liad manganese content of 11.62 mg kg"' at sub

surfece level.

4.3.5.3 Zinc

All the locations have a significant influence on the availability of zinc in the surface

soils and the values varied between a wide range of 4.89 to 19.56 mg kg "'. The highest mean

value of 19.56 mg kg"' was registered in Thuravur series (Le) and the lowest at Purakkad series

(L3-4.89 mg kg*'). Karappadam soil recorded a value of 23.91 mg kg"' available zinc content at

sur&ce level while the Kayal lands registered a value of 9.49 mg kg"'.

Among the six acid sulphate series in sub surface soils, the highest available zinc content

of 20.58 mg kg"' was noticed at Thuravur (Le) which was superior than all other locations. The

lowest value was seen at Purakkad (L3-8.3 mg kg*') and was also significantly different from

others. The Karappadam soils recorded a value of 17.84 mg kg*' for available zinc content. The

Kayal soils were found to have the available zinc content of 15.43 mg kg"' at sub surface.
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4.3.5.4 Copper •'

The location effects significantly influenced the copper availability in the surface soils

and the highest mean value was recorded in Ambalapuzha series (Li-26.21 mg kg*^). The lowest

value was 1.68 mg kg*' and was noticed at Thuravur (Le) and was significantly different from

other soil series. Karappadam and Kayal lands registered an available copper content of 13.05

and 7.94 mg kg"' respectively.

At sub surface soils, the highest copper availability was seen at Ambalapuzha series (L|-

13.16 mg kg*') which was superior than all other acid sulphate soil series and the lowest at

Purakkad area (L3-O.75 mg kg*') (Table 15). The lowest mean value was also singnificantly

different from other locations. The Karappadam soils registered a copper content of 13.48 mg

kg*' and the Kayal lands had a copper content of 7.83 n^ kg*' at sub surface soils.

4.3.5.5 Boron

On scrutinizing the data in Table 14, it was observed that the locations had imparted a

significant effect on the boron availability in the surfece soils. The mean values ranged from

6.07 to 13.45 rag kg*'. Among the six locations of acid sulphate soils, the highest available

boron content was noticed at Thuravur (Le -13.45 mg kg*') and the lowest was seen at Thakazhi

(L4-6.O7 mg kg*') which was on par with Purakkad area (L3- 7.05 mg kg*'). The Karappadam

soils recorded an available boron content of 7.31 mg kg*' while the Kayal lands had 7.26 mg kg*'

boron content.

The sub surface soils of all the series recorded significant influence on the availability of

boron content (Table 15). The mean values ranged from 6.07 to 11.64 mg kg*'. The highest

value was noticed at Thuravur (Lfi - 11.64 mg kg*') and the lowest at Ambalapuzha (L]-6.07 mg

kg*'). The lowest content was on par with Purakkad (L3-6.24 mg kg*') and Thakazhi (L4-6.76 rag

kg*'). Karappadam area had registered an available boron content of 6.13 mg kg*' while the

Kayal lands recorded a value of 5.71 mg kg*' for available boron content.
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Table 14. Available micronutrienl status of acid sulphate soils of Kuttanad- surfece
soils (0-15 cm), mg kg '.

SOIL SERIES Fe Mn Zn Cu B

Li-Ambalapuzha 283.13 2.57 6.06 26.21 7.12

Li-Kallara 637.50 14.35 7.41 1.96 10.86

L3-Purakkad 229.85 10.65 4.88 2.98 7.05

Li-Thakazhi 145.78 31.69 5.93 2.67 6.07

Ls-Thotlapalli 1024.23 18.56 7.51 4.93 7.54

Le-Thuravur 406.63 18.47 19.56 1.68 13.45

S.E (M) 3.78 0.03 0.03 0.05 0.35

C.D(0.05) 10.72 0.09 0.08 0.15 0.99

Karappadam 485.85 18.40 23.91 13.05 7.31

Kayal 840.35 11.37 9.49 7.94 7.26

Table 15. Available micronulrient status of acid sulphate soils of Kuttanad-
subsurface soils (15-30 cm), mg kg*'.

SOIL SERIES Fe Mn Zn Cu B

Li-Ambalapuzha 156.18 9.91 4.25 13.16 6.07

L2-Kallara 100.53 30.41 7.48 1.90 8.93

L3-Purakkad 84.15 8.38 3.83 0.76 6.24

Li-Thakazhi 440.00 10.09 8.30 2.47 6.76

Ls-Thottapalli 317.03 33.92 6.30 6.07 8.29

L«-Thuravur 924.50 24.04 20.59 2.69 11.64

S.H (M) 2.67 0.02 0.02 0.04 0.29

C.D(0.05) 7.56 0.09 0.06 0.10 0.84

Karappadam 607.85 16.68 17.84 13.48 6.13

Kayal 738.85 11.62 15.43 7.83 5.71



4.3.4 Acidity Parameters -72

The acidity parameters like exchangeable aluminium, exchangeable hydrogen and

exchangeable acidity are presented in Tables 16 and 17 for surface and sub sur&ce soils

respectively.

4.3.4.1 Exchangeable Aluminium

The results revealed that all the location effects varied significantly for exchangeable

aluminium content. The mean values of exchangeable aluminium content ranged from 0.18 to

5.46 cmol kg ̂  The highest mean was recorded by the Thuravur series (L6-5.46 cmol kg*')

which was significantly different from others. Thakazhi soils (L*- 0.18 cmol kg*') recorded

the lowest mean value among the locations and was on par whh the suface soils of Ambalpauzha

(Li-0.19 cmol kg"') and Kallara (L2-0.32 cmol kg*'). Comparing the surface soils of

Karappadam and Kayal lands, in the sur&ce soils, higher exchangeable aluminium was recorded

by Kayal lands with a value of 0.82 cmol^^' kg"'. The Karappadam soils recorded 0.78 cmol

kg*'exchangeable aluminium content.

The exchangeable aluminium in the subsurface soils recorded highest mean value for

Thuravur series (L6-3.59 cmol kg ') and the bwest at Purakkad (L3 - 0.05 cmol*^^ kg"') and the

value was on par with Ambalapuzha series (Li -0.13 cmol kg*'). Among Karappadam and

Kayal lands, Karappadam recorded a higher value of 0.94 cmol kg*' than the Kayal lands

which recorded a vahie of 0.31 cmol kg"'.

4.3.4.2 Exchangeable Hydrogen

The location effects on exchangeable hydrogen varied signifrcantly with mean values

ranged from 0.69 to 14.06 cmol kg"' at smface and sub surface level (Tables 14 and 15). The

highest mean was recorded by Thuravur (L^- 14.06 cmol kg ') followed by Kallara series (L2)

with a mean value of 8.66 cmol'*^' kg*' and both were significantly different from others. The

lowest value was recorded in Thottapalli series (L5 — 0.69 cmol kg*') which was on par with

Purakkad (L3-0.96 cmol kg*'). Among Karappadam and Kayal lands, the higher value was

noticed at Kayal lands with a mean of 0.22 cmol kg"' while Karapapdom soils recorded a

mean of0.15 cmol kg"'.
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Table 16. Acidity parameters of acid sulphate soils of Kuttanad- surface soils
(0-15 cm), cmol^^* kg

SOILS SERIES Ex. Al'" Ex.H' Ex. Acidity
L|-Ambalapuzha 0.19 1.71 1.90

L2-Kallara 0.32 8.67 8.99

Lj-Purakkad 0.72 0.96 1.69

L4-Thakazhi 0.19 2.62 2.80

Ls-Thottapalli 1.07 0.69 1.77

L«-Thuravur 5.46 14.06 19.52

S.E (M) 0.06 0.10 0.08

O
b

o
o

0.18 0.29 0.24

Karappadam 0.78 0.14 0.92

Kayal 0.82 0.22 1.04

Table 17. Acidity parameters of
subsurface soils (15-30 cm), cmol kg'^

acid sulphate soils of Kuttanad-

SOILS SERIES Ex. Al'" Ex. H" Ex. Acidity
Li-Ambalapuzha 0.13 1.37 1.49

La-Kallara 0.31 7.09 7.39

L3-Purakkad 0.05 2.35 2.39
L4-Thakazhi 0.50 2.10 2.61
Ls-Thottapalli 1.72 1.90 3.62

L«-Thuravur 3.59 9.09 12.68

S.E (M) 0.08 0.11 0.07

C.D(0.05) 0.20 0.32 0.22
Karappadam 0.94 0.13 1.07

Kayal 0.31 0.61 0.92



Al sub surface soils, the Thuravur series again recorded highest exchangeable hydrogen

conent of 9.09 cmol kg '. Among the six acid sulphate series the lowest was noticed at

Ambalapuzha series (Lj- 1.37 craol kg ') and was significantly different from others. The

Karappadam soils recorded an exchangeable hydrogen content of 0.13 cmol kg' and the
Kayal lands had recorded an exchangeable hydrogen of 0.61 cmol^^' kg"'.

4.3.4.3 Exchangeable Acidity

Exchangeable acidity of the Kuttanad soils were analyzed and it was noticed from the

Tables 16 and 17, that the exchangeable acidity of soils were significantly influenced by the

locations. The highest mean value was recorded in the case of location Le, i. e., Thuravur with a

mean of 19.52 cmol kg"' followed by Kallara surface samples (L2 - 8.99 cmol'^' kg"'), which
was significantly different finm the former one. The lowest mean value was noticed in Purakkad

series (L3 - 1.69 cmol kg"'). The Karappadam soils recorded a value of 0.92 cmol kg*' and
the Kayal lands registered an exchangeable acidity of 1.04 cmol kg*' at surfrce soils.

The subsurface samples of acid sulphate series of Kuttanad registered mean values

ranged from 1.49 to 12.68 craol kg '. The highest mean was recorded at Thuravur series (Le-

12.68 cmol kg"') and the lowest at Ambalapuzha series (Li-1.49 cmol kg"'). The
Karappadam soils recorded an exchangeable acidity of 1.07 cmol kg*' while the Kayal lands
had a mean of 0.92 cmol kg*' in the sub surfrce soil samples.

43.5 Soil Exchangeable Cations

Tables 18 and 19, represent the mean values of exchangeable cations including

exchangeable calcium, magnesium, sodium, potassium and then the calculated effective CEC.

4.3.5.1 Exchangeable Potassium

From the data it is inferred that the locations does not influence significantly on the

exchangeable potassium content in the surface soils of acid sulphate series of Kuttanad while the

effect of locations were significant at 15-30 cm depth. Table 18 shows that, among the six

locations the highest value was r«x)rded by the sub surfrce soil san^les of Kallara series (L2-

0.22 cmol kg*'). The lowest content of exchangeable potassium was recorded by sub surface
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soils of Thottapalli series (L5-O.O9 cmol kg"'). The lowest exchangeable potassium content at

ThottapaUi was on par whh Ambalapuzha (L|- 0.13 cmol kg"'), Purakkad (L3 - 0.11 cmol

kg"'), Thakazhi (La -0.14 cmol kg"') and Thuravur (Le- 0.13 cmol kg"'). Karappadam soils

recorded exchangeable potassium content of 0.82 cmol kg ' at subsurfece layer and Kayal

lands showed a value of 0.69 cmol kg"'.

4.3.5.2 Exchangeable Sodium

Data presented in Tables 18 and 19, revealed that the effects of locations were significant

in the content of exchangeable sodium. At surfece layer, the highest mean of 0.91 cmol kg*'

was recorded at Purakkad series (L3) and was on par with Ambalapuzha (Li- 0.70 cmol kg"')

and Thuravur (L« -0.75 cmol kg"'). The lowest exchangeable sodium was noticed at

Thottapalli series with a mean of 0.13 cmol kg*' and was on par with Kallara (L2 — 99.61 0.43

cmol kg"' and Thakazhi (L4 - 0.20 cmol kg"'). The BCarappadam soils recorded an

exchangeable sodium content of 0.25 cmol kg*' and 0.28 cmol kg"' at Kayal lands.

At sub surface level, the exchangeable sodium content ranged fiom 0.20 to 1.02 cmol

kg*'. The highest value was seen at Thuravur (La - 1.02 cmol kg*') and the lowest at

Ambalapuzha series (Li-0.20 cmol kg*'). Among Karappadam and Kayal lands, the

Karappadam soils recorded a value of 0.50 cmol kg*' and Kayal lands showed a value of 0.22

cmol kg*'.

4.3.5.3 Exchangeable Calcium

Locations had significant effect on the exchangeable calcium content in the surfece layers

as observed from Tables 18. Among the different locations the highest mean value was recorded

in Purakkad series (L2 - 8.09 cmol kg"') and was significantly different from others. The

lowest value of 1.41 cmol kg"', it was noticed in Thakazhi soils (L3). The Karappadam soils

had recorded an exchangeable calcium content of 5.71 cmol kg*' while the Kayal lands

recorded a value of 5.72 cmol kg"'.

The subsurface soils had also influenced significantly on the availability of exchangeable

calcium content. At sub surface soils, the highest value was seen at Thakazhi (L4 -6.61

cmol kg*') and the lowest at Thuravur (L3-3.78 cmol kg*'). The lowest value was on par
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with Kailara series (L2-4.15 cmol kg*'). The Karappadam and Kayal lands recorded an

exchangeable calcium content of 4.72 and 3.57 cmol kg"' respectively.

4.3.5.4 Exchangeable Magnesium

Various locations significantly influenced the exchangeable magnesium of the surfece

and sub surface soils (Tables 18 and 19). Purakkad series (L3) recorded the highest mean of

10.89 cmol kg"' followed by ThottapalU (L5-6.50 cmol kg ') which was significantly

different from the former. The lowest mean was showed by Thuravur series (Lfe-1.41 cmol^^^kg'

') which was on par with Thakazhi series (L5-1.81 cmol kg*'). Among Karappadam and Kayal

lands, the Kayal soils had higher exchangeable magnesium content of 6.90 cmol kg*' than the

Karappadam soils which recorded exchangeable magnesium content of 3.55 cmol kg*'.

Among the six acid sulphate series of Kuttanad at sub surface level, the highest value was

recorded by Thakazhi series (L4-8.65 cmol kg*') which was on par with Kailara series (L2-8.27

cmol kg"'). The Thottapalli series (L5) recorded a lowest mean of 2.33 cmol kg"',

Karappadam and Kayal lands, recorded an exchangeable magnesium content of 5.80 and 8.13

cmol kg*' respectively.

4.3.5.5 Effective CECfECEC)

ECEC of the ranged from 4.36 to 22.38 cmol kg*' among various locations at surfece

level and from 7.02 to 17.77 cmol kg*' in the case of sub surface soils. The influence of

locations on ECEC of the soil was significant. The highest ECEC was recorded at Thuravur (Lg-

17.77 cmol kg*') and was superior than all other soil series. The lowest value was seen at

Thottapalli (L5-7.O2 cmol kg*') which was significantly different from other locations. The

Karappadam soils had recorded an ECEC value of 6.25 cmol kg*' at surfece level and the

Kayal lands recorded 6.49 cmol kg"' ECEC values.

At sub surface soils, the highest ECEC was recorded at Thuravur (L6-17.77 cmol ̂"^'kg*')

and the lowest value was seen at Ambalapuzha series (Lj-7.13 cmol kg*'). The lowest value

was on par with the ECEC values of Purakkad (L3-7.32 cmol kg"') and Thakazhi series (L4—

9.54 cmol kg"'). Among the Karappadam and Kayal lands, the Karappadam soils recorded an

ECEC value of 6.25 cmol^^' kg*' while Kayal lands registered a mean of 6.49 cmol '^'kg*'.



Table 18. Exchangeable cations in acid sulphate soils of Kuttanad - sur&ce(0-15

cm), (cmol(+) kg*')

SOIL SERIES ex.k: Ex. Na Ex. Ca Ex. Mg ECEC*

Li-Ambalapuzha 0.16 0.70 5.88 3.37 12.01

L2-Kailara 0.13 0.43 7.01 3.46 20.02

L3-Purakkad 0.18 0.91 8.09 10.89 21.76

L4-Thakazhi 0.19 0.20 1.41 1.81 6.41

Ls-Thottapalli 0.17 0.13 5.72 6.50 14.29

Le-Thuravur 0.16 0.75 4.44 1.41 26.28

S.E(M) 0.08 0.13 1.14 1.01 0.14

C.D(0.05) NS 0.33 2.07 2.23 0.40

Karappadam 0.72 0.25 5.71 3.55 11.15

Kayal 0.92 0.28 5.72 6.90 14.86

*ECEC- Effective Cation Exchange Capacity

Table 19. Exchangeable cations in acid sulphate soils of Kuttanad-subsur&ce soils

(15-30 cm), (cmol(+) kg ')

SOIL SERIES Ex.K Ex. Na Ex. Ca Ex. Mg ECEC

Li-Ambalapuzha 0.13 0.20 4.74 7.67 14.23

L2-KaIIara 0.22 0.86 4.15 8.27 20.89

Lj-Purakkad 0.11 0.52 5.35 5.29 13.66

L4-Thakazhi 0.14 0.29 6.61 8.65 18.30

Ls-Thottapalli 0.09 0.26 5.07 2.33 11.37

L6-Thuravur 0.13 1.02 3.78 6.95 24.56

S.E CM) 0.31 0.75 1.86 1.79 0.16

C.D(0.05) 0.64 1.73 2.82 3.10 0.47

Karappadam 0.83 0.50 4.72 5.80 12.92

Kayal 0.69 0.22 3.57 8.13 13.53



4.4 BIOLOGICAL PROPERTIES OF SOIL

/

4.4.1 Enzyme Status of the Soil

Effect of locations on the enzyme activity of acid sulphate soils along with Karappadam

and Kayal lands are presented in Tables 20 and 21. The major enzymes that were assessed in the

present study included Urease, Phosphatase (acid and alkaline), p-glucosidase, Arylsulphatase

and Dehydrogenase.

4.4.1.1 Urease Activity

Regarding the urease activity, the data showed that the urease activity varied significantly

with the locations at surfece soils (Table 20). The mean values ranged from 57.51 to 75.78 ppm

of urea hydrolyzed g*' of soil h ' and the highest mean value was recorded by the Thakazhi series

(L4 — 75.78 ppm of urea hydrolyzed g"' of soil h'). The lowest mean value was recorded by the

Ambalapuzha series (Li-57.51 ppm of urea hydrolyzed g'' of soil h*') which was on par with

surfrce samples of Thottapalli (L5- 59.59 ppm of urea hydrolyzed g*' of soil h '). The

Karappadam soils recorded a value of 52.89 ppm of urea hydrolyzed g"' of soil h ' for urease

activity and the Kayal lands had an activity rate of50.77 ppm of urea hydrolyzed g*' of soil h*^

In sub surfece soils, the effect of various locations on urease activity was significant. The

Thuravur series (L^) recorded highest urease activity of 77.33 ppm of urea hydrolyzed g"' of soil

h"' and was on par with the urease activity of Kallara series (L2- 72.25 ppm of urea hydrolyzed

g'' of soil h"'). The lowest activity was seen at Thakazhi series (L4-52.36 ppm of urea

hydrolyzed g*' of soil h'') which was on par with the urease activity of acid sulphate soils of

Ambalapuzlta (Li-53.57 ppm of urea hydrolyzed g'' of soil h*'), Purakkad (L3-56.44 ppm of urea

hydrolyzed g of soil h ') and Thottapalli series (L5- 58.22 ppm of urea hydrolyzed g'' of soil

h*'). Comparing the urease activity of sub surface soils of Karappadam and Kayal lands, the

Kayal lands recorded higher activity of 58.66 ppm of urea hydrolyzed g ' of soil h"' than the

Karappadam soils which registered activity of49.05 ppm of urea hydrolyzed g"' of soil h*'.
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4.4.1.2 Acid Phosphatase Activity

Activity of acid phosphatases varied significantly with different locations (Tables 20 and

21). The mean values of various acid sulphate series locations on acid phosphatase activity

ranged fix)m 24.59 to 57.58 pg of p-nitrophenol released g*' soil h''. Among the locations, the

highest activity was recorded in the samples fi"ora Purakkad series (L2- 57.58 pg of p-nitrophenol

released g*' soil h*') which was on par with the acid phosphatase activity of Thakazhi (L4 — 54.13

pg of p-nitrophenol released g*' soil h*') and also on par with Ambalapuzha series (Li) having an

acid phosphatase activity of 52.99 pg of p-nitrophenol released g ' soil h"'. The lowest mean

value was reported at Thuravur series (L6-24.59 pg of p-nitrophenol released g ' soil h'^) which

was significantly different from other locations. At Karappadam soils at surface level, the acid

phosphatase activity was 45.58 pg of p-nitrophenol released g'' soil h*' while Kayal lands

recorded an activity of22.62 pg of p-nitrophenol released g*' soil h'.

The sub surface soils of acid sulphate series in Kuttanad recorded mean values in a rai^e

from 11.02 to 71.88 pg of p-nitrophenol released g*' soil h '. Among the six locations the highest

acid phosphatase activity at sub surface was recorded at Purakkad series (L3-71.88 pg of p-

nitrophenol released g ' soil h"') which was significantly different from other locations. The

Thuravur series (L^) with an activity of 11.02 pg of p-nitrophenol released g*' soil h'* recorded

the lowest mean for acid phosphatase activity in sub surfece soils. At Karappadam soils the acid

phosphatase activity was 31.97 pg of p-nitrophenol released g'' soil h'^ and Kayal lands recorded

a value of32.67 pg of p-nhrophenol released g"' soil h*^ activity.

4.4.1.3 Alkaline Phosphatase Activity

It is obvious from the data that the locations have significant influence on the alkaline

phosphatase activity of the analyzed surface and sub surfrice soils. The highest value was

reported in the samples from Thakazhi series (L3) with a mean value of 6.41 pg of p-nitrophenol

released g"' soil h'* and was significantly different from other series. The lowest mean was 6.04

pg of p-nitrophenol released g"' soil h ' at Thuravur series (Le) which was also significantly

different from other locations. The samples of Karappadam soils recorded a value of 30.97 pg of

p-nitrophenol released g"' soil h"' for alkaline phosphatase activity and the Kayal lands reported

an activity rate of 14.77 pg of p-nitrophenol released g"' soil h*'.
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At sub surfece soils, the mean values of alkaline phosphatase activity ranged from 5.34 to

44.67 pg of p-nitrophenol released g*' soil h*' and among the six acid sulphate soil series the

highest value was recorded Kallara series (L2-44.67 pg of p-nitrophenol released g * soil h') and
the bwest value of 5.34 pg of p-nitroph«iol released g"' soil h ' by Thuravur series (Lg). Both

the highest and lowest values are significantly different from other locations. Conparing the

alkaline phosphatase activity of Karappadam and Kayal lands, the Karappadam soils recorded

higher activity of 19.60 pg of p-nitrophenol released g*' soil h"' than Kayal lands which reported

a value of 17.23 pg of p-nitrophenol released g ' soil h"*.

4.4. L 4 fi-gtucosidase Activity

All the locations within the six acid sulphate series of Kuttanad had significant influence

on the activity of p-glucosidase in the surfece and subsurface soils and in the case of location

effect of surface soils on particular enzyme activity, the mean value of enzyme status varied

between 1.65 to 3.04 pg pnp D- glucosidase g ' soil h"' x 10"^. The highest enzyme status among

the locations was reported from the samples of Purakkad area (L3- 3.04 pg pnp D- glucosidase

g ' soil h * X 10^), which was on par with Kallara (L2-2.95 pg pnp D- glucosidase g ' soil h ' x 10*
**) and Thuravur series (L6-2.94 pg pnp D- glucosidase g ' soil h ' x 10"'). The lowest activity

was noticed in the Thakazhi series {L4) with a mean of 1.65 pg pnp D- glucosidase g"' soil h"' x

10"^. The lowest mean was on par with the Ambalapuzha series (Lp 1.67 pg pnp D- glucosidase

g ' soil h*' X 10^). Among Karappadam and Kayal lands, both recorded an activity of 2.26 and

3.37 pg pnp D - glucosidase g*' soil h*' x 10*^ respectively.

At 15 - 30 cm soil depth, the highest ji-glucosidase activity was registered by the

Thuravur series (L6 - 6.04 pg pnp D- glucosidase g*' soil h"' x 10 '^) and lowest by Thakazhi

soils (1-4-3.04 pg pnp D- glucosidase g ' soil h ' x 10 ̂). These two are significantly different

from other locations. The other soil types Karappadam and Kayal lands recorded an activity of

1.86 and 2.59 pg pnp D- glucosidase g"' soil h"' x 10 respectively at sub surfrce soils.

4.4.1.5 Aryt sulphatase Activity

It is inferred from the Table 20, that the locations imposed highly significant effect on the

aryl sulphatase activity of the surface soils of Kuttanad acid sulphate soil series. Regarding the
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location effect, the highest mean was recorded in the Thottapalli series (L5- 56.96 pg of p-

nitrophenol released g"' soil h"') and lowest in the Purakkad series (L3-17.23 pg of p-nitrophenol

released g*' soil h"'). Karappadam and Kayal lands registered an aryl suiphatase activity of 53.29

and 34.49 pg of p-nitrophenol released g ' soil h"' respectively.

While analyzing the sub surface soil samples of acid sulphate series of Kuttanad, the aryl

suiphatase activity registered mean values ranged from 32.11 to 71.88 pg of p-nitrophenol

released g"' soil h '. Among the six locations, the highest activity was noticed at Thakazhi series

(L4-7I.88 pg of p-nitrophenol released g"' soil h*') while the lowest value of 32.11 pg of p-

nitrophenol released g ' soil h'' was recorded by Purakkad series (L3). Considering the

Karappadam sub surfece soil samples, which recorded a mean activity of 56.72 pg of p-

nitrophenol released g'' soil h"' while the Kayal lands registered a mean aryl suiphatase activity

of 35.57 pg of p-nitrophenol released g"' soilh"'.

4.4,2.6 Dehydrogenasc Activity

Critical approach of the data showed that the locations affect the dehydrogenase activity of

the soils varied significantly. An appraisal of the data on the influence of locations on

dehydrogenase activity at surface soil depth, the Thuravur series (Le) with a mean of 115.74 pg

of TPF released g"' soil 24 h ' recorded the highest activity which was on par with Purakkad

series (L3-115.09 pg of TPF released g' soil 24 h"'). Ambalapuzha series (Lj- 68.06 pg of TPF

released g*' soil 24 h"*) surface samples had the lowest mean among various locations. While

comparing the dehydrogenase activity of Karappadam and Kayal lands, Karappadam soils

recorded an activity rate of 145.73 pg of TPF released g"' soil 24 h*' while the Kayal lands

recorded a dehydrogenase activity rate of 114.80 pg ofTPF released g'' soil 24 h"'.

Regarding the sub surface soil analysis records, it was observed that the highest mean of

55.39 pg of TPF released g'' soil 24 h"' was recorded at Kallara series (L2) and the lowest by

Thuravur series (1^-13.19 pg of TPF released g"' soil 24 h"') and both the values were

significantly different from others. At sub surface soils, Karappadam soils recorded

dehydrogenase activity of 21,60 pg of TPF released g*' soil 24 h ' and the Kayal lauds had an

activity of42.53 pg of TPF released g*' soil 24 h'.
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Plate I. Enzyme assay of dehydrogenase

/
Plate 2. Enzyme assay of urease Plate 3. Enzyme assay of pl^osphatas^
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4.4.2 Soil Respiratory Activity and Microbial Biomass Caii)on P
The effect of locations on the soil respiration and microbial biomass carbon at sur&ce

and sub surface samples of acid sulphate series of Kuttanad, is presented in Tables 22 and 23.

4.4.2.1 Soil Respiratory Activity

The data clearly indicates that the influence of locations were highly significant in the

soil respiratory activity of surfece samples (Table 22). Considering the effect of locations, the

mean values ranged from 1.02 to 1.24 pg of CO2 evolved g ' soil h ' with the highest mean at

Thottapalli series (L5-I.24 pg of CO2 evolved g'' soil h') which was on par with the soil

respiratory activity of Kallara series (L2-I-I8 pg of CO2 evolved g ' soil h '). The lowest mean

was seen at Thakazhi series (L4-I.O2 pg of CO2 evolved g*' soil h*') which was on par with

Purakkad series (L3-I.O6 pg of CO2 evolved g*' soil h*'). Among the Karappadam and Kayal

lands, the Karappadam soils was found to have respiratory activity of 1.60 pg of CO2 evolved g"*

soil h*' while the Kayal lands had a mean of 1.58 pg ofC02 evolved g"' soil h*^

Regarding the soil respiratory activity at sub surface soil depth, the highest respiratory

activity of 1.24 pg of CO2 evolved g'" soil h*^ was again noticed at Thottapalli series (L5) and the

value was on par with Ambalapuzha series (Li-1.19 pg of CO2 evolved g ' soil h*'). The lowest

respiratory activity was noticed at Thakazhi series (L4) with a mean of 1.02 pg of CO2 evolved

g ' soil h*' which was on par with the respiratory activity of Purakkad area (L3-I.O6 pg of CO2

evolved g"' soil h*'). Karappadam and Kayal lands recorded the value of 1.63 and 1.15 pg of

CO2 evolved g*' soil h'' respectively for respiratory activity at 15 — 30 cm depth.

4.4.2.2 Microbial Biomass Carbon (MBC)

Con^aring the effect of various locations on microbial biomass carbon content in the

surface soils of acid sulphate soil series, the Purakkad soils (L3- 357 pg g"') recorded the highest

mean value and lowest by Thuravur series (L5-43 pg g"'). The mean values for microbial

biomass carbon at Karappadam and Kayal lands are 406 and 390 pg g"' respectively.

Considering the effect of sub surface soils samples of various locations on the microbial

biomass carbon at Kuttanad acid su^hate soil series, it was observed that the mean values ranged
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Table 22. Soil respiratory activity and microbial biomass carbon of acid sulphate
soils ofKuttanad-surfece soils (0-15 cm)

SOIL SERIES
Soil Respiratory Activity

(pg of CO2 evolved g"' soil
h-')

Microbial Biomass

Carbon

(HR R^)
Li-Ambalapuzha 1.20 273

Lz-Kallara 1.18 149

L3-Purakkad 1.06 357

L4-Thakazhi 1.02 203

Ls-Thottapalli 1.24 137

Le-Thuravur 1.13 43

S.E (M) 0.03 4.31

C.D(0.05) 0.06 9.86

Karappadam 1.60 406

Kaval 1.58 390

Table 23. Soil respiratory activity and microbial biomass carbon of acid sulphate
soils ofKuttanad-subsurface soils (15-30 cm)

SOIL SERIES
Soil Respiratory Activity

(pg of CO2 evolved g*' soil
h-')

Microbial Biomass

Carbon

(rr R ' )
Li-Ambalapuzha 1.19 259

Lj-Kallara 1.12 131

L3-Purakkad 1.06 100

Lj-Thakazhi 1.02 128

Ls-Thottapalli 1.24 287

L«-Thuravur 1.13 26

S.E(M) 0.02 13.30

C.D(0.05) 0.09 29.32

Karappadam 1.63 367

Kayal 1.15 237
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from 26 to 287 fig g"'. Thotlapalli series with mean value of 287 fig g"' recorded highest

microbial biomass carbon and was on par with the values of Ambalapuzha (Li) series with mean

values of 259 fig g"'. The lowest value was noticed at Thuravur series (Le) with a mean of 26

fig g*'. The Karappadam soils recorded a mean of 367 fig g"' at sub surfece samples and a mean

of 237 fig g*' in Kayal lands.

4.4.3 Microbial Population

The population of bacteria, fiingi and actinomycetes at the surfece and sub surface

samples of six acid sulphate soil series of Kuttanad were presented as total viable count and also

among the bacteria ThiobaciUits spp., nitrogen fixers and phosphorus solubiiizers were shown in

the Tables 24 and 25.

4.4.5.1 Bacteria

All the locations had a significant influence on the total count of bacterial colonies and

the mean values varied from 9.13 to 9.30 log cfu g"' soil. Thottapalli series (L5- 9.30 log cfii g '

soil) recorded the highest total bacterial count at surfece soils. The lowest count was noticed at

Thakazhi series (L4 - 9.13 log cfii g"' soil). The Karappadam soils and Kayal lands recorded an

total bacterial population of 9.15 and 9.19 log cfii g*' soil respectively.

Total bacterial population recorded highest count of 9.23 log cfii g"' soil in sub surfece

level at Thottapalli series (Ls) while the Thakazhi series {L4) with bacterial population 9.07 log

cfii g"' soil registered the lowest count. The highest and lowest count were on par with the

Ambalapuzha series (Li- 9.20 log cfii g"' soil) and Purakkad series {L3 — 9.11 log cfu g'^ soil)

respectively. Among the other soil types, Karappadam soils registered a total bacterial

population of 9.02 log cfii g'' soil and a population of 9.18 log cfii g'' soil in Kayal lands.

4.4.3.1.1 Thiobacillus spp.

From the Table 24, it is clear that the locations have significant influence on the

Tfiiobacillus spp. count at surfece soils. Regarding the location effect, Kallara series (L2) with

9.37 log cfu g"' soil registered the highest mean value which was significantly different from

others. The lowest mean of 8.86 log cfii g*' soil was seen at Purakkad soils (L3) and was on par



with the samples from Ambalapuzha (L| - 9.04 log cfli g'' soil), Thakazhi (L4-8.9I log cfli g"'

soil) and Thuravur series {L6 - 9.04 log cfu g"' soil). Through the appraisal of the data of

Karappadam and Kayal lands the population of Thiobacillus spp. were 8.94 and 9.02 log ciu g*'

soil respectively.

At sub surface soils the Thiobacillus spp. showed non significant effect among various

acid sulphate series of Kuttanad soils.

4.4.3.1.2 Nitrogen Fixers

It was observed from the data (Tables 24 and 25) that the locations influenced the

nitrogen fixers population in the surface soil significantly, however at sub surface soils the

locations had no significant influence on the nitrogen fixers population. The highest mean value

for location effect at surfrce soils was noticed by the samples from both ThottapaUi (L5) and

Thuravur (L«) series with a mean of 3.91 log cfu g'' soil. The lowest mean was recorded at

Ambalapuzha series (Li - 3.61 log cfii g"' soil) and was on par with the samples from Kallara (L2

- 3.63 log cfu g ' soil) and Purakkad (L3 - 3.70 log cfu g ' soil). With respect to the analysis of

the data of surfece soils from Karappadam and ICayal lands, the population of nitrogen fixers

were 3.81 ami 3.73 log cfu g"^ soil respectively.

4.4.3.1.3 Phosphorus Sotubilizers

The statistical analysis of the data on the count of phosphorus solubilizers inferred that

the locations had significant influence on the population both at surface and sub svirface soils.

Regarding the analysis of the surface samples higher mean of 3.97 log cfii g ' soil was recorded

by the Ambalapuzha series (Li) and was on par with Kallara series (L2-3.96 log cfu g"' soil).

While the lowest count was seen at Purakkad series (L3 - 3.72 log cfii g ' soil) which was on par

with samples from Thakazhi (L4-3.83 log cfu g ' soil) and Thuravur series (L«-3.78 log cfu g"'

soil). At surface level the Karappadam soil recorded phosphorus solubilizers count of 3.92 log

cfii g*' soil and the Kayal lands registered a count of 3.82 log cfii g*' soil.

The sub surfrce samples from the acid sulphate series of Kuttanad had a mean value

ranged from 3.63 to 3.84 log cfu g ' soil for the phosphorus solubilizers population. The highest

count was seen at the Ambalapuzha series (Li-3.63 log cfii g*' soil) which was on par with
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Kallara series (L2-3.72 log cfii g'' soil). The lowest population was recorded at Thuravou* series

(L3-3.63 log cfii g"' soil) which was on par with Purakkad (L3-3.66 log cfu g ' soil) and Thakazhi

series (L4-3.73 log cfii g*' soil). The Karappadam soils recorded a mean of 3.71 log cfu g"' soil

and the Kayal lands had a population of 3.66 log cfu g ' soil.

4.4.3.2 Fungi

The analysis of the data inferred that the location effects were significant and the mean

values ranged from 5.38 to 6.03 log cfii g ' soil at surface soil depth and from 5.23 to 5.86 log

cfii g*' soil at sub sur&ce level.

The liighest mean value at surface level was reported by the samples from Thottapalli

series (L5-6.O3 log cfii g ' soil) which was on par with Purakkad (L3-5.98 log cfii g*' soil) and

Thakazhi (L4-5.88 log cfii g*' soil) series. Thuravur series (Le) with mean of 5.28 log cfii g"' soil

recorded the lowest fungal population at surface soils which was on par with Kallara series (La-

5.64 log cfu g"' soil). Among Karappadam and Kayal lands, Karappadam soils had recorded a

higher fungal population of 6.09 log cfii g*' soil than the Kayal lands which registered a count of

5.97 log cfii g"' soil.

At sub sur&ce level the highest fungal population was noticed at Thottapalli series (Ls-

5.86 log cfii g ' soil). The lowest population was seen at Thuravur (L6-5.23 log cfii g*' soil) and

the count was on par with the Thakazhi (L4-5.37 log cfii g*' soil), Purakkad (L3-5.4O log cfu g"'

soil) and Kallara series (L2-5.38 log cfii g*' soil). The Karappadam and Kayal lands recorded the

values of 5.92 and 5.88 log cfii g"' soil respectivey for fimgal population at sub surface soil

samples.

4.4.3.3 Actinomycetes

Critical appraisal of the data shows that the locations have significant effect at sub

surface soils for the actinomycetes count whereas in surface soils the count showed non

significant effect. The highest mean value for location effect at sub surface was recorded by the

Thuravur series (l^) with mean population of 7.01 log cfii g ' soil and the count was on par with

Ambalapuzha (Li-6.87 bg cfii g"' soil), Purakkad (L3-7.OO log cfii g*' soil) and Kallara series

(L2-6.82 log cfii g'' soil). Thakazhi series recored the lowest count of 6.49 bg cfii g*^ soil. The
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Table 24. Microbial populations in acid sulphate soils of Kuttanad-sudace soils (0*

15 cm), log cfu g"' soil.

son, SERIES
Total

Bacterial

Count

Thiobacillus

Spp.
N Fixers

P

Sohibilizers
Fungi

Actino-

mycetes

L] - Ambalapuzha 9.23 9.04 3.61 3.97 5.76 6.95

L2-Kallara 9.24 9.08 3.63 3.96 5.64 7.04

Lj-Purakkad 9.17 8.86 3.70 3.72 5.98 7.12

LcThakazhi 9.13 8.91 3.81 3.83 5.88 6.96

Ls-Thottapalli 9.30 9.06 3.91 3.91 6.03 7.11

Le-Thuravur 9.25 9.04 3.91 3.78 5.38 7.09

S.E (M) 0.02 0.07 0.06 0.04 0.09 0.05

C.D(0.05) 0.03 0.21 0.17 0.12 0.26 NS

Karappadam 9.15 8.94 3.81 3.92 6.09 7.19

Kayal 9.19 9.02 3.73 3.82 5.97 6.78

Table 25. Microbial populations in acid sulpahte soils of Kuttanad-subsurface soils
(15-30 cm), log cfu g ' soil.

SOIL SERIES
Total

Bacterial

Count

Thiobacillus

Spp
N Fixers

P

Solubilizers
Fungi

Actinom-

ycetes

Li-Ambalapuzha 9.20 8.98 3.54 3.84 5.54 6.87

L2-Kallara 9.15 8.91 3.53 3.82 5.37 6.82

L3-Purakkad 9.11 8.89 3.62 3.66 5.39 7.00

Li-Thakazhi 9.07 8.82 3.62 3.73 5.37 6.49

L5-Thottapalli 9.23 9.03 3.84 3.73 5.86 6.75

L^-Thuravur 9.12 8.87 3.61 3.63 5.28 7.01

S.E(M) 0.02 0.05 0.07 0.05 0.08 0.08

C.D(0.05) 0.04 NS NS 0.14 0.24 0.22

Karappadam 9.02 8.80 3.62 3.71 5.92 7.16

Kayal 9.18 8.94 3.60 3.66 5.88 6.72



(B)

(A)

(C)

Plate 5. Microbial load in acid sulphate soils of Kuttanad - (A) Thiobacillus spp.
(B) N fixers (c) P solubilizers.
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Karappadam soils registered an aclinomycetes count of 7.12 log cfii g"' soil and the Kayal lands

recorded a population of 6.73 log cfii g*' soil.

4.4.4 Enzyme Activity Number

Enzyme activity number, the index of biological fertility of the soils, as presented in the

Tables 26 and 27, showed the mean values of the enzyme activity number for the locatiom vary

from 14.42 to 23.69 at surface soils and from 3.49 to 12.20 at sub surfece level. Regarding the

surface soils of acid sulpahte series and the enzyme activity number the highest value was

noticed at Purakkad series (L3-23.69) which was on par with Thuravur series (1^), i.e., 23.59.

Ambalapuzha series (Li-14.42) recorded the lowest value for enzyme activity number. Both

Karappadam and Kayal lands recorded an enzyme activity number of 30.10 and 23.56

respectively at surface soils.

At the sub surface soil level, the highest enzyme activity number was seen at Kallara

SCTies with a value of 12.20 and the Thuravur series (L6-3.49) recorded the low^t enzyme

activity number. Both the highest and lowest mean values were significantiy different from

other locations. Among Karappadam and Kayal lands at sub stirface soils, Kayal lands recorded

a higher enzyme activity number of 9.16 than the Karappadam soils which recorded a value of

5.18.

4.4.5 Enzyme Kinetics of the Soil

Tables 28 and 29, represents the data obtained from determination of Vmax and Km in

fortnightly intervals using various substrates for the enzymes like urease, acid phosphatase, aryl

sulphatase, dehydrogenase and P-D-glucosidase.

From the Table 28, it was clear that the for enzyme urease, the mean values for Vmax

varied from 2.6 x 10'^ to 3.77 x 10'^ moles of urea hydrolyzed g*' soil h*'. The maximum value

was reported at 8* week after incubation and lowest at week. The Km values ranged from

0.98 X10"^ to 7.2 X IC^ moles of urea hydrolyzed g"' soil h"' with highest value at 4'*' week after

incubation.
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Table 26. Enzyme activity number of acid sulphate soils of Kuttanad*
surfece soils (0-15 cm)

SOIL SERIES
Enzyme Activity Number

Lj-Ambalapuzha 14.42

Li-Kallara 19.98

La-Purakkad 23.69

U-Thakazhi 20.19

Ls-Thottapalli 19.47

L6-Thuravur 23.59

S.EfM) 0.35

C.D(0.05) 1.01

Karappadam 30.10

Kayal 23.56

Table 27. Enzyme activity
subsurfece soils (15-30 cm)

number of acid sulphate soils of Kuttanad-

SOIL SERIES
Enzyme Activity Number

Li-Ambalapuzha 11.09

Lj-Kallara 12.20

La-Purakkad 9.89

Li-Thakazhi 7.93

Ls-Thottapalli 5.25

Lfi-Thuravur 3.49

S.E (M) 0.12

C.D(0.05) 0.35

Karappadam 5.18

Kayal 9.16
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With respect to the enzyme acid phosphatase, the Vniax varied between 11.9 x 10*' to 19.4

X 10*' pg of p-nitrophenol released g ' soil h ' having the highest mean at 12* week after

incubation and the Km values varied from 0.3 x 10^ to 14 x 10"^ ̂ g of p-nitrophenol released g"'

soil h"' and after 12* week of incubation the highest value was noticed.

Regarding the enzyme kinetic parameters of aryl sulphatase, the Vmax was the highest

after 8* week of incubation with the mean values varied from 1.31 x 10'' to 2.9 x 10*' pg of p-

nitrophenol released g"' soil h ' and the lowest mean at week of incubation. The Km values

showed a variation from 1.16 x 10"' to 1.43 x 10*' pg of p-nitrophenol released g"' soil h"'withthe

highest mean at 12* week.

In the case of dehydrogenase enzyme, the Vmax ranged from 1.56 x 10'' to 7.79 x 10*' pg

ofTPF released g*' soil 24 h"'. Among the mean values the highest was noticed after 6* week of

incubation and the lowest at 12* week of incubation. With respect to Km values, the means

ranged between 1.02 x 10*^ to 3.72 x 10"* pg ofTPF released g*' soil 24 h"' with the highest mean

of 3.72 X 10"* pg ofTPF released g"' soil 24 h*' at 12* week after incubation.

It is inferred from Table 28, that the Vma* value for glucosidase varied from 12 to 150 pg

pi^ D- glucosidase g*' of soil h'* x 10 ̂  with the highest mean at 12* week and the lowest at 8*

week- The Km values ranged from 2.12 to 5.9 pg pnp D- glucosidase g*' of soil h*' x 10 and the

highest Km was noticed at 8* week after incubation and the lowest at 10* week.

4.5 CORRELATION STUDIES

Correlation of chemical characteristics and biological characteristics were determined for

surfrice and sub surface soils and the correlated values are presented in Tables 30 to 33

respectively.

From the correlation matrix (lable 30.) it was clear that the surface soil pH was

positively correlated with the availability of nitrogen, phosphorus and potassium, activity of

aizymes like acid phosphatase, aryl sulphatase and also with the biomass of fungi in the soil.

Among these, the correlation of acid phosphatase enzyme status with soil acidity was highly

significant compared to others (0.8060*). The soil properties including status of urease,

dehydrogenase, P -glucosidase and the biomass of bacteria and actinomycetes recorded negative
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correlation with soil acidity. Intercorrelation among other characters showed that aryl sulphatase

activity had a negative significant correlation with availability of nitrogen in surface soils

(0.8416*). The activity of p-glucosidase (-0.8834*), dehydrogenase (-0.8371*) and

actinomycetes population (-0.8484*) had a negative significant correlation with phosphorus

availability of the surfece soils.

The correlation matrix for sub sur&ce soil pH with chemical and biological

characteristics at sub surfece (Table 31) clearly depicts that the soil pH was positively correlated

with availability of nitrogen, phosphorus and potassium, activity of acid phosphatase, aryl

su^hatase and dehydrogenase and also with the fungal population. Soil pH showed negative

correlation with urease and p-glucosidase activity along with population of bacteria and

actinomycetes in the sub surface soils. Also the p-glucosidase (-0.8375*) has recorded a

significant correlation with acid phosphatase activity of sub surfece soils.

From Tables 32 and 33, it was clear that the organic carbon content of the surface and sub

sur&ce soils of acid sulphate series in Kutlanad had recorded positive correlation between

organic carbon content and activities of p-glucosidase and aryl sulphatase in sur&ce soil and in

sub surfece level also a positive correlation exists between these parameters along with

correlation between organic carbon and alkaline phosphatase activity. Among this, aryl

sulpahatse at surfece soils had recorded a positive significant correlation with organic carbon

content.

4.6 INCUBATION STUDY

From the Table 34, it was clear that the surface and sub surface soils fiom six acid

sulphate soil series recorded a drastic drop in soil pH after three months of incubation at 37 ° C

in the laboratory. All the soils recorded a drop in pH of more than 0.5 units and that confirmed

the acid sulphate condition in the study area.
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Table 34. Incubation study of acid sulphate soils
subsurfece soils (15-30 cm)

- surfece (0-15 cm) and

SOIL SERIES pH of surface soils pH of subsurfece soils

Initial Final* Initial Final*

Li-Ambalapuzha
4.45 3.09 4.40 3.12

L2-Kallara
4.18 2.24 4.22 2.21

Ls-Purakkad
4.07 3.15 4.04 3.02

L4-Thakazhi
4.67 2.98 4.33 3.02

Ls-Thottapalli
4.09 2.93 4.04 2.92

Le-Thuravur 2.43 1.51 2.89 1.33

* After three months of incubation at room temperature.
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4.7 PREPARATION OF CIS MAPS BASED ON ENZYME STATUS AND MICROFLORA

OF THE ACID SULPHATE SOILS

From the prepared GIS maps, it was evident that the highest urease activity was seen in

Thakazhi series at surfece layers. In Thakazhi series, around 22.97 ha area exhibits the highest

urease activity while in the subsurface soils, Thuravur recorded highest activity in 18.25 ha area.

Acid phosphatase activity was highest at Purakkad series both in sur&ce and subsurfece layers

and the area which recorded highest acid phosphatase activity was approximately 7.02 and 11.21

ha respectively. Regarding dehydrogenase activity, Kallara and Thuravur series recorded the

highest activity among all the six locations. Considering the inicrobial population from the GIS

maps, the total bacterial count and the fungal population have recorded the highest population

range in Thottapalli series (surfece soils) and the highest range was spread over an area of nearly

15.26 ha and 22.32 ha re^ectively.
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5. DISCUSSION

The present investigation "Enzyme characterization of the acid sulphate soils

of K-Uttanad" was envisaged during the year 2014-16. Kuttanad popularly known as

the rice bowl of Kerala, located in the central Kerala, is a large wetland habitat

comprising of paddy fields, marshes, lakes and rivers. It is separated from the

Arabian Sea by a strip of land and is a deltaic formation of four river systems namely

Meenachil, Pampa, Manimala and Achenkovil together with low lying areas in and

around the Vembanad lake.

The puncha lands of Kuttanad are classified under three categories based on

elevation, geographical formation and soil characteristics into Karappadam, Kayal

lands and Kari lands. The acid sulphate soils of Kuttanad region are highly complex

and characterized by the acid sulphate mineral, "Jarosite" in the sub surface layer.

This reflects the unique soil properties which are entirely different from the other

soils of Kerala. Hence this study in the acid sulphate soil series viz., Ambalapuzha,

Purakkad, Thottapalli, Kallara, Thakazhi and Thuravur along with Karappadam and

Kayal land soil san^les for data generation and general comparison was carried out

to characterize the physical, chemical and biological parameters and the results

obtained are discussed in the following paragraphs.

5.1 PHYSICAL PROPERTIES OF THE SOIL

The physical properties like bulk density, particle density and water holding

capacity of the soil revealed significant difference among the locations. With respect

to bulk density, as observed from the Tables 5 and 6, significant difference was

observed between the locations wliile the effect of locations on water holding

capacity of the soils was non significant. Even though the water holding capacity

was non significant, most of the locations recorded a mean value of 48 per cent and

the highest mean value was seen at Kayal lands with 53 per cent. The high water
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holding capacity might be attributed to the clay content of the locations. Beena

(2005) also reported that the texture of the acid sulphate soils in Kuttanad showed

varied texlural properties from sandy clay to clayey texture with high clay content.

The highest value for bulk density was noticed in the Ambalapuzha series In surfrce

samples and Purakkad series at sub surface level. From the study it is observed that

the bulk deiKity values were generally low compared to the optimum bulk density of

1.33 Mg m*^, which might be attributed to the high organic carbon content of 1.93

per cent and 1.01 per cent respectively. Similar findings were reported by Thanpatti

and Jose (2000).

With respect to particle density, a similar trend was observed as inferred from

the Figs. 2 and 3. It is observed that the effect of locations were dominant in

determining the particle density of the soil and the highest value was recorded in

Ambalapuzha and Purakkad series for surfece and sub surfece soils respectively.

The role of organic matter in influencing the bulk density and particle density cannot

be ignored despite of the fact that particle density is dependent upon the soil mineral

characteristics. This is revealed by the higher values for particle density at

Kainakary (Kayal lands) where the organic carbon cont«il was 3.13 per cent and

2.68 per cent at surfece and sub surface depth respectively. The influence of organic

carbon on soil particle density was earlier reported by Usha (1995).

5.2 ELECTROCHEMICAL PROPERTIES

Acid sulphate soils are well known groups of problem soils containing iron

sulphide and generating sulphuric acid on oxidation. But these soils are usually

manageable in waterlogged conditions. One of the important impacts of excess

acidity in the Kuttanad soils is the iron loxicily (Neue et ai, 1998). Under the

conditions prevailing in the acid sulphate soils silicate minerals in them disintegrate

and weather, thereby releasing iron and aluminium. From the present study it is

inferred that both the surface and sub surface samples from the locations had
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significant effect on soil pH. AU the soil samples showed a pH below 4.5 except

Thakazhi soils in 0-15 cm soil depth. The high subsurface soil acidity is also one of

the reasons for the extreme acidity in Kuttanad surfece soils. The higher values of

pH reported in the Thakazhi soils might be due to the presence of water in the fields

during the april-may months due to summer rains. The weather parameters for the

study area during the year 2014 is presented in the Appendix 1, which provides an

insight of rainfall in the area at sample collection periods. Exposure of the surfece

layers to air through drainage or evacuation where the iron sulphides in the soils

react with oxygen and water to produce iron conqwunds and sulphuric acid lead to

the increase in acidity in the area during dry seasons. This acid might release heavy

metals from the soils pose damages to the ecological balance. Similar findings were

reported by Hinwood et al. (2006). Soil acidity has been a major constraint to crop

production in general and this acid sulphate soils in particular. The low pH or high

acidity is also associated with the toxic range of iron availability in these soils as

observed from Tables 14 and 15. These fmdings corroborated with the findings of

Benham (1997) who reported that the higher acidity might be due to the production

of sulphuric acid and other organic acids. Increasing acidity in an acid sulphate soil

profile is harmful for crop production especially paddy as rq)orted by Cook et al.

(2006).

Indepth analysis for pH indicates that sub surface soils of Kallara, Thuravur

and Kayal lands recorded higher pH than surfece soils in present study. The results

can be attributed to less exposure or no exposure of subsoil layers to air. A similar

trend, of an increase in pH with depth of soil profile was reported by Ajwa et al.

(1998); Sahu et al. (2001); Deenik and Yost (2006) and Kumar and Kishan (2012).

With respect to the electrical conductivity (EC) values significant variations

were observed among the different locations of the Kuttanad soils. The highest EC

value of 7.52 dS m"' and 6.53 dS m"' were noticed in surfece and subsurface soils of
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Thuravur series. Similar findings were reported by Ara et ai (2013) in a field study

on acid sulphate soils. Beena (2005) also reported that among the six acid sulphate

series of Kuttanad, Thuravur series had highest EC values. Ramaknshnan et al.

(1998) reported an EC of 11.5 dS m ' in acid sulphate soils of Kerala. Khan et al

(2002) also reported the EC values of an acid sulphate soils to be in the range 10-20

dS m '. This might be attributed to the high content of salts in the soil due to sea

water intrusion in the summer months. Among two depths, the sub surface layer

soils belonging to Thakazhi, Karappadara and Kayal lands reported higher EC values

than surface soils. Thampatti (1997) also reported the same increasing trend of

salinity with increasing depth.

5.3 ORGANIC CARBON AND ORGANIC MATTER CONTENT

Large amounts of woody matter at various stages of decomposition occur

embedded in acid sulphate soils. In acid sulphate soils, organic matter is very crucial

because in addition to being a source of plant nutrition, organic matter is the major

source of negative charge which is important for helping the soil to adsorb cations in

the soil solution (Ponnanperuma, 1982).

From the present investigation it is observed that the content of organic

carbon in soils is high irrespective of the locations. Various locations have a

significant efiect on the organic carbon and thereby organic matter content of the

soils. The Kallara series reported highest organic carbon and organic matter content

of 3.01 and 5.18 per cent respectively at 0-15 cm depth among different locations.

At sub surface soils also Kallara series (L2-2.96 per cent) recorded the highest

organic carbon content. The lowest organic carbon and organic matter content were

noticed in the Purakkad series (1.28 and 2.20 per cent respectively). With negative

charge, which is provided by carboxyl confounds, organic matter is able to

minimize toxicity by decreasing the solubility of heavy metals in soil solution. Since

the Kuttanad region is influenced by the runoff water during monsoon eind brackish
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water in other seasons, the land gets fertilized by the organic materials deposited,

thereby resulting in high organic matter deposition in the acid sulphate soils. The

reason for the increased organic carbon and organic matter content in acid sulphate

soils of Kuttanad can also be attributed mainly to the inherent characteristics of the

Kuttanad soils due to the accumulation of organic debris from the surrounding rivers.

This might be also due to the luxuriant growth and decaying of the macrophytes in

the fields. Similar findings were also reported by Kannan et al. (2014) from the

Kuttanad soils and reported that the organic carbon content ranges from 2.79 to 7.70

per cent. Earlier Sylas et al (2010) also noticed that the organic carbon content is

enriched during pre-monsoon season.

Several other scientists observed same status of organic carbon contrait in

Kuttanad acid sulphate soils. Gong and Xu (1990); Neue et al (1998); Lai (2002)

and Tanji et al (2003) also reported the large deposits of organic matter in paddy

soils via organic fertilizers and plant residues. Waterlogging associated with rice

cropping might have enhanced the accumulation of organic carbon The highest

organic matter of 5.18 per cent reported in Kallara soils might be also due to

enrichment of weed biomass and paddy straw in the cultivated fallows (Fores and

Comin, 1987; Pillai and Subrahmanyan, 1929). This finding is in agreement with the

reports of Beena (2005), The results also corroborated with the reports of Usha

(1995) and Marykutty (1986), who reported that among the acid sulphate soils of

Kuttanad, Kallara (L2) had the highest organic matter content.

Indepth analysis o f surface soils reported a higher organic matter content and

organic carbon content tlian the sub surface soils in soil samples of most locations.

This might be due to low organic matter input, low microbial activity and reduced

exposure to sunlight witli increasing depth. This fmding corroborated with the

finding of Krishnan et al. (2012), wlio observed that the soil organic carbon content

showed a decreasing trend with increase in depth.
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5.4 AVAILABLE NUTRIENT STATUS

In the present study, the available nitrogen status varied from 296.94 to

674.02 kg ha ' in surfece soils which shows that most of the soils belong to the

medium to high nitrogen range. The highest available nitrogen status was observed

in Kallara series and lowest in Purakkad series. The highest available nitrogen in

Kallara soils might be due to its high organic carbon and organic matter content of

this locality as noticed in Tables 9 and 10. Similar report of high nitrogen

availability in Kallara series among the acid sulphate series was published by Beena

(2005). In Kuttanad after harvesting, approximately 30 per cent of the straw remains

in the field which later dea)n:^ses to release the nutrients like nitrogen, phosphorus

and potassium (Fores and Comin, 1987). The presence of aquatic weeds water

hyacinth and Salvinia in aquatic system might have also contributed to tlw organic

carbon status thereby increasing the available nitrogen status upon mineralization.

Acid sulphate soils commonly encounter relatively severe mineral stress.

The associated with soil acidity has indirect effects on mineral elements in low

pH soils, so that deficiencies of phosphorus, calcium, magnesium and potassium

commonly appear (Clark et al, 1999). The decaying of organic materials especially

the paddy straw and aquatic plant debris increases the organic matter content. Also

the absence of sea water intrusion and reduction in outflow due to Thaneennukkom

barrage has helped in the accumulation of organic materials in the wetlands of

Kuttanad which in turn resulted in a static pool of nutrients within the system.

Regarding the subsurface soils, the highest available nitrogen status was

reported in Kallara series soils and lowest under Purakkad samples. This might also

be due to the of highest organic carbon content (2.96 per cent) present in both

Kallara series and the surface layers. On comparing the two depths in the present

study, it was observed that in general, a higher available nitrogen content existed in

surface soils (528.43 kg lia'') than the subsurfece soils of Kuttanad region. This
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might be due to the high organic carbon and organic matter content in the surfece

soils as noticed from the Tables 7 and 8. Similar results of depth wise distribution of

available nitrogen was also reported by Gill et al. (1999) and Kido et al. (2010). The

high status of available nitrogen in general in these soils might also be attributed to

the high mineralization rates and as well as the rich organic pools.

Phosphorus availability is usually restricted in acid sulphate soils as added

phosphorus is strongly adsorbed (Tables 11 and 12). Like other nutrients,

phosphorus availability also influenced by soil pH. From the present investigation it

is observed that phosphorus availability ranged from 9.33 to 78.60 kg ha ' at 0-15 cm
dqDth of soil. It is inferred that the soils showed a wide range of available

phosphorus. The results are contradictory to the general trend of phosphorus

availability in acid sulphate soils. But this phosphorus values are in consent with the

reports of Rajasekharan et ai (2013), who reported that the present phosphorus

status of Kerala is high to extremely high (35 to 100 kg ha'*) in 61per cent of the

selected samples from all the districts. High phosphorus levels of soils are usually

attributed to over fertilization or addition of enormous quantity of manures.

Repeated application of rock phosphate might have caused the accumulation of

residual phosphorus in the soils. Ray et al. (2014) also reported available

phosphorus ranged from 7.14 to 129 kg ha'* in the acid sulphate soils ofKerala.

Available potassium is one of the important plant nutrients especially for the

rice crop. Generally potassium deficiency in wetland soils is less compared to

nitrogen and phosphorus. From the present study, it is observed that the variations in

locations influenced the availability of potassium significantly. Among six

locations, Kallara soils reported the highest potassium availability of 148.49 kg ha*'

and 154.14 kg ha * at surfece and sub surfece soil dqsths respectively. The available

potassium values varied widely among the samples and have a range of 65.40 to

148.49 kg ha'* at surface level. This might be due to high incorporation of paddy
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Straw and organic matter deposition in the region. Saline water intrusion also

contributed to the high potassium availability in the Kuttanad area. The findings

corroborated with findings of Ponnamperuma (1982), who reported that the available

potassium content in the Kuttanad region may be due to addition of organic manures

and amendments in the soils. The low values in the Thuravur series both at surfece

and sub surface soils might be due to the low pH values (Tables 7 and 8). Beena

(2005) also reported similar trend in available potassium contait of Kuttanad soils.

The author reported that the available potassium content of Kuttanad soils ranged

from 142.1 to 326.4 mg kg"'.

The available calcium content of the acid sulphate soils of Kuttanad at 0-15

cm depth varied from 634.80 to 912.80 mg kg' (Fig. 8). The location effect was

significant both at surface and sub surface soils. Among the six acid sulphate soil

series, Kallara series reported the highest available calcium content of 912 mg kg"'
and the lowest by Thuravur series at surface level. The result corroborated with the

findings of Beena (2005) who reported the similar trend of available calcium content

among the acid sulpahte soils of Kuttanad. This might be due to the deposition of

marine sediments and the influence of sea water, use of soil amendments like lime

which might have contributed for the feir content of available calcium in the acid

sulphate soils. As opined by Thampatti (1997), generally acid sulphate soils never

deficient in available calcium and the calcium reserves are contributed by its marine

origin. The author also had reported an available calcium range of 370-1400 mg kg"'

in acid sulphate Kuttanad soils.

Regarding the depth wise distribution of available calcium in acid sulphate

soils, subsurface samples registered higher calcium content than the surfece soils in

all the acid sulphate series. This might be due to the downward movement of water

along with the salts present in the surface layers. The results are in corroboration
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with the finding of Thampatti (1997) who reported higher levels of calcium content

in lower profile layers.

Available magnesium content in the Kuttanad soils at 0-15 cm depth as seen

in Fig. 8, ranged fi-om 446.10 to 669.20 kg ha"' and the highest and lowest

magnesium content was registered by the Purakkad series and Thottapalli soils

respectively. The same reason for calcium availability can also be attributed to the

magnesium content in acid sulphate soils. The magnesium reserves in these soils

were contributed by the sea water intrusion and liming practices in the region

(Thampatti, 1997). The present investigation reflected the findings of Beena (2005),

who reported approximately the same range of available magnesium content (486-

674 kg ha') in the acid sulphate soils of Kuttanad.

In the Kerala scenario, the soils which reported to have an available

magnesium content of more than 120 mg kg'' falls under sufficiency range (KAU,

2011). By analyzing the data of magnesium availability in the present investigation,

it is noticed that all the sofls fall in the sufficiency range. In the depth wise

distribution of available magnesium in the Kuttanad soils, the subsurface soils

registered a higher value than the surface soils in all locations of acid sulphate soils.

This might be attributed to the peculiar hydro-physiography prevalent in the

Kuttanad region which aids in the fester water movement in soils and thereby aids in

leaching of salts to the lower layers.

In acid sulphate soils, the major source of acidity is the free sulphuric acid

formed by the oxidation of sulphur compounds present in the sulfidic materials in the

soil. This high available sulphur content may be attributed to the presence of

sulphuric horizon within the profiles which is harmful to crops (Simon and Jacob,

2012). In the present investigation, the sulphur availability in acid sulphate soils of

Kuttanad was significantly influenced by locations at surface soils and at 15-30 cm

depth the available sulphur content showed a non significant effect. The mean



Available 600

nutrients,

ppm 400

>"

vv'^
<

V

/

Ca

Mg

S

SOIL SERIES

Fig. 8. Available secondary nutrient status of the acid sulphate soils of Kuttanad-

surface (0-15 cm).

iV# V

900 -

800 -

Available "00
Butnents, 500

300 -

SOIL SERIES

Fig. 9. Available secondary nutrient status of acid sulphate soils of Kuttanad -
sub surface (15-30 cm).



8S

HI
content ranged from 286.77 to 883.86 kg ha"' at surface soils. The highest sulphur

availability was noticed in Thottapalli series and lowest in Thakazhi area. Beena and

Thampatti (2013) also reported higher sulphur availability of around 1000 kg ha'' in

the acid sulphate soils. The sulphuric acid released from the sulphuric horizon is

attributed to this higher availability of sulphur in these acid sulphate soils. The

higher available sulphur content may be also attributed to the presence of HiS in the

paddy soils, which can be toxic to crops (Yoshida, 1975; Van Bermeen, 1982). This

finding corroborated with the findings of Kames (1973), who rqsorted adverse

effects of sulphide toxicity in the acid sulphate soils which was associated with

decreased crop yields. The presence of high available sulphur might be due to the

accumulation of sulphidic sediments under waterlogged conditions where there is a

supply of sulphate, i.e., the higher available sulphur content can be associated with

the origin of the acid sulphate soils itself. Acid sulphate soils originated when sea

level rose and inundated the land, and sulphate from seawater mixed with iron oxides

in sediments, allowing microorganisms to form iron sulphides (Fitqjatrick et al.^

2009).

The higher value of sulphur content was noticed in the subsur&ce soils than

the surface samples except in Thottapalli and Kallara series in the present study

which can be attributed to the presence of sulphuric horizon in the subsoil layers

(Van Bermeen, 1982).

5.5 AVAILABLE MICRONUTRIENT STATUS IN SOIL

Generally in Kuttanad soils, concentration of Fe and Mn are in excess levels

which causes deterioration of soil health (Thampatti et ai, 2005). Nair and Pillai,

(1990) also suggested the presence of excess quantities of Fe and Mn in the Kuttanad

soils.
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While analyzing the micronutrient status from the present investigation,

available Fe content was in excess quantity, i. e., at surfrice soil depth the available

Fe content varied from 145.78 to 1024.23 mg kg"'. That implies the higher

concentration of available iron in the Kuttanad soils. Kabeerathumma and Patnaik

(1978) also reported that there is a tenfold or more concentration of available iron

compared to the total amount of other redox elements. Thanpatti and Jose (2000)

also rqwrted that the total Fe content varied from 2.75 to 7.72 per cent. The toxicity

of iron might be due to reduction of iron under conducive conditions caused by the

high ground water table in the wet season as reported by Raju (1988). Fe toxicity in

acid sulphate soils was also reported by Elisa et al. (2011) and Azman ct al. (2014),

with a mean of 525 kg ha'^ (surface) and 284.7 kg ha*' (sub surface).

The problems of Fe toxicity is often encountered in these soils since the

initial increase in Fe content due to submergence is maintained throughout the period

of flooding (Than^atti and Jose, 2006). The reduction of Fe'^ to Fe^^ and thereby

iron content is more dominant than Mn beyond 20 mg kg"', thereby toxicity of Fe has

been reported.

Excess a%^ilability of Mn in Kari soils of Kuttanad is yet another factor that

limits the crop production in this area. From the present study, it is inferred that the

Mn content in the Kuttanad soil ranges from 2.57 to 31.69 mg ha*' among the surface

samples of six various locations. The highest available Mn content is reported in the

Thakazhi series and lowest m the Ambalapuzha soils. Earlier Rajendran and Iyer

(1981) also reported tliat the total Mn content varied from 28 to 350 mg kg*' in

Kuttanad soils. Than^jatti and Jose (2006) also reported similar range of available

Mn content in the Kuttanad soil, i.e., available Mn content of 1.008 to 13.05 mg kg*'.

Con^ared to available Fe, Mn availability is negligible in these soils. Considering

the depth wise distribution, the content of available Mn showed a variation among

locations. All others acid sulphate series registered higher quantity of available Mn
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in subsurface soils while Purakkad and Thakazhi series reported highest content in

surface soils. This might be due to Mn retention in the organic rather than the

inorganic colloids. Similar report was put forth by Ilori and Shittu (2015), who

opined that Mn distribution decreases down the depth in most of the profiles.

Dhaliwal and Singh (2013) also reported that the magnitude of soil fertility

parameters and thereby micronutrients generally decreased with dq)th in profile.

Juijovee et al. (2002) earlier reported that the sources of Mn may be either carbonate

minerals or substitution from aluminosilicate minerals.

From the present investigation in Kuttanad soils, available Zn content of 4.88

to 19.56 mg kg'* was noticed in surface samples. Lowest available Zn content was

registered by Purakkad series while highest by Thurvaur soils. Compared to Fe and

Mn availability, available Zn content is low in these soils. In acid sulphate soils, at a

pH range of 4-5, the available Zn concentration was controlled by desorption from

ferrihydrite or dissolution of ferrihydrite and release of co-precipitated Zn from

within the ferrihydrite structure (Juijovee et al., 2002). The findings are in

agreement with Panhwar et al. (2014) who reported that the available Zn and Cu

content were low in acid sulphate soils corqjared to high extractable Fe content.

Similar results were reported by Zhan-jun et al. (2014)

The same tr^id as seen in available Zn concentration is also noticed in the

case of copper availability. Available copper content is highest in surface samples

generally than the subsurface soil in the present study and it might also be due to the

increase in pH with increasing depth. Similar results of high available copper

content in surface soils was also reported by Shittu (2008). Among the various

locations, high^ value of 26.21 mg kg ' was recorded by Ambalapuzha series and

lowest by Thuravur area (1.68 mg kg'') which shows that copper is adequately

distributed in the soils. Most of the copper in acid sulphate soils were found in the

residual fraction, and are generally less bioavailable.
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Generally acidic soils are rich in available boron content, but in Kerala due to

high rainfall leaching losses occurs and thereby boron deficiencies can be seen in

some areas. In the present study the available boron content reported a range of 6.07

to 13.45 mg kg"^ among six locations of acid sulphate soils at 0-15 cm depth.

Among these locations the highest available boron content was reported from the

Kallara series aiKi lowest by Thakazhi series. The highest available B content at

Kallara might be due to high organic carbon content in the area which minimizes the

leaching of B. Depth wise analysis revealed higher available boron content in the

sur&ce soils in general than the subsur^e san^les. These findings can be

attributed to the decrease in organic carbon, iron and aluminium content with

increase in depth of the soil profile. The result corroborated with the report of Sarkar

e/ al. (2005) which reported that the boron content showed a decreasing trend with

increasing soil depth. Decrease in extractable boron content with increasing depth

was also observed by Mandal & De (1993) in acidic soils.

5.6 NH4OAC EXTRACTABLE SODIUM CONTENT OF THE SOIL

Generally the NH4OAC extractable sodium content is high in acid sulphate

soil series. Higher concentration of acidic and basic metals were typically due to the

ionic conposition of the actual acid sulphate soils (Hartikinen and Yli-Halla, 1986).

In the present study the NH4OAC extractable sodium content ranged from

140.02 to 408.53 kg ha ' in surface soils with the highest content at Purakkad area.

Sub surface soils recorded an available sodium content of 139.44 to 392.21 kg ha"'

and Thuravur series registered highest content at 15-30 cm depth of soil. This shows

the variation in sodium content in acid sulphate soils of different locations and this

might be attributed to the seasonal and environmental effects experienced in the area.

The available sodium content at high rate in these soils is evidently due to the intact

of saline water intrusion in the area. Many scientists have reported varying

concentrations of sodium in the acid sulphate soils. Kawahigashi et al. (2012) also
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reported an available sodium content of 0.1 to 0.5 cmol kg'' in acid sulphate soils

and again Ara et al. (2013) reported sodium availability of 9.14 cnwl kg"' in acid

sulphate soils.

5.7 ACIDrrY PARAMETERS OF THE SOIL

Despite of the general uniform appearance of acid sulphate soils, there is a

considerable variation in the amount of existing acidity. In the present investigation

acidity parameters like exchangeable aluminium, exchangeable hydrogen and

exchangeable acidity were determined, since acidity is one of the major yield

limiting factor in the acid sulphate soils.

Aluminium toxicity is widely considered as the most important limiting

factor for crop growth in acid sulphate soils (Panhwar el ai, 2015). From the present

investigation, it was observed that the exchangeable aluminium in the Kuttanad

region ranged from 0.18 to 5.45 cmol kg"' at surface soils. A wide variation

among six locations was noticed and the highest exchangeable aluminium content

was rqxjrted from Thuravur series while lowest from Thakazhi soils. This might be

due to the aluminium rich parent material in acid sulpahte soils as opined by Beena

(2005). The author also reported that the exchangeable aluminium in Kuttanad soils

were ranged from 0.98 to 6.12 cmol kg"'. In this study, surfece soils registered

high exchangeable aluminium than subsurface samples except in Thakazhi and

Thottapalli series, which can be attributed to the increasing pH with soil depth and

bw organic matter content in the subsoil layers (Fig. 5).

Exchangeable hydrogen contributes to the exchangeable acidity of the soils

(Beena, 2005). From the present investigation, it was noticed that the exchangeable

hydrogen vary widely among different locations in the study area within a range of

0.69 to 14.06 cmol kg*'. The presence of exchangeable hydrogen might be due to

the rupture or breakage of silicate clay minerals and release of aluminium at low pH.
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It can also be attributed to the dissolution of organic carbon and also due to the

presence of clay fractions in the soil. Beena (2005) also reported that the

exchangeable hydrogen vary significantly among difierent locations and the mean

values ranged from 0.94 to 5.02 cmol kg"'. The depth wise anal>^is of

exchangeable hydrogen in acid sulphate soils in general, rqwrted higher values in

surfrce soils than subsurface soils.

In the present study, the exchangeable acidity of the Kuttanad soils ranged

from 1.67 to 19.52 cmol kg"' at 0-15 cm depth and finm 1.45 to 12.68 cmol kg"'

at 15-30 cm soil depth. This higher exchangeable acidity is contributed by both

exchangeable aluminium and exchangeable hydrogea Similar report was given by

Beena et ai (2007) on the exchangeable acidity in the range of 1.23 to 8.1 cmol

kg"' in Kuttanad soils. With regard to the depth wise comparison, generally

exchangeable acidity also showed higher values in surface soils than sub surfece

soils.

5.8 EXCHANGEABLE CATIONS IN SOIL

In the present investigation all the exchangeable cations show highest content

at Purakkad area at surface. At sub surface soils, both exchangeable calcium and

magnesium recorded highest content for same series, i.e., Thakazhi while the

exchangeable potassium and sodium registered highest values at Kallara and

Thuravur respectively. On con^aring the content of exchangeable cations in the

acid sulphate soils, it was noticed that the highest share was contributed by both

exchangeable calcium and magnesium. The mean values ranged from 1.41 to 8.09

cmol kg"'at surface soils regarding the exchangeable calcium. Most of the areas in

Kuttanad have calcium carbonate shell deposits in the lake bottoms. The fields

reclaimed from these lakes and also due to its marine origin contributed to the

highest exchangeable calcium and magnesium in these soils. The higher content of

exchangeable calcium might also be due to the intensive liming practiced in this



area. The concentration of all the basic cations present in the area can be attributed

to the intrusion of sea water during the summer season in the Kuttanad area. Similar

reports of exchangeable bases were reported by Thampatti (1997), who also opined

that the exchangeable calcium was the dominant basic cation in the Kuttanad region-

Effective CEC (ECEC) is the sum of all exchangeable cations and

exchangeable acidity in a soil sample. From the present study, it was inferred that

the ECEC of Kuttanad area ranged from 6.41 to 26.28 cmol kg'' at surfece soil

depth- The highest ECEC was recorded at Thuravur series and lowest at Thakazhi

series. Similar results were reported by Beena (2005) in acid sulphate soils and the

author reported that the ECEC values of the region showed wide variation among

locations and the highest value was registCTed in Thuravur series (20 to 24.1 cmol

kg''). The report corroborated with the present findings. Thampatti (1997) also

reported similar trend of ECEC in the Kuttanad area and the author reported that the

ECEC value of the region were higher as compared to other locations of Kerala.

5.9 ENZYME STATUS OF THE KUTTANAD SOIL

SoU enzymes are considered as the indicators of soil quality which increase

the reaction rate at which plant residues decompose and release plant available

nutrients. As soil is the part of the terrestrial environment and supports all terrestrial

life forms, protection of soil is therefore of high priority and a thorough

understanding of soil enzymes activities is a critical factor in assuring that soil

health- A better understanding of the role of this soil enzymes activity in

maintaining the soil health will potentially provide a unique opportunity for an

integrated biological assessment of soils due to their crucial role in several soil

biological activities, their ease of measurement, and their rapid response to changes

in soil management.
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Enzymes play key role in biochemical functions in the overall process of

organic matter decomposition in the soil system (Sinsabaugh et al. 1991), They are

important in catalyzing several vital reactions necessary for the life processes of

micro-organisms in soils and the stabilization of soil structure, the decon^osition of

organic wastes, organic matter formation, and nutrient cycling, hence playing an

important role in agriculture (Dick et al. 1994; Dick 1997). These enzymes may

include amylase, arylsulphatase, P-glucosidase, cellulase, chitinase, dehydrogenase,

phosphatase, protease, and urease. The technique is quite simple and produces

reproducible results, and is of practical importance because the influence of agro-

chemicals, industrial waste, heavy metals in soil fertility.

5.9.1 Urease

Urea added to soils as fertilizer or as animal urine hydrolyzed enzymatically

by soil urease (NH2CONH2 + H2O ► 2NH3 + CO2) and results in the release of

ammonia. Urea hydrolysis as in case of any enzymatic reaction may only be needed

to reduce activation energy for the formation of intermediate product (Dharmakeerthi

and Thenabandu, 1996). Urease thus hydrolyses non peptide C-N bonds in linear

amides. Even in the absence of enzymes, urea can be hydrolyzed physico-

chemically.

From the present study conducted, it was observed from Fig 15 and 16, that

the highest value for urease activity was noticed in Thakazhi seri^ and Thuravur

series at surface and sub surface depths respectively. This might be due to the

presence of tireolytic bacteria capable of synthesizing urease enzyme (Tejada et ai,

2006). It was also observed that the increased organic carbon content in Thuravur

and Kallara series (2.00 and 3.01 per cent respectively) might have also contributed

to increased urease activity in these soils. More over this may be the reason for the

higher activity of urease in the sur&ce soils than in the sub surface soils except in

Thuravur and Kallara series. In general, the urease activity is observed to be low in
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Kuttanad regions as the deleterious role of soil pH and effect of ions cannot be

evicted (Reddy et ai, 1987). The increase in urease activity also suggests that the

release of the enzymes was linked to lysis ofmicrobial cells (Kulkarni et a/., 2011).

5.9.2 Phosphatase

Phosphatase is an enzyme that remove a phosphate group from its substrate

by hydrolyzing phosphoric acid mono«ters into a phosphate ion and a molecule with

a free hydroxyl group. It has been shown that the activities of phosphatases depends

on several factors like soil properties, soil organisms and their interactions, plant

cover, leachate, ii^uts and presence of inhibitors (Speir and Ross, 1978).

From the study, it is observed that the values for acid phosphatase varied

from 24.59 to 57.58 pg of p-nitrophenol released g"' soil h"' at surfece soils and from

11.02 to 71.88 pg of p-nitrophenol released g"' soil h * at sub surface soils. The

activity of acid phosphatase is thus influenced by the effect of various locations. The

highest activity in surface soils were recorded in Purakkad series might be due to the

fowest available phosphorus content (4.09 kg ha"'). The enzyme activity was

increased by phosphate due to the presence of extracellular acid

plwsphomonoesterase stabilized by soil colloids or due to the presence of

consecutive microbial phosphomonoesterase in these acid sulphate soils (Tabatabai

and Bremner, 1969). An inverse relationship exists between soil available

phosphor\is and acid phosphatase activity. From the study it is inferred that the

surfrce soil exhibited higher activhy than sub surface except in Purakkad soils. This

fmding corroborated with the findings of Bergstrom et al. (1998) who opined that

there is higher enzyme activities in the surface soil than the sub surface because of

the increased organic matter content.

Alkaline phosphatase is a hydrolase enzyme responsible for removing

phosphate groups from many types of molecules, thus influencing the ability of
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plants to cope up with P stress conditions. From the present study, it was inferred

that the activity of alkaline phosphatse is high in Thakazhi series (L4) where the

available P content was conparatively high (37.04 kg ha"'). This might be due to the

highest microbial phosphorus solubilizers count that might have helped in the

solubility of P sources and increasing the availability of substrates for the enzyme to

act upon. This corroborated with the findings of Dick et al. (2000). The highest

activity at the sub surface soils was recorded by Purakkad series (L3) and the result

may be correlated with the low status of available P at this location. This finding

may also be due the integration of soil chemical, physical and biological parameters

to express a single response (Eivazi and Tabatabai, 1977).

The lowest alkaline phosphatase activity was recorded in Thuravur series

both at the surface and sub surface level. This might be associated with the low pH

in these two depths in this location, i.e. surfece pH was 2.43 and at sub surface pH

recorded a value of 2.89. Several studies show that alkaline phosphatase activity is

totally derived from microorganisms (Dick et al., 1983). It was also concluded that

the production, stability and destruction of phosphatase (either acid or alkaline) are

coirelated to soil pH. The activity of this alkaline phosphatase can thus be used as an

indicator to determine the optimum pH for crop production and the amount of lime

required to achieve this optimum (Dick and Tabatabai, 1987).

5.93 Aryl sulphatasc

There are several types of sulphatases which are classified according to the

bond they hydrolyze. Enzymes under this group include aryl sulphatase, alkyl

sulphatase, glucosulphatase and myrosulphatase. Aryl sulphatase is an enzyme

which plays an important role in sulphur cycling because it releases plant available

sulphate ions and can be used as an indicator of fungi (Tabatabai and Breraner,

1970). Aryl sulphatase catalyses the hydrolysis of an aryl sulphatase anion fission of

the 0-S bond.
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From the present study, it is observed that the highest value for aryl

su^hatase activity recorded in Thottapalli series (0-15 cm) and Thakazhi (15-30

cm). This also reflects the high fungal population in Thottapalli at surface level and

a reasonably higher value for fungal flora in Thakazhi sub surface soils also. An

interesting observation with the study is that the location with highest available

sulphur (Thottapalli - 883.86 mg kg ') has recorded the highest value for aryl

sulphatase activity, thus revealing a jwsitive relationship between the availability of

substrate and the rate of reaction of this particular enzyme. Similar r^ults have been

rq)orted by Bohen et al. (1985).

5.9.4 Glucosidase

This particular enzyme plays an important role in soils because it is involved

in catalyzing the hydrolysis and biodegradation of various P-glucosidase present in

plant debris deconposing in the ecosystem (Ajwa and Tabatabai, 1994; Martinez and

Tabatabai, 2000). (3-glucosidase is characteristically useful as a soil quality

indicator, and may give a reflection of past biological activity, the capacity of soil to

stabilize the soil organic matter, and can be used to d^ect management effect on

soils (Bandick and Dick, 1999; Ndiaye ei al., 2000).

Results of the P-glucosidase activity of acid sulphate soils under study

recorded the mean values within a range of 1.65 to 3.04 pg pnp D- glucosidase g"'

soil h*' X 10 at surface level and from 3.04 to 6.04 pg pnp D- glucosidase g"' soil h'

' X 10 at sub surface soils. At surface layers, the highest activity was recorded by

Ptirakkad series (L3) while Thuravur series (L^) recorded highest activity at sub K>il

layers. Comparing with all other enzyme activities, the p-glucosidase activity

registered lowest values in the present study. Similar report was putforth by Acosta-

Martmez et al. (2007) who reported that among the enzymes studied, acid

phosphatase and arylsulfatase activities were more predominant than the activity of

the glycosidases like |3-glucosaminidase, p-glucosidase and a-galactosidase. The
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predominance of soil enzyme activities might be more related to the ecological role

and kinetic characteristics of the enzymes studied despite the effects of chemical and

physical properties, geology, and land use of the soils studied (Tabatabai, 1994).

The highest activity at Purakkad series can be attributed to the soil pH Of 4.04 since

the particular enzyme prefer acidic pH in a range of 4-5.5 and organic matter content

(1.28 per cent) also can contributed to the activity rate. Thuravur series at sub

sur&ce level had the highest activity and that can be attributed to the low copper

availability in the soils. Joachim and Patrick (2008) also rq)orted similar findings

and opined that the p - glucosidase enzyme is also known to be inhibited by heavy

metal contamination such as Cu, Fe, Cd etc.

5.9.5 Soil Dehydrogenases

The dehydrogenase activity is considered to be an indicator of the oxidative

metabolism in soils and thus of the microbial activity (Trevors, 1984). The present

study inferred that the Purakkad series and Kallara series had recorded the highest

activity of dehydrogenase at surface and sub surface soils respectively. The high^

activities in the two series might be attributed to the high organic carbon content of

Thuravur (2.00 per cent) at surfece and Kallara (2.96 per cent) at sub surface.

Dehydrogenases play a significant role in the biological oxidation of soil organic

matter by transferring hydrogen from organic substrates to inorganic acceptors

(Zhang et al.. 2010). The activity of dehydrogenase was also influenced by the

micronutrient content in the soils. The Purakkad soils at surface level had low Fe

content and high exchangeable aluminium and these two might be the reason for the

highest activity in the series. Similar findings were reported by Venkatesan and

Senthurpandian (2006), who also reported the inhibition of dehydrogenase activity

by high iron content and low aluminium even though the soil is rich in organic

matter and microbial population.
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5.10 SOIL RESPIRATORY ACTIYITY AND MICROBIAL BIOMASS CARBON

Soil respiration is defined as the total carbon dioxide production per unit area

and time, caused by respiration of edaphic organisms, roots, mycorrhiza and by

chemical oxidation of organic compounds. As the carbon constitutes the highest

weight content of organic matter, the carbon dioxide produced by microbial

respiration corresponds to soil mineralization index and thereby provides an index of

biological activity of soils.

The present investigation provided the soil respiratory activity of the acid

sulphate series which ranged fi*om 1.02 to 1.24 pg of CO2 evolved g ' soil h ' at 0-

15 cm and 15-30 cm depth. This can be attributed to the presence of high organic

matter and thereby population of micro flora and fauna in the acid sulphate soils at 0-

30 cm dqjth. In the present study, while analyzing the depthwise distribution of

microbial community and the respiratory activity, it was evident that both have a

direct relation, i.e., both parameters recorded highest mean values at surface soils.

The results corroborated with the reports of Simek et al. (2011), who reported that

basal soil respiration in acid sulphate soils ranged from 0.1 to 1.6 pg of CO2 evolved

g*^ soil h*'. The author also quoted that basal respiration was highest in surfece

horizon and then sharply decreased with increasing depth.

Microbial biomass carbon generally comprises of 1 -4 per cent of soil organic

matter (Anderson and Domsch, 1989) and is the most active component of soil

organic carbon that regulates biogeochemical processes in terrestrial ecosystems

(Paul and Clark, 1996). The microbial biomass carbon is one of the most promising

indicators of soil quality as it responds to environmental changes much earlier than

bulk soil organic matter.

The acid sulphate soils under study reported microbial biomass carbon

content within a range of 43 to 357 pg g'^ at surfece soils and 26 to 287 pg g*' at sub
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surfece. Among the six locations the highest microbial biomass carbon was noticed

at Purakkad and Thottapalli series at 0-15 cm and 15 - 30 cm depth respectively.

The variation in surface and surface soils microbial biomass content content at

different locations might be due to the total organic carbon content present in that

area, i.e., at Purakkad and Thottapalli the native organic carbon content was low

(1.28 per cent and 2.79 per cent respectively) thereby recorded higher microbial

biomass carboa Also compared to normal soils, the acid sulphate soils under study

recorded low MBC values and that might be due to the toxic levels of Zn, Al, Cu and

EC values in the area as suggested by Chander and Brookes (1991).

5.11 MICROBIAL POPULATION IN THE KARI SOILS

Acid sulphate soil support an extensive microbial community that is adapted

to utilizing the organic confounds and nutrients accumulated during the formation

of these soils, though the current microbial activity can be very low due to low

tercperatures, long term anaerobiosis and other unfavourable conditions in undrained

acid sulphate soils (Simek et al., 2011). The flooded rice soils are the best source for

studying the diversity of microbial community in an important ecosystem (Sridevi et

ai, 2013). However, the relationship between an individual biochemical property

and the total microbial activity is not always obvious, especially in the case of

conplex systems like soils, where the microorganisms and processes involved in the

degradation ofthe organic compounds are highly diverse (Nannipieri et al, 1996).

In the present investigation, the microbial count from the ICuttanad area

showed that the total bacterial count varied from 9.13 to 9.30 log cfu g ' soil m 0-15

cm depth and the 9.07 to 9.23 log cfu g"' soil in 15-30 cm depth. Fungal count

varied from 5.38 to 6.03 log cfli g*' soil at surface and in the case of total

actinomycetes count the values are non significant at surface soil depth. Enumeration

of Thiobacillus spp.. Nitrogen fixers and phosphorus solubilizers were also made

under the present study. Regarding Thiobacillm spp., the count varied from 8.86 to
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9.38 log cfli g"' of surface soil and the highest count was recorded at Kallara series.

This can be attributed to the highest sulphur content and organic matter content

prevailing in the specific series. While comparing the N fixers (3.61 to 3.91 log cfii

g"' surfece soil) and P solubilizers count (3.72 to 3.97 log ciu g"' suface soil), the

Thiobacillus spp. count dominated in these acid sulphate series. Dominant

Thiobacillus spp. in the region might be due to its significant role in sulphur

oxidation and thereby contributing to high sulphur content in the acid sulphate soils.

The findings of the present study corroborated with reports of Panhwar et al.

(2014), who reported that the total bacterial count and actinomycetes population

were higher than fungal populations in acid sulphate soils. The less occurence of

fungi might be due to the physico-chemical properties of soil due to continuous use

of the fields. Behra et al. (2014) also reported that among the thirteen bacterial

isolates from mangrove acid sulphate soils of Odisha, twelve isolates were better

sulphur oxidizers and they could reduce the pH of the media. Similar findings

regarding Thiobacillus spp. count was reported by Yang et al. (2010), who reported

that the corresponding values of Thiobacillus spp. count was increased from 5.46 to

8.60 log cfu g'^ soil after sulphur application and subsequent drop in pH.

Regarding the depth wise distribution of all the microbial community in the

study, the results obtained indicated the higher counts in the surface soils in general

than sub surface samples. Similar results were obtained by Krishnan et al. (2012),

who reported that there was a significant decrease in microbial load while analyzing

the depth wise distribution. The fmding can be attributed to the lower organic matter

and organic carbon content in the sub soil layers of the region. The decreasing trend

in microbial abundance was also reported by Trumbore (2000) who opined that this

trend is commonly seen and is due to the heterotrophic nature of most of the

microbial population in the soil.
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5.12 INCUBATION STUDY OF SURFACE AND SUBSURFACE SOILS FOR

THE CONFIRMATION OF ACID SULPHATE CONDITION

The soil samples from the entire study area were incubated at room

ten^erature in the lab for three months to confirm the acid sulphate condition in the

Kuttanad acid sulphate soils. The soils under study reported a general decrease in

the initial pH at all the locations and both at surface and sub surface soil depths that

confirmed the acid sulphate condition in the area. Most of the soils recorded more

than one unit decrement in the pH of the soil samples.

The result corroborated with the findings of Beena (2005)» who also reported

a decline of 0.5 units in pH of the acid sulphate soils soils during incubation. Simek

et al. (2011) reported similar findings that the pH of acid sulphate soils decreased

while incubating the samples. This might be due to the oxidation of pyrite layer in

the soil and thereby contributing to the production of sulphuric acid and the low pH

in the soils.

5.13 ENZYME KINETIC PARAMETERS OF THE MAJOR ENZYMES IN THE

SOILS

Kinetic studies indicated that the activity of enzymes in clay-enzyme

conplexes is greatly reduced when compared to that of the respective free enzyme

(Nannipieri et al. 1996). For this reason it has been hypothesised that the

determination of kinetic parameters of soil enzymes highlights the protective

influence of different soil components and can be also used to differentiate enzyme

sources (Farrell et al., 1994; Tabatabai et al, 2002).

From the present study the kinetic parameters, Michaelis-Menten constant Km

and the maximum velocity Vmax of five enzymes viz., urease, phosphatase,

dehydrogenase, aryl sulphatase and P-glucosidase were estimated. And the results

inferred that the Vnu* for urease and aryl sulpliatase exhibited the higliest value after

5



8* week of incubation (3.77 x 10"^ moles of urea hydrolyzed g"' soil h*'and 2.85 x 10'

^ |ig of p-nitropbenol released g*' soil b"'), while the phosphatase and p-glucosidase

recorded the highest Vnia, after 12* week of incubation and dehydrogenase after 6*

week. Considering the constant Km, the enzymes phosphatase, aryl sulphatase and

dehydrogenase exhibited the highest value after 12* week of incubation. The other

enzymes like urease and P-glucosidase registered highest values for Km after 4* and

8* week of incubation. Similar Vmax and Km for urease, phosphatase and

dehydrogenase was reported by Maharana and Patel (2013).

5.14 ENZYME ACTIVITY NUMBER - INDEX OF BIOLOGICAL FERTILITY

Some soil quality indict have been developed using biochemical properties

to address important ecological functions such as decon^sition and nutrient

cycling. One of the most important index is the enzyme activity number (EAN)

(Beck, 1984) which could be suitable technique for studying the physiological

re^tion of the soil biomass under various stress conditions.

The EAN values, which represent the five enzyme activities that was

monitored singularly in the present study, the mean values of the enzyme activity

number for the locations varied from 14.42 to 23.69 in surface soils and from 3.49 to

12.20 in sub surface soils. Regarding the sur&ce soils of acid sulphate series and the

enzyme activity number, the highest value was noticed at Purakkad series (L3-23.69).

At the sub surface soil, the highest enzyme activity number was seen at Kallara

series.

Even though the organic carbon content in the Purakkad series is low

compared to Kallara at surface soil, Purakkad recorded highest EAN and the result

might be due to the influence of high aluminium content and low iron toxicity in the

particular area compared to others. The inhibition of enzyme activities by high iron

content and low aluminium even though the soil is rich in organic matter and

56



IDS

microbial population was also reported by Venkatesan and Senthurpandian (2006).

Higher enzyme activity number in untilled management system than the tilled

management system was reported by Riffaldi et ai (2002) and Saviozzi et al. (2011)

also reported EAN in a range of 11.93 to 18.87 in a salinity affected soil.

5.15 CORRELATION STUDIES

From the correlation matrix (Table 30) it was clear that the surfece soil pH

was positively correlated with the availability of nitrogen, phosphorus and

potassium, activity of enzymes like acid phosphatase, aryl sulphatase and also with

the biomass of fimgi in the soil. At sub soils (Table 31) soil pH showed negative

correlation with urease and p-glucosidase activity along with population of bacteria

and actinomycetes in the sub surface soils. Salazar et al. (2011) also reported non

significant correlation of soil pH with the biological and chemical properties of the

soil.

Intercorrelation among other characters showed that aryl sulphatase activity

had a positive significant correlation with availability of nitrogen in surfece soils (-

0.842*). The activity of p-glucosidase (-0.883*), dehydrogenase (-0.837*) and

actinomycetes population (-0.848*) had a negative significant correlation with

phosphorus availability of the surface soils. Speir and Ross (1978) also reported

similar results and the authors reported that there are contradictory relationship

between the enzyme activities and the inorganic nutrient content in the soil. Salazar

et al. (2011) also reported that dehydrogenase enzyme had a positive significant

correbtion with N, P and K.

The correbtion between organic carbon and enzyme activities at surfece and

sub surbce recorded a positive and significant correlation with aryl sulphatase while

urease, dehydrogenase and acid phosphatase registered negative correbtion both at

surface and sub surbce levels. Deng and Tabatabai (1997) abo reported a strong

-17
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correlation between the arylsulphatase activity and organic carbon content, bearing

the hypothesis that the enzymes in the soils are limited by the clay and humic

colloids and the association with the humic substances is an effective form to protect

these enzymes soil environment.
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6. SUMMARY

A study entitled "Enzyme characterization of the acid sulphate soils of

Kuttanad" was carried out during 2014-16 in the Department of Soil Science and

Agricultural Chemistry, College of Agriculture, Vellayani. The study was envisaged

to characterize the acid sulphate wetland soils of Kuttanad for chemical and

bblogical parameters and to assess the biological fertility of the soil. Six acid

sulphate soil smes were selected for the study viz., Ambalapuzha (Li), Kallara (L2),

Purakkad (Lj), Thakazhi (L4), Thottapalli (L5) and Thuravur (L^). Soil samples were

also collected from Karappadom (Alappuzha series) and Kayal lands (Champakulam

series) for comparison. Both surface (0-15 cm) and sub surface (15-30 cm) soil

san^ies were collected from the six soil series. The salient findings of the chemical

and biological characterization of the acid sulphate soils of Kuttanad is presented in

this chapter.

Ambalapuzha series (Li) recorded the highest values of bulk density, particle

density, available P and copper at the surfece layers, while the sub surfece soils

registered the highest pH (less acidic), copper content and P solubilizers population

among all the acid sulphate soil series.

Regarding the Kallara series (L2), both surface and sub surface soils recorded

the highest organic carbon content, available N, K and the calcium contents.

Conpared to other series of acid sulphate soils in Kuttanad, the surface soils had

recorded the highest population of Thiobacillus spp. and P solubilizers while the sub

surfrce soils marked the highest alkaline phosphatase and dehydrogenase activities

with the highest enzyme activity number. Sub surface soils of this series also

recorded the highest exchangeable K content.

Considering the chemical and biological characterization of Purakkad series

(L3), the chemical properti« viz. available Mg and Na, exchangeable Ca, Mg and Na

}(>0
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were registered the highest values in the surfece soils. The surface soils also recorded

the highest values of P- glucosidase and acid phosphatase enzyme activities with the

highest enzyme activity number and microbial biomass carbon content. At sub

surlace level, this series registered the highest values for bulk density, particle

density, available P and Mg content along with the liighest acid phosphatase activity.

The surface soils of Thakazhi series (L4) recorded the highest mean values

for pH, available Mn as well as urease and alkaline phosphatise activities. The aryl

su^hatase activity, EC, exchangeable Ca and Mg were the highest at sub surfece

soils of this particular series.

The most important acid sulphate series, Thottapalli series (L5) recorded the

highest available S, Fe content, activity of aryl sulphatase, soil respiration and

population of total bacteria, N fixers and fungi at the surface soils. The sub surfece

soils of the series recorded the highest mean values for soil respiration, microbial

biomass carbon, Mn availability and total bacteria and fungal populations.

Thuravur series (1^) had recorded the highest values of dehydrogenase

activity, EC, ECEC, acidity parameters including exchangeable Al^^* exchangeable

it and exchangeable acidity along with the highest availability of Zn and B. At sub

surfece layers, Thuravur series recorded the highest values of available Na, Fe, Zn

and B contents, the highest urease and p~glucosidase activities along with highest

count of actinomycetes population.

The study also revealed that the for urease and aryl sulphatase exhibited

the liighest value after S"' week of incubation, while the phosphatase and p-

glucosidase recorded the highest Vmw after 12* week of incubation and

dehydrogenase after 6* week. Considering the constant Km, the enzymes
ttlphosphatase, aryl sulphatase and dehydrogenase exhibited the highest value after 12



week of incubation. The other enzymes like urease and p-glucosidase registered the

highest values for Km after 4^ and 8* week of incubation.

Correlation study results of soil pH with chemical and biological parameters

of the soil showed that in the surface soil pH was positively correlated with acid

phosphatase enzyme status with high significance. Intercorrelation araor^ other

characters showed that aryl sulphatase activity had a negative significant correlation

with availability of nitrogen in surfece soils. The activity of p-glucosidase,

dehydrogenase and actinomycetes population had a negative significant correlation

with phosphorus availability of the surface soils. At sub surface soils, P-glucosidase

had a negative significant correlation with acid phosphatase activity.

For the confirmation of acid sulphate soil condition in the selected locations

of Kuttanad, lab incubation studies were done for three months. The results of the

incubation study inferred that there was a drastic decline in pH from initial to final

with most of the san^les exhibited a decline of more than one unit.

Thematic maps were prepared based on themes viz. microflora and enzyme

status of the acid sulphate Kuttanad soils using GIS (ARC VIEW) software by

making use of IDW spatial intrapolation technique. Among the six locations, urease

activity was the highest at Thakazhi series in the surface layers and the highest

activity range was spread over an area of22.97 ha. Considering the acid phosphatise

activity in surface layers and subsurface layers, approximately 7.02 ha and 11.21 ha

in the Purakkad area recorded highest activity range. Regarding the microbial

population, an area of 15.26 ha and 22.32 ha in the Thottapalli surfece layer had the

highest population range of total bacteria and fungi.

6.1 CONCLUSIONS

The present study reveals that the acid sulphate soils of Kuttanad are fertile

with respect to soil chemical and biological properties even though the soil is highly
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acidic. With respect to bioiogical fertility status, Purakkad recorded the highest

enzyme activity number at 0-15 cm, while Kallara series recorded the highest

enzyme activity number in the subsurface layer and are observed to be biologically

sustainable. With regard to the chemical characterization of the acid sulphate series

of Kuttanad, Kallara series recorded the highest nutrient status and organic carbon

content and thereby highly productive. The study also inferred that inspite of low

nutrient status, Purakkad series recorded the highest Enzyme activity number, there

by the role of micronutrients in influencing enzjme activities cannot be neglected.

6.2 FUTURE LINE OF WORK

♦ The relation between micronutrients and enzyme activities in Kuttanad soils

can be further investigated.

♦  Investigations on the soil acidity and hs influence on soil biological as well
as nutrient management aspects can be initiated in future.



Iff

Jieferences



REFERENCES /^5

Abraham, A. 1984. The release of soluble aluminium in soils under submerged

conditions and its effect on rice, Ph.D. thesis, Kerala Agricultural Univereity,

Thrissur, 148p.

Acosta-Martinez, V., Curz, L., Sotoraayeor-Ramirez, D. and Perez-Alegria, L. 2007,

Enzyme activities as affected by soil properties and land use in a tropical

watei^hed. Appl Soil Ecol 35: 35-45.

Adam, G. and Duncan, H. 2001. Development of a sensitive and rapid method for

the measurement of total microbial activity using fluoresein diacelate (FDA)

in a range of soils. Soil Biol. Biochem. 33:943-951.

Ahmed, N. and Wilson, H. W. 1992. Acid sulphate soils of Caribbean region-tlieir

occurence, reclamation, and use. Soil Sci. 153(2): 154-164.

Ajwa, H. A., Rice, C. W. and Sotomayor, D. 1998. Carbon and nitrogen

mineralization in tall grass prairie and agricultural soil profiles. Soil Sci. Sac.

Am. J. 62: 942-951.

Ajwa, H. A. and Tabatabai, M. A. 1994. Decomposition of different Organic

Materials in Soils. Biol. Fertil. Soils 18:175-182.

Alam, S., Khalil, S., Ayub, N. and Rashid, M. 2002. In vitro solubilization of

inorganic phosphate by phosphate solubilizing microorganism (PSM) fit)m

maize rhizosphere. Intl. J. Agric. Biol, 4 : 454-458.

Anderson, T. H. and Domsch, K. H. 1989. Ratios of microbial biomass carbon to

total organic carbon in arable soils. Soil Biol. Biochem. 21:471—479.

Anderson, T. H. and Domsch, K. H. 1989. Ratios of microbial biomass carbon to

total organic carbon in arable soils. Soil Biol. Biochem. 21:471-479.



112

la
Ara, M. F., Khan, M. H. R., Nessa, A. and Praveen, Z. 2013. Assessment of long-

term effects of basic slag in reclaiming acid sulfate soil. Bangladesh J. Set.

Res. 26(1): 1-9.

Aravindakshan, M. and Joseph, C. A. 1990. The Kuttanad Ecosystem- In: Five

Decades of Rice Research in Kuttunad, Kerala Agricultural Univeisity,

Thrissur. pp. 1-8.

Atlas, R M. and Parks, L. C. 1993. Handbook of microbiological media, CRC Press,

Inc. London, 529p.

Azman, E. A., Jusop, S., Ishak, C. F. and Ismail, R 2014. Increasing Rice

Production Using Different Lime Sources on an Acid Sulphate Soil in

Merbok, Malaysia. J. Trop. Agric. Sci. 37 (2): 223 - 247.

Azman, E. A., Shamshuddin, J., & Fauziah, C.I. 2011. Root elongation, root sur&ce

area and organic acid exudation by rice seedling under AJ^^ and/or stress.

American Journal of Agricultural and Biological Sciences, 6, 324-331.

Baldrian, P. 2008. Enzymes of Saprotrophic Basidiomycetes. In: Boddy, L.,

Frankland, J. and Van West, P. (eds), Ecology of Saprotrophic

Basidiomycetes. Academic

Bandick, A. K. and Dick, R P. 1999. Field management effects on soil enzyme

activities. Soil Biol. Biochem. 31:1471—1479.

Bastida, F., Zsolnay, A., Hernandez, T. and Garcia, C. 2008. Past, present and future

of soil quality indices: a biological perspective. Geoderma. 147:159-171.

Beales, N. 2004. Adaptation of microorganisms to cold temperature, weak acid

preservatives, low pH, and osmotic stress: a review. Comp. Rev. Food Sci. 3:

1-20.

Beck, T. 1984. Methods and application of soil microbiological analysis at the

Landesanstalt fur Bodenkultur und Pflanzenbau (LLB) in Munich for the



///
detenmnation of some aspects of soil fertility. In: Nemes, M. P., Kiss, S.,

Papacostea, P., Slefanic, C. and Rusan, M. (eds). Research Concerning a

Biological Index of Soil Fertility. Fifth Symposium on Soil Biology,

Romanian National Society of Soil Science, Bucharest, Romania, 12-30p.

Beena, V. I. 2005. Land evaluation and crop suitability rating of the acid sulphate

soils of Kuttanad for sustainable land use planning, Ph-D. Thesis, Kerala

Agricultural Univerehy, Vellanikkara, Thrissur, Kerala, 329p.

Beena, V. I. and Thampatti, K. C. M. 2013. Characterization of Acidity in acid

sulphate soils of kraala. J. Life Sci. 7 (8): 907 — 912.

Beena, V. 1., Thanpatti, K. C. M. and Iyer, M. S. 2007. Evolution of a potential land

use pattern for acid sulphate soils of Kuttanad, Kerala, based on soil site

suitability rating. Indian J. Crop Sci. 2 (2): 423-424.

Behera, B. C., Patra, M., Dutta, S. K. and Thaloi, H. N. 2014. Isolation and

Characterisation of Sulphur Oxidising Bacteria from Mangrove Soil of

Mahanadi River Delta and their Sulphur Oxidising Ability. J. Appl. Environ.

Microbioi 2(l):l-5.

Belmehdi, A. and Nyiri, K.F. 1990. Phosphorus fertilizer use in Asia and Oceania.

Phosphorus requirements for sustainable agriculture in Asia and Oceania.

Proce^ings of a Symposium 6-10 March 1989. International Rice Research

Institute, 478p.

Benham, E. 1997. Natural resources soil characterization and profile description

data. Lincoln, 237p.

Bergstrom, D. W., Monreal, C . M. and King, D. J. 1998. Sensitivity of soil enzyme

activities to conservation practices. Soil Sci. Soc. Am. J. 62:1286-1295.

Bewley, R. J. F. and Parkinson, D. 1984. Effects of sulphur dioxide pollution on

forest soil microorganisms. Can. J. Microbioi. 30:179-185.



Bewley, R. J. F. and Parkinson, D. 1985. Bacterial and fungal activity in sulphur

dioxide polluted soils. Can. J. Microbiol. 31; 13-15.

Beye, G. 1973. Acidification of mangrove soils after empoldering in Lower

Casamance. Effects of the type of reclamation used. In: H. Dost (ed.).

Proceedings of the InteiTiational Symposium on Acid Sulphate SoilSy 13-20

August 1972, Wageningen. Intenialional Institute for Land Reclamation and

In^rovement Publication No. 18, Wageningen, pp 359-372.

Bindu, J. and Vinod P. 2008. Mini-plate Load Test on Preloaded Kuttanad Clays.

Proceedings of Indian Geotechnical Conference, Bangalore, 258p.

Bindhu, J. and Ramabhadran, A. 2011. Study on cement stabilized Kuttanad clay.

Proceedings of Indian Geotechnical Conference December 15-17,2011,

Kochi (Paper No.H244), pp: 465-468.

Bindu, M. V. 2012. Distribution and Diversity of Bacterial Population in some

Agricultural Fields of Kuttanad. In: Sabu, T., Vinod, T. R., Iyer, M. S.,

Bhaskaran, C. and Ambat, B. (eds), Proceedings of kerala environment

cong;ress, 16-18 August 2012, Thiruvananthapuram. Center for Environment

and Development, Kerala, 490p.

Black, C. A 1968. Soil Plant Relationships, Indian Reprint, Wiley Eastern (Pvt.)

Ltd., New Delhi, 357p.

Black, C. A., Evans, D. D., Ensminger, L. E., White, J. L. and Clark, F. E. 1965.

Methods of Soil Analysis. Part I. American Society of Agronomy

Inc.Madison, USA, 1569p.

Bollon, H., EUiol, L. F., Papendick, R. I. and Bezdicek, D. F. 1985. Soil Microbial

Biomass and Selected Soil Enzymes Activities: Effect of Fertilization and

Cropping Practices. Soil Biol. Biochem. 17: 297-302.

Bossio, D. A. and Scow, K. M. 1995. Appl. Environ. Microbiol. 61 : 4043-4050.

m



Bray, R. H. and Kurtz, L. T. 1945. Determination of Total Organic and Available

Forms ofPhosphorus in Soils. SoU Sd. 59 : 39-45.

Brinkman, R., 1982. Directions for further research in acid sulphate soils. In: Dost,

H., van Breemen (eds). Proceedings of the Bangkok symposium on acid

sulphate soils. Publ. No. 31, ILRI, Wageningen.

Broadbent, F. E., HUl, G, N. and Tyler, K. B. 1964. Transformation and naovemerU

of urea in soils. Soil Sci. Soc. Am. Proc. 22 : 303-307.

Burck, I. C., Yonker, C. M., Parton, W. J., Cole, C. V., Flach, K. and Schimel, D. S.

1989. Texture, climate, and cultivation effects on soil organic matter content

in USA grassland soils. J. Soil Sci. Soc. Am. 53 : 800-805.

Cappuccino and Sheman. 1996. Microbiology - A laboratory manual (4*^ ed). The
Benjamin/ Cummings Publishing Company Inc., 213p.

Casida. L. E., Klein, D. A. and Santoro, T. 1964. Soil dehydrogenase activity. Soil

Sci. 98:371-376.

Cavalcante, V. and Dobereiner, J. 1988. A new acid tolerant nitrogen fixing bacteria

associated with the sugarcane. Plant Soil. 108: 23-31.

Chander, K. and Brookes, P. C. 1991. Effects of heavy metals from past application

of sewage sludge on microbial biomass and organic matter accumulation in a

sandy loam and a silty loam U. K. soil. Soil Biol. Biochem. 23:901-915.

Chapman, S. J. 1990. Thiobacillus population in some agricultural soils. Soil Biol

Biochem. 22 :479-482.

Chattopadhyay S and Sidharthan S. 1985. Regional Analysis of Greater Kuttanad,

Kerala. Technical Report-43. Centre tor Earth Science Studies,

Thiruvananthapuram, 328p.

m



116

I/O

Chen, G. C., He, Z. L. and Wang, Y. J. 2004. Impact of pH on microbial biomass

carbon and microbial biomass phosphorus in red soils. Pedosphere. 14:9-15.

Chen, Y. P., Relcha, P. D., Arunshen, A. B., Lai, W. A. and Young, C. C. 2006.

Phosphate solubilizing bacteria from subtropical soil and their tricalcium

phosphate solubilising abilities. Appi. Soil Ecol. 34 : 33-41.

Chendrayan, K., Adhya, T. K- and Sethunathan, N. 1980. Dehydrogenase and

invertase activities of flooded soils. Soil Biol. Biochem. 12: 271-273.

Clark, R. B., Zobel, R. W. and Zeto, S. K. 1999. Effects of mycorrhizal frii^us

isolates on mineral acquisition by Panicum virgatum in acidic soil.

Mycorrhiza. 9(3):167-I76.

Cook, T. J., Watkins, R., Appleyard, S. and Vogwill, R. J. 2006. Acidification of

groundwater caused by a falling water table in a sandy aquifer in the Perth

Region Western Australia. The 18th World Congress of Soil Science

Abstract, July 9-15,2006. Philadelphia, Pensylvania, USA, pp. 680.

Corstanje, R., Schulin, R. and Lark, R. 2007. Scale - dependent Relationships

between Soil Organic Matter and Urease Activity. Eur. J. Soil Sei. 58 (5):

1087-95.

Dalai, R. C, 1975. Urease activity in some Trinidad soils. Soil Biol. Biochem. 7:5-8.

Das, S. K., Mishra, A. K., Tindali, B. J., Rainey, F. A. and Stackerbrandt, E. 1996.

Oxidation of Thiosulfate by a New Bacterhim, Bosea thiooxidans (strain BI-

42) geiL nov., sp. nov,: Analysis of Phylogeny Based on Chemotaxanomy on

16S Ribosomal DNA Sequencing./nr. J. Syst. Bacteriol. 64(4): 981-987.

Datta, N. P. and Srivastava. 1963. Influence of organic matter on the intensity of

phosphate bonding in some acid soils. J. Ind. Soc. Soil Sci. 11:189- 194.

De Laune, R. D. and Patrick, W. H. 1970. Urea conversion to ammonia in

waterlogged soils. Soil Sci. Soc. Am. Proc. 34: 603-607.



//?

Deenik, J. L. and Yost, R. S. 2006. Chemical properties of atoll soils in the Marshall

Islands and constraints to crop production. Geoderma. 136; 666-681.

Deng, S. P. and Tabatabai, M. A. 1997. Effect of tillage and residue management on

enzyme activities In soils III - Phosphatases and arylsulfatase. Biol. Fertil.

Soils. 24: 141-146.

Dent, D. 1986. Acid sulfate soils: a baseline for research and development.

Wageningen, The Netherlands, ILRI (International Land Reclamation and

In^rovement) publication, no. 39, pp 58.

Dhaliwal, S. S. and Singh, B. 2013. Depth wise distribution of macronutrients,

micronutrients and microbial populations under different land use systems.

Asian J. Soil Sci., 8(2): 404-411.

Dharmakeerthi, R. S. and Thenabandu, M. W. 1996. Urease activity in soil: A

review. J. Natr. Sci. Coun. 24(3):159-195.

Diaz, O., Montenegro, D. and Lagos, J. 1993. Action efficient microorganisms on

cation exchange activity in seedlings of acacia (Acacia melanoxylon) for

recovery of a soil of the municipality of Mondonedo, Cundinamarca.

Colomb. Agronomia Colombiana. 12 (1): 141 - 160.

Dick, R. P. 1992. A review: Long term effects of agricultural systems on soil

biochemical and microbiological parameters. Agric. Ecosys. Emiron. 40:25-

36.

Dick, R. P. 1997. Soil enzyme activities as inlegrative indicators of soil health. In:

Pankhurst, C, E., Doube, B. M. and Gupta, V. V. S. R. (eds), Biological

indicators of soil health. CABI, Wellingford, pp 121—156.

Dick, R. P., Sander, J. A. and Hash, N. S. 1994. Soil enzyme activities after 1500

years of terrace agriculture in the Colca Valley, Peru. Agric. Ecosyst.

Environ. 50:123-131.

///



Dick, W. A., Cheng, P. L. and Wang, P. 2000. Soil acid and alkaline phosphatase

activity as pH adjustments indicator. Soil Biol. Biochem. 32 : 1915p.

Dick, W. A., Jama, N. G. and Tabatabai, M. A. 1983. Effects of soils on alkaline

phosphatase and inorganic pyrophosphate of com roots. Soil Sci. 136 : 19-25.

Dick, W. A. and Tabatabai, M. A. 1987. Kinetics and activities of phosphatase clay

con^les. Soil Sci. 143: 5-15.

Dinesh, R., Chaudhuri, S. G. and Sheeja, T. E. 2004. Soil biochemical and microbial

indices in wet tropical forests: effects of deforestation and cultivation. J.

Plant Nutr. Soil Sci. 167:24-32.

Donati, E., Curutchet, G., Pogliani, C. and Tedesco, P.H. 1996. Bioleaching of

covellile using pure and mixed cultures of Thiobacillus ferrooxidans and

Thiobacillus thiooxidans. Process Biochem. 31: 129-134.

Eivazi, F. and Tabatabai, M. A. 1977. Phosphatases in soils. Soil Biol. Biochem.

9:167-172.

Eivazi, F. and Tabatabai, M. A. 1988. Glucosidases and galactosidases in soils. Soil

Biol. Biochem. 20 : 601-606.

El Sharkawi, H., Yamamoto, S. and Honna, T. 2006. Rice yield and nutrient uptake

as affected by cyanobacteria and soil amendments—a pot experiment. J.

Plant Nutr. Soil Set. 169 : 809-815.

Elisa, A. A., Shamshuddin, J. and Fauziah, C.I. 2011. Root elongation, root sur&ce

area and organic acid exudation by rice seedling under Al'"^ and/or stress.

Am. J. Agric. Biol. Sci., 6: 324-331.

Elliot, L. F. and Lynch, J. M. 1995. The international workshop on establishment of

microbial inocula in soils: cooperative research project on biological resource

management of the Organization for Economic Cooperation and

Development (OECD).y4/n. J. Altem.. Agric.lO : 50-73.



0
Kerala state Environment and Related Issues Centre (ENVIS). 2014. ENVIS home

page [on line]. Available: http://kercnvis.nic.in/Databas&/SOIL 818.aspxj^.

[25 march 2016].

Esen, A. 1993. p-glucosidases: Overview. In: Esen, A. (ed.) p-ghicosidases and

Molecular Biology. American Chemical Society, Washington, DC, 102p,

Eswaran, H., Reich, P. and Beinroth, F. 1997. Global distribution of soils with

acidity. Plant-Soil Interactions at Low pH. Brazilian Soil Science Society.

Sao Paulo. Brazil, pp: 159-164.

Farxeli, R. E., Gupta, V. V. S. R. and Germina, J. J. 1994. Effects of cultivation on

the activity and kinetic of arylsulfatase in Saskatchewan soils. Soil Biol.

Biochem. 26: 1033—1040.

Fierer, N., Carney, K. M., Homer-Devine, M. C. and Megonigal, J. P. 2009. The

biogeography of ammonia-oxidizing bacterial communities in soil. Microbial

Ecol 58 :435-445.

Fierer, N. and Jackson, R. B. 2006. The diversity and biogeography of soil bacterial

communities. Proc. Natl. Acad. Sci. 103: 626-631.

Fitzpatrick, R.W., Grealish, G., Shand, P., Thomas, B.P., Merry, R.H. and Creeper,

N.L. 2009. Preliminary risk assessment of acid sulfate soil materials in the

Currency Crwk, Finniss River, Tookayerla Creek and Black Swamp region.

South Australia. CSIRO Land and Water. Adelaide. Science Report 01/09, p.

45.

Fores, E., and Comin, F.A. 1987. Chemical characteristics of the water in the rice

fields. Soil Sci. Soc. Am. J. 66 : 544-553.

Freeman, C., Liska, G., Ostle, N. J., Lock, M. A., Reynolds, B. and Hudson, J. 1996.

Microbial activity and enzymic decomposition processes following peatlaud

water table drawdown. P/an/arti/5o/7.180 :121-127.



Il'l

Garcia, C., Hernandez, T., Costa, F., Ceccanti, B. and Masciandaro, G. 1993. The

dehydrogenase activity of soil as an ecological marker in processes of

perturbed system regeneration. In: Gallardo-Lancho, J. (Ed.), Proceedings of

the XI International Symposium of Environmental Biogeochemistry, 89-

lOOp.

Ghorbani-Nasrabadi, R., Greiner, R., Alikhani, H. A. and Hamedi, J. 2012.

Identification and determination of extracellular phytate-degrading activity in

actinomycetes. World J, Microbiol. Biotechnol. 28 :2601-2608.

Ghorbani-Nasrabadi, R., Greiner, R., Alikhani, H. A., Hamedi, J. and Yakhcbali, B.

2013. Distribution of actinomycetes in different soil ecosystems and effect

of media composition on extracellular phosphatase activity. J. Soil Sci. Plant

Nutr. 13(1): 223-236.

Ghosh, B. N. 2003. Relationship between raicrobial biomass and extractable organic

carbon in pine forest and agricultural soils in mid hills of N-W Himalayas. J.

Indian. Soc. Soil Sci. 51(3): 301-304.

Gill, R., Burke, I. C., Milchunas, D. G. and Lauenroth, W. K, 1999. Relationship

between root biomass and soil organic matter pools in the short grass steppe

of eastern Colorado. Ecosys. 2 : 226-236.

Gong, Z.T., and Xu, Q. 1990. Paddy Soils. Soils of China. Beijing, Science Pr®s,

346 p.

Gosavi, K., Sammut, J., Gifford, S. and Jankowski, J. 2004. Macroalgal biomonitors

of trace metal contamination in acid sulfate soil aquaculture ponds. Sci Total

Env. 25: 25-39.

Grayston, S. J. and Gennida, J. J. 1991. Sulfiir-oxidizing bacteria as plant-growth

promoting rhizobacleria forcanola. Can. J. Microbiol. 37: 521—529.



120

n5
Greiner, R., Konietzny, U. and Jany, K. D. 2007. Purification and properties of a

phytase from rye. J. Food Biochem. 22: 143-161.

Gupta, U. C. 1967. A simplified Method for Determining Hot Water-soluble Boron

tnPodzol Soils. Soil Sci. 103; 424-428.

Gupta, R. P. and Dakshinamoorthy, C. 1980. Procedures for Physical Analysis of

Agrometeorological Data. Indian Agricultural Research Institute,New Delhi,

174p.

Haney, R. L., Senseman, S. A., Hons, F. M. and Zuberer, D. A. 2000. Effect of

glyphosate on the soil microbial activity and Biomass. Weed sci. 48: 89-93

Hartikinen, H. and Yli-Halla, M. 1986. Oxidation-induced leaching of sulfate and

cations from acid sulfate soils. Water Air Soil Pollution. 27: 1-13.

Hartman, W. H., Richardson, C. J., Vilgalys, R. and Bruland, G. L. 2008.

Environmental and anthropogenic control of bacterial communities in

wetland soils. Proc. Natl. Acad. Sci. 105: 17842—17847.

Hesse, P. R. 1971. A Textbook of Soil Chemical Analysis, Cambridge University

Press, London, 520p.

Hesse, P.R. 1982. The potential of soil organic matter for soil inqjrovemenl. In:

Banta, S. and Mendoza, C.V. (eds). Organic matter and rice .Los Banos, the

Philippines: IRRI, pp: 32-34.

Hinjosa, N. 2008. Effects of pyrite sludge pollution on soil enzyme activities:

Ecological dose response model. Sci. Total Environ. 39 (6) :89-99.

Hinwood, A., Rogan, R., Willmotl, A. and Horwitz, P. 2006. Acid sulfate soil

disturbance, heavy metals and human exposure. Epidemiology.M (6): 490-

491.



I2I

i-r

Hofrichter, M. 2002. Review: lignin conversion by man^ese peroxidase (MnP).

Enzyme Microhial Technol. 30: 454—466.

Husson, O., Phung, M.T. and van Mensvoort, M.E.F. 2000. Soil and water indicators

for optimal practices when reclaiming acid sulphate soils in the Plain of

Reeds, Viet Nam. Agy. Water Manag. 45:127-143.

Ilori, A. O. and Shittu, O. S. 2015. Depth wise distribution of micronutrient cations

in hamockite soils./OSR 7. .4gnc. Veterinary Sci. 8(16): 14-22.

International Soil Reference and Information Centre (ISRIC). 1992. Procedures for

Soil Analysis, Wagemimgem, Netherlands, 1 l-13p.

Islan, K. R. and Weil, R. R. 2000. Soil quality indicator proprieties in mid-Atlantic

soils as influenced by conservation management. J. Soil Water Conserv.

55:69-78.

Iyer, M. S. 1989. Macro, meso and micro morphology and clay mineralogy of the

acid sulphate soils of Kerala, Ph.D. thesis, Kerala Agricultural University,

Thrissur, 197p.

Jackson, M. L. 1973. Soil Chemical Analysis. 2"^ Edition. Prentice Hall of India,

New Delhi, 498p.

Janjirawuttikul, N., Umitsu, M. and Vijamsom, P. 2010. Paleoenvironment of Acid

Sulfate Soil Formation in the Lower Central Plain of Thailand. Res. J.

Environ.I Sci. 4(4):336-358.

Jenkins, S. N., Waite, 1. S., Blackburn, A., Husband, R., Rushton, S. P. and

Manning, D. C. 2009. Actinobacterial community dynamics in long term

managed grasslands. Proc. Natl. Acad. Sci. 95: 319-334.

Jenkinson, D. S. and Ladd, J. N. 1981. Soil Biochemistry. In.- Paul. E. A. and Ladd,

J. N. (eds), Soil Biochemistry. Vol.5. Masrcel Dekker, New York, pp: 425-

471.



122

Jenkinson, D. S. and Powlson, D. S. 1976. The effect of biocidal treatments on

metabolism of soil - A method for measuring soil biomass. Soil Bioi

Biochem. 8:209-213.

Jha, K. D., Sharma, G. D. and Mishra, R. R. 1992. Soil microbial population

numbers and enzymes activities in relation to altitude and forest degradation.

Soil Biol. Biochem. 24:761-767.

Jhonson, B. D., Pal Ghauri, M. A, and Mazinf^ S. 1992. Isolation and

characterisation of an acidophilic, heterotrophic bacterium capable of

oxidizing ferrous ion. Appl. Environ. Microbiol. 58 : 1423-1428.

Jiai^ing, Z., Naiyuan, D., Haobin, Y., Yongjun, Z., Yongliang, L., Rumeigeng. and

Liuging, Y. 2008. Bacterial diversity in paddy field soil by 16S rDNARFLP

analysis in Ninglis. Biodiversity Sci. 16(6): 586-592.

Joachim, H. J. and Patrick, A N. 2008. Selected Soil Enzymes: Examples of their

Potential Roles in the Ecosystem. Afr. J. Biotechnol. 1 (3):181-191.

Juma, N. G. and Tabatabai, M. A 1977. Effects of trace elements on phosphatase

activity in soils. Soil Sci. Soc. Am. J. 41:343-346.

Jurjovee, J., Ptacek, C. J, and Blowes, D. W. 2002. Acid neutralization mechanisms

and metal release in mine tailings: A laboratory column experiment.

Geochem. Cosmocbem. Acta. 66: 1511—1523.

Kabeerathumma, S. and Patnaik, S. 1978. Effects of submergence on the availability

of toxic and deficient elements in acid sulphate soils of Kuttanad. Agril. Res.

J.Kerala. 16: 181-187.

Kaderi, H. 2004. The teclmique of organic matter application on rice plant in acid

sulfate soil (Indonesian). Bull. Tehnik Perlanian, 9 : 34 — 41.

Karaes, A 1973. Reclamation and maintenance of fertility of major soils in

Thailand. Thailand J. Agric. Sci. 6 : 127-143.

117



t2j

Kanapathy 1973. Reclamation and improvement ofecid sulphate soil in West

Malaysia. In: H. Dost (ed.), Proceedings of the international symposium on

acid sulphate soils, 13-20 August 1972, Wageningen. International Institute

for Land Reclamation and Iniprovement Publication No. 18,Wageningen, pp

380-381.

Kannan, V. M., Augustine, T., Navya. S. and Mahesh, P. 2014. Geochemistry and

Heavy Metals in the Soils of unique Tropical Rice Agricultural Ecosystem.

J. Environ, 03(1) : 5-11.

Karkamar, S., Milra, B.N. and Gosh, B.C. 2009. Influence of industrial sohd waste

on soil-plant interaction in rice under acid Lateritic soils. Paper presented at

World of Coal Ash (WOCA) Conference, 4 — 7 May 2009. Lexington, USA.

Kawahigashi, M., Do, N. M., Nguyen, B. V. and Sumida, H. 2012. Effective Land

and Water Management for Controlling Solutes from Acid Sulfate Soils in

Mekong Delta Paddy Fields. Pedologist. 458-465p.

Kerala Agricultural University (KAU). 1994. A Glimpse to Problem Soils ofKerala.

Kerala Agricultural University, Thrissur, India, 189p.

Kerala Agricultural University (KAU). 2011. Package of Practices

Recommendation. K^la Agricultural University, Mannuthy, Thrissur,

Kerala, 360p.

Khan, H. R., Bhuiyan, M. M. A, Kabir, S. M., Ahmed,F., Syeed, S. M. A and

Bhime, H. P. 2002. The assessment and management of acid sulfete soils in

Bangladesh in relation to crop production. In: Wong, M. H. and , A. D (eds).

The restoration and management of derelict land. World Scientific, UK, pp

254-262.

Kido, P., Jung, K., Lee, C., Kim, S., Yun, E., Choi, Y., Hwang, J., Ramos, E., Park,

C., Lee, Y. and Nam, M. 2010. Soil carbon distribution and soil physical

"fi



24

\n

properties as affected by rice-barley longterm double cropping system in

Korean paddy fields. 19th World Congress of Soil Science, Soil Solutions for

a Changing World 1-6 August 2010, Brisbane, Australia.

Kikuchi, H., Watanabe, T., Jia, Z., Kimura, M. and Asakawa, S. 2007. Molecular

analysis reveal stability of Bacterial communities in bulk soil of a Japanese

Paddy field: Estimation by denaturing gradient Gel electrophoresis of ssRNA

genes amplified from DNA accompanied with RNA. Soil Sci. Plant Nutr. 53:

448-458.

Killham, K., Firestone, M. K. and McColI, J. G. 1983. Acid rain and soil microbial

activity: Effects and their mechanisms. J. Environ. Qual. 12:133-137.

Kiss, S., Bularda, D. M. and Radulescu, D. 1975. Biological significance of enzymes

in soil Adv. Agron. 27:25-91.

Klose, S. and Ajwa, H. A. 2004. Enzymes activities in agricultural soils fumigated

with methyl bromide alternatives. Soil Biol. Biochem. 36: 1625-1635.

Klose, S. and Tabatabai, M. A. 1999. Arylsulphatase Activity of Microbial Biomass

in Soils. Soil Sci. Soc. Am. J. 63: 569-574.

Knights, J. S., Zhao, F. J., McGrath, S. P. and Magan, N. 2001. Long-term effects of

land use and fertilizer treatments on sulphur transformations in soils from the

Broadbalk experiment. Soil Biol. Biochem. 33: 1797 - 1804.

Kogel-Knabner, L, Araelung, W., Cao, Z., Fiedler, S., Frenzel, P., Jahn, R., Kalbitz,

K., Kolbf A. and Schloter, M. 2010. Geoderma. 157 : 1-14.

Konsten, C. J. M., Suping, S., Aribawa, I. B., Ritsema, C. J. and Nugroho, K. 1990.

Field experiments in Southern Kalimantan. In: AARD & LAWOO (ed.),

Simulation model of physical and chemical processes in acid sulphate soils

to evaluate water management strategies (draft report), 59-77.



Krishnan, M. P., Varghese, R. and Hatha, M. A. A. 2012. Depth wise variation of

microbial load in the soils of midland region of Kerala: a function of

important soil physicochemical characteristics and nutrients. Indain J. Edu.

Inf. Manage. 1(3): 126-129.

Kujur, M. and Patef K. A. 2014. Kinetics of soil enzyme activities under different

ecosystems: An index of soil quality. Chilean J. Agril. /?es'.74(l): 96-104.

Available: http://www.chilean jar.cora/ doi:10.4067/S0718-

58392014000100015 [12 January 2016].

Kulkami, P., Dutta, R., Ghosh, S., Maeylin, V. and Kale, R. D. 2011. Influence of

organic matter on soil raicroflora. Soil Biol. Biochem.^i}): 41-48.

Kumar, R. and Kishan, S. R, 2012. Vertical distribution of physico-chemical

properties under different topo-scquence in soils of Jharkhand. J. Agric.

Phys. 12 : 63—69.

Kumar, S., Chaudhuri, S. and Maiti, S. K. 2013. Soil Dehydrogenase enzyme

activity in natural and mine soil - A review. Middle - east J. Sci. Res. 13(7):

898-906.

Kuruvila, Y. O. and Patnaik, S. 1994. Problems associated with low productivity of

acid sulphate soils in Kerala. Abstract Keralam. Int. Congo Kerala Studies, 4:

AKG Centre for Research and Studies, Trivandrum, pp 27-29.

Laf R. 2002. Soil carbon sequestration in China through agricultural intensification,

and restoration of degraded and desertified ecosystems. Land Degrad. Dev.,

13:469- 478.

Lauber, C. L., Hamady, M., Knight, R. and Fierer, N. 2009. Pyrosequencing- based

assessment of soil pH as a predictor of soil bacterial community composition

at the continental scale. Appl. Environ. Microbiol. 75: 5111—5120.

fiO



i?6

Lawrence, J. R. and Germida, J. J. 1988. Relationship between microbial biomass

and elemental sulfur oxidation in agricultural soils. Soil Sci. Am. J. 52: 176-

181.

Lawrence, J. R. and Germida, J. J. 1991. Enumeration of sulfur-oxidizing

populations in Saskatchewan agricultural soils. Can. J. Soil Sci. 71:127-136.

Maharana, J. K. and Patel, A. K. 2013. Microbial communities and enzyme kinetics

used as index of reclamation in a chronosequence coal mine overburden

spoil. Intl. J. Pharm. Bio. Sci. 4(4): 1171 - 1186.

Mahvi, A.H., Alawi, N. and Maliki, A 2005. Application of rice husk and its ash in

Cadmium removal from aqueous solution. Pakistan J. Biol. Sci., 8 :721 -725.

Makoi, J. and Ndakidemi, P. 2008. Selected Soil Enzymes; Examples of their

Potential Roles in the Ecosystem. Afr. J. Biotechnol. 7:181-91.

Mandal, B. and De, D. K. 1993. Depthwise distribution of extractable boron in some

acidic Inceptisols of India. Soil Sci. 155:256-262.

Marinari, S., Masciandaro, G., Ceccanti, B. and Grego, S. 2008. Kinetics of acid

phosphatase in calcium chloride extractable soil organic matter. Soil Biol.

Biochem. 40: 2076-2078.

Marsh, B. H. and (jrove, J. 1992. Sur&ce and subsurface soil acidity: soybean root

response to sulfate-bearing spent lime. Soil Sci. Soc. Am. J. 56: 1837-1842.

Martin, J. P. 1950. Use of acid, rose bengal, and streptomycin in the plate method for

estimation soil fungi. Soil Sci. 69: 215-232.

Martinez, V. A. and Tabatabai, M. A. 2000. Enzyme activities in a limed agricultural

soil. Biol. Fertil. Soil.'!. 31: 85-91.



Marx, M. C, Kandeler, E., Wood, M., Werrabter, N. and Jarvis, S. C. 2005.

Exploring the enzymatic landscape: distribution and kinetics of hydrolytic

enzymes in soil particle size fractions. Soil Bid. Biochem. 37: 35—48.

Marykutty, K. C. 1986. Factors governing response of rice to liming in Kerala soils,

Ph.D. thesis, Kerala Agricultural University, Thrissur, 153p.

Massoumi, A. and Cornfield, A. H. 1963. A rapid method for d^ermining sulphate

in water extracts of soils. The Analyst. 88 : 321-322.

Masulili, A. and Utomo, W. H. 2010. Rice Husk Biochar for Rice Based Cropping

System in Acid Soil 1. The Characteristics of Rice Husk Biochar and Its

Influence on the Properties of Acid Sulfate Soils and Rice Growth in West

Kalimantan, Indonesia. J. Agric. Sci. 2(1), P39.

Mathew, E. K., Panda, R. BC and Nair, M. 2001. Inflence of subsurfece drainage on

crop production and soil quality in a low - lying acid sulphate soil. Agric.

Water Manag. 47 : 191-209.

Michael, P. S. 2013. Ecological impacts and management of acid sulphate soil: a

review. Asian J. Water Environ. PoUut. 10: 13—24.

Michaelis, L. and Menten, M. L. 1913. Die kinetik der invertin wirkung. Biochem.

Zeitschrift. 49: 334-336.

Minggang, L. 1997. Study on the mechanism of plant adaptation to phosphorus

deficient conditions with special reference to secretory response of plant

roots to acquire phosphate. Ph.D Thesis, Graduate school of Hokkaido

University, Hokkaido. Japan, 219p.

Money, N. S. 1961. Studies on the soils of Kuttanad, Part 1. Toxic factors. Agric.

Res. J. 1 (l):52-58.



Money, N. S. and Suknmaran, K. M. 1973. Chemical, Microbiological and

Agronomic aspects of the Acid Saline waterlogged soils of Kerala. Technical

Bulletin No. 1; Kerala Agricultural University, Trichur, 1973; pp. 1 -26.

M. S. Swaminalhan Research Foundation (MSSRF). 2007. Measures to Mitigate

Agratian Distress in Alappuzha and Kuttanad Wetland Ecosystem - A study

Report. M. S. Swaminathan Research Foundation, Chennai, 219 p.

Muralidharan, P., Rattan, R. K. and Datta, S. P. 1999. Phosphorus and iron

adsorption characteristics of acid saline soils of Kuttanad, Kerala. J. Tropical

Agric., 37(1-2), 46-50.

Nair, P. Y. R. and Pillai, V. K. 1990. Changing ecology of Vembanad lake. Rice in

Wetland Ecosystem. Kerala Agricultural University: Vellanikkara, Thrissur.

Nakkeeran, S., Fernando, D. W. G. and Siddiqui, Z. A. 2005. Plant growth

promoting rhizobacteria formulations and its scope in commercialization for

the management of pest and diseases. In: Siddiqui, Z. A. (ed.), PGPR:

BiocontrolandBiofertilization. Afr. J Biotechnol. 257—296.

Nannipieri, P. and Badalucco, L. 2003. Biological processes. In: Bembi, D. K. and

Nieder, R. (eds), Processes in the Soil—Plant System: Modelling Concepts

and Applications The Haworth Press, Binghamton, New York, 243p.

Nannipieri, P., Giagnoni, L., Renella, G., Puglisi, E., Ceccanti, B., Masciandaro, G.,

Fomasier, P., Moscatelli, M. and Marinari, S. 2012. Soil enzymology:

classical and molecular approaches. Biol. Fertil. Soils. 48:743-762.

Nannipieri, P., Scqui, P. and Fusi, P. 1996. Humus and enzyme activity. In: Piccolo,

A. (ed.), Humic Substances in Terrestrial Ecosystetns. Elsevier, New York,

pp. 293-328.

National Bureau of Soil Survey and land Use Planning (NBSS&LUP). 2004. Land

Use Planning for management of agi'icultural resources - coastal ecosystem.

c2>



12^

Final Report. National Bureau of Soil Survey and land Use Planning (ICAR),

Nagpur, 76p.

Ndiaye, E. L., Sandeno, J. M., McGrath, D. and Dick, R. P. 2000. Integrative

biological indicators for detecting change in soil quality. Am. J. Altem. Agric.

15:26-36.

Neue, H. U., Quijano, C., Senadhira, D. and Setter, T. 1998. Strategies for dealing

with micronutrient disorders and salinity in lowland rice systems. Field Crop

Res. 56, 139-155.

Nevarez, L., Vasseur, V., Le Madec, L., Le Bras, L., Coroller, L. and Legue rinel, I.

2009. Physiological traits of Penicillium glabrum strain LCP 08.5568, a

filamentous ftmgus isolated from bottled aromatised mineral water. Int. J.

Food Microbiol. 130: 166-171.

Nhung, M.M. and Ponnamperuma, F.N. 1966. Effects of calcium carbonate,

manganese dioxide, ferric hydroxide, and prolonged flooding on chemical

and electrochemical changes and growth of rice in a flooded acid sulphate

^i\.SoilSci. 102(1): 29-41.

Noll, M., Matthies, D., Frenzel, P., Derakshani, M. and Liesack, W. 2005. Environ.

Microbiol. 7: 382-395.

Nordmyr, L., Astrom, M. and Osterfiolm, P. 2006. Estimation of leakage of chemical

elements from boreal acid sulphate soils. Boreal Environ. Res. 11: 261-273.

Onthong, J., Gimsanguan, S., Pengnoo, A., Nilnond, C. and Osaki, M. 2007. Effect

of pH and some cations on activity of acid phosphatase secreted from

Ustilago sp. isolated from acid sulphate soil. Songklanakarin J. Sci. Technol.

29 (2); 275-286.

Orten, J. M. and Neuhaus, O. O. 1970. Biochemistry (8*^ Ed.). Mosby, St. Louis, 734

P-



\30

Padmanabhan, P. G., Narayanan, N. C. and Padmakuamr, K. 0. 2001. Economic

Viability of an Integrated and Sustainable Resource Use Model for Kuttanad.

Kerala Research Programme on Local Level Development (KRPLLD),

Center for Development studio, Thiruvananthapuarm, Kerala, 48p.

Page, A. L. 1982. Methods of soil analysis. Pait.2 (2™^ Ed). Am. Soc. Agron. Inc. :

Madison, Wisconsin, USA, 1021p.

Palko, J. 1994. Acid sulphate soils and their agricultural and environmental problems

in Finland, Ph. D thesis, University of Oulu, 132p.

Palmer, T. 1995. Understanding Enzymes. Fourth ed. Prentice Hall/Ellis Horwood,

London, 526p.

Panhwar, Q. A., Naher, U, A., Jusop, S., Othman, R., Latif; M. A. and Ismail, M. R.

2014. Biochemical and molecular characterization of potential phosphate-

solubilizing bacteria in acid sulfate soils and their beneficial effects on rice

growth- PLOS One 9(10) : 1-13. Available: http:// www. plosgene. org/

e97241.doi: 10. 1371/journaL pone. 0097241. [ 12 April 2016].

Panhwar, Q. A-, Naher, U. A-, Radziah, O., Shamshuddin, J. and Razi, 1. M. 2015.

Eliminating aluminum toxicity in an acid sulfate soil for rice cultivation

using plant growth promoting bacteria. Molecules [e-joumal] 20. Available :

wwwmdpi.com/ioumal/nx)lecules. ISSN 1420-3049 [ 21 march 2016].

Panicker, S. and Sebastiaa A. M. 2002. Studies on the ecological aspects and the

microbial activity of rice-fish rotational farming system in the wetlands of

kuttanad, kerala. Kerala Research Programme on Local Level

Development(KRPLLD). Center for Development studies,

Thiruvananthapuarm, Kerala, 133p.

b



)3I

1?^
Patnaik, S. and Mandal, L. N. 1982 Chemistry of submerged soil, review of soil

research in India. In: 12th International Congress of Soil Science, February

8-16, 1982, New Delhi. Pp : 181-198.

Patrick, W. H. and Mahapatra, I. C. 1968. Transformation and availability to rice of

nitrogen and phosphorous in waterlogged soils. Adv. Agron. 20:323 - 359.

Paul, E. A. and Clark, F. E. 1996. Soil microbiology and biochemistry. Academic

Press, New York, 267p.

Perez-Matoos, M. and Gonzales-Carcedo, S. 1985. Effect of fractionation on the

enzymatic state and behavior of enzyme activities in different structural soil

units. Biol. FertiL Soils. 1(3):153-159.

Pillai, V. K., Ponniah, A. G., Vincent, D. and Raj, 1. D. 1983. Acidity in Vembanad

lake causes fish mortality. Technical and Extension Series No. 53, Central

Marine Fisheries Research Institute, Cochin, India, I54p.

Pillai, V. K. and Subrahmanyan. 1929. Some peculiar low lying soils of central

Travencore. J. Jnd. Insti. Sci. 13 : 3-10.

Pillai, V. R. and Panikar, P. G. K. 1965. Land Reclamation in Kerala. Asia

Publishing, 165p.

Ponnamperuma, F. N. 1972. The chemistry of submerged soils. Adv. Agron. 24:26 —

92.

Ponan:q)eruma, F.N. 1982. Straw as source nutrient for wetland rice. In S. Banta &

C.V. Mendoza (Eds.), Organic matter and rice . Los Banos, the Philippines:

IRRl.pp;17-136.

Prabha, V. S., Renuka, R., Sreekanth, N. P., Padmakumar, B. and Thomas, A. P.

2013. A study of the fertility and carbon sequestration potential of rice soil

with respect to the application of biochar and selected amendments. Annals

Environ. Sci.l: 17-30.



Pulford, I. D. and Tabatabai, M. A. 1988. Effect of waterlogging on enzyme

activities in soils. Soil Biol. Biochem. 20: 215-219.

Rahman, S., Islam, A., Hussain, M. S., and Rahman, M. M. 1993. Some physical and

chemical properties of two acid sulpliate soUs of Bangladesh. Dhaka Univ. J.

biol. Set 2 : 53-59.

Rajasekharan, P., Nair, K. M., Rajasree, G., Sureshkumar, P. and Narayanan Kutty,

M. C.(eds). 2013. Soil fertility assessment and information management for

enhancing crop productivity in Kerala. Kerala state planmng board.

Thiruvananthapuram, 514p.

Rajashekhararao, B. K. and Siddaramappa, R. R. 2008. Evaluation of Soil Quality

Parameters in a Tropical Paddy Soil Amended with Rice Residues and Tree

Utters. Eur. J. Soil Biol. 44: 334—340.

Rajendran, P. and Aiyer, R.S. 1981. A conparative study of the efBcacy of the

different extrants for zinc and manganese in relation to plant availability,

Madras Agril. J. 68:546-553.

Raju, P. V. 1988. Effect of drying and wetting on the physical, physico-chemical and

chemical properties of the submerged soils of Kuttanad. M.Sc (Ag.) thesis,

Kerala Agricultural University, Vellanikkara, Thrissur, India.

Raraakrishnan, B., Kumaraswamy, S., Mallick, K., Adhya, T. K, Rao, V. R. and

Sethunathan, N. 1998. Effect of various anionic species on net methane

production in flooded rice soils. World J. Microbiol. Biotechnol. 14 : 743 -

749.

Ramesh, V. and Chhonkar, P. K. 2000. Enzyme activity of an Acid sulphate soil ;

Dehydrogenase, Phosphatase, Aryl sulphatase. J. Indian Soc. Soil Sci. 49(1):

207-210.



;53

Ramesh, V. and Chhonkar, P. K. 2001a. Chemical characteristics of an acid sulphate

soil from Kerala amended with lime and flyash. J. Indian Soc. Soil Sci. 49

(4): 719-726.

Ramesh, V. and Chhonakr, P. K. 2001b. Growth and uptake of nutrients by rice and

lettuce grown on an acid sulphate soil amended with flyash and lime. J.

Indian Soc. Soil Sci. 49(1): 222-225.

Rao, G. S. and Berger, L. R. 1971. The requirement of low pH for growth of

Thiobacillus ihiooxidans. Arch. Microbiol. 79:338-344.

Rao, S. W. V. B. and Sinha, M. K. 1963. Phosphate dissolving organisms in the soil

and the riiizosphere. Indian J. Agric. Sci. 33:272-278.

Ray, J. G., Dhanya, V. and Binoy, T. T. 2014. Globally Unique Kuttanadu Wetland

Paddy Soil of South India: Soil Fertility in Relation to Seasons and Different

Stages of Crop. Intl. J. Agric. Photon. 125: 296 - 304.

Ray, R. C. 1985. Effect of liming on dehydrogcnase and rhodanase activity of

flooded and nonflooded acid sulfate soils. Fertil. Res. 6 : 193-197.

Reddy, B., Faze, A. and Bennet, R. 1987. Activity of enzymes in the rhizosphere and

non rhizosphere soils amended with sludge. Soil Biol. Biochem. 19 : 203-205.

Renella, G., Landi, L., Ascher, J., Ceccherini, M. T., Pietraraellara, G. and

Nannipieri, P. 2006. Phosphoroonoesterase production and persistence and

composition of bacterial communities during plant material decomposition in

soils with different pH values. Soil Biol. Biochem. 38:795-802.

Riffaldi, R., Saviozzi, A., Levi-Minzi, R. and Cardelli, R. 2002. Biochemical

properties of a Mediterranean soil as affected by long trem crop management

systems. Soil Tillage Res. 67: 109-114.



Roos, M. and Aslrom, M. 2006. Gulf of Bothnia receives high concentrations of

potentially toxic metals from acid sulphate soils. Boreal environ. Res. 11(5):

383-388.

Rorison, I. H. 1973. The effect of extreme soil acidity on the nutrient uptake and

physiology of plants. In: H. Dost (ed.), Acid Sulfete Soils: Proceedings ofthe

First International Symposium, Wageniirgen, The Netherlands, ILRI Publ. 18

(1): 223-241.

Ross, M., Hernandez, M. T. and Garcia, C. 2003. Soil microbial activity after

restoration of a semiarid soil by organic amendments. Soil Biol. Biochem.

35:463^69.

Sadiq, A. A. and Babagana, U. 2012. Influence of lime materials to ameliorate

acidity on irrigated paddy fields: a review. Acad. Res. Int. 3(1); 431-420.

Sahu, G. C., Mishra, K. N., Parida, R. and Nayak, R. K. 2001. Characterization and

classification of some vertisols ofw^tem zone in Orissa. Agropedology. 11:

78-82.

Sait, M., HugenhoHz, P. and Janssen, P. H. 2002. Cultivation of globally distributed

soil bacteria from phylogenetic lineages previously only detected in

cultivation independent surveys. Enviro. Microbiol. 4: 654-666.

Salazar, S., Sanchez, L. E., Alvaresz, J., Valverde, A., Galindoc, P., Igual, J. M.,

Peix, A. and Santa-Regina, I. 2011. Correlation among soil enzyme activities

under different forest system management practices. Ecol. Engg. 37: 1123-

1131.

Sarapatka, B. 2003. Phosphatase activities (AGP, ALP) in agroecosystem soil. Ph.D

Thesis. Swedish University of Agricultural Sciences, Uppsala, Sweden.



13^

qo

Sarkar, D., Mandal, B and Mazumdar, D. 2005. Plant availability of boron in acid

soils as assessed by difTerent extractants. J. Plant Nutr. Soil Set 171:

249-454.

Sasidharan, N. K. and Padmakumar, K. G. 2012. Rice based fanning systems in

Kerala. In: Proceedings of Kerala Environment Congress, 16-18 August

2012, RGCB auditorium, Thiruvananthapuram. Center for Environment and

Development,Thiruvananthapuram, pp.175 — 186.

Saviozzi, A.. Cardelli, R. and Di Puccio, R. 2011. Impact of salinity on soil

biological activities: A laboratory experiment. Commun. Soil Set Plant Anal.

45 (1). Available: http://www.tandfonline.com/loi/lcss2Q. ISSN 0010-3624

[04 July 2016].

Schlensinger, W. H. 1997. Biogeochemistry: An analysis of global change. 2nd ed,

San Deigo, CA: Academic Press, 276 p.

Schulze, E. D., Mooney, H. A, Sala, O. E., Jobbagy, E., Buchmann, N., Bauer, G.,

Canadell, J., Jackson, R. B., Loreti, J., Oesterheld, M. and Ehleringer, J. R.

1996. Rooting depth, water availability, and vegetation cover along an aridity

gradient in Patagonia. Oecologia, 108 : 503—511.

Sen, L. N. 1988. The evaporation and acidification process in an acid sulphate soil.

In: H. Dost (ed.), Selected papers of the Dakar Symposium on acid sulphate

soils. International Institute for Land Reclamation and Improvement

Publication No. 44, Wageningen, 135-149.

Shamshuddin, J., Mulirizal, S., Fauziali, I. and Husni, M.H.A. 2004. Effects of

adding organic materials to an acid sulfate soil on the growth of cocoa

{Theobroma cacao L.) seedlings. Sci Total Env. 323: 33-45.

Shazana M. A R. S., Shamshuddin, J. Fauziah, C. I and Syed Omar, S. R. 2011.

Alleviating the infertility of an acid sulphate soil by using Ground basalt with



tie

or without lime and organic fertilizer Under submerged conditions. Land

Degradation & Development Land Degrad. Develop. Published online in

Wiley Online Library <wileyonlineIibrary.cont>DOI: 10.1002/ldr. 1111.

Shittu, O. S. 2008. Studies on selected micronutrients in the soils developed over

Chamockite in Ekiti State, Nigeria. PhD Thesis, University of Ilorin, Nigeria,

202 p.

Simek, M., Virtanena, S., Kristufekb, V., Simojoki, A. and Yli-Halla, M. 2011.

Evidence of rich microbial communities in the subsoil of a boreal acid

sulphate soil conducive to greenhouse gas emissions. Agric. Ecosys. Enviroa

140: 113-122.

Simoa S. and Jacob, K. P. 2012. Development and deployment of wireless sensor

network in paddy fields of Kuttanad. Intl. J. Engg. Innovative Technol. 2(1):

84-88.

Sims, J. T. and Johnson, G. V. 1991. Micronutrient soil tests. In: Mortvedt, J. J.,

Cox, F. R., Shumaa L. M. (eds), Micronutrients in Agriculture (2"* Ed.). Soil

Science Society of America, Newyork, pp.427-476.

Singh, J. P., Kumar, V. and Dahiya, D, J. 1991. Urease activity in some benchmark

soils of Haryana and its relationship with various soil properties. J. Indian

Sac. SoilSci. 39(2):282-285.

Sinsabaugh, R. L., Antibus, R. K. and Linkins, A. E. 1991. An enzymatic approach

to the analysis of microbial activity during plant litter decomposition. Agric.

Ecosyst. Environ. 34:43-54.

Sitio, J., Widodo. and Barchia, F. 2007. The use of EM 4 and rice husk ash to

improve the growth and yield of rice in peat soil. J. Akta Agrosia., 7: 36 -

40.



131

Smily, J. M. B., Jacob, V. and Kumar, R. 2012. Soil microflora of paddy fields

among different rice fining system. J. Acad. Indus. Res. 1(1): 50-52.

Snedecor, G. W. and Cohran, W. G. 1975. Statistical Methods. Oxford and IBH

Publishing Company, New Delhi, 593p.

Soil Survey Organization. 1997. Soils of Kuttanad. Report No.224. Department of

agriculture (SC Unit), Government of Kerala, Thiruvananthapuram, 56p.

Speir, T. W. and Ross, D. J. 1978. Chapter 6, Soil phosphatase and sullatase. In: R.

G. Bums (ed.), Soil enzymes, Academic Press, San Diego, CA. p. 197-250.

Spencer, B. 1958. Studies on sulphatases: Enzymic cleavage of arylhydrogen

su^hates in the presence of HjO. Biochem. J. 69:155—159.

Sruievi, A., Ramankrishnan, B., Sandya, A. and Narasunha, G. 2013. Bacterial

population and their metabolic activities in flooded rice soil. Ann. Biol. Res.

4(6): 111-118.

Sterk, G. 1991. Leaching of acidity from the top soil o f raised beds on acid sulphate

soils in the Mekong Delta, Vietnam Technical paper No. 8, EEF Project

STD-Vietnam. Department of Soil Science and Geology, Agricultural

University, Wageningen.

Stotzky, G., Broder, M. W., Doyle, J. D. and Jones, R. A. 1993. Adv. AppL

Microbiol. 38 : 1-98.

Subbiah, B. V. and Asija, G. L. 1956. A rapid procedure or the estimation of

available nitrogen in soils. Curr. Sci. 25: 259-260.

Sudhikumar, A. V., Mathew, M. J., Sunish, E. and Sebastian, P.A. 2005. Seasonal

variation in spider abundance in Kuttanadu rice agroecosystem, Kerala,

India. Acta Zoologica Bulgarica.V. 181-190.



isr

1^73
Sullivan, S. 2004. Sustainable management of acid sulfate soils. Aust. J. Soil Res.

42; 5-6.

Sylas, V.P., John, C.M., Joby, P., Unni, K.S., Thomas. A.P. and Ramasaray. E.V.

2010. Documentation and distribution of aquatic plants in relation with

certain environmental variables of Kuttanad wetland ecosystem, Kerala. In:

Bijukumar, A., Nayar, M.P., Varma, R.V., and Peethambaran, C.K. eds.

Taxonomy and Biodiversity. New Delhi, Narendra Publishing House, pp.

377-391.

Tabatabai, M. A. 1977. Rhodanese activity of soils. Soil Sci. Sac. Am.J. 40:381-

385.

Tabatabai, M. A. 1994. Soil Enzymes. In; Weaver, R.W., Angel, J. S. and

Bottomley, P. S. (eds) Methods of Soil Analysis. Soil Sci. Sac. Am. 5: 129-

133.

Tabatabai, M. A. and Bremner, J. M. 1969. Use of p-nitrophenol phosphate for the

assay of soil phosphatase activity. Soil Biol Biochem. 1: 301-307.

Tabatabai, M. A. and Bremner, J. M. 1970. Arylsulfatase activity of soils. Soil sou

Sac. Am. Proa. 34 : 225-229.

Tabatabai, M. A., Garcia-Manzanedo, A. M. and Acosta-Martinez, V. 2002.

Substrate specificity of arylamidase in soils. Soil Biol. Biochem. 34 : 103-

110.

Tanji, K., Gao, S.. Scardaci, S.C., and Chow, A.T. 2003. Charecterising redox status

of the paddy soils with incorporated rice straw. Geodcrma. 114: 333-353.

Tarafdar, J. C. and Chhonkar, P. K. 1979. Phosphatase Production by

Microorganisms Isolated from Diverse types of Soils. Zentralbl Bakteriol

Naiurwiss. 134(2):119-24.



m

Tejada, M., Hermadez, M. T. and Garcia. 2006. Application of two organic

amendments on soil restoration: effects on soil biological properties. J.

Environ. Quality. 10(4):31-35.

Thampalti, K. C. M. and Jose, A. 1. 2000. Characterization of acid saline rice based

wetland ecosystems of Kerala, and their salinity protection by

ThanneCTmukkom regulator. Agropedology. pp. 108-115.

Thampalti, K. C. M. 1997. Morphological, physical and chemical characterisation of

the soils of north kultanad, Ph.D. thesis, Kerala Agricultural University,

Thrissur, I97p.

Thampalti, K. C. M., Cherian, S. and Iyer, M. S. 2005. Managing iron toxicity in

acid sulphate soils by integrating genetic tolerance and nutritioa

International Rice Research Notes 30:37-39.

Thampalti, K. C. M. and Jose, A. I. 2006. Vertical distribution and dynamics of iron,

manganese and aluminium in rice soils of Kuttanad, Kerala. Agropedology.

16(1): 26-31.

Thomas, P. M. 2002. Problems and prospects of paddy cultivation in Kuttanad

region. Kerala Research Programme on Local Level Development

(KRPLLD), Center for Development studies, Thiruvananthapuarm, Kerala,

92p.

Timonin, M. J. 1940. The interaction of higher plants and soil microorganisms-

raicrobial population of rhizosphere of seedlings of certain cultivated plants.

Can. J. Res. 181:307-317.

Trevors, J. T. 1984. Dehydrogenase activity in soil: a comparison between the INT

and TTC assay. Soil Biol. Biochem. 16 : 673-674.

Tnimbore, S. 2000. Age of soil organic matter and soil respiration: radiocarbon

constraints on belowground C dynamics. Ecol. Applications. 10 : 399-411.



}^0

Turner, B. L. 2010. Variation in pH optima of hydrolytic enzyme activities in

tropical rain forest soils. Appl. Environ. Microbiol. 76(19): 6485-6493.

Turner, B. L. and Haygarth, P. 2005. Phophatase Activity in Temperate Pasture

Soils: Potential Regulation of Labile Organic Phosphorous Turnover by

Phoqjhodiesterase Activity. ScL Total Environ. 344:37-6.

Usha, P. B. 1995. Evaluation of acidity parameters in wetland soils of kerala in

relation to nutrient availability, Ph.D. thesis, Kerala Agricultural University,

Thrissur, 167 p.

Usha, P. B. and Varghese, T. 2002. Spatial distribution of available nutrients in

wetland rice soils of Kerala. In: Proceedings of XIV"' Kerala science

congress. Kochi, 29-31 January 2002, pp. 733-734.

Van Breemen, N. 1982. Acid Sulphate Weathering. Soil Sci. Soc. Am. 10 : 95-108.

Van Mensvoort, M. E. F. 1988. Morphology and genesis of actual acid sulphate soils

in Ha-Tien plain, Mekong Delta, Vietnum. ILRI Publ. 18(1): 264-283.

Vassilev, M., Vassileva, N. and Nikolaeva, 1. 2006. Simultaneous P-solubilizing and

biocontrol activity of microorganisms: potentials aiKl future trends. Appl.

Microbiol. Biotechnol. 71 :137-144.

Vaughan, D. and Ord, B. G. 1991. Influence of natural and synthetic humic

substances on the activity of urease. J. Soil Sci. 42:17-23.

Velmourougane, K., Venugopalan, M. V., Bhattacharyya, T., Sarkar, D., Pal, D. K.,

Sahu, A., Chandran, P., Ray, S. K., Mandal, C., Nair, K. M., Prasad, J.,

Singh, R. S. and Tiwary, P. 2014. Microbial biomass carbon status in agro-

ecological sub regions of black soils in India. Proc. Nail. Acad. Sci. 84(3):

519-529.

Venkatesan, S. and Senthurpandian, V. K. 2006. Enzyme activities of Laterite soils

as influenced by trace element contamination. Intl. J. Soil Sci. 1 (1): 20-26,



Vidyalakshmi, R. and Sridar, R. 2007. Isolation and characterization of sulphur

oxidizing bacteria. J. Cult. Collections. 5: Ti-11.

Vidyalakshmi, R.. Paranthaman, R. and Bhakyaraj, R. 2009. Sulphur Oxidizing

Bacteria and Pulse Nutrition - A Review. World J. Agric. Sci. 5 (3): 270-278.

Vijayan, D. and Ray, J. G. 2015. Ecology and Diversity of Cyanobacteria in

Kuttanadu paddy wetlands, Kerala, India. Am. J. Plant Sci. 6: 2924 — 2938.

Visser, S. and Parkinson, D. 1992. Soil biological criteria as indicators of soil

quality: soil microorganisms. Am. J. Altern. Agric. 7:33-37.

Vong, P. C., Dedourge, O., Lasserre-Joulin, F. and Guckert, A. 2003. Immobilized-

S, Microbial Biomass-S and Soil Arylsulphatase Activity in the Rhizosphere

Soil of Rape and Barley as Affected by Labile Substrate C and N Additions.

Soil Biol. Biochem. 35: 1651-1661.

Wakelin, S. A., Warren. R. A.. Harvey, P. R. and Ryder, M. H. P. 2004. Phosphate

solubilisation by Penicillium spp. closely associated with wheat roots. Biol.

Fertil Soils. 40 : 36-43.

Walkley, A. and Black, I. A. 1934. An examination of the Degtareff method for

determining soil organic matter, and a proposed modification of the chromic

acid titration method. Soil Sci. 37; 29-38.

Wang, X. C. and Lu, Q. 2006. Effect of waterlogged and aerobic incubation on

enzyme activities in paddy soil. Pedosphere. 16(4):532—539.

Ward, J.T., Lahner, B., Yakubova, E., Salt, D.E. and Raglwthama, K.G. 2008. The

Efiect of Iron on the Primary Root Elongation of Arabidopsis during

Phosphate Deficiency. Plant Physiol. 147; 1181-1191.

Wardle, D. A. and Ghani, A. 1995. A critique of the microbial metabolic quotient

(qC02) as an indicator of disturbance and ecosystem development. Soil Biol

Biochem. 27:1601-1610.



\11
Wheeler, K. A., Hurdman, B. F. and Pitt, J. I. 1991. Influence of pH on the growth

of some toxigenic species of AspergiJlus, Penicillium and Fusarium. Int. J.

Food Microbiol. 12:141-150.

Wittmann, C., Kahkonen, M., Ilvesniemi, H., Kurola, J. and Salkinoja-Salonen, M.

2004. Areal activities and stratification of hydrolytic enzymes involved in the

biochemical cycles of carbon, nitrogen, sulphur and phosphorus in

podsolized boreal forest soils. Soil Biol. Biochem. 36: 425-433.

Wlodarczyk, T., Stepniewski, W. and Brzezinska, M. 2002. Dehydrogenase activity,

redox potential, and emissions of carbon dioxide and nitrous oxide from

Cambisols under flooding conditions. Biol. Fert. Soils. 36: 200-206.

Wood, A. P. and Kelly, D. P. 1991. Isolation and characterization of Thiobacillus

halophilus sp.nov., a sulphur oxidizing autotrophic eubacterium from a

Western Australian hypersaline lake. Arch. Microbiol. 156: 277-280.

Xu, G. H. and Zheng, H. Y. 1986. Manual of analysis method on soil

microorganism. Beijing, pp. 226-228.

Yakovchenko,V., Sikora, L. and Kaufinann, D. 1996. A biological based indicator

of soil quality. Biol. Fertii Soils. 21:245-251.

Yang, Y. Z., Liu, S., Zheng, D. and Feng, S. 2006. Effects of Cadium, Zinc and

Lead on Soil Enzyme Activities. J. Environ. Sci. 18(6): 1135-41.

Yang, Z. H., Stoven, K., Haneklaus, S., Singh, B. R. and Schnug, E. 2010, Elemental

sulfur oxidation by Thiobacillus spp. and aerobic heterotrophic sulfur-

oxidizing bacteria. Pedosphere. 20(1): 71-79.

Yin, T.P. and P.Y. Chin 1982. Effects of water management on performance of oil

palm on acid sulphate soils in Peninsular Malaysia. In: Dost, H. and

Breemen, N. V. (eds), Proceedings of the Bangkok symposium on acid



*!

m
sulphate soils. International Institute for Land Reclamation and '

Improvement. Publication No. 31, Wageningen, pp 260-271.

Yoshida, T. 1975. Microbial metabolism of flooded soils. In: Soil Biochemistry

(eds) Paul, E. A. and McLaren, A. D. Marcel Dekker, Microbial metabolism

of flooded soils. Inc., Newyork, 280 p.

Zenova, G. M., Gryadunova, A. A., Doroshenko, E. A., Likhacheva, A. A.,

Sunnitsyn, 1.1., Pochatkova, T. N., and Zvyagintsev, D. G. 2007. Influence of

moisture on the vital activity of actinomycetes in a cultivated low-moor peat

soil. Eurasian Soil Sci. 40(5) : 560-564.

Zhang, N., He, X.. Gao, Y., Li, Y., Wang, H., Ma, D., Zhang, R. and Yang, S. 2010.

Pedogenic carbonate and soil dehydrogenase Activity in response ro soil

organic matter in Artemisia ordo.s'ica community. Pedosphere. 20:229-235.

Zhan-jun, L., Wei, Z., Jian-bo, S., Shu-tian, L., Guo-qing, L., Xiu-bin, W., Jing-wen,

S. and Chao, A. 2014. Soil quality assessment of acid sul&te paddy soils

with different productivities in Guangdong Province, China. J. Integrative

Agric. 13(1): 177-186.

Zin, K. P., Lim, L. H., Mallikarjunaiah, T. H. and Bandara, J. M. R. S. 2015.

Chemical properties and phosphorus fractions in profiles of acid sulfete soils

of major rice growing areas in Brunei Damssalam. Geoderma Regional [e-

Jomal] 6. Available: http://dx.doi.Org/10.1016/J.gcodrs.2015.10.Q0. ISSN

2352-0094 [ 24 march 2016].



ENZYME CHARACTERIZATION OF THE ACID SULPHATE

SOILS OF KUTTANAD ' J f

by

ARYA NATH. V

(2014-11-148)

Abstract of the thesis

Submitted in partial fulfilment of the

requirements for the degree of

MASTER OF SCIENCE IN AGRICULTURE

Faculty of Agriculture

Kerala Agricultural University

DEPARTMENT OF SOIL SCIENCE AND AGRICULTURAL CHEMISTRY

COLLEGE OF AGRICULTURE

VELLAYANI, THlRUVANANTHAPURAM-695 522

KERALA, INDIA

2016



ABSTRACT

A study entitled "Enzyme characterization of the acid sulphate

soils of Kuttanad" was carried out during 2014-16 in the Department of Soil

Science and Agricultural Chemistry, College of Agriculture, Veliayani. The

study was envisaged to characterize the acid sulphate wetland soils of Kuttanad
on the basis of chemical and biological parameters and to assess the biological

fertility of the soil. Six acid sulphate soil series were selected for the study, viz.,
Ambalapuzha (Li), Kallara (L2), Purakkad (L3), Thakazhi (L4)) Thottapalli (L5)

and Thuravur (Le). Soil samples were collected from two different depths -

surface (0-15 cm) and subsurface (15-30 cm) and also from Karappadam
(Alappuzha series) and Kayal lands (Champakulam series) for general
comparison.

On evaluating the electro chemical properties of the surface soils,

Thakazhi (L4) recorded the highest value for pH (4.67) while in the case of sub

surfece samples, Ambalapuzha (Li) recorded the highest pH value of 4.40.
Thuravur series (U) recorded the lowest values for pH and the highest EC value

of 7.52 dS m"' and 6.53 dS m ' at surfece and subsurface soils respectively.

With respect to soil chemical properties, the highest organic

carbon content was noticed in Kallara series (L2), both at surfece and subsurface

layers with mean values of 3.01 per cent and 2.96 per cent respectively. In the

case of available nutrient status, the highest N and K was noticed in Kallara (L2)

being 674.02 kg ha"' and 148.49 kg ha"' respectively in the surface layers.
Amabalapuzha series recorded the highest values for available phosphorus (Lj-

78.60 kg ha '). Among the acid sulphate series of Kuttanad, Fe content recorded
the highest value of 1024.23 mg kg"' at Thottapalli series (L5), Thakazhi (L4)
registered the highest Mn availability while Cu content was the highest at

Ambalapuzha series (Li) m surfece soils. Thuravur series (U) marked the

highest Zn and B availability compared to other locations at both surface and sub
surfece levels.
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Considering the distribution of secondary nutrients at surfece and

subsurface levels, Ca and Mg recorded the highest content at Kallara (L2) and

Purakkad (L3) series respectively, while the highest mean value for available S

content was recorded by Thottapalli series (L5) at surfece layers.

Regarding the enzyme status of the acid sulphate soils, the activity

of urease was the highest in Thakazhi (L4-75.78 ppm of luea hydrolyzed g"' soil

h ') in the surfoce layer. Acid and alkaline phosphatase activities were found to

be the highest in Purakkad (L3-57.58 pg pnp released g ' soil h*') and Thakazhi

series (L4-46.41 pg pnp released g'* soil h*') respectively in the surface layers.

The highest activity of dehydrogenase was noticed in Thuravur series (Le-l 15.74

pg of TPF released g'* soil 24 h ') in the surface and Kallara series in the

subsurface layers (L2-55.39 pg of TPF released g'^ soil 24 h"'). Karappadam and

Kayal recorded the values of 145.73 and 114.80 pg of TPF released g"' soil 24 h"'

for dehydrogenase activity respectively at surface layers.

With regard to the microbial population, Thottappalli (L5)

recorded the highest total bacterial count and fiingal population in both surfece

and subsurfece layers. Thiobacillus spp. recorded the highest population of 9.08

log cfu g"' of soil at Kallara series (L2) while P solubilizers recorded the highest

count at Ambalapuzha series (Li). Thuravur series recorded the highest

actinomycetes population in subsurface soils.

Micahelis - Menten constant, Km and the maximum velocity Vma*

for different enzymes were determined and it was observed that for

dehydrogenase Vmax value was found to be the highest in 6^ week and for

phosphatase only after week of incubation. Thematic maps were prepared

based on themes like micro flora and enzyme status using GIS (ARC VIEW).

Hence the study conclude that, with respect to biological fertility

status of the study area, Purakkad recorded the highest enzyme activity number

(23.69) at 0-15 cm, while Kallara series recorded the highest enzyme activity

number in the subsurface layer and are observed to be biologically sustainable.
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APPENDIX 1
M

WEATHER PARAMETERS AT STUDY AREA DURING COLLECTION OF

SOIL SAMPLES

(January 2014 to DecembCT2014)

Month

Maximum

Temperature

C^C)

Minimum

Temperature

CO

Rainfall

(cm)

January 32.10 21.65 0.00

February 32.95 22.74 0.44

March 34.10 23.80 0.46

April 33-92 24.31 3.83

May 33.24 24.98 5.60

June 30.90 24.09 13.87

July 29.98 22.80 14.19

August 30.41 22.96 22.60

September 31.69 23.43 6.96

October 31.80 23.32 10.83

November 31.56 22.98 4.08

December 31.80 22.67 1.16
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APPENDIX II

COMPOSITION OF MEDIA FOR MICROBIAL ENUMERATION

1. Enumeration of Bacteria

Media

Composition :

1. Peptone

2. NaCl

3. BeefExtract

4. Agar

5. pH

6. Distilled water

Nutrient Agar

5g

5 g

3g

20 g

7.0

1000 ml

2. Enumeration of Fungi

Media

Composition :

1. Glucose

2. MgS04

3. K2HPO4

4. Rose Bengal

5. Streptomycin

6. Agar

7. Distilled water

Rose Bengal Agar

3.0 g

0.2 g

0.9 g

0.5 g

0.25 g

20 g

1000 ml



3. Enumeration of Actinomycetes

Media : Kenknight*s Agar

Con^osition :

1. Dextrose l.Og

2. KH2PO4 0.1 g

3. NaNOs 0.1 g

4. KCI 0.1 g

5. MgS04 0.1 g

6. Agar 15g

7. Distilled water 1000 ml

4. Enumeration of ThiobaciUus spp.

:  ThiobaciUus Differential AgarMedia :

Con^iosition :

1. (NH4)2S04

2. KH2PO4

3. CaCh

4. FeS04

5. MgS04

6. Na2S203

7. Agar

8. DistUled water

0.4 g

4.0 g

0.25 g

0.01 g

0.5 g

5g

15 g

1000 ml
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5. Enumeration of Nitrogen Fixers

Media LGI Agar

Composition :

1. K2HPO4 0.2 g

2. BCH2PO4 0.2 g

3. MgS04 0.6 g

4. CaClj 0.2 g

5. Na2Mo04 0.02 g

6. FeCh 0.002 g

7. Agar 15g

8. Distilled water 1000 ml

^c1

6. Enumeration of Phosphorus Solubilizers

:  Phosphate Solublizers Differential AgarMedia :

Composition :

1. Yeast extract

2. Dextrose

3. Ca3{P04)2

4. (NH4)2S04

5. KCl

6. MgS04

7. MnS04

8. FeS04

9. Agar

10. Distilled water

0.5 g

10 g

5.0 g

0.5 g

0.2 g

0.1 g

0.0001 g

0.0001 g

15 g

1000 ml


