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ABSTRACT 

STUDIJt8 ON REFERENCE SOILS OF TAMIL NADU 
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By 
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Dr.S.JfATARAJAlf, Ph.D., 

Professor 
Dept. of Soil Science and Agricultural Chemistry 
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1997 

Fifteen pE:dons representing the seven agroclimatic zones of Tamil 

Nadu were identified. The morphological, physical, chemical and speclral 

reflectance characteristics of the soils were studied. 

The soils varied considerably in all their properties. The solum depth 

was less than 1 m in Bhavanisagar and Palladam pedons. 

The hue of the soils ranged from 10R in Thenkasi pedon to 10 YR in 

Aruppukkottai, Coimbatore, Palladam, Aduthurai, Sellur, Madurai and Ooty 

pedons. In Comtbatore pedon CaC03 and Fe-Mn concretions were present. 

Other pedons had either CaCOa or Fe-Mn concretions. 

Erosion was observed to have influenced the surface texture of many 

pedons. Argillopedoturbation had taken place in two pedons. Moisture 

retention characteristics varied considerably and were positively correlat~d 

with clay. 

The soil reaction ranged from strongly acidic to moderately alkaline. 

The Electrical Conductivity was low in almost all the pedons. Pedons located 



in the hilly and high rainfall zone recorded comparatively higher organic 

carbon content. Silica, alumina and iron dominated the elemental 

composition of soils. The influence of anthropedogenic processes was evident 

ill a pedon in the Cauvery Delta Zone. Three fractions of iron were studied 

viz., dithionite, oxalate and pyrophosphate extractable iron. Among the 

three fractions the dithionite fraction was high in all the pedons. The 

proportion of dithionite iron to total iron was very high in the hilly zone 

pedon. 

Ca2+ dominated the exchange complex in all the pedons. The per 

cent base saturation was very low in the hilly zone and high rainfall zone 

pedons. Exchangeable acidity was negatively correlated with pH. The 

exchangeable addity was low in comparison to potential acidity. Among 

the water soluble ions Ca2+ was the dominant cation and HC03' was the 

dominant anion in most of the pedons. 

Eight pedons were classified under Inceptisols, five under Alfisols 

and one each under Vertisol and Ultisol. 

All the soils reflected high in the red and infrared bands compared 

to the blue and green bands. The red and infrared band data were useful 

in differentiatin,g soils. Sand, Si02 • free iron, pH"" pHKC1 and total acidity 

were correlated with the spectral data. 
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CHAPTER 1 

INTRODUCTION 

Soil is the product of complete interaction of chemical, physical and 

biological processes, acting on the parent material. These processes are 

governed by climate and geomorphic interactions occurring over time. Soil 

properties reflect the influence of climate through its influence on soil forming 

processes. With changes in the processes, there are changes in the 

morphology. physical and chemical properties of soils. Hence soil can be 

considered as a dynamic body. 

Improved agricultural technologies are constantly being generatect, 

tes!ed and verified in different zones of our country. Any technology, that 

sel~ms to b(~ appropriate or promising must be extended to larger target. 

an!as. For the transfer of agro-technology it is of fundamental importance 

to quantify and characterise a region's resource base. In this context the 

characterisation of soil, the non-renewable natural resource, is of vital 

importance. 

Information on the capabilities and limitations of soils, are absolutely 

essential for their scientific management. Scientitic information can not he 

getlcrated for cae:} piece of land and such exercise will be labourious a.nd 

expensive. In this context, the concept of benchmark soil has hetm developed 

and accepted for ~~eneration and extrapolation of scientific information with 

less labour and cost. A benchmark soil is one which has larger areal extent 

and occupies a key interpretative position in a soil classification framework 

(SWill dale, 1991). Experimental results of benchmark soils can be extended 

to many of the closely related soils classified upto soil family/soil series in 

the classification system. 



Considerable progress has been made in Tamil Nadu State in respect 

of soil resource inventory studies. State Soil Survey and Land Use 

Organisation (SS~"LUO) has completed reconnaissance soil survey in all 

the 166 taluks of Tamil Nadu State. Soil maps on 1:50,000 scale and soil 

suxvey reports have been prepared. The soils were classified upto soil series 

or soil subgroups in these studies. Recently, the National Bureau of Soil 

Survey and Land Use Planning has prepared the soil map of 1 :250,000 

scale with soils dassified upto soil family. However, identification and 

detailed pedological investigations of soils, representing different 

agroclimatic zones, and major land use, have not been yet attempted. Even 

in the book on the 'Benchmark Soils of India' limited information on three 

soils of Tamil Nadu State only have been broughtout (Murthy et al., 1982). 

The benchmark soils generally are consjdered for a state or country. 

Bu.t for scientific soil management the regional agro-climatic zones and 

land use have to be taken into account. The International Soil Reference 

and Information Centre, The Netherlands has now coined the term 'reference 

soil' which represents agroclimatic zones and major land use of the zone. A 

comprehensive information on soils of Tamil Nadu repr,fsenting agroclimatic 

zones and land use and their characterisation is essential to understand 

their properties and genesis, and to develop soil, water and crop management 

systems. 

Remote sensing techniques are now gainfully employed by several 

soil scientists in soil resource appraisal studies (Natarajan and Gajbe, 1983; 

Govindan, 1996; Thirumagal Jothi, 1996). In all these studies either satellite 

data or aerial pbotographs have been utilised in the preparation of soil 

maps. Either imagery interpretation or photo interpretation elements have 

been used for separation of soil mapping units. Quantitative measurements 

of spectral data tl) simulate the geometry of remotely sensed data were not 

2 



recorded. As soil reflectance is a cumulative property which derives from 

inherent spectral behaviour of heterogenous combination of physical and 

chemical properties, studies on these lines would be of much use in 

understanding the soil characteristics and soil classification. Ramu (1994) 

succeeded in characterising the gypsum mined and unmined soils in 

Coimbatore district through spectral data. However spectral investigations 

on the major soils/soil series of Tamil Nadu have not b;en so far attempted. 

In the above context, the present study was conducted with the 

following objectives. 

• 

• 

* 

* 

Selection and characterisation of reference soils of Tamil Nadu 

through morphological, physical and chemical properties 

Classification of the reference soils under USDA Soil Taxonomy 

Investii~ation on the factors and processes responsible for the 

formation of soils 

Collection of reflectance data and studying their utility in 

characterisation and classification of soils 

3 
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CHAPTER 2 

REVIEW OJ' LITERATURE 

Earlier work done on the pedological and spectral characterisation 

of soil is review(:d in this chapter under the following sub headings: 

2.1. Pedogenic factors 

2.2. Macromorphological properties 

2.3. Physical properties 

2.4. Physico-chemical properties 

2.5. Chemical properties 

2.6. Soil classification 

2.7. Sp(:ctral reflectance 

2.1. Pedolenie facton 

2.1.1. Parent mderial 

The effect of the composition of soil parent materials on pedogenic 

processes has long since been recognised. 

The red soils of Tamil Nadu were observed to have been originated 

from acid igneous rocks with more than 65 per cent silica (Menon and 

Mariakulandai, 1957) and ferrugenous concretions overlying the weathered 

gneissic rock (Hameed Khan and Hanuman Ram, 1977). 

Abnormally shallow soil prof1les resulted when they were developed 

cln parent materials excessively high in lime (Ehrlich et ai., 1967). Red soils 

are mostly derived from gneisses and schists of the Archaean period. Other 

rock formations from which these soils have been derived are sand stones, 

micaceous schints, basalts, quartzites and shales. Fine textured red soils 

are related to thl: weathering products of gneisses, charnockitcs and diorite 

that are richer in clay forming minerals such as feldspars micas and 

hornblende (Digar and Barde, 1982). 

· , 



Most black soils are derived from basalt, though some others havt' 

formed from shales, limestone, calcic gneisses, amphiboles, dolerites, schists 

and alluvium (Shankara Narayana and Sarma, 1982). 

Laterite soils are the residual products of weathering of pre-cambrian 

granite and dolerite in a semitropical environment (Gordon and Smith, 1984). 

Parent materials rich in CaC03 gave rise to shallower prorlles. Soil 

profiles derived from granite were not calcareous. Pedons developed on 

shales and charnockite had shown granular and crumb structure while 

pedons developed on granite gneiss, granite and limestone had shown 

subangular bloc:ky structure in the surface horizons (Subbaiah and 

Manickam, 1992J. 

Acid soils developed on granite gneiss were characterised by yellowish 

red to strong brown colour, high coarse sand and clay contents, high Si02 

and contained mottles and concretions, whereas alluvial soils developed 

on Mahanadhi alluvium were pale yellow to olive in colour, high in silt, fme 

sand and KJO contents (Singh et al., 1993). 

Fe20 3 and MgO cont~nt of black soils developed from basalts were 

more than that of soils from basaltic alluvium. SiO:.!, All 0 3 and 1<.;,0 showed 

a reverse trend (Singh et al., 1995). Soils developed on shale were less 

siliceous and contained 1es. total base. compared to soUs developed on 

sandstone and granite. Soils developed on granite had more bases compared 

to soils developed on sandstone and colluvium (Walia and Rao, 1996). 

~.l.~. Cll_at. 

The importance of climate in soil genesis has been accepted for over 

a century. Since the early identification of climate as a factor it has been 

basic to the understanding of soil genesis that different intensities of 

processes that J'esult from climate-vegetation interaction give rise to 

distinctive soils. 

5 



Argillic horizons are indicators of subhumid and humid regions with 

alternating wet and dry periods. Spodic horizons suggest cool climates. 

Oxic horizons are usually found in high rainfall and high temperature zones. 

Calcic, petrocalcic, gypsic, petrogypsic and duripans occur in soils of arid 

regions (Wilding et al., 1983). Hall (1983) obselVed that these climate horizon 

associations are only a first approximation because the influence of local 

topography, length of time of exposure as well as othrr factors complicate 

their relationships. 

Temperature or actually solar radiation exerts a less evident influence 

on soil properties than precipitation. The effect of temperature on 

pedogenesis is mainly indirect as it controls the quantity of moisture 

available for soil forming processes, type of vegetation and thereby it decides 

OIl the quantity and nature of organic residues added to the soil. In 

evaluating the effect of temperature on soil processes, its effect on viscosity 

of soil moisture is of particular interest. Infiltration rates and moisture 

fluxes are known to increase significantly with increased temperature. 

Cumulative effects should be pedogenetically significant but an accurate 

evaluation of their effect in pedogenesis is still lacking (Yaalon, 1960, 1983). 

8lockheim (1980) obtained a significant positive correlation with mean 

annual temperature for such properties as depth of oxidation, solum 

thickness and B horizon clay content, all of which could be attributed to 

better moisture inilltration. 

Mild winter, hot summer and moderate rainfall were the conducive 

factors for the formation of blacksoils (Simonson, 1954; Ray Chaudhuri et 

al., 1963). In South India under low rainfall conditions Alfisols were prevalent 

while under high rainfall Inceptisols were prevalent. Under prolonged high 

rains and a dry period of 3 months Ultisols occurred (Gowaikar and Datta, 

1971). 
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Laterization occurred under a humid warm climate favouring a rapid 

decomposition of primary silicates and quick release of alkalies 

(Sivarajasingham, 1962). 

Red, laterite and lateritic soils are associated with tropical and 

subtropical climates with conditions of high temperature and humidity. 

Black soils occur in tropical and subtropical, subhumid and semiarid to 

arid climatic environment. Blacksoils are generally found at altitudes 

between 300 and 600 metres (Shankaranarayana and Sarma, 1982). 

2.1.3. Biotic ractor. 

Plants affect most directly and abruptly the properties of organic 

carbon, total nitrogen, pH and bulk density. 

Crocker (1967) found a change in the bulk density of soil from 1.5 to 

1.6 glcc to as low as 0.5 glcc because of the presence of plant roots and 

residues and associated microtlora. The overall effect was loosening up of 

the soil which then extended to the B horizon. 

While studying the causes of soil boundaries in an arid region Gile 

(1975) observed that more vegetation and organic matter increased the clay 

content and there:by modified the profile development. Faunal activities also 

caused differencc!s in boundaries, mixing up A and B horizons. 

A general trend of depletion of nitrogen and accumulation of organic 

carbon with the age of pineapple plantations was observed by Tiwari et al. 

(1992). The replacement of tropical rainforest with high value plantation 

crops resulted ill an increase of bulk density due to decline in organic 

matter. There was a decline in Bray's P while CaCOa was completely lost 

from the proil1es (Mongia and 8andbyopadhyay, 1992). 

Tea plantations after 14 years improved water retention characteristics 



and structure of soils besides markedly increasing organic carbon and 

nitrogen status of surface soils (Contractor and Badanur. 1996). 

Hole (1981) summarised the activities of soil fauna which include: 

mounding, moon!:. forming voids. forming and destroying peds; regulating 

soil erosion. plant and animal litter; assisting the movement of air and 

water in soil and regulating nutrient cycling. These activities have long 

been recognised as having a significant role in soil formation. 

The characteristic distribution and origin of channels. chambers and 

pedotubules produced by mesofauna (termites) were studied by Humphreys 

(1994). Most mesl)faunal activity was conimed to coarse textured top soils 

with approximately 8 per cent of the A and E horizons comprising fauna 

prl)duced channels, chambers and pedotubules. The bulk of the topsoil 

consisted of biofabrics and hence defmed a biomantle. The E-B horizon 

was lowered by the mesofauna. 

2.1.4. Topocrapby 

. 
Topography is one of the most important site factors, as slopes are 

fundamentally involved in pedogenesis by modifying the way water behaves. 

This has important consequences both mechanically. in the transport of all 

kinds of material, and physicochemically by affecting the water balance 

and Eh. The lateral movement of water which occurs downslope even where 

the gradient is slight and not readily apparent is responsible for pedogenic 

difTerences depending on slope position. 

In some recl soils of Bihar a distinct correlation of morphological and 

chemical properties with topographic position was found. Down the slope 

profJle depth increased, texture became heavier and structure changed from 

single grain to blocky. Soil reaction changed from acidic to neutral and 

o 



organic carbon and nitrogen increased due to the process of accumulation 

as a result of relief and moisture regime (Sinha et al., 1962). 

Within soil catenas, Vertisols are always situated on lower slopes 

indicating the role of relief in their formation (Prasad et al., 1977). In the 

North East Punjab, Entisols represented foot hills, v;hile in the channel 

flood plains and upper terraces it was Inceptisols. Entisols with fluventic 

character occurred at lower terraces and flood plains (Sharma and Dev, 

1985a). 

In MizoraIIl the soils of high and low altitude are Inceptisols whereas 

midhills are Ultisols (Singh et at, 1991 a). In soils over a basaltic terrain in 

Rajasthan, soils associated with elevated topography were redder (7.5 YR) 

which gradually become grayish (10 YR) down the slope. The reddish brown 

colour at higher topographical positions could be due to ferri-oxyhydrates 

which formed due to the high organic carbon coupled with excessive drainage 

(Sharma et al., 1996). 

2.1.5. TilDe 

Soils differ in their morphology and chemical properties with time. 

Thickness of the sola increased from profiles on the youngest surface to 

profiles on the oldest surface. Similarly the thickness of B horizon and clay 

content of B horizon increases from soils on the youngest surface to soils 

on the oldest surlace (Ruhe, 1967). 

2.2. lIacl'olDorJ,holo,ica! pl'opertl •• 

2.2.1. BoU colou.1' 

Colour is one of the characteristics of the soil that can be easily 

determined at field level. According to Simonson (1993) the colour of the 

soil depends on the content of organic matter and ferric oxides, the latter 

being more or less hydrated. Thicker the organic matter and ferric oxide, 



10 
coating the soil grains, the darker i. the lIoil. Generally but not alway. red 

soils are older than yellow soils, and their drainage is better. 

Myers et al. (1963) stated that colour is often diagnostic of major 

soils classificati()n. Surface colour that differs from that of the parent 

materials is usuaUy an indication of the processes involved in soil formation 

and may also be indicative of the factors such as excessive soluble salts or 

erosion. 

Singh (1956) considered the formation of clay organic matter complex 

favouring anaerobic condition during the wet season as essential for the 

formation of dark colour. Dudal (1965) stated that besides clay organic 

matter complex, iron sulphides and manganese oxides also induce black 

colour. Mohr et a1. (1972) opined that dark colour originated atleast in part 

in the clay fraction in which carbon occurred in a form not oxidisable with 

hydrogen peroxide. 

Haematite was associated with 2.SYR and 5YR colours and goethite 

with 7.SYR and lOYR colours (Childs and Wilson, 1983). 

Poorly drained soils in an alluvial pedogenic complex had a hue of 

lOYR, 'value' 5-6 and and chroma 2-4. Moderately to well drained soils 

had redder hues and higher chroma in the control sections of the pedon 

(Singh et a1., 1989). 

The variati.ons in colour pattern of east coast laterites and associated 

soils in Andhra Pradesh from dark yellowish brown to red ill mainly due to 

differences in relief and consequent transportation of products of weathering 

(Bhaskar and SUbbaiah, 1995). 

• 
The manift!station of colour in the soil is a function of free oxide to clay 

ratio. Wider the ratio, brighter is the colour and vice-versa (Singh et al., 1995). 



11 
In some typical soils of Bihar, the 'value' notation of the colour was 

found to decrease with depth. The subsurface horizons showed either 

constant or increase of chroma as compared to the surface ones. Free Caco
3 

have partly influenced the colour of the soil matrix (Singh and Mishra, 

1996). 

The colour of soil can also be used to identify water table levels. Low 

chroma colours and low chroma mottling can be used to estimate water 

table levels (Zampella, 1994). Zobeck and Ritchie (1984) found that gray 

colours generally correspond to highest average water table. However, soil 

colours may not be accurate indicators of hydric condition in sandy soils 

(Couto et al., 1985). 

2.2.2.lIottl •• 

The experiments conducted by Vepraskas and Bouma (1976) 

suggested manganese to be the primary mottle forming element as it 
• appeared to be in solution for a large part of the time. In saturated regime 

iron was most prominent in mottles. 

Periodic wetting and drying appears to be essential for concretion 

formation whereas more permanent wetting leads to mottling (Diwakar and 

Singh, 1994). 

Mottles contain approximately 3 times more DCB extractable iron 

and 2.5 times more oxalate iron than soil matrix, with smaller active iron 

ratios. ManganefJe was not concentrated in mottles relative to soil matrix 

(Singh and Gilkes, 1996). 

2.2.3. Texture 

The expression of particle size distribution with or without gravel 

concentration can make significant ditTerences in the interpretation of soil 

texture. 
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The ('oarse- texture of the surface horizons is due mainly to the 

influence of the parent materials. The loss of clay from the surface horizon 

by eluviation and preferential removal of clay and silt by erosion can also 

result in a predominance of sand in the surface layer. (Lal, 1981). 

The relative magnitude of silt : clay ratio at different depths has a 

special significance in terms of degree of weathering. In general the silt: 

clay ratio for the majority of the soils declines exponentially with depth 

(Lal, 1981). 

The unifonn texture with depth and absence of visible clay films on 

the peds in Yamuna alluvial plain was construed to suggest that the soils 

have undergone very little or no weathering and the soil forming processes 

are yet to make their mark (Shanwal and Ghosh, 1987). 

The soils of Gangetic alluvial tract in UttarPradesh are dominated by 

very fine sand in the sand fraction. This indicated that the soils are not of 

recent origin. The distribution of silt and clay content was nearly uniform 

throughout the proflle which showed that the eluviation/illuviation process 

have not takenplace considerably (Kumar and Kumar, 1993). 

Some Entisols and Inceptisols of North Western Himalayas contain 

higher amounts c)f coarse fractions relative to clay fraction. The sand: silt 

ratio showed irrl!gular variation in all the profiles indicating lithological 

discontinuities (Kaistha and Gupta, 1994). Similar views were expressed 

by Singh and Mishra (1996) for some Bihar soils. 

The surface horizons of East Coast laterite contain high amounts of 

sand fractions. This is mainly due to impoverishment of rmer particles by 

surface run off water. Higher values of coarse sand in the intermediate 

layers of individual profiles is due to the separated iron-oxides (orming 

nodules or pseUdo-aggregates which is one of the essential characteristics 



of laterite soils under low rainfall conditions (Bhaskar and Subbaiah, 1995). 

The substantial increase in clay content in Bt horizon in some soils 

of UttarPradesh is due to illuviation of clay. In some other soils the 

enrichment of clay in Bw horizon is primarily due to in situ weathering of 

parent material or colluvium rich in clay (Walia and Rao, 1996). 

2.2.4. Soli .tructure 

The structure ofvertisol profile show gradual change with depth which 

could be helpful in differentiating the horizons (Blokhuis, 1982). Entisols 

had weak to moderate sub angular blocky structure whereas Alfisols had 

moderate to strong sub-angular blocky structure (Landey et aI" 1982). 

The salt affected flood plains of Western Madhya Pradesh had 

prismatic structure breaking into moderate, medium, sub-angular and 

angular blocks (Dubey et al., 1985). The soils of Mid Shiwaliks were found 

to have a granular structure in the surface horizon while the sub surface 

horizons were structureless (Singh et ai' l 1991b). 

In sedimentary and old alluvial soils of Bihar, the structure was 

angular blocky even in the lower horizons (upto 155 cm), whereas in young 

alluvial soils the structure was massive beyond 62 cm depth (Diwakar and 

Singh, 1994). 

The Entisols on hills, flood plains and interdunal areas of Punjab 

lack in structure development in the control section. The sand dune soils 

are single grained (Sidhu et ai., 1994). 

Kumar and. Kumar (1993) observed the presence of moderate to strong .. 
grade angular to sub angular blocky structure of medium to coarse size in 

some salt affected and associated normal soils of Gangetic alluvial tract in 

Uttar Pradesh. 
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Laterites occur below soil cover which are brittle and shatter when 

cut, and crumble to irregular masses oCiron gravels. The succeeding layers 

possess a cellular or vesicular or honeycomb structure (Bhaskar and 

Subbaiah, 1995). 

Inspite of clay, silt loam/loam or clay loam texture in soils very fine 

granular / granular structure was observed even upto 40 cm or even more 

in some soils of North Western Himalayas. This could be attributed to the 

presence of higher amount of organic matter/humus (Gupta and Tripathi, 

1992). 

2.2.5. Concretiona 

Pedogenic carbonates are the result of diagenesis in near surface 

environments. Carbonate nodule formation is observed to be a function of 

several internal characteristics such as the character of the matrix (texture, 

porosity), carbonate and non carbonate clay distribution, bulk density of 

the peds and the reciprocal influence between these factors (Wieder and 

Yaalon, 1974). Additional external features are also involved including 

carbonate content of the parent material, water regime, rate of dust 

deposition, duration of soil development and others (Wieder and Yaalon, 

1982). 

The amou~~t and depth of occurrence of carbonates are of diagnostic 

significance in th.e pedological investigation of black soils and their presence 

modified the particle size distribution (Sidhu et al., 1977a). 

There was a regular decrease in concretions down the proflle in young 

alluvial soils. The CaC03 concretions were of irregular shape and variable 

cI:>lour suggesting that they were of pedogenic origin (Diwakar and Singh, 

1993). 

Iron and manganese concretions are frequently encountered in soil 

proflle characteJised by high pH and subject to alternate oxidation and 



reduction. Their depth of occurrence varies depending upon drainage 

conditions (Sidhu et al., 1976). 

Sandy soils as a rule do not contain concretions. This fact is a possible 

basis for distinguishing between a loam and a sandy podzol in a classification 

system (Polteva an.d Sokholova, 1967). 

Ferrugenous nodules found in Tal land soils of Bihar, on the basis of 

their round shape and smooth surface appear to be detrital in origin. Their 

round shape may also be attributed to their concentric nature of formation 

and to some extent due to argillic pedoturbation in the soils of vertic 

characters (Diwakar and Singh, 1993). 

2.2.6 SUckea.ide. 

Vertic properties such as cracks, slickensides and wedge shaped 

structure were observed in soils in a toposequence over basaltic terrain. 

Pressure faces and slickensides tilted to 30-40° to horizontal, occurred in 

subsoil horizon teo a depth of 0.56m. High clay content, better drainage 

condition coupled with higher topographical position having soil watt'r 

stress, accentuated contrast between alternate wetting and drying cycles 

manifested better expression of vertic properties in the pedons (Sharma et 

al., 1996). 

Subllaiah and Manickam (1992) observed prominent and intersecting 

slickensid.':s in vel-tisols developed on different parent materials. 

Soils of in situ origin have higher intensity of cracks ( >2 cm wide) 

per unit area with more prominent slickensides tilted 25° to 40° from the 

horizontal than the soils of alluvial origin. Higher clay content and elevated 

topography which accentuates the process of alternate wetting and drying 

cycles, produces large amount of soils leading to better expression of vertic 

properties. The lower topography and poor drainage in alluvial soils restrict 
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the process of alternate wetting and drying resulting in weak expression of 

vertic properties. (Singh et ai., 1995). 

The depth to slickensides varied between 48 to 60 cm in some Vertisols 

of Karnataka. The angular blocky elements as a result of intersection of 

slickensides were much rmer in limestone and basaltic soils and were coarser 

in gneissic soils (Dasog et al., 1990). 

2.3. Ph,..lcal p .. opertl •• 

2.3.1. Bulk d.D.lt,. 

Low bulk density of surface horizons are associated with relatively 

high organic matter content but its progressive increase with depth ar~ 

probably related to increase in coarse fraction and/ or mling up of pores by 

eluvial material leading to compaction (Walia and Rao, 1996). 

Elahi et aL(1996) have also reported a similar trend of increase in 

bulk density with increasing depth. 

lTJ 

Organic matter is a principal binding agent in aggregate formation 

and its loss would contribute to an increase in bulk density (Blank and 

Fosberg, 1989). 

2.3.2. Vlate ..... t.DtloD charact ... l.tlc. 

Water retention characteristics of soils provide information on the 

ability of soils to store water and the availability of stored water for crops. 

The moisture retention of a black earth consisting of mon tmoriUonite 

at 1/3 and 15 bars was dependent on the nature of the saturating cation, 

with Na giving the highest values, K the least, and Ca and Mg intermediate 

and essentially equal values (Swaify et ai., 1970). 

Among the major soil groups of Kerala, the available water was found 

to be more in blaek soils. It was low in laterite, coastal alluvium and redloam 

soils (Ushakumari et al., 1987). 
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There was good relation between clay content and moisture retention 

percentage. When cOlTelation was worked to clay + silt, the 'r' values 

appreciably improved indicating the contribution of silt fraction also in the 

retention of moisture. Organic matter content in the soils did not cOlTelate 

significantly with moisture retention percentage (Mathan et al., 1991). 

Inceptisols retained more water than Entisols as they had a higher 

clay content. Available water also was uniformly distributed in Inceptisol 

profile, possibly due to relatively uniform distribution of clay in the proflle. 

Water retention at lower tensions showed relatively high variation (Chatterji 

et ai., 1995). 

Sand and silt playa dominating role in determining the water retention 

at 10 to 33 kPa. tensions. With increase in tension to Ibo kPa and eventually 

16 MPa the clay fraction was found to have an edge over sand with the 

influence of silt remaining same throughout (Patgiri et al., 1993). 

2.4. Ph,..lco-ch"mlca! propertl •• 

2.4.1. SoU reaction 

Mathan ct aZ. (1978) studied the seasonal fluctuations of pH in red 

and black soils and reported that there was a deep fall in pH values during 

the month of March, which increased to original level and fell back again in 

August showing a cyclic and seasonal trend. The pH values were minimum 

in surface horizon and increased with depth. 

Black soil:s associated with higher calcium carbonate always showed 

a higher pH. Besides CaC03 , high content of bases also contributed to high 

soil pH (Tiwari et al., 1969; Virmani et aL, 1982). 

In red soils of UttarPradesh the tendency of pH to increase with depth 

was attributed to leaching and accumulation of bases. In some soils the pH 



was higher in surface than in lower horizons suggesting accumulation of 

buses on surface through vegetation (Walia and Rao,.1996). 

Ferrugenous soils are medium acid to neutral. In contrast vertisols 

are moderately to strongly alkaline (Pachrane et al., 1996). 

The pH. values of some laterite soils in Orissa were higher by 0.7 to 

1.3 than pH KC1 values. The positive difference between pH. and pH
KC1 

indicates that the soils were negatively charged (Das et al., 1992). 

Bhattacharyya et ale (1994a) observed that pH
KC1 

was higher than 

pH ... in the subsurface horizon of a soil in Meghalaya. They reasoned that 

this could be due to a strongly weathered oxic horizon which is diagnostic 

of oxisols. 

Prabhuraj and Murthy(1994) found that in soils of southern Karnataka 

the soil pH detennined by 1M KCl solution was lower compared to water and 

concluded that aU the soils contained considerable amount of reserve acidity. 

2.4.2. Cation )t,EchaD,e Capacity 

The CEC clfCumbum valley soils varied from 19.96 to 37.50 me; 100 ,.. 
g soil. The CEC ofVaigai basin varied very widely from 8.25 to 28.46 me/ 

100 g soil. In the Cauvery delta, the CEC vary widely from 5.10 to 39.41 

me/ 100 g soil (Vadivelu, 1985). 

The CEC of vertisols in the dryland tracts of Tamil Nadu ranged from 

34.7 to 79 me/IOO g of soil (Thiyagarajan, 1985). The CEC of laterite soils 

of Thanjavur varied from 5.4 to 26.2 (Anbazhagan, 1994). 

CEC of sClils around Junagarh was not always consistent with clay 

content. The increase in CEC with decrease in the clay content without 

change in clay Inineralogy and organic matter content is suggestive of the 

non-clay fractions towards CEC (Prasad et al., 1977). 



Low CEC are correlated with disappearence or absence of primary 

weatherable minc~rals, and accumulation of secondary clay minerals of low 

CEC, as a result of weathering process. High CEC tends to be associated 

with the less weathered soils, with weatherable primary minerals as a plant 

nutrient reserve (Buol et al., 1980). 

The low values of CEC in proportion to their organic matter and/or 

clay content in f~ome Inceptisols of Arunachal Pradesh may be assigned 

either due to donlinance of illitic and kaolinitic clays or due to formation of 

complexes of clays and sesquioxides with organic matter which lead to 

blocking of exchange sites (Walia and Chamuah, 1996). The CEC of vertisols 

was not related to organic matter and clay. CEC / clay of vertisol was >0.7 

meq. but that of lateritic red soil <0.7 meq (Zhu et al., 1990). 

2.4.3. ExchaDluabl. acidity 

Exchangeable acidity values were generally higher at lower soil pH 

values. Significant correlations exist between pH ... and pHKCI with exchange 

acidity having negative 'r' values. Higher correlation between pH KCI and 

exchange acidity must be due to the replacement of H+ and Al+++ from the 

exchange sites by K+ and their presence in soil solution in active form to 

contribute to soil acidity (Das et al., 1992). 

The exchangeable acidity of soils of valley plains in Andaman ranged 

from 0.1 to 0.6 cmol (p+) kg-I and decreased with depth (Sahu and Bala, 

1995). The exchangeable acidity of soils of southern Kamataka ranged from , 
0.4 to 3.8 cmol (p+) kgl (Prabhuraj and Murthy, 1994). 

2.4.4. Pot.ntial acidity 

Potential acidity in different horizons of some laterite soils of Orissa 

varied from 3.4 to 13.5 cmol (p+) kg-I. The values showed significant positive 

correlations with free oxides of K and clay (Das et al., 1992). 



Potential llcidity of some Inceptisola in Manipur ranged from 10.2 to 

28.8 cmol (p.) kg-I. Organic carbon had a significant positive relationship 

with total acidity (Kailashkumar et al., 1995). 

Total potential acidity of hills were considerably higher, ranging from 

15.6 to 21.2 cmol (p.) kgl in comparison with soils of alluvial zones (9.2 to 

16.2 cmol (p.) kg"). This is possibly due to high content of organic matter, 

clay and free iron (Nayak et ai., 1996). 

2.5. Chemical propertie. 

2.5.1. Blemental compo.ltlon 

A scheme for the weathering behaviour of the major elements was 

proposed by Mason (1966). This enabled a broad division of the elements 

into three groups: a least mobile group Si, AI, Fe, a more mobile group Ca 

and Mg and a most mobile group Na and K. 

Karale et Cli. (1969) found that the basaltic soils were rich in Fe;zOa 

and Al;.l03' In contrast the granite soils were more siliceous in nature and 

low in RJOa' 

In a black soil, Fe20 3 showed no consistent trend with depth while 

SiO . .l was found to decrease and ~03 increase with depth (Prasad et al., 

1977). In Digar and Barde (1982) obsclVed an increase in ~03 content 

with depth while Si02 remained constant. 

Sesquioxide content was higher in soils developed under high rainfall 

and lower in soils formed under low rainfall conditions. Sesquioxide 

increased with depth which implied that there was intense weathering of 

the parf'nt material under conditions of high rainfall (Verma et al., 1987). 

Among vertisols developed from different parent materials, Si02 

content was highest in soils derived from charnockite. Fe20 a content was 



high in soils of ydlow shal~8 origin and Al,~O:t in granite gneiss origin soils 

(Subbaiah and Manickam, 1992). 

"'" 2.1. 

High content of Si02 and low values of ~03 in some East Coast 

laterites could be due to protracted rains which retard the process of 

laterisation. The very low status of total CaO. MgO and ~O in the soils may 

be due to low w(:athering of coarse size mica or due to presence of small 

amounts of feldspars as sources for bases (Bhaskar and Subbaiah, 1995). 

Under lateritic conditions, alumina accumulated in the upper part of 

the weathering profile asso.ciating with Mn or Fe to form oxides and 

Oxihydroxides (Nahon et al., 1985). 

The contents of iron oxides of a vertisol and lateritic red soil derived 

from basalt were higher than that of the lateritic red soil from granite (Zhu 

et al., 1990). 

Free iron oxide content of vertisols formed on three parent rocks 

varied widely. It was highest in basaltic soil (2%), closely followed by 

limestone soil (1.5%) and was least in gneissic soil (0.57%) (Dasog et al., 

1990). 

In some :rice growing soils, Gupta and Tripathi (1993) found that 

CaO, MgO and ~O contents constituted less than 5 percent of the soil 

mass, which was interpreted as a reflection of moderate weathering 

conditions. 

The depth distribution of different elements did not follow any definite 

pattern indicating stratified parent material and absence of any prof11e 

homogenization associated with pedogenesis. The higher content of Ca and 

Na in some pedons could be due to plagioclase feldspar (Dhaliwal et ai., 

1993). 



2.15.2. 1101 ... raUo. 

For understanding the degree of chemical weathering of a soil material 

the concept of molar ratios is applied. The use of such ratios is an important 

way of evaluating the relative ratios of loss of different elements during the 

course of weathering (Jenny, 1941). 

The high Si02/~03 and Si0'J/ ~03 ratios in the soils of Middle 

Shiwaliks is an indication ofpodzolic type of weathering (Ghabru and Ghosh, 

1980). 

The molar ratios of SiO'l1 ~03 in soils developed from mica rich parent 

materials showed that SiO'l content was much higher than ~03' thus 

suggesting that the process of silication was operating in the soils (Mishra 

and Ghosh, 1995). 

The molar ratios of Si021 Al20 3 , Si02 /Fe:.P3' Si02/~03 and Al'J03/ 

Fe20 3 were lower in soils at a higher topography. It is inferred from this 

da.ta that these soils are more weathered than the soils at lower topography 

(Sharma et at, 1996). 

2.5.3. Iron fracUoa.. 

In many studies of soil classification and genesis it would be useful 

to differentiate between the free oxides formed as products of recent 

weathering and those inherited from the parent material (McKeague and 

Day, 1966). The distribution of clay and elements such as Fe are greatly 

affected by the process of soil genesis (Blume and Schwertmann, 1969). 

The colour of fwil horizons are used as a criterion to help separate soil 

great groups. Thus, as coloured compounds, iron oxides impart a 

characteristic colour when present. So the distribution of these becomes 

important (Stonehouse and St. Arnaud, 1971). 



McKeague and Day (1966) tentatively proposed that horizons in which 

dithionite extractable Fe exceeds that in the C horizons by 1 % or more be 

disignated as Bf horizons. Stonehouse and St. Arnaud (1971) interpreted 

low values of dithionite iron as an indication of limited weathering of silicate 

minerals. They reported that the active iron ratios (FeJFed) can be used to 

separate well drained and poorly drained soils. The upper horizons of well 

drained soils have a ratio of <0.35 whereas poorly drained soils have a 

ratio in excess of 0.35. 

Rutherford and Kemp (1983) interpreted Feu - Fe" values as an indication 

of mineralistion of organometallic complexes or simply in situ weathering. 

MacVicar et aL (1984) were of the opinion that DCB-Fe values indicated absolute 

ac(:umulation of Fe moreso in soils having an intermediate stage of weathering. 

According to them DCB-Fe values also indicated the release of Fe from primary 

minerals and accumulation of Fe by losses of silca and bases. 

Ratios of oxalate to dithionite extractable Fe generally decreased with 

depth and were usually below 0.33 in all horizons. This data indicate the 

accumulation of Fe and AI weathering products in the sola of these soils 

but little or no trflllsiocation of Fe (McKeague and Day, 1966). 

Fed maximum usually occurs in the uppermost portion o(the B horizon 

and almost always corresponds to the horizon of maximum clay 

accumulation and maximum total iron accumulation (Stonehouse and St. 

Arnaud, 1971). 

Arudino et al. (1984) found Fe" to range from 1-21.5% of Fe, and Fe" 

(rom 0 to 84.77 of Fe, in some soils of Italy. Higher amounts of Fed was 

observed in Alfisols than in the intergrades and Vertisols suggesting that 

more amorphous iron had been transformed to crystalline in these soil. 



The Fe'l : Fe l was higher for Alfisols and lower lor Vertisols Wht'f('HS 

Fe" : Fed was higher in Vertisols because crystallisation rate was higher in 

Alfisols (Seshagiri Rao et al., 1992). 

2.5.4. Extractable liD 

Manganese extracted by sodium hydrosulfite (Sodium dithionite) is 

called free Mn (Daniels et ai., 1962). Dithionite extractable Mn approximately 

equals the amount of easily reducible Mn (Jarvis, 1984). 

In a well drained soil free Mn, Fe and clay were uniform in all layers, 

as good aeration and neutral pH apparently favoured immobilization of 

both Mn and Fe, In a illdrained soil free Fe and clay corresponded quite 

well but low pH and/or slight wetness favoured mobilisation and loss of 

Mn especially frclm 15-30 inch layer (Daniels et al., 1962). 

2.5.5. Water aoluble .alta 

The proportionate distribution of salts varies with soil type. Alluvial 

soils had more of water soluble Ca:.l+ and Mg2+ while red soils had more of 

water soluble K+ and black soils of more of Na+ (Loganathan and 

Krishnamoorthy, 1979). In some Punjab soils the anions were present in 

the descending order of abundance CO/', HCO.1 ' Cl and S04". SO/ and 

CI' being more ID-::>bile were carried down while HCO~' was retained upstream 

(Vinayak et ai., 1.981). 

Ravikumar et al. (1987) reported that the surface horizons had higher 

water soluble K which decreased with depth. Subhas Chandra Bose et al. 

(1987) observed lower amount of water soluble K in sandy clay loam soils 

and higher amount in sandy loam soils. 

In Benchmark soils of Punjab, the surface layers had significantly 

higher content of water soluble K than sub surface layers in the aridic 

zone. It is attributed to the upward translocation of K from lower depths in 



response to high 4~vaporation demand in the aridie zone (Sidhu and Bhangu, 

1993). 

In a Typic Natraqualf water soluble Na+ was more than Ca2 + and 

Mg 2+. Soluble Ca2+ and Mg2+ were precipitated by C0
3

2' and HC0
3

' resulting 

in an increase in the ratio of soluble Na+ to Ca2+ and Mg2+ in soil solution 

(Srivastava and Srivastava, 1994). 

2.6. Soli cla •• il!'icaitoD 

0'\1 

t'~ . ~ \.) 

Digar et a.i. (1973) classified the red laterite soils of Machkund 

cutchment in Orissa and Andhra Pradesh as Udic Haplustalfs, Ultic 

Paleustalfs and tJltic Rhodustalfs. Irugur series and Palathurai series, both 

red soils of Tamil Nadu, were classified as Udic Rhodustalf and Typic 

Rhodustalf respectively by Hameed Khan and Hanuman Ram (1977). Some 

red soils of Bihar were classified as Typic Haplustalfs (Tiwary and Mishra. 

1992). Walia and R,o (1996) classified red soils in Bundelkhand region of 

Uttar Pradesh as Typic/Dystric Ustrochrepts and Ultic Haplustalf. 

The deep black soils of India were classified as Vertisols by many 

workers. Srinivasan et aZ. (1969) proposed a modification in the classification 

system by way elf recognising a vertic subsurface horizon. Subbaiah and 

Manickam (1987) classified black soils of Andhra Pradesh as Typic/Entic 

Pel1usterts and l'ypic/Entic Chromusterts. Singh et al. (1995) classified the , 
black soils from basalt and basaltic alluvium in Rajasthan as Chromic 

Haplusterts and Typic Haplusterts. 

Manickam (1977) classified the laterite soils of Tamil Nadu into Typic 

Eutrito:xs. Typic Haplustoxs, Oxic Haplustalf, Oxic Rhodustalf and Typic 

Paleustults. Kudrat et al. (1995) classified laterite soils of a part of I\joy 

catchment in West Bengal as Typic Haplustalfs, Typic Ustochrepts and Aerie 

Haplaquepts. Natarajan (1995) classified some typical laterite soils in 



prnim.ulnr Indib-t into UNti(' Knnhllplohumult, Typk KHndiuldaJf Rnd J.o!hmlic 

Kandiustalf. 

Murthy (1978) grouped alluvium derived rice growing soils into 

Haplaquents, Ustifluvents, Udifluvents, Ustochrepts and Haplustalfs. 

Vadivelu (1985) classified alluvium derived rice soils in Coimbatore district 

of Tamil Nadu as Aquic Eutropept and Vertic Eutropept. He classified alluvial 

soils of Cauvery delta as Udic Chromusterts. Soils of valley plains of middle 

Andaman island were classified as Fluventic Eutropepts, Aquic Eutropepts 

and Aeric Tropaquepts (Sahu and Bala, 1995). SarkaI' et ai. (1993) classified 

thl~ soils of Sundarban delta of lower Indo-Gangetic deltaic zone as Vt"rtic 

Haplaquepts. Aeric Haplaquepts and Typic Haplaquepts. 

Singh et ai. (1991b) classified the soils of North-West Himalayas into 

Typic Hapludalf, Typic Eutrochrept and Lithic Udorthent. Soils of citrus 

growing belt of North eschar hills are acidic with low base saturation and 

classified under Ultisols and Alfisols (Chakravarty and Barua, 1983). 

Singh et aT. (1991a) classified soils of high altitude in Mizoram as 

Umbric Dystrochrepts, mid hill soils as Typic Hapludults and low altitude 

S<Jils as Umbric Dystrochrepts. Bhattacharyya et at. (1994a) classified soils 

of Manipur and Meghalaya, which receive a mean annual rainfall of 2000 

to 4000 mm as Typic Kandihumults and Typic Haplohumults. Soils in wet­

temperate and ~rub alpine/moist alpine climatic zones of North-West 

Himalayas, where the mean annual rainfall varies from 500-3000 mm, were 

classified as Andic Haplohumult, Ultic Paleudalf, Cumulic Hapludoll and 

Entic Vermudoll (Oupta and Tripathi, 1992). 

Sahu and Dash (1993) classified the coastal soils of Orissa as Typic 

Haplaquept, Halle Haplaquept and Typic Fluvaquent. Soils of coastal plains 

in Gujarat were classified originally as Typic Chromusterts. Based on recent 



modificat.ionR fC"commC"ndrd by the International Committee on ManaRC"mC"nt 

of Vt!rtisols (ICOMERT), these soils were reclassified as Halic Calciustt'rt 

and Sodic Calciustert (Bhattacharyya et al., 1994b). 

2.7. Spectral reUectance 

Spectral rellectance of soil is the amount of Electro Magnetic Radiation 

(EMR) reflected by the soil in relation to the amount incident on it. Although 

all of the constituents of the soil assume some importance in bestowing 

spectral character to the soil, five soil parameters were found to be highly 

correlated with spectral reflectance. They were CEC, clay content, organic 

matter content iron content, and moisture content of the soil (Montgomery 

et aI., 1972). 

Mathews f·t al. (1973) studying the spectral reflectance curves of 

selected soils observed that clay type, amount of organic matter, free iron 

oxides and salt, influenct' the intensity of energy reflt"ctt"~ by soils in tht" 0.5 to 

2.6 J!m range. 

Krishnan et aL (1980) found that the visible wavelength region provides 

better information than the infrared wavelength region for dC'tennining the 

orgnic matter content. 

The effect of various iron compounds on the spectral reflectance and 

colour of soils is not proportional to their relative water content and is 

manifested differently in different soils and genetic horizons. Weakly crystallised 

iron compounds had the stronger effect on their spectral reflectance and colour 

of soils (Kannana,)v, 1981). 

Reflectivity gradually increases with depth in various subgroups of 

chemozems, chestnut and sierozem soils. ~Soils and horizons with an elevated 

content of iron are easily distinguished by the inflection charactt'ristic for pure 

Fe
2
0

3
• The intensity of the reflection in the region from 500-640 J!m is inversely 



proportional to tht· iron ('ontf"nt. Soils with wdl dt"finf'ci l'itru,~tur(' rf'flf"c·t 1 S to 

20% less light enc~rgy than structureless soils (Obukhov and Orlov, 19(4). 

,Soils with high organic matter content have lower reflectance values 

compared to organic matter poor soils (Bhargava and Mariam, 1992). , 

Cation exc'hange capacity showed negative correlations with soil 

reflectance especially near infra red bands,Abe correlation between CEC and 

soil reflectance were higher than correlation between clay content and soil 

relfectance values. It seemed that CEC acted as a natural integrating factor for 

clay type and content as well as for organic matter content (Abdel-Hamid, 

1993). 

Muscovite "ith light colour and low Fe
2
0

3 
content gave reflectance value 

as high as 80 to 90%, whereas its weathered product and also the weathered 

biotite, which wen~ darker in colour and relatively high in Fe:203 content showed 

much lower reflectance (Mishra et ai., 1993). 
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III :MateriaCs ana :Methoas 



CHAPTER 3 

MATERIALS AND METHODS 

The details of collection of profile samples, soil analysis and statistic-a! 

arlalysis are presented in this chapter. 

3.1. Site aelecUoll 

Tamil Nadu lies between 76°14' and 80°21' E longitude and W4' and 

13°54'N latitude. It has a total geographical area of 13 m ha. The state is 

divided into four geomorphic zones viz., Coastal plain, Eastern ghats, Central 

plateau and Wesr.ern ghats. Based on altitude. annual rainfall and annual 

PET (Potential Evapo-Transpiration), Tamil Nadu has been divided into 7 

agro climatic zon,~s (Table 1). For the present study, based on agroecologj('al .. 
zones at first levd, major land use at second level and areal extent at third 

level, fifteen reference soils were selected. The locations of the sites and 

silt" characteristics are given in Fig.I. and Tablt· '2 respectively. 

3.2. Pedoll morphololY 

Profiles were opened in the selected sites aI'.d theit 

macromorphological characteristics were described as outli.ned in FAO 

( 1990). 

3.3. Soil aampUu.1 

Horizonwise soil samples were collected from the 15 pedons fOJ 

various laboratory analyses. The samples were air dried and gently powdered 

using a wooden mallet. They were sieved through a 2mm sieve to separate 

the coarse fragments (>2mm). The fme earth samples were stored in separate 

containers and used for analysis. 
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Table 1. Aero-climatic .oDe. of TamU Xadu 

Zonal Name of Altitude Annual Annual 
Number the zone (m) rainfall PET 

(mm) (mm) 

1. North eastern zone 100-200 1105 1700 

2. North western zone 200-600 875 1727 

3. Western zeme 200-600 718 1622 

4. Cauvery Delta zone 100-200 984 1932 

5. Sou them ~:one 100-600 857 1825 

6. High rainfali zone 100-200 1420 1516 

7. Hilly zone 2000 and above 2124 1213 

. 
(Palaniappan et ai., 1993) 
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3.4. Ph,..icaJ p"cperti •• 

3.4.1. Partlcl •• I&e dl.tributloa 

Particle siz.e distribution was determined as per the procedure given 

by Gupta and Dakshinamoorthy (1980). 

3.4.2. Bulk dea.lty 

Core samples were taken for the depth upto 1m from each pedon 

using a core cutter and dried in an oven at 105°C for the determination of 

bulk d.n.ity (O~.lFtf. anA ]:) .... hinft.moorthy. lOaO). 

3.4.3. Wat." dl.per.ible clay 

Water dispersible clay was estimat.ed by using water as the dispersing 

agent (Singh, 1980). 

3.4.4. A&&re,aUoa ladell 

Aggregation Index was derived using the following formula gi'/cn by 

lSRIC (1992). 

Water dispersible clay 
Aggregation Index - 100 x (1- ) 

Total clay 

3.4.5. Moi.ture retention 

The moisture retained at 33 kPa and 1500 kPa were determined using 

a pressure plate apparatus (Richards, 1965). The difference between 

moisture percentages at 33 kPa and 1500 kPa was taken as available water. 

3.S. Phy.lco-cht:mical properties 

3.S.1. pH 

pH of the soil was pot.entiometrically measured in the supernatant 

s'..lspension of 1:2.5 soil water mixture and 1:2.5 KCI mixture (peech, 1965). 

The difference in pH between these two was recorded as .6pH. pH was also 

measured in a 1:1 soil water mixture (Soil Conservation Service, 199~). 

" -
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3.5.2. EC 

The electrical conductivity of the 1:2.5 soil water mixture was 

determined using a conductivity bridge (Piper, 1966). 

3.5.3. Or,aDlc cuboa 

Organic carbon was determined by the chromic acid wet digestion 

m(~thod of Walkley and Black as described by Jackson (1958). 

3.5.4. CaCOa eq\llvaleat 

CaCOa was determined by treating the soil with a known aliquot of 

O.2M HCl and back titrating the unused acid with standard alkali (Hesse, 

1971). 

3.5.15. G"p.um content 

Gypsum was estimated by precipitating it and dissol .... ing in acetone 

and determining the electrical conductivity (Hesse, 1971). 

3.6. Blemeutal ILnal".I. 

One gram of soil was digested with perchloric and nitric acids. The 

digest was extracted with dilute HC] and the filtrate was made upto volume 

(Hesse, 1971). 

3.6.1. SUica 

The residue after filtration of HCI04 -HNOa digestion extract was 

ignited, weighed and reported as SiO:z (Hesse. 1971). 

3.6.2. s..quloxJde. 

The sesquioxides in a known aliquot of the perchloric acid extract 

were precipitated as their hydroxides using NH40H in the presence of NH4Cl. 

The precipitate "'_'as filtered, washed free of chloride, ignited and weighed. 

The nItrate was Dlade upto volume and used for the analysis of Ca and Mg. 



, 

3.6.3. Total trOD aDd maDlaD •• e 

The iron content in the perchloric acid extract was estimated by 

aspirating the same directly into the Atomic Absorption ::;pe('trophotomel~r 

and expressed as Fe20 3 (Hesse, 1971). The content ofMn was also estimated 

similarly. 

3.6.4. Total ZiDC aDd copper 

One gram (If soil was digested with a mixture of sulphuric acid and 

perchloric acids. It was diluted with normal hydrochloric acid and made 

upto volume. Total Zinc and Cu in this extract were estimated using Atomic 

Absorption Spectrophotometer (Holmes, 1945). 

3.6.5. Alumina 

The Al
2
0 3 (:ontent was deduced by substracting the Fe20

3 
content 

from the sesquioxide content. 

3.6.6. Total calcium and malD •• lum 

The detennination of Ca and Mg was done in the flltrate obtained 

after the removal of sesquioxide, by versenate method (Hesse, 1971). Their 

contents were expressed as CaO and MgO. 

3.6.7. Total .odium aDd potaaalum 

1: 1 Hydrochloric acid extract of the soils was prepared as per the 

procedure of Piper (1966) and made to volume. It was diluted and 

neutralised. The :sodium and potassium contents were estimated using a 

flame photometer (Stanford and English, 1949). 

3.6.S. Total phoupboru. 

The phosphorus concentration in the perchloric acid extract was 

estimated by the Vanadomolybdic method (Hesse, 1971). 



3.7. Kolar ratlol: 

The molar concentrations of SiO~. Fe;20:1' Al:,P:l' CaO, MgO, Kol0 and 

N~O were worked out and the following molar ratios were worked out. Si0
2 

: ~03 ; Si02 : A120 3 ; Si02 : Fe20 3 ; Al20 a : Fe:;z03 ; CaO+MgO : A1:,z03 ; CaO : 

MgO; ~O+N~O : ~Oa; ~O: N~O. 

3.8. Fraction. of Fe and Mn 

3.8.1. Dlthionito extractahle Fe and lin 

The soil samples were heated in a complexing mixture of sodium 

citrate/bicarbonate to which solid sodium dithionite was added as reducing 

agent. Iron and Manganese in the extract were measured by Atomic 

Absorption Spectrophotometer (AAS) (Mehra and Jackson, 1960). The iron 

content was expressed as free iron oxides. 

3.8.2. Acid ammonium oJla1ate extractable iron 

Soil samples were shaken with a complexing ammonium oxalate 

solution at pH 3.0 dissolving the amorphous compounds of iron which were 

estimated by MS (McKeague and Day. 1966). 

3.8.3. Pyropho.phate extractahle IroD 

Soil samples were shaken with O.1M sodium pyrophosphate solution 

which selectively extracts iron complexed to organic matter. The iron content 

was measured by AAS (Bascomb. 1968). 

3.9. Fraction. of pho.phoru. 

3.9.1. Citric acid aoluhle phoaphoru. 

The soil sa.mples were extracted with 1 per cent citric acid solution. 

Phosphate in th.: extract was determined colorimetrically with the blue 

ammonium molybdate method with ascorbic acid as reducing agent 

(Laboratory for Soil and Crop Testing, 1979). 



3.9.2. Bra,. P 

The readily acid soluble forms of P were extracted by a combination 

of HC} and NH~F. Phosphate in the extract was determined colorimetrically 

with the blue amrQonium molybdate method with ascorbic acid as reducing 

agent (Bray and Kurtz, 1945). 

3.9.3. OIMu P 

The soil samples were extracted with O.5M sodium bicarbonate 

solution at pH 8.5. Phosphate in the extract was determined colorimetric ally 

(Olsen et al" 1954). 

3.10. Total If 

The total nitrogen content of the soils were determined using a Kjeltech 

autosystem as pt:r the procedure of Bremner and Mulvaney (1982). 

3.11. Water aoluble lou. 

1: 5 soil wuter extract was prepared by shaking the suspension for 

30 minutes and centrifuging (Hesse, 1971). 

Water soluble sodium and potassium were estimated in the extract 

by flame photometer (Jackson, 1958). 

Water soluble calcium and magnesium were estimated volumetrically 

by Versenate titration (Jackson, 1958). 

Chloride in the extract was estimated by titration with standard silver 

nitrate (Hesse, 1971). 

Carbonate and bicarbonate were estimated by titrating with standard 

sulphuric acid using phenolphthalein and methyl orange as indicators 

respectively (Hesse. 1971). 

Sulphate in the extract was precipitated as SaSO .. using barium 

chloride and estimated gravimetrically (Jackson, 1958). 



'I. UI. 1D •• Ia ......... op.rU •• 

3.12.1. CatloD e:II:ChaDce capacit,. 

Cation exchange capacity of the soils was determined by the neutral 

Normal ammonium acetate method (Jackson, 1958; Chapman, 1965). The 

ammonium acetate extract obtained from the CEC estimation was ust"d to 

determine the exc!hangeable base. 

3.12.2. !txchaDleabl. baH. 

Exchangeable sodium and potassium were estimated using a flame 

photometer and exchangeable calcium and magnesium by venenate titration 

(Jackson, 1958). 

3.13. Form. or ucidit,. 

3.13.1. EzchaD,eable acidity 

Soil samples were percolated with 1 M KCI solution. The acidity 

brought into sohltion by various sources, principally by H+ and Al3+ was 

measured by titrating with standard alkali (Thomas, 1982). 

3.13.2. BztractlLbl. acidity 

The soil samples were shaken with BaC~ - Tri-Ethanol Amine buffer 

solution at pH 8.2. After centrifugation a known volume of the supernatant 

solution was titrated with acid to measure the residual base (Blakemore et 

al., 1987). 

3.14. EfTective lOBe 

Effective CEC (ECEC) was calculated using the following formula 

(ISRIC, 1992). 

ECEC (in cmol (p.) kgl soil) - Exchangeable (Na+K+Ca+Mg) + 

Exchangeable acidity 

3. US. SpecUal reB.claDe. 

Spectral reflectance measurements were made under solar 

illumination using a Ground Truth Radiometer (Optomech model 041). The 



measurements were made in 4 bands viz., 

Blue 

Green 

Red 

Infra Red 

0.45 - 0.52 JAm 

0.52 - 0.60 JAm 

0.62 - 0.68 J.lm 

0.77 - 0.86 J.lm 

The soil saInples were spread on a clean sheet of black cloth, so as to 

be in the field of view of 15° of the GTR. Barium sulphate coated plate was 

used as the standard. The soil reflectance percentage was worked out as 

follows: 

Reflectance from soil 
Soil reflectance percentage - X 100 

Reflectance from SaSO" plate 

3.16. Statt.tical analy.i. 

The relationship among the physical, chemical and spectral 

reflectance prope~rties of the soils were subjected to statistical scrutiny. 

Correlation and regression equations were developed following the procedure 

outlined by Snedcor and Cochran (1967). 
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CHAPTBR4 

RESULTS 

A brief description of the morpholo~cal properties of the soils, reau Its 

of laboratory analyses of soil samples and statistical interpretation of data 

are presented in this chapter. 

4.1. Morphololical propertl •• (Tables 3 and 4; Annexure I) 

4.1.1. LaDel form aDel .It. charact.rt.tlc. 

The land forms of the location of the pedons varied widely. Pedons 1, 

3 and 8 were examined on undulating plain. Pedons 2, 4 and 5 were located 

on peneplains with undulating topography. The land form of Pedon 6 was a 

gently sloping plain. In the case of Pedon 7 it was peneplain with flat 

topography. The land forms of Pedon 9 and 10 were delta plain and marine 

land respectively. Pedons 11, 12 and 13 occurred on lateritic land form. 

Pedons 14 and 15 had a rolling topography. 

The slope of these land forms were found to vary from 0 to 1 per cent 

in Pedons 3 t 5 t 7,9,10, 11,12 and 13; from 15 to 20 per cent in Pedon 15. 

Pedons It 2t 3 t 4, 5, lIt 12t 14 and 15 were well drained. Pedons 6, 

7 and 13 were moderately well drained. Pedons 9 and 10 were imperfectly 

drained while Pedon 8 was excessively drained. 

Surface crucks were observed in Pedons 6,7,9 and 10. 

4.1.2. 8011 charactert.Uc. 

4.1.2.1. SolulD •• pth 

The depth of the solum was less than 100 em in Pedons 2 and 8. In 

Pedons It 6 and 13 the depth of the solum was between 100 to 150 em. In 

Pedons 3 and 12 the solum depth was from 150 em to 2 m. In Pedons 4,5, 

7 t 9, lOt lIt 14 and 15 the solum depth was more than 2 m. 

· \ 
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4.1.2.2. Colour 

The moist colour of the surface horizons varied widely. In Pedons 6, 

7,8,9, 10, 11, 13 and 15 the hues were 10YR. The hue was 7.5 YR in 

Pedons 4 and 14; 5YR in Pedon 1, and 2.5 YR in Pedons 2,5 and 12. The 

hue was 10 R in Pedon 3. The 'value' varied from 3 to 4 and the chroma 

fmm 2 to 6. 

The hue of the subsurface horizons was 10 YR in Pedons 6, 7,8,9, 

10, 13 and 15; 7.5 YR in some horizons of Pedon 13; 5 YR in Pedon 11 and 

2.5 YR in Pedons 1, 2, 4, 5, 12 and 14. The 'value' ranged from 3 to 5 and 

chroma from 2 to 8. 

4.1.2.3. Texture 

The texture of the surface soils was clayey in Pedons 3, 6, 9, 10 and 

14. In Pedon 2 the texture was clay loam. The texture was sandy clay loam 

in Pedons 7 and 12; sandy loam in Pedons 4, 5 and 8; loamy sand in 

Pedons 1 and 11 and sandy clay in Pedons 13 and 14. 

The texture of the subsurface horizons also varied widely. The 

subsurface texture was clayey in Pedon 6: clayloam to clay in Pedons 9 and 

15; sandy clay loam to clay in Pedons 5,7, 10, 13 and 14; sandy loam to 

sandy clay in Pedons 3,4 and 11; sandy loam in Pedons 2 and 8 and sandy 

clay in Pedons 1 and 12. 

4.1.2.4. Structure 

The structure of the surface horizons was subangular blocky in Pedons 

2, 3. 6, 7, 9, 10, .L 1, 13 and 15. Granular structure was noticed in Pedons 

1,4,5 and 8. Pedon 14 was found to have a crumb structure. 

The dominant structure of the subsurface horizons was angular blocky 

in Pedons 6 and 7 and granular in Pedon 8. In all the remaining pedons the 

structure was subangular blocky. 



4.1.2.5. lIottlbll 

Mottlings were present in surface and subsurface horizons in Pedons 

9 and 10. In Pedons 13 and 15 mottlings were observed in the subsurface 

horizons only. 

The colour of the mottling was 10 YR 2/1 in Pedon 9; 10 YR 5/2 to 10 

YR 5/6 in Pedon 10; 2.5 YR 2/4 in Pedon 13 and 10 YR 3/1 in Pedon 15. 

4.1.2.6. Concretion. 

Both CaC03 and Fe-Mn concretions were observed in Pedon 7. In 

Pedons 6 and 8 CaC03 concretions were present. In Pedons 3, 9, 10, 12, 13 

and 14 Fe-Mn cOI'lcretions were noticed. 

4.1.2.7. Calcar.ou.ne •• 

Only pedons 6, 7 and 8 were calcareous. The remaining twelve pedons 

were non -calcareous. 

4.1.2.8. Coar .. fra,ment. 

Quartz gravels were present throughout the proflle in Pedon 4. In 

Pedons 1 and 2 irregular quartz gravels were present in the subsurface. 

Lime and quartz gravels were present in Pedon 8. In Pedons 12, 13 and 14 

ferruginous gravels were noticed. 

4.1.2.9. Special feature. 

Slickensides were observed in Pedons 6 and 7. Clay films were 

observed in Pedons 4,5, la, II, 12 and 15. Pressurf' faces were noticed in 

Pedons 4, 5,8, 10, 11, 14 and 15. Signs of biological activity were observed 

in some of the pedons. In Pedons 4, 5, 11, 12, 14 and 15 termite activity 

was observed. In Pedon 10, rodent activity was noticed. 



4.2. Ph,..lcal prop.ril •• 

4.2.1. particle aiM rractlon. (Table 5 ; Annexure lIa) 

4.2.1.1. Cla,. 

The clay content of the pedons varied from 3.40 per cent in Pedon 1 

to 57.67 per cent in Pedon 6. The mean clay content was more than 35 per 

cent in Pedons 6 and 12, 18 to 35 per cent in Pedons 1,2,3,5,7,9, 10, 11, 

13, 14 and 15, and less than 18 per cent in Pedons 4 and 8. 

In Pedons 8 and 9, a decreasing trend with depth was noticed. In 

Pedons 6, 11 and 12 an increasing trend was observed. The other pedons 

showed irregular pattern of clay distribution (Fig.2). 

4.2.1.2. Silt 

The range of silt content was between 1.56 per cent in Pedon 1 and 

25.91 per cent in Pedon 10. The mean silt content was less than 10 per 

cent in Pedons 1 t 3, 4, 5, 7, 8, 11, 12, 13 and 14. It was more than 10 per 

cent in other pedons (2, 6, 9, 10 and 15). 

Silt content increased with depth in Pedon 1. A decreasing trend was 

noticed in Pedons 2 and 13. The remaining pedons exhibited an irregular 

djstribution of silt content with depth (Fig.2). 

4.2.1.3. Very cear ... and 

The values of very coarse sand (1.00-2.00 mm) ranged from 0.50 per 

cent in Pedon 10 to 53.25 per cent in Pedon 13. The mean values of very 

coarse sand was less than 10 per cent in Pedons 4, 5,6, 7, 11 and 15. The 

mean values were between 10 and 20 per cent in Pedons 1, 2, 9 and 12. 

The remaining pedons (3, 8, 13 and 14) recorded mean values of 20 per 

cent and more. 

There was an increasing pattern of distribution of very coarse sand 

in Pedon 2. In the case of Pedons 3,9 and 10 the increase was only upto a 
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certain depth and l:I. decreasing trend was noticed thereafter. The- depth 

function was variuble in other pedons. 

4.2.1.4. Coarae lIand 

The coarse sand (1.00-0.50 mm) content ranged from 0.49 per cent 

in Pedon 10 to 30.64 per cent in Pedon 1. The mean values were less than 

10 per cent in Pedons 6, 7, 9, 10, 12 and 15. In Pedons 2,3, 4, 5, 8, II, 13 

and 14, it was 10 to 20 per cent and in Pedon I, it was more than 20 per cent. 

The coarse sand content decreased upto 74 cm depth and increased 

thereafter in Pedon 1. In Pedon 14, a decreasing trend was observed upto 

100 cm depth and thereafter an increase was observed. The distribution 

was irregular in the remaining pedons. 

4.2.1.5. Medium .and 

The range of medium sand (0.50-0.25 mm) content was from 0.93 

per cent in Pedon 10 to 30.21 per cent in Pedon 11. The mean values were 

less than 10 per (!ent in Pedons 2,3,6, 9, 10, 12, 13 and 14; 10 to 20 per 

cent in Pedons 1,4,8 and 15 and more than 20 per cent in Pedons 5, 7 and 11. 

The medium sand decreased upto 74 cm and then increased in Pedon 

1. The pattern of distribution was irregular in other Pedons. 

4.2.1.6. Fine .aDd 

The fine sand (0.25-0.10 mm) content varied from 6.13 per cent in 

Pedon 10 to 40.25 per cent in Pedon 7. The mean values were more than 20 

per cent in Pedons 4, 5, 7 and 11, while in the remaining pedons the values 

ranged from 10 tC) 20 per cent. 

A decreasing trend of distribution offme sand was noticed in Pedons 

1 and 12. In Pedons 2, 6 and 14 the decrease was uniform except in the 

bottom most layer. The rest of the pedons exhibited an irregular pattern of 

distribution of fifle sand. 



4.2.1.7. Very Rue aand 

The very fine sand (0.10-0.05 cm) content varied from 2.38 per cent 

in Pedon 5 to 45.29 per cent in Pedon 10. The mean values were more than 

10 per cent in Pedon 10; 5 to 10 per cent in Pedons 1,2, 3,4,5,6,7,8,9, 

12, 13 and 15; less than 5 per cent in other pedons. 

A gradual decrease of very fine sand with depth was observed in 

P(~don 1. The trend was reverse in the case of Pedon 8. The distribution 

pa.ttern was irregular in other pedons. 

4.2.1.8. Water cUaperalble cia), 

The range of water dispersible clay was from 0.97 per cent in Pedon 

1 to 41.26 per cent in Pedon 10. The mean values were less than 5 per cent 

in Pedon 5; 5 to 10 per cent in Pedons 1,3,4, II, 14 and 15; more than 10 

per cent in other pedons. Water dispersible clay was found to decrease with 

depth in Pedon 2. In other Pedons the trend was irregular. 

4.2.2. Ratioa or particle aiR fractiona (Table 6; Annexure IIa) 

4.2.2.1. Silt/cl&), ratio 

The ratio of silt/ clay varied from 0.05 in Pedon 3 to 1.66 in Pedon 

10. The mean values of this ratio was more than 0.50 in Pedons 2 and 10. 

In all other pedons the ratio was less than 0.50. The ratio varied within a 

narrow range of 0.07 to 0.12 in Pedons 12, 13 and 15. In other pedons a 

wide variation was observed. 

4 .. 2.2.2. Sand/aUt ratio 

The ratio of sandi silt ranged from 2.17 in Pedon 6 to 60.92 in Pedon 

1. The ratio was less than 5 in Pedons 2,6,9, 10 and 15; 5 to 10 in Pedon 

7; 10 to 15 in P(:dons 4, 12, 13 and 14; 15 to 30 in Pedons 3,5 and 11; 

more than 30 in Pedon 1. 
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4.2.2.3. Coar.e Iland/Rne .and ratio 

The coarse sand/fine sand ratio ranged from 0.07 in Pedon 10 to 

2.09 in Pedon 14. The mean value of this ratio was more than 1 in Pedons 

1 and 14. In all the other pedons the mean value was less than 1. 

4.2.2.4. A&&relation index 

The value of the aggregation index varied from 0.16 in Pedon 8 to 

0.91 in Pedon 10. The mean values of this index was less than 0.50 in 

Pedons 6, 7, 8, 9 and 10. In the remaining pedons the index value was 

more than 0.50. 

4.2.3. Mol.ture retention cbaractert.tic. (Table 7; Annexure lIb) 

4.2.3.1. Mol.ture retention at 33 kPa 

Moisture retention at 33 kPa ranged from 4.28 per cent in Pedon 11 

to 43.21 per cent in Pedon 6. The mean values were less than 10 per cent 

in Pedon 8; 10 to 20 per cent in Pedons I, 2 and 3; 20 to 30 per cent in 

Pedons 3, 10, II, 13, 14 and 15; more than 30 per cent in Pedons 6,7,9 

and 12. 

The values of moisture retention at this tension decreased with depth 

in Pedons 2 and :3. In the rest of the pedons the depthwise distribution was .. 
irregular. 

4.2.3.2. Mol.ture retention at 1500 kPa 

Moisture retention at 1500 kPa varied from 2.12 per cent in Pedon 1 

to 23.90 per cent in Pedon 6. The mean values were less than 10 per cent in 

Pedons 1, 2,4, 5,8 and 15; 10 to 20 per cent in Pedons 3, 7,9, 10, II, 12, 

13 and 14; more than 20 per cent in Pedon 6. 

Excepting Pedon 2, where a decreasing trend with depth was observed, 

in all other pedons the depthwise distribution was irregular. 
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4.2.3.3. A.anable .. ater content • 
The available water content was found to vary from 2.06 per cent in 

Pedon 11 to 24.28 per cent in Pedon 11. The mean values of available 

water content were less than 10 per cent in Pedons 1, 2,4, 5 and 8. In 

pedons 3, 10, 13, 14 and 15, the values were 10 to 15 per cent, and in 

Pedons 6,7,9 and 12 the values were than 15 per cent. 

In Pedon 2, a decreasing trend with depth was observed. The 

distribution was irregular in other pedons. 

4.2.3.4. Bulk den.it,. 

The lowest bulk density of 1.16 Mg m-3 was recorded in Pedon 15 

while Pedon 5 recorded the highest value of 1.72 Mg m·3
• Unlike the moisture 

retention characteristics, the bulk density values followed a notable pattern 

with depth. All the pedons excepting Pedons 1 and 14 showed an increase 

in bulk density with depth. 

4.3. Ph,.aico-chemica! prop.rtie. (Table 8; Annexure IIc) 

4.3.1. pH (1:1 aoU .. ater) 

The values of this pH ranged from 3.5 in Pedon 10 to 8.51 in Pedon 

7. The mean values of this pH were less than 6 in Pedons 1, 5, 11, 12, 14 

and 15. In Pedons 2, 3, 4, 6, 9, 10 and 13, the mean values were between 

6 and 8. The mean values in Peaons 7 and 8 were more than 8. 

The pH was found to increase with depth in Pedons 1, 8 and 14 and 

decrease with depth in Pedon 11. In Pedon 9 the pH increased upto a depth 

of 103 cm and decreased thereafter. 

4.3.2. pH (1 : 2.S soil: water) 

The pH of 1:2.5 soil water extract varied from 4.63 in Pedon 15 to 

8.73 in Pedon 8. In Pedons 5, 12, 14 and 15 the mean values of this pH 
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were less than 6. The values were between 6 and 8 in Pedons I, 2, 3, 9 and 

10, and in Pedonu 4, 6, 7, 8 and 13 the values were more than 8. 

-.' iJ 

In Pedon I, 2 and 8 the pH increased with depth, while a reverse 

trend was observed in Pedon 13. This pH increased upto a depth of 89 cm 

in Pedon 3 and decreased thereafter. In pedon 9 the pH increased upto 103 

cm, below which it decreased. The remaining pedons did not exhibit any 

particular pattern of distribution. 

4.3.3. pH (Soil: 1M KCl) 

In all pedolls pHKC1 was lower than that of the pH measured in 1:2.5 

soil water extract. pH
KC1 

was found to vary from 3.15 in Pedon 5 to 7.71 in 

Pedon 6. The mean values of pH
KC1 

were less than 6 in Pedons 1, 2, 3, 5, 

11, 12, 14 and 15. In Pedons 9 and 10 the mean values were between 6 

and 7. The mean values in Pedons 4, 6, 7, 8 and 13 were more than 7. 

pH
KC1 

was found to increase with depth in Pedons 2 and 8. In Pedon 

15 an increasing trend with depth was observed but for a small decrease in 

the 62 to 95 cm depth. The depthwise distribution was iJTegular in other 

pedons. 

4.3.4. ApH 

The values of 6pH varied from 0.18 in Pedon 1 to 2.42 in Pedon 3. 

The mean values of .6pH were less than 1 in Pedons I, 4, 6, 14 and 15. The 

values were more than 1 in the rest of the pedons. 

4.3.5. Blectrlcal conductivity 

The lowest value of 0.021 dSm·1 was recorded in Pedons 14 and 15 

while the highest value of 2.6 dSm-1 was observed in Pedon 10. The mean 

values of EC wen! less than 0.1 dSm·1 in Pedons 1,3,4,5, II, 12, 14 and 

15. In Pedons 2,6,7,8,9 and 13 the mean values were between 0.1 to 0.5 

dSm·'. The mean value was more than 1 dSm-' in Pedon 10. 



In Pedons 6. 8 and 10 the EC increased with depth, while in Pedon 

12 it decreased with depth. Oepthwise trend was not obsetved in other 

pedons. 

4. a. 6. Or.aDlo O"''''OD 

Organic carbon content of the pedons ranged from 0.03 per cent in 

Pedon 10 to 2.60 per cent in Pedon 15. The mean values of organic carbon 

were more than 0.4 per cent in Pedons 14 and IS. In the remaining pedons 

the mean values were less than 0.4 per cent. Pedons 14 and 15 had 

comparatively higher organic carbon in their sola. 

The organic carbon was generally found to decrease with depth in 

most of the pedons. 

4.3.7. CaC03 equlvalent 

Pedons 4, 5, 11, 12, 13. 14 and 15 had absolutely no calcium 

carbonate in their sola. Among the remaining pedons the highest value of 

13.28 was recorded in Pedon 8 and the lowest value of 0.08 was observed 

in Pedon 1. The mean values of calcium carbonate equivalent were less 

than 1 in Pedons 1,2 and 3; 1 to 5 in Pedons 6,9 and 10; and more than 

5 in Pedons 7 and 8. 

The calcium carbonate equivalent was found to increase with depth 

in Pedons 1, 2 and 8. In the rest of the pedons no depthwise trend was 

obsetved. 

4.3.8. Gypaum 

Gypsum was present only in Pedons 6, 7, 8 and 10. It was observed 

in all the horizons of Pedon 8. In the remaining three pedons the lower 

horizons only had gypsum, the content of which varied from 0.54 to 1.12 

per ('ent. In Pedon 8 the gypsum content varied from 2.08 to 3.47 per cent. 



4.4. Chemical composition 

4.4.1. Elemental composition (Table 9; Annexure lId) 

4.4.1.1. Silica (SiO) 

The silica (:ontent of the soils were observed to vary from 39.51 per 

cent in Pedon 15 to 86.40 per cent in Pedon 10. The mean values of silica 

,.'ontent were 50 t.o 60 per cent in Pedone 14 and 15; 60 to 70 per cent in 

Pedons 1,2,3,6,7 and 13 and more than 70 per cent in Pedons 4,5,8,9, 

10,11,12. 

In Pedon 2 an increase in silica content with depth was observed. A 

reverse trend was noticed in Pedon 4. The rest of the pedons showed an 

irregular trend in the distribution with depth. 

4.4.1.2. Total iron (Fe20 3 ) 

The highest Fe2 0 3 content of 14.63 per cent was observed in Pedon 3 

while the lowest content of 1.89 per cent was recorded in Pedon 6. The 

mean values of total iron content were less than 5 per cent in Pedons 1,6,7,10 

and 11. The mean value was more than 10 per cent in Pedon 3. In the 

remaining pedons the mean values were between 5 and 10 per cent. 

An increasing trend with depth was observed in Pedon 15. In Pedon 

11 the total iron increased upto 156 cm depth and marginally decreased 

upto 177 cm depth. The depthwise distribution was irregular in other pedons. 

4.4.1.3. Free irOJ1 oxide 

The free iron oxide content ranged from 0.34 per cent in Pedon 7 to 

12.56 per cent in Pedon 3. The mean value. of iron oxide were more than 5 

pel' cent in Pedons 3, 12, 14 and 15. In the remaining Pedons the mean 

values were less than 5 per cent. In Pedons 6 and 7 the free iron oxide was 

less than 1 per cent in all the horizons whereas in Pedons 3 and 14 it was 

more than 6 per cent in all the horizons. 
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The free iron oxide decreased with depth in Pedons 2 and 8. In Pedon 

6 it decreased from 19 cm. In other pedons the depthwise distribution was 

irregular. 

4.4.1.4. Alumina (Al
2
0 3 ) 

The alumina content was found to vary from 6.81 per cent in Pedon 

10 to 29.94 per cent in Pedon 15. The mean alumina content was 10 to 15 

per cent in Pedons 2, 4, 6, 7,9, 10, 11 and 12; 15 to 20 per cent in Pedons 

1,3,5,8 and 13; Ilnd more than 20 per cent in Pedons 14 and 15. 

In Pedon 2, a decrease in the alumina content with depth was 

obsexved. Alumina content increased with depth in Pedon 8. Pedons 1 and 

13 showed an increase in alumina content upto 74 cm and 121 cm depth 

re-spectively and decreased thereafter. 

4.4.1.5. aeaquic,xide. (R.!03) 

The sesquioxide content ranged from 9.14 per cent in Pedon 10 to 

40.55 per cent in Pedon 15. The mean values of sesquioxide content were 

between 15 and 20 per cent in Pedons 6,7,9, 10 and 11. In Pedons 1,2,4, 

5, 8, 12 and 13 the mean values were from 20 to 25 per cent. In Pedons 3, 

14 and 15 the mean values were more than 25 per cent. 

The distribution of sesquioxides was observed to increase with depth 

in Pedons 8 and 11, and decrease with depth in Pedon 2. The distribution 

was irregular in other pedons. 

4.4.1.6. Total clalclum (CaO) 

The: CaO CI)ntent of the soils varied from 0.77 per cent in Pedon 3 to 

22.51 per cent ill Pedon 6. The mean values of CaO were less than 5 per 

cent in Pedons 1.2,3,5,9,10,11,12,13,14 and 15; 5 to 10 per cent in 

Pedons 4,7 and 8; and more than 10 per cent in Pedon 5. Pedons 6 and 7 

had CaO content of more than 5 per cent in all horizons. 



The total calcium content increased with depth in Pedon 8. Thf' pattern 

of distribution was irregular in other pedons. 

4.4.1.7. Total Dlalnealum (MgO) 

The MgO content of the pedons ranged from 0.23 per cent in Pedon 5 

to 6.98 per cent in Pedon 7. In Pedons I, 3, S, 11, 12, 14 and 15 the mean 

values of MgO content were less than 1 per cent. In Pedons 2,4 and 13 the 

mean values were from 2 to 4 per cent. In Pedons 6, 7, 8, 9 and 10 the 

mean values of MgO content were more than 2 per cent. The MgO content 

was less than 1 per cent in all the horizons of Pedons S, 11 and IS. 

The depthwise distribution was irregular in all the pedons. 

4.4.1.8. Total potaa.lum (~O) 

The lowest ~O content of 0.078 per cent was recorded in Pedon 14. 

Pedon 13 recorded the highest ~O content of 0.873 per cent. The mean 

values of ~O content were more than 0.5 per cent in Pedons 2, 10 and 13. 

In all other PedoJls the mean ~O values, were less than 0.5 per cent. Pedon 

14 had the least K.l0 content in its solum with less than 0.2 per cent K.z0 in 

all the horizons. 

The ~O content was found to increase with depth in Pedons 1 and 

8. In Pedons 3 and 12 the ~O content decreased upto 89 cm and 110 em 

depth respectively and increased thereafter. In the remaining pedons the 

depthwise distribution was irregular. 

4.4.1.9. Total &odium (NR..zO) 

The N~O content varied from 0.176 per cent in Pedon 5 to 0.974 per 

c(:nt. in Pedon 10. The mean values of N~O were more than 0.4 per cent in 

Pcdons 4,6,7,8,9,10 and 13. In all the other pedons the mean N~O content 

was less than 0.4 per cent. In Pedon 10 the N~O content was more than 

0.5 per cent in aU the horizons. 



An increase: in the content of N~O with depth was observed in Pedon 

6. In Pedon 5 the N~O content decreased upto 123 cm depth and increased 

beyond that. The distribution was irregular in other pedons. 

4.4.2. Molar ratio. (Table 10; Annexure lIe) 

4.4.2.1. Silica: S..quioxld. ratio (Si02 : ~03) 

The values of silica sesquioxide ratios of the soils showed wide 

variations. The lowest ratio of 1.83 was recorded in Pedon 15 while the 

highest ratio of 17.63 was recorded in Pedon 10. The mean values of this 

ratio were less than 5 in Pedons 3, 14 and 15. In Pedon 10 the mean value 

was more than 10. In the rest of the pedons the mean values ranged from 5 

to 10. 

The ratio tended to increase with depth in Pedon 2. A decrease in the 

ratio, with depth was observed in Pedons 4, 8, 11 and 13. The depthwise 

distribution was irregular in other pedons. 

4.4.2.2. Silica: Alumilla ratio (Si02 : A120a) 

The silica: alumina ratio varied from 2.24 in Pedon 15 to 21.48 in 

Pedon 10. The mt:an values of this ratio were less than 5 in Pedons 14 and 

15, and more than 10 in Pedolls 4,10 and 11. In the remaining pedons the 

mean values were between 5 and 10. 

The ratio decreased with depth in Pedon 8 while a reverse trend was 

observed in Pedon 2. There was no regular pattern in depthwise distribution 

in other pedons. 

4.4.2.3. SiUea ; FerriC oalde ratio (Si0:;J : Fe:,l0a) 

The silica: ferric oxide ratios of the soils ranged from 9.89 in Pedon 

15 to 98.35 in Pedon 11. The mean values of this ratio were less than 20 in 

Pedons 3, 14 and 15; 20 to 40 in Pedons 1, 2, 4, 5,8,9, 12 and 13; more 

than 40 in Pedons 6, 7, 10 and 11. 
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In Pedons 1,11 and 15 the silica : ferric oxide ratio was found to 

decrease with depth. In Pedon 2 a reverse trend was observed. In the rest of 

the pedons the depthwise distribution was irregular. 

The lowest alumina: ferric oxide ratio of 1.71 was obselVed in Pedon 

3 while the highest ratio of 10.45 was observed in Pedon 6. The mean values 

of this ratio were more than 5 in Pedons 1, 6, 7, 8 and 15. In all other 

Pedons the mean values were less than 5. The ratio was comparatively 

lower in Pedons 3 and 12, where the ratios were less than 3 in all the 

horizons. 

The ratios was found to decrease with depth in Pedon 2 and increase 

with depth in Pedon 8. In the remaining pedons the depthwise distribution 

was irregular. 

4.4.2.5. AlkallDIt earth: AlumlDa ratio (CaO + MgO : ~03) 

This ratio was observed to vary from 0.12 in Pedon to 3.59 in Pedon 

6. The mean values of this ratio were more than 1 in Pedons 4,6,7,8 and 

10. In all other Pedons the mean values were less than 1. Pedons 14 and 15 

had comparatively lower alkaline earth : alumina ratios. 

The ratio was found to increase with depth in Pedon 2. In Pedons 

11,12 and 13 the ratio decreased with depth. The depthwise distribution 

was irregular in t.he rest of the pedons. 

4.4.2.6. Calcic: lIalDe.lc ratio (CaO : MgO) 

The CaO : MgO ratio was observed to vary from 0.61 in Pedon 3 to 

6.01 in Pedon 12. The mean values of this ratio were more than 2 in Pedons 

4,6,8, 12 and 13; 1 to 2 in Pedons 1,2, 3, 5, 7, 10, 11, 14 and 15 ; less 

than 1 in Pedon 9. 



The ratio increased with depth in Pedon 8. In Pedon 4 the ratio 

iIll'rea~C'd from :l3 em to 163 em depth. In the rCeil of the pedon~ lhe 

depthwise distribution was irregular. 

4.4.2.7. Alkali: Alumina ratio (N~O + ~O : Ai.Pal 

The alkali : alumina ratio of the soils were observed to range from 

0.022 in Pedon 5 to 0.259 in Pedon 10. The mean values of this ratio were 

more than 0.1 in Pedons 7, 9, 10 and 13. In the remaining pedons the 

mean values were less than 0.1. 

In Pedons 2 and 6, there was an increase with depth. In other pedons 

the distribution of alkali: alumina ratio was irregular with depth. 

4.4.2.8. Pota •• ie : Bodie ratio (~O : NaJO) 

The K20 : N~O ratio ranged from 0.15 in Pedon 14 to 1.29 in Pedon 

15. The mean values of this ratio were more than 0.5 in Pedons 1,2,3,7,8,13 

and 15. In the rest of the pedons the mean values were less than 0.5. 

The ratio increased with depth in Pedons 1 and 8. A reverse trend 

was observed in Pedon 12. In the remaining pedons there was no regular 

pattern in depthwise distribution. 

4.5. Nutrient eompo.ltlon (Table 11; Annexure lit) 

4.5.1. Total nitro,en 

The total nitrogen content varied from 0.012 per cent in Pedon 2 to 

0.239 per cent in Pedon 15. The mean values of total nitrogen were more 

than 0.1 per cent in Pedons 14 and 15; 0.05 to 0.1 per cent in Pedons 

1,3,12 and 13; and less than 0.05 per cent in the remaining pedons. The 

total nitrogen content was more than 0.05 per cent in all the horizons of 

Pedons 12,14 and 15. 
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In most of the pedons the surface horizons had comparativf'ly highf'r 

total nitrogen than other horizons. In Pedons 2,9,14 and 15, a decrease in 

total nitrogen with depth was observed. 

The total P content of the soils varied from 193 ppm in Pedon 12 to 

3070 ppm in Pedon 6. The mean values of total P content were less than 

SOOppm in Pedon 2 and more than 1000 ppm in Pedons 4,6,7 and 8. In all 

other pedons the mean values were between 500 and 1000 ppm. 

In Pedon 8 the total P content was found to decrease with depth. In 

the remaining pedons the depthwise distribution was irregular. 

4.5.3. Citric ac:ld Soluble Pboapborua (C8P) 

The CSP (~ontent ranged from 2 ppm in Pedons 12 and 15 to 645 

ppm in Pedon 9. The mean values were more than 50 ppm in Pedons 1,7,9 

and 10. In the rc:maining pedons the mean values were less than 50 ppm. 

The CSP content was more than 250 ppm between 103 and 164 cm depth 

in Pedon 9. In most of the pedons the highest CSP content was observed in 

the surface hori2:ons. 

In Pedons 6, 12 and 13, a decreasing trend with depth was observed. 

In Pedon 2 a reVf:rse trend was noticed. In the remaining pedons depthwise 

distribution was irregular. 

4.5.4. Bray P 

70 

The highe:Jt Bray P content of 23 ppm was recorded in the surface 

horizons of Pedol1s 1 and 11. In Pedons 1, 2, 11 and 14 only traces of Bray 

P was recorded in some of their horizons. The mean values of Bray P were 

more than 5 ppm. in Pedons 1, 10 and 11. In all the other pedons the mean 

values were less than 5. 



In Pedons 4, 8, 11 and 12 the Bray P was observed to decrease with 

depth. The depthwise distribution was irregular in other pedons. 

4.S.5. Ol •• a P 

The highest olsen P content of 16 ppm was recorded in Pedon 15. As 

in the case of Bray P, some pedons had only traces of Olsen P in some of 

their horizons. In most of the pedons the surface horizons had the highest 

01.,,1'1 P content. 'rhe mean value. or Olsen P were more than ~ ppm, only in 

Pedons 1,10 and 15. 

4.5.6. Tot&! trOD 

The total iron content of the soils ranged from 1.95 per cent in Pedon 

1 to 10.23 per cent in Pedon 3. The mean values of total iron content were 

more than 5 per cent in Pedons 2, 3, 4, 12, 14 and 15. In the remaining 

pedons the mean values were less than 5 per cent. Total iron content was 

more than 5 per cent in all the horizons in Pedons 2, 3, 12 and 14. 

In Pedon 15, the total iron content was found to increase with depth. 

In all other pedons, the depthwise distribution was irregular. 

4.5.7. Total zinc 

The total zinc content of the soils ranged from 15 ppm in Pedon 3 to 

125 ppm in PedoLl 6. The mean values of total zinc were less than 50 ppm 

in Pedons 1, 5, 11 and 12. III the remaining pedons the mean values were 

more than 50 ppm. The surface horizons of most of the pedons had 

comparatively lesser total zinc than subsurface horizons. 

The deptb\\ise distribution was irregular in all pedons except Pedon 

8 where an increa.sing trend was recorded. 

4.6.8. Total copper 

The total copper content of the pedons varied from 46 ppm in Pedon 

10 to 130 ppm in Pedon 3. In Pedons 3 and IS, the mean values of total 

(.i 



copper content were more than 100 ppm. In all other pedons the mean 

values were between 50 and 100ppm. 

The total copper content in Pedons 2,8 and 11 was found to increase 

with depth. In Pedon 7 it decreased up to 120 cm depth and increased 

thereafter. 

4.5.9. Total manlaa.a. 

The highest total manganese content of 2,313 ppm was recorded in 

Pedon 3 while the: lowest content of 93 ppm was recorded in Pedon 10. The 

mean values of total manganese were less than 500 ppm in Pedons I, 2, 5, 

8,9, 10, II, 12, 14 and 15; 500 to 1000 ppm in Pedons 4,6,7 and 13; and 

more than 1000 ppm in Pedon 3. In Pedon 3, 54 to 89 cm depth registered 

2,313 ppm and 89 to 155 cm depth recorded 1,891 ppm of total manganese. 

In Pedon 6, 19 to 52 cm depth had 1,563 ppm of total manganese. 

In Pedons I, 2, 4, 5 and 8 the total manganese content increased 

wi.th depth. Depthwise distribution was irregular in other pedons. 

4.6. Fractioa. or iroa aad maalaD ... (Table 12; Annexure IIg) 

4.6.1. Dltbioaittt-citrat.-blcU'boaate lroa (Fed) 

The Fed content varied from 0.24 per cent in Pedon 7 to 8.78 per cent 

in Pedon 3. The mean values of Fed content were less than 1 per cent in 

Pedons 6,7 and 10; 1 to 5 per cent in Pedons 1,2,5,8,9, II, 12, 13 and 

15; more than 5 :per cent in Pedons 3 and 14. 

In Pedons 2 and 8, the Fed content decreased with depth. It increased 

upto 123 cm depth in Pedon 5 and decreased thereafter. In the rest of the 

pedons the depthwise distribution was irregular. 

4.6.2. Oaalate u'oa (Fe.' 

In all the pedons, the Feo content was comparatively lower than that 
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of th ... Fe". The Fe .. content ranged from 0.021 per cent in Pedon q to t. 7R 

per cent in Pedoll 3. The mean values of Feo were less than 0.5 per cent in 

Pedons I, 2, 6, 7, 8, 9, 10, 13 and 15; 0.5 to 1.00 per cent in Pedons 4, 11 

and 14; more than 1 per cent in Pedons 3, 5 and 12. Only Pedon 5 had 

more than 1 per cent Feo in all its horizons. 

The Fee> content increased with depth in Pedon 2 and decreased with 

depth in Pedon 8. In Pedons 1,4, 5, 6, 9, 13 and 15, it increased upto a 

certain depth and decreased thereafter. 

4.6.3. Pyrophoaphate irOD (Fe
p

) 

This fraction recorded lowest values among the three fractions of 

iron, viz., Fed' FeD and Fep ' The Fep content varied from 0.002 per cent in 

Pedon 10 to 0.12 per cent in Pedon 4. The mean values of Fe were more 
" 

than 0.05 per cent in Pedons 4, 14 and 15. In all other pedons the mean 

values were less than 0.05 per cent. 

In Pedons 2,8 and 15 the Fep content increased with depth. The 

dcpthwise distribution was irregular in other pedons. 

4.6.4. Ve./,Vet per ceDt 

This was computed by dividing Fed by Fe, and mUltiplying by 100. 

Similar computations were made in sections 4.6.5., 4.6.6. and 4.6.10. 

The values varied from 7.67 in Pedon 7 to 92.05 in Pedon 15. The 

mean values were less than 50 in Pedons 6, 7, 8, 9 and 10. In the remaining 

pedons the mean values were more than 50. 

The depthwise distribution was irregular in all pedons except Pedon 

2 where a decreasing trend was observed. 

4.6.5. Ve./Fe, per ceDt 

The values ranged from 0.47 in Pedon 9 to 30.29 in Pedon 11. The 



mean values were less than lOin Pedone 2, 6, 7, 8, 9, 10, 13. 14 and 1 S; 

1 () to :.W in Pedol1s 1, 3, 4 and 12; more than 20 in Pedons 5 and 1 1 . 

In Pedon 2 the values were obsetved to increase with depth. A reverse 

trend was obsetved in Pedon 8. The depthwise distribution was irregular in 

other pedons. 

4.6.6. Fe,/Fet per cent 

The value~; varied from 0.06 in Pedon 10 to 2.76 in Pedon 15. The 

mean values were 1 or more in Pedons 4, 5, 6 and 15. In the remaining 

pedons the mean values were less than 1. 

The depthwise distribution was irregular in all pedons except Pedon 

2 which recorded. an increasing trend with depth. 

4.6.7. Active iron (FejFed ) 

The ratio of Feu: Fed varied from 0.02 in Pedon 9 to 0.47 in Pedon 11. 

The mean values of this ratio were less than 0.2 in Pedons 1,2, 8, 10, 13, 

14 and 15. In all other pedons the mean values of this ratio were more than 

0.2. 

The ratio was obsetved to increase with depth in Pedons 2 and 6. In 

Pt:dons 1, 4, 13 and 15, the ratio increased upto a certain depth and 

decreased thereafter. In the rest of the pedons the depthwise distribution 

was irregular. 

4.6.8. 
Fe. - Fe. 

The values of this ratio ranged from 0.06 in Pedon 7 to 0.88 in Pedon 

15. The mean values of this ratio were less than 0.5 in Pedons 4,5,6,7,8, 

9, 10, 11 and 13. In the remaining pedons the mean values were more than 0.5. 

The depthwise distribution of this ratio was iITegular in all the pedons. 

, v 
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4.7.2. Eaectl ... e CltC (ECEC) 

The highest ECEC of 4.09 cmol (p.) kg-I was observed in Pedon 6 

while the lowest ECEC of 3.08 cmol (p+) kg-I was recorded in Pedon 1. The 

mean values of ECEC were less than 15 cmol (p.) kg-I in Pedons 1, 2, 4, 5, 

11, 14 and 15. In Pedons 3, 7, 8, 10, 12, and 13 the mean values were 

between 15 and 30 cmol (p.) kg-I. The mean values were more than 30 cmol 

(p+) kg-I in Pedons 6 and 9. 

As in the case of CEC, the values of ECEC did not show any trend in 

depthwise distribution (Fig.3). 

4.7.3. B ..... tur.Uon percent.,e 

The base saturation ranged from 19.67 per cent in Pedon 15 to 94.88 

p(:r cent in Pedon 9. The mean values of base saturation were less than 50 

per cent in Pedons 5,14 and 15. In Pedons I, 2, 4,10,11 and 12 the mean 

values were 50 to 80 per cent. In Pedons 3, 6, 7, 8, 9 and 13 the mean 

values of base suturation were more than 80 per cent. In Pedons 14 and 

15, base saturation was less than 30 per cent in all horizons. 

4.7.4. Exch&ll, •• ble b •••• 

4.7.4.1. Exch.D,eable calcium 

The exchangeable calcium content of the pedons varied from 1.01 

cmol (p.) kg-I in Pedon 5 to 33.43 cmol (p.) kg-I in Pedon 6. The mean 

values of exchangeable calcium were more than 10 cmol (p+) kg-I in Pedons 

6, 7,9 and 12. The mean values were less than 10 cmol (p+) kg-I in the 

remaining pedons. 

Among tht! cations, calcium dominated the exchange complex in 

almost all the pedons. The exchangeable calcium per cent values varied 

from 9.01 in Pedon 14 to 64.32 in Pedon 6. The exchangeable calcium per 

cent values were more than 40 in Pedons 4,6,7,8,9,12 and 13. In Pedons 

82 



1,2,3, 10 and 11 the exchangeable calcium per cent values ranged from 

30 to 40. 

4.7.4.2. EzcllaDleable malDe.ium 

The content of exchangeable magnesium ranged from 0.82 cmot (p.) 

kgl in Pedon 5 to 18.01 cmol (p+) kgl in Pedon 6. The mean values of 

exchangeable magnesium were 1-5 cmol (p+) kgl in Pedons 1,2,4,5,8, 

11,14 and 15; 5 to 10 cmol (p+) kgl in Pedons 3,10,12 and 13; more than 

10 cmol (p+) kgl in Pedons 6, 7 and 9. 

Exchangeable magnesium per cent values varied from 8.35 in Pedon 

14 to 40.37 per cent in Pedon 7. The mean values of exchangeable 

magnesium per cent were more than 30 in Pedons 3,7,9 an 10. In the 

remaining pedons the mean values were less than 30. 

4.7.4.3. Exch&Aleable .odium. 

The exchangeable sodium content of the soils was observed to vary 

from 0.02 cmo! (p+) kg-I in Pedon 2 to 7.52 cmol (p+) kg-I in Pedon 10. The 

mean values of exchangeable sodium content were more than 1 cmol (p+) 

kgl in Pedons 6, 10 and 13. In all other pedons the mean values were less 

than 1 cmol (p+) kgl. 

The exchangeable sodium per cent ranged from 0.18 in Pedon 5 to 

19.53 in Pedon 10. The mean values of exchangeable sodium per cent were 

less than 1 in Pedons 2,3,4,5,11,14 and 15; 1 to 10 in Pedons 1,6,7,8,9,12 

and 13; more than 10 in Pedon 10. 

4.7.4.4. Exchan,eable pot.alum 

The content of exchangeable potassium varied from 0.04 cmol (p.) 

kg-I in Pedon 5 to 2.18 cmol (p+) kg'l in Pedon 10. The mean values of 

exchangeable potassium content were more than 1 cmol (p+) kg"l in Pedons 

8.3 



8,10 and 13. In the remaining pedons the mean values were less than 1 

cmol (p.) kg-I. 

The exchangeable potassium per cent, varied from 0.41 per cent in 

Pedon 5 to 12.51 in Pedon 3. The mean values of exchangeable potassium 

per cent, were 1 to 5 in Pedons 4,5,6, 7.9, 10, 12 and 15. In the rest of the 

pedons the mean values were between 5 and 10 per cent. 

4.7.4.5. Calli, ratio 

The Ca/Mu ratio of the pedons varied from 0.53 in Pedon 14 to 4.13 

in Pedon 4. The mean values of Ca/Mg ratio were less than 1 in Pedons 10 

and 15 and more than 2 in Pedons 4 and 6. In all the other pedons the 

mean values were between 1 and 2. 

4.7.4.6. KINa ratio 

The KINa ratio ranged from 0.15 in Pedon 10 to 16.25 in Pedon 2. 

The mean values of the ratio were less than 1 in Pedons 6, 7, 9, 10 and 13; 

1 to 5 in Pedons 4,8, 12 and 15; more than 5 in Pedons 1, 2, 3,5, 11 and 14. 

4.8. Forma of acidity (Table 15; Annexure IIh) 

4.8.1. ExchUlIt:abl. acidity 

Exchangeable acidity of the soils ranged from 0.10 cmol (p.) kg-I in 

Pedon 1 to 1.97 cmol (p.) kg-I in Pedon 12. The mean values of the 

exchangeable acidity were more than 1 cmol (p.) kg-I in Pedons 2, 3, 5, 10, 

11 and 12. In the: rest of the pedons the mean values were less than 1 cmol 

(p.) kgl. 

The exchangeable acidity increased with depth in Pedon 1. In Pedons 

5 and 7 it increased upto 72 cm and 120 em depth respectively and decreased 

thereafter. The depthwise distribution were variable in other pedons. 



5. Range and mean values of forms of acidity 

Eldi. acidity 
c:moI (p.) kg" 

Total acidity 
cmol (p.) kg" 

R M R M 

0.10-0.67 0.42 3.1~.83 4.45 

1.1>1.53 1.32 5.41-10.23 7.36 

1.02-1.92 1.37 3.30-5.81 4.48 

0.21-0.33 0.27 1.07-3.14 2.01 

0.88-1.57 1.24 5.26-8.16 6.75 

0.5().().74 0.63 7.7>14,70 11.44 

0.68-1.08 0.88 1.01-5.38 3.00 

0.64-0.79 0.69 1.47-3.10 243 

0.21-0.92 0.64 3.41-5.71 4.63 

0.35-1.78 1.20 2,19-18.27 6.64 

0.87-1.21 104 3.47-6.21 4.78 

0.83-1.97 1.57 3.71-6.45 5.23 

0.77-0.92 0.83 0.98-1.n 1.27 

0.56-0.90 0.71 12.73-18.03 15.69 

0.15-0.53 0.35 18.28-21.28 19.43 

Je M = Mean 



4.8.2. Potential acidity 

The potential acidity of the soils varied from 0.98 cmol (p+) kg-' in 

Pedon 12 to 21. 28 cmol (p+) kg-I in Pedon 15. The mean values of potential 

acidity were 1 to 5 cmol (p+) kg-' in Pedons 1,3,4,7,8,9, 11 and 13; 5 to 

10 cmol (p+) kg" in Pedons 2,5, 10 and 12; more than 10 cmol (p.) kg-' in 

Pedons 6, 14 and 15. 

The potential acidity increased with depth in Pedcns 2 ancl 8. In 

Pedon 4 a reverse trend was observed. In Pedon 1 it increased upto 74 cm 

depth and decreased thereafter. In all other pedons the depthwise 

distribution was irregular. 

4.9. Water .oluble ion. (Table 16; Annexure IIi) 

4.9.1. Water .oluble cation. 

4.9.1.1. Calcium 

The water soluble calcium content was observed to vary from 2.07 

mmol (p+) kg-I in Pedon 4 to 35.08 mmol (p.) kg' in Pedon 10. The mean 

values of the water soluble calcium were more than 5 mmol (p+) kg' in 

Pedons 1, 6, 7,8 and 10. In the remaining pedons the mean values were 

less than 5. 

The water soluble calcium content increased with depth in Pedon 2. 

The trend was reverse in Pedons 4 and 9. In Pedon 1 the water soluble 

calcium decreased upto 74 cm depth and increased thereafter. In Pedon 6 

it increased upto 80 cm depth and decreased th(~reafter (Fig.4). 

4.9.1.2 • • a,ne.ium 

The lo~est value of 1.07 mmol (p.) kg' was recorded in Pedons 1 and 

5. The highest value of 19.34 mmol (p+) kg-' was recorded in Pedon 10. The 

mean values of water soluble magnesium were more than 5 mmol (p+) kg" 

in Pedon 10 and less than 2 mmol (p.) kg' in Pedons 4 and 5. In all the 
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DEPTHWISE DISTRIBUTION OF WATER SOLUBLE CATIONS 
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other Pedons the mean values were between 2 and 3 mmol (p+) kg I. 

A decreasing trend with depth was observed in P~don 2. In Pedons 3 

and 4 the water soluble magnesium content increased upto 54 em and 125 

em depths respectively and decreased thereafter. The dcpthwise distribution 

was irregular in the remaining pedons (Fig.4). 

4.9.1.3. Sodium 

The water soluble sodium content ranged from 0.10 mmol (p+) kg-I in 

Pedon 5 to 14.91 mmol (p+) kg-I in Pedon 10. The mean values of water 

soluble sodium were less than 1 mmol (p+) kg-I in Pedons 1,2,4,5,8, 11, 

14 and 15; 1 to 5 mmol (p+) kg-I in Pedons 3, 6, 7 and 12; 5 to 10 in Pedons 

9 and 13; and more than 10 mmol (p+) kg-I in Pedon 10. 

In Pedons 1 and 8 the water soluble sodium content increased with 

depth. There was no trend in the distribution pattern in all other pedons 

(Fig.4). 

4.9.1.4. Pot ••• lum 

9.i. 

The water soluble potassium content varied from 0.05 mmol (p+) 

kg' l in Pedon 15 to 1.75 mmol (p+) kg-I in Pedon 10. The mean values of 

water soluble K was more than 1 only in Pedon 10. In all the remaining 

pedons the mean values were less than 0.5 mmol (p+) kg-I. Pedon 10 

registered conspicuously lower water soluble potassium between 174 and 

190 cm depth in comparison to other horizons. Pedon 15 recorded low 

water soluble potassium content. In all the pedons no trend in depthwise 

distribution was noticed (Fig.4). 

4.9.2. W.tel' aoluble aaloD. 

Water soluble carbonate was recorded in very few samples. Hence it 

is not reported. 



4.9.~.1. Bloal'bculat. 

Pedon 5 r.ecorded the lowest value of 1.03 mmolH kg-I. The highest 

value of 18.88 mmol (p.) kg-I was recorded in Pedon 10. The mean values of 

the water soluble bicarbonate were more than 5 mmolH kg-I in Pedons 6, 

7, 9, 10 and 13. In other pedons the mean values were less than 5 

mmol( -) kg-I. Depthwise distribution of bicarbonate was irregular in all 

pedons (Fig.S). 

4.9.2.2. Chloride 

The water soluble chloride content of the soils ranged from 1.71 

mmol(-) kg-I in Pedon 6 to 14.92 mmol(-) kg-I in Pedon 10. The mean values 

of the water soluble chloride content were more than 5 mmol(-) kgl in 

Pedons 10 and 12. The mean values were less than 5 in the remaining 

pedons. 

In Pedon 9, the water soluble chloride content decreased upto 139cm 

depth and then increased upto 164 cm. In Pedon 10, a general trend of 

increase with depth was observed. In the remaining pedons the depthwise 

distribution was irregular (Fig. 5). 

4.9.2.3. SUlphate 

The water soluble sulphate content of the soils ranged from 0.13 

mmol(-) kg-I in Pedon 4 to 25.16 mmol(-) kg-I in Pedon 10. The mean value 

of the water soluble sulphate content was more than 5 mmol(-) kgl in Pedon 

10, and 1 to 5 mmol(-) kgl in Pedons 6,7,8 and 9. In the remaining pedons 

the mean values were less than 1 mmol(-) kgl. 

In Pedons 11 and 13 the water soluble sulphate content was observed 

to increase with depth. In Pedon 6, it decreased upto 112 cm depth and 

increased thereafter. The depthwise distribution was irregular in other 

pedons (Fig.5). 



FIG. 5 DEPTHWISE DISTRIBUTION OF WATER SOLUBLE 
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4.10. Statl.tlcal rel.tloD.blp amolllllOll propertle. (Table 17) 

Correlation coefficients among particle size fractions, physico­

chemical properties, moisture retention characteristics and chemical 

composition of the soil were worked out. Clay was positively correlated 

with CEC, moisture retention at 33 kPa and 1500 kPa tensions, CaO, 

MgO,~O,N~O and total copper. It was negatively correlated with sand, 

Si02 , FeCI' Feo and Fep ' 

Silt showed positive relationship with CEC, MgO, ~O and N~O. The 

relationship of silt with other soil properties was not significant. 

Sand was positively correlated with Si02 and negatively correlated 

with CEC, moisture retention at 33 kPa and 1500 kPa and ~O. 

Organic carbon had significant and positive relationship with total 

copper. pH .. was positively correlated with CaO, MgO, ~o and N~O. The 

relationships among CEC, moisture retention at 33 kPa and 1500 kPa were 

positive and significant. CEC was negatively correlated with Fe:;z03' Al:z0:\ 

and ~03' SiO:;z showed negative relationship with Al:;z03' Fe:;z03 was positively 

correlated with A12 0 3, total Cu, and Mn, and all the fractions of Iron. Total 

Cu and Mn and the fractions of Fe and Mn were positively correlated with 

each other. 

4.11. 8011 cla •• lRcatioll (Table 18) 

Based on the morphological physical, chemical and exchangeable­

properties, the soils were classified upto soil family level (Soil Survey Staff, 

1975 and 1994). Rainfall, PET (Potential Evapo-Transpiration) and 

temperature data for the locations of the pedons were collected and the 

moisture and temperature regimes were computed based on the guidelines 

given by Sehgal and Mandai (1994a) and Sehgal and Mandal (1994b) (Fig.6). 
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Fig.6. CLIMATIC DATA 

Paiyu,-

200r-----------------------------------,35 

E 150 .i-
II. 
a: 
Iii 100 
6:L 
1ft o 
Iii 
6:L 

"---',,, 

Month. 

( PET (mm) - 0.5 PET (mm) - RF (mm) 

Bhavanisagar 

30 

u 

• ... 
::l -III ... 

15 ~. 
E • \ 10 I-

Temp.c,C J 

300 ·------------------------------------~35 

e 250 · 
E 
;;:-200 
a: 
Iii 150 
6:L 
.q 
o 100 
t-=' 

r 50 

Month. 

30 

25 0 

• ._ 
::l .. ... 

15 ~ 
E 

10 {!! 

( .. PET (mm) -0.5 PET (mm) - RF (mm) _. Temp.oC J 



Thenk.i1si 

500r---------------------------------~35 

e 400 
S 
LL. 
G: 300 

Iii 
IL 
10 200 
o 

r 100 

Monthe 

[ PET (mm) - 0.5 PET (mm) - RF (mm) 

II. 
a:: 

400 

Iif 200 
IL 
10 o 
..,: 100 
~ 

Pcnyakulam 

Mon ... 

25 (.) ., 
20 .§ 

C1I ... 
15 ~ 

E ., 
10 I-

Temp.C>C J 

35 

30 

25 0 ., 
20 

... 
:::J .. 

15 • Q. 
E 

10 • I-

5 

C PET (mm) _- 0.5 PET (mm) - RF (mm) . T_p."C J 



'
"'- -

... ~-...... 

Sathankulam 

200---------------------------------~35 

E e 150 . -"­
CIt 

tf 100 
a. 
to o 
tf 50 
a. 

Month. 

30 

fP 

20 ~ -ell 

15 i 
E 

\10 ~ 

5 

C PET (mm) - 0.5 PET (mm) - RF (mm) Temp."C J 

Aruppukottai 

250 --------------------------------~35 

"-
~ 150 

Iii a. 
10 100 
o 
t-=' 
~ 50 

30 

fP 

20 ~ ..... 
ell 

15 i 
E 

10 :!. 

o 0 
JIIft Feb 11_ ,... 11.11 Jun Jul Aug .. oa N_ Dec 

Month. 

[ PET (mm) --- 0.5 PET (mm) - RF (mm) - Temp."C J 
LIBRARY 

TNAU, Colmb.tor •• 3 

1IIIIIIIIIlfmlll'I"'IIIII III III 
000150925 

-y 



COlmbaton:!< 

200r---------------------------------~35 

1150 

"" a: 
ti 100 
CL .., 
o 
ti 50 
CL 

Month. 

GET (mm) -_ 0.5 PET (mm) -- RF (mm) 

I&. 
a: 

200 

Iii 100 
CL .., 
o 
..,: 50 
Ie 

Palladam 

Month. 

( PET (mm) - 0.5 PET (mm) - RF (mm) 

30 

o 
• ... 
:::::I -(IS ... 

15 ~ 
E 
CD 10 ~ 

Temp."C J 

35 

30 

25 0 
CD 

20 .... 
:J 
N ... 

15 • 0.. 
E 

10 {!.. 



Aduthurai 

700r--------------------------------

_800 
E 
SSOO· 
u.. 
a: 400 
Iii 
D.. 300 .., 
d 
Iii 200 
a.. 

Month. 

u 

• ... 
::J -CIJ 

15 ~ 
E • 10 to-

5 

( PET (mm) - 0.5 PET (mm) - RF (rnm) - Temp.0C] 

Sellur 

500 35 

30 
&,400·· 
E 25 0 -u.. 

" a: 300 . .... 

~ 
.: 
CIJ ... 

D.. 15 " 10 200 Q. 

E d {!. 
t-=" 10 

r 100 

0·· 0 
J .... Feb M ... Apr M." Jun Jill Aug Sep 001 Hov Deo 

Month. 

( - PET (mm) -- 0.5 PET (mm) - RF (rrvn) - Temp.oC J 



Vridhachalam 

350,-------------------------------------,35 

_300 
e 
S250 
u.. 
a:: 200 
~ 
A. 150 
110 o 
~ 100 
Q. 

50 

Month. 

30 

25 0 

• ... 
::I 
~ ... • 0. 
E .. 

10 ~ 

C PET (mm) - 0_5 PET (mm) -_ RF (mrn) - Temp ooC] 

Vamban 

300 ------------------------------------.35 
_250· 
E 
E 
~200 
a:: 
Iif 150 
Q. 

110 
o 100 
..... 
r 50 

O· .1_ Feb II .... II.,.I_ .lui Aug Sep Oal N_ Deo 

Month. 

30 

25 0 .. ... 
::lI 

fti ... 
15 :. 

E 
~ 

C PET (mm) ~ 0.5 PET (mm) ~ RF (mm) Temp .oC J 



1150 
() -IL 

II: CII 
~ 

Iii 100 
":l -m 

L ~ 

15 III .., 0.. 

0 ~ 
CII 

Iii 50 10 I-

L 

0--
.len Feb M..- Apr May Jun Jul Aug Set:> Oct Noy Dec 

o 

Month. 

[ PET (mm) - 0.5 PET (mm) - RF (mm) Temp.e,C J 

Pechiparai 

400 ------------------------,35 

30 

I 300 -IL 
II: 

t:r 200 
Do. 
10 o 
~ 100 J-.._....----__ 

O-~-..l...-..-----"---.-----'~----..l.---'---- 0 
Jen Fee Mar IIfw M.,. .1_ .lui ..... 51 Set:> Oct Nov 0.0 

Month. 

() 

[ - PET (mm) - 0.5 PET (mm) - RF (mm) Temp."C J 



350 "--------------------- 20 

300 

f250 
IL 

a: 200 
Iii 
A. 150 .., 
to 
~ 100 
A. 

15 

10 

S 

O--~~--~------~--~------~--~~---O 
J_ Feb M ... Apr Me, Jun Jul Au~ s.p 001 Nov O.c 

Month. 

() 

CD ... 
~ 

~ 
lIi 
(4 . 

E • l-

C PET (mm) ~~. 0.5 PET (mm) -- RF (mm) T.mp~ 



The tempc!rature regime of Pedon 15 was computed as isothermic. 

All other pedons had isohyperthermic temperature regime. The moisture 

regime of Pedon 15 was udic. All other pedons had ustic moisture regime. 

Pedons 1,2,3,7,8,9,10 and 14 were classified under Inceptisols. 

Pedons 4,5,11,12 and 13 were grouped under Alfisols. Pedon 6 was classified 

under Vertisol and Pedon 15 under Ultisol. The classification upto family 

level is given in Table (18). 

4.12. Speetral reOectaDee 

Soil reflectance is a cumulative property derived from inherent spectral 

behavior of combinations of mineral, organic and fluid water that comprise 

the soils. The spectral reflectance of soils differed markedly between soil 

groups as they have various chemical and physical properties including 

iron oxides, organic matter, moisture and texture. Surface soil reflectance 

always varies with subsoil reflectance. Hence an attempt was made to 

characterise the soils based on their spectral properties and to establish 

relationship between reflectance and soil properties. 

4.12.1. Band ... i •• l'eBeet_Dce (Table 19; Annexure Uj) 

4.12.1.1. Blue baDd reneolanc. 

The reflectance in the blue band varied from 5.42 per cent in Pedon 

15 to 39.01 in Pedon 4. The mean values of reflectance in blue band were 

less than 10 per cent in Pedons 3,8,9,12 and 14; 10 to 15 in Pedons 

1,5,6,7,10,11,13 and 15; and more than 15 per cent in Pedons 2 and 4. 

4.12.1.2. GreeD band reneolaDc. 

The reflectance in green band ranged from 7.02 per cent in Pedon 3 

to 38.10 per cent in Pedon 4. The mean values of reflectance in the green 

band were less than 10 per cent in Pedons 8,9 and 12. In Pedons 
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1,3,5,7,9,10,11,14 and 15 the mean values were between 10 and 15 per 

cent. In Pedons 2,4 and 7 the mean values were more than 15 per cent. 

4.12.1.3. Red blUld renectaDo. 

The reflectance measured in red band varied from 9.21 per cent in 

Pedon 14 to 43.10 per cent in Pedon 4. The mean values of reflectance in 

red band were less than 15 per cent in Pedons 8,14 and 15; 15 to 20 per 

cent in Pedons 1,3,5,6,9,10,11 and 12; more than 20 per cent in Pedons 

2,4,7 and 13. 

4.12.1.4. IDfrared baDd renectauce 

The reflectance measured in the infrared band ranged from 10.2 1 

per cent in Pedon 9 to 59.20 per cent in Pedon 4. The mean values of 

rc~flectance in this band were less than 20 per cent in Pedons 1,6,8,9,14 

and 15. In Pedons 3,6,11 and 13 the mean values were between 20 and 25 

per cent. The mean values were more than 25 per cent in Pedons 2,4,7,11 

and 13. 

4.13. Effect or ph,..lca! aud chemical propertle. or .oU. OD ... ctra! 

renectaDce 

Grouping of soils based on their physical and chemical properties 

and studying their effect on spectral reflectance is done by constructing 

reflectance curves in different spectral bands for different categories of soils. 

This will facilitate in soil map unit delineation and other field separation of 

soil differences. 

4.13.1. Efrect of cla)' 

Soil with less than 18% clay recorded higher reflectance in all the 

four bands (blue, green, red and infrared bands) compared to those with 18 

to 35 and more than 35 per cent clay. The reflectance of soil with 18 to 35 



per cent and more than 35 per cent clay were almost similar in blue~ green 

and red bands while they differed marginally in infrared band (Fig.7). 

4.13.2. EfY.ct or .Ut 

The soils of present investigation were categorized into 3 classes (a) 

the soils with less than 5 per cent silt, (b) 5-10 per cent silt and (c) more 

than 10 per cent silt. The reflectance of the soils increased from blue, green, 

red and to infrared band. Significant differences occured in the infrared 

band for soils with varying amounts of silt, while they were more or less 

similar in the remaining bands (Fig.7). 

4.13.3. EfY.ct or aaad 

The reflectance was higher in all the four bands in the soils containing 

more than 75 per cent sand (Fig.7). The soils with more than 75 per cent 

sand could be discriminated from the other soils containing 50 to 75 per 

cent and less than 50 per cent sand because of their higher reflectance 

values. The reflectance curves of the soils with less than 50 per cent and 

50-75 per cent were closer and hence the soil with low per cent sand could 

not be differentiated based on their spectral reflectance values. 

4.13.4. EfY.ct of .oil colour 

The soils in the present investigation possessed lOR, 2.5 YR, 5 YR, 

7.5 YR and 10 YR hues. The reflectance recorded at the different bands of 

these soil showed that the soils with 7.5 YR hue have higher reflectance 

value compared to other group of soils. The reflectance curves were more 

closer in all the soils except those with 7.5 YR hues (Fig.7). 

4.13.5. BfYect or 1D01.ture ret.lltloll at 33 kPa 

The spectral reflectance of the soils with moisture retained at 33 kPa 

showed that the spectral reflectance increased from blue to infrared band. 
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However no regular trend was observed for differentiation of the soils based 

on their spectral values (Fig.7). 

4. 13.6. Bffect or mol.ture l'eteatloD at 1500 kPa 

The refiectance of the soU. with moisture retained at 1500 kPa showed 

significant difference of spectral reflectance. The values increased from blue 

to infrared band in all the soils. The reflectance in all the four bands was 

generally low in soils with higher moisture retention but was high in the 

soU. having low moisture retenUon (1"1,,7,. 

4.13.7. EfTect or orlaDle CUbOD 

The soils were categorized into two groups based on the organic carbon 

content : (a) soils with low organic carbon (less than 0.4%). (b) soils with 

high organic carbon more than 0.4 per cent. The reflectance curves were 

distinctly different for the above two group of soils. The reflectance was 

lower in soils with high organic carbon and higher in soils with low organic 

carbon. This trend was observed in all the four spectral bands (Fig.7). 

4.13.8. BfTeat or calcium cuboDat. 

The influence of calcium carbonate content on the spectral reflectance 

could be seen from the Fig. 7. The soils with low CaC03 equivalent (0 to 1) 

recorded higher reflectance value. compared to the soils in which the CaCOa 

equivalent were 1 to 5 or more than 5. The spectral reflectance curves were 

closer in blue. green. red bands and slightly wider at the infrared bands. 

The reflectance values of the soils. with different CaC03 content, increased 

generally from blue, green, red to infrared band. 

4.13.9. BfTeat or .oU reactioD 

The reflectance increased from blue to infrared band in the soils with 

different pH values. Soils with high pH (more than 8) registered higher 
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However no reguJar trend was observed for differentiation of the soils based 

on their spectral values (Fig.7). 

4. 13.6. Erreat or mol.ture retelltloll at USOO kPa 

The refiectance of the soU. with moisture retained at 1500 kPa showed 

significant difference of spectral reflectance. The values increased from blue 

to infrared band in all the soils. The reflectance in all the four bands was 

gc!nerally low in soils with higher moisture retention but was high in the 

soUs having low moisture retention (1'1&.7). 

4.13.7. Err.ct or or,allic carboll 

The soils were categorized into two groups based on the organic carbon 

content: (a) soils with low organic carbon (less than 0.4%). (b) soils with 

high organic carbon more than 0.4 per cent. The reflectance curves were 

distinctly different for the above two group of soils. The reflectance was 

lower in soils with high organic carbon and higher in soils with low organic 

carbon. This trelld was observed in all the four spectral bands (Fig.7). 

4.13.8. Erreat or calcium carbollate 

The influence of calcium carbonate content on the spectral reflectance 

could be seen from the Fig. 7. The soils with low Caco3 equivalent (0 to 1) 

recorded higher reflectance value, compared to the soils in which the CaC0:l 

equivalent were 1 to 5 or more than 5. The spectral reflectance curves were 

closer in blue, green, red bands and slightly wider at the infrared bands. 

The reflectance values of the soils, with different CaC03 content, increased 

generally from blue, green, red to infrared band. 

4.13.9. Effect of soU ,..actioD 

The reflectance increased from blue to infrared band in the soils with 

different pH values. Soils with high pH (more than 8) registered higher 
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reflectance in all the four bands compared to soils with neutral and acidic 

soil reaction. The reflectance curves were closer at blue and green bands 

while they were distinctly wider at red and infrared bands (Fig.7). 

4.13.10. Bfrect or electrical cODductlYlty 

The reflectance was higher in the infrared band and decreased in 

red, green and blue bands for the soils with different EC values. Soils with 

low EC values (less than 0.1 dSmo

') could be differentiated from the soils 

with high EC values (0.1-0.5 dSmo

,) in all the spectral bands except in the 

red band. Soils with high EC values showed lower reflectance in blue, green 

and red bands but a reverse trend was observed in the infrared band (Fig.7). 

4.13.11. Bffect or .cree iroD ozide 

The soils were grouped into two categories based on their free iron 

oxide content: (a) soils with more than 5 per cent free iron oxide and (b) 

soils with less than 5 per cent free iron oxide. The spectral reflectance of 

these two group of soil were closer in blue and green bands while they were 

distinctly different at the red and infrared bands. 

4.13.12. Errect or CBC 

Soils with high CEC values recorded low reflectance in all the four 

spectral bands compared to those with medium and low CEC values. The 

reflectance gene:rally increased from blue, green, red to infrared band. The 

spectral reflectance curves were closer in the soils with high and medium 

CEC at red band but other wise the cUlVes were wider and distinctly different 

in all the other bands including for the low CEC soils. 

4.13.13. Efrect or baa. uturatloD p.l"ceDt.,e 

The reflectance values increased generally from blue, green, red to 

infrared band in the soils with different SSP values. 'nle spectral reflectance 



curve of the soils, with 50-80 per cent base saturation was distinctly different 

from the soils, with more than 80 and less than 50 per cent base saturation, 

in which they were closer to each other. The reflectance were different in 

blue, ereen and infrared bands for the soils with Ieee than 50 and more 

than SO SSP. 

4.14. Spectral renect_Dce of .oU by bOrlZOD 

The spectral reflectance generally decreased with depth in Pedon I 

except for 50-74 cm and 74-100 cm depths at red and infrared bands. The 

reflectance of all the horizons increased from blue, green, red and infrart"d 

bands (Fig.8). 

In the case of Pedon 2, the reflectance in all the bands was higher in 

the subsoil (IS-50 cm depth) compared to the other two horizons (0-19 em 

and 50-69 cm depths). The reflectance curves were distinctly different in 

the red and infrared bands for all the horizons. 

Higher reflectance for Pedon 3 was noticed in the surface horizon (0-

16 cm depth) in blue, green and red bands while in the infrared band the 

reflectance was high in the 30-50 em depth. A regular decrease of reflectance 

with depth in blue band was noticed while no such trend was observed in 

other bands for the remaining layers (Fig.8). 

In Pedon 4, the reflectance measured in blue, green and infrared 

bands were higher in the 23 to 52 cm depth in comparison to the other 

horizons. The highest reflectance in the red band was noticed in the surface 

horizon. The reflectance in red band decreased with depth. The reflectance 

in the other three bands did not follow any pattern (Fig.8). 

In Pedon 5, the highest reflectance in blue, red and infrared bands 

were recorded in the 48 to 72 cm depth. The highest reflectance in the 

green band was recorded in the surface horizon. The depthwise distribution 
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was irregular in all bunds. A notable feature was that the se(:ond hor"izon 

i.e. 20-48 cm depth recorded the lowest reflectance in all bands (Fig.B). 

In Pedon 6, the spectral reflectance in all bands.increased with depth 

from the third horizon i.e. 52-80 cm depth and the highest values wc-re 

TC~corded in the 112-159 cm depth (Fig.8). 

In Pedon 7, the depthwise distribution was irregular. The highest 

reflectance in all the four bands was recorded in the 97 -120 cm depth 

(Fig.B). 

In Pedon 8, the spectral reflectance decreased with depth in all the 

bands except in blue band (Fig.B). 

In Pedon 9, the reflectance measured in the green, red and infrared 

bands increased from the surface to 75 cm depth and decreased thereafter. 

The highest reflectance in the blue band was recorded in 21 to 41 cm depth. 

In case of green, red and infrared bands, the maximum reflectance was 

registered between 41 and 75cm depth (Fig.S). 

In Pedon 10, the highest reflectance in blue and green bands were 

recorded in the 152 to 174 cm depth. The surface horizon (0-14 cm) was 

found to reflect high in red and infrared bands. The reflectance in blue 

band decreased upto B2 cm depth while the reflectance in red and infrared 

bands decreased upto 63 cm depth. The trend after these depths was variable 

(Fig.B). 

In Pedon 11, the reflectance measured in the blue band decreased 

from the surface to 156 cm depth and reflectance in infrared band decreased 

from 21 cm to 177 cm depth. In the green and red bands the reflectance 

decreased from 21 em to 156 em depth. The highest reflectance in the blue 

and green band were recorded in the surface horizon (0-21 cm) and third 

horizon (53-105 cm)respectively. The highest reflectance in the red and 

infrared bands 'Vt'ere recorded in the 21-53 em depth (Fig.S). 
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In Pedon 12, the depthwise distribution of spectral reflectance was 

irregular in all four bands. The highest reflectance in the blue and green 

bands were noticed in the 110 to 169cm depth and 40 to 77 cm depth 

respectively. The horizon in 12 to 40 cm depth reflected high in the red and 

infrared bands (Fig.8). 

In Pedon 13, the reflectance measured in the blue and green bands 

were found to increase from the surface to 121 cm depth. The depth function 

of reflectance in the red and infrared bands were irregular. The highest 

reflectance in the! blue, green and red bands were measured at 85 to 121 

cm depth. The surface horizon (0-26 cm) reflected high in the infrared band 

(Fig.8). 

In Pedon 14, the depth functions of reflectance were irregular in all 

the four bands. The highest reflectance in the blue, green and red bands 

were noticed in the bottom most horizon (155-203 cm depth). The highest 

reflectance in the infrared band was noticed in the 68 to 100 cm depth 

(Fig.8). 

In Pedon 15, the depthwise distribution was irregular in all the four 

bands. The highest reflectance was recorded at the 95 to 128 em depth in 

all the bands. The lowest reflectance was registered in 150-183cm for blue 

and green bands. In case of red and infrared bands, the horizon in 37-62 

cm depth recorded low reflectance (Fig.8). 

4.15. COIT.latiClII atudi •• b.t ..... 11 ap.ctral r.O.ctaDe. alld .oU 

prop.rtl ... (Table 20) 

Simple cOJTelation between the spectral reflectance measured in the 

four bands and soil properties were worked out. 

The spectral reflectance measured in the four bands were 

intercorrelated and the correlations were positive. The correlations between 
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spectral refiectanC'e in all the four bands were positively and significantly 

correlated with pHw' pHKCI ' sand and SiO~ content. A significant negative 

correlation was observed with total acidity. The correlation between per 

cent base saturation and spectral reflectance was positive but not significant. 

Correlation between the spectral bands and EC. organic carbon. CaCO~, 

clay silt. moisture retention at 33 kPa and 1500 kPa. CEC. total iron oxides 

and free iron oxides was negative but did not attain the level of significance. 

Regression equations developed to predict soil properties from the 

spectral bands are presented in Table 21. 



Table 21. Linear regression equations for predicting soil parameters 
from spectral reflectance data 

Blue 

pHw Y = 6.076 + 0.1 (X) 

pHKCI Y = 4.68 + 0.1 (X) 

Sand Y = 54.42 + 1 (X) 

EC Y = 0.308 - 0.004 (X) 

Total acidity Y = 10.047 - 0.3 (X) 

Sj02 Y = 62.9~ + 0.418 (X) 

Green 

pHw Y = 5.948 + 0.1 (X) 

pHKO Y = 4.62 + 0.1 (X) 

Sand Y=54.19+1(X) 

Total acidity Y = 11.246 • 0.3 (X) 

Sj~ Y = 61.106 + 0.538 (X) 

Red 

pHw Y = 5.816 + 0.1 (X) 

~IHKCI Y = 4.68 + 0.1 (X) 

Sand Y = 52.31 + 1 (X) 

Total acidity Y = 13.067·0.3 (X) 

Sj02 Y = 58.362 + 1.083 (X) 

Infra Red 

pH.. Y = 5.862 + 0.048 (X) 

pHKO Y = 4.74 + 0.043 (X) 

Sand Y • 55.85 + 0.328 (X) 

Tota' acidity Y • 12.324-· 0.218 (X) 

8J~ Y = 61.456 + 0.323 (X) 
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III 'Discussion 



CHAPTER 5 

DISCUSSION 

The morphological characteristics as observed in the field and the 

r(~sults of the analysis of physical and chemical properties of the soils are 

discussed in thi:. chapter. 

5.1. MOl'pholoO 

The morphological properties of the pedons varied widely depending 

on the pedogenic environment. Distinct differences were observed in the 

morphological properties like solum depth, colour, mottles, texture, 

structure, concrc:tions and special features like slickensides and clay fllms. 

The differences in these properties were partly due to differences in parent 

materials and partly due to the pedogenic processes. 

8.1.1. Solum de\pth 

The solum. depth was less than 1m in Pedons 2 and 8 and more than 

1m in other pedons. The depth limitation in Pedons 2 and 8. were due to 

undl.11atins topolVaphy. In ac1clition to tbi ••• even ero.non in Peclon 8 w •• 

responsible to the solum depth of 76 cm. Prasad et aI. (1989) also reported 

that. soil depth is related to the slope and degree of erosion. Another factor 

that could have influenced the solum depth of Pedon 8 was the calcareous 

parent material. Several workers have reported that abnormally shallow 

profiles result when they are developed on parent materials, ex(.~essivc:1y 

high in lime (Ehrlich et al., 1967; Subbaiah and Manickam. 1992). 

5.1.2. Coloul' 

Soil colour often reflects the influence of texture and soil drainage. 

aeration and configuration of watertable. The hue component of the colour 
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can give it reasonably goou idea of the iron oxiue." miner.dolY of the" .oilll 

(Richardson and Daniels, 1993). 

The hue of Pedon 3 was lOR almost throughout the solum. This could 

be due to the presence of haematite, especially small haematite crystals. 

The 2.5YR colours of Pedons I, 2, 4, 5 and 14 could also be attributed to 

the presence of haematite. The SYR colour of Pedon 11 could be due to the 

presence of haemntite in association with goethite. Childs and Wilson (1983) 

and Schwertmann (1993) reported similar observations. 

Childs and Wilson (1983) stated that goethite is associated with 10YR 

colours. The lOYl~ colours of Pedons 13 and 15 were probably due to the 

presence of goethite. 

The degree of oxidation or hydration, but not the total Fe20 3 are 

responsible for colour (Sahu et al., 1983). In Pedons 1,3, 5,9, 10, 12 and 

15, hues remained same almost throughout the solum. It is therefore inferred 

that the iron content could have varied within the pedons, but the iron 

oxide minerals have not undergone any transformation. 

In Pedon I, the surface horizon alone recorded 5YR colour while the 

rest of the horizons registered a hue of 2.5YR. This pedon has been subject 

to erosion (e:.l) and the surface horizon had 95 per cent sand. The process of 

erosion could be the reason for the 5YR hue in the surface horizon. 

The dark colour of Pedons 6 and 7 might be due to the formation of 

clay organic matter complex, iron sulphides and manganese oxides as 

suggested by Dudal (1965). The lOYR colour of Pedon 8 was probably due 

to the influence of calcareous parent material. 

The 10YR colour of Pedons 9 and 10 could be attributed to their 

wetness and imperfect drainage. Singh et al. (1989) have reported similar 

fmdings. The dark colour of Pedon 15 could be due to the high organic 
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matter content. Schulze et ai. (1993) reported that humic acid is responsible 

for the dark colour of the soil organic matter. 

5.1.3. Structure 

The structure was granular in the surface horizons of Pedons 1, 4. 5 

and 8. In these pedons the texture varied from sandy to sandy loam. This 

was the cause fOJ" the granular structure. Pachrane et aI. (1996) reported 

similar observations. The crumb structure of Pedon 15 could be attributed 

to the high organic carbon content. The subangular blocky structure of 

other pedons was probably due to the medium to heavy texture of these 

pedons. Sharma and Dev (1985b) attributed the development of blocky 

structure to alternate wet and dry conditions. 

The structure in the subsurface horizons was angular blocky in 

Pedons 6 and 7. In the rest of the pedons, the structure was subangular 

bl()cky. The texture of the pedons could have influenced the structure. Tiwary 

et al. (1989) reported that, in soils with good base saturation particularly 

with reference to Ca, there was a tendency to form blocky structure, either 

angular or subangular. 

5.1.4. lIottlllll 

Mottles were observed in the surface and subsurface horizons in 

Pedons 9 and 10, and in the subsurface horizons of Pedons 13 and 15. 

Pedons 9 and 10 were examined in rice cultivated alluvial plains, where the 

soil is generally wet for a larger part of the year. Pedon IS, located in a billy 

area, also remained wet for a substantial part of the year because of the 

high rainfall. These prolonged wet periods, should have resulted in mottle 

formation in these pedons as stated by Veneman et aI. (1976) and Diwakar 

and Singh (1994). 
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In Pedon 13. the mottles could have fonned due to fluctuating 

watertable levels. Zampella (1994) observed that a dual parameter approach 

taking into account soil features like mottling and vegetation could be used 

to determine watt:r levels. 

In Pedon 9 and 15. the mottles were dark with low chroma colours 

(lOYR 2/1 and 10YR 3/1). suggesting the dominance of manganese. In 

Pedon 10 the mottles were brownish indicating the dominance of iron. In 

Pedon 13 the interesting feature was that while the soil matrix had a hue of 

7.5 YR and 10 YR, the mottles possessed a hue of 2.5 .... R. This might be due 

to alternate wetting and drying conditions after long periods of saturation. 

S.l.S. Fe·IID collcretloD. 

Several theories have been advanced with respect to the formation of 

Fe-Mn concretions (Aubert. 1963; Gallaher etal .• 1974; Sidhu etal., 1976). 

Childs (1975) reported that, the formation of Fe-Mn concretions in soils, is 

primarily due to the ability of Fe and Mn to change their oxidation states in 

response to pH and Eh changes. Fe and Mn, originally present in highly 

insoluble forms, may become relatively soluble when pH and/or Eh changes 

occur enabling relocation in response to diffusion gradient and water 

movement. Secondary deposits occur in conditions where insoluble forms 

of Fe and Mn again become thermodynamically stable. . 

The presence of Fe-Mn concretions in Pedons 9 and 10, could be 

attributed to the n~dox conditions. These pedons were located in rice growing 

alluvial plains, where water stagnation is present for most part of the year. 

Zaydelman and Oj~eznev (1971) reported that, waterlogging resulted in the 

increase of mobile iron and enhanced migration of manganese. These could 

have precipitated under the high pH in these pedons resulting in concretion 

formation. 



Impeded internal drainage could have caused the formation of 

concretions in Pedon 7 and 12. In soils with impeded drainage, Fe and Mn 

are mobilized by reduction and afterwards concentrated in various forms 

among which con(:retions are the most frequent (Schwertmann and Fanning, 

1976). 

8.1.6. CaCOa Dodul •• 

The accumulation of calcium carbonate in sola is an important 

pedogenic process. Brewer (1964) suggested that the carbonate nodules 

are formed in situ by processes of diffusion and/or crystallisation in small 

voids due to local variations in chemical conditions. Pedons 6 and 7 

desiccated during the summer months from March to June, and this was 

followed by wetting by monsoon rains, thus facilitating the movement of 

solutions from the voids into the soil material surrounding it. The high pH 

could have precipitated the CaC03 leading to the formation of nodules. 

Sehgal and Stoops (1972) reported similar views. The nodules thus formed 

at the lower horizons have moved up as a result of pedoturbation. 

Thiyagarajan (1985) reported similar observations. 

The carbonate nodules observed in Pedon 8 is a result of the 

calcareous parent material, Ahmad (1983) stated that carbonate nodules 

ar(~ common in soils developed on basic igneous rocks and calcareous 

materials. In Pedon 8, insufficient rainfall was the cause of nodule formation. 

In Pedon 7 carbon.ate nodules as well as Fe-Mn concretions were observed. 

Both type of nodules can occur in the same proflle (Simonson, 1954; Borden 

and Warkentin, 1974). 

5.1.7. Special eeatur •• 

5.1.7.1. Sudac. crack. 

Surface cracks were observed in Pedons 6, 7,9 and 10, as a result of 

the shrink and swell properties of the soils, which intum, are functions of 



clRY ('ontent, clay type, degree of hydration, rainfall distribution, natural 

vegetation and land use (Ahmad, 1983). The cracks observed in Pedons 6, 

9 and 10, could be the result of the high clay content in their surface 

horizons. The influence of intensive cultivation could be an additional factor 

in Pedons 9 and 10 located in alluvial plains. In Pedons 6 and 7, the free 

iron oxides extracted by dithionite citrate-bicarbonate were low in the surface 

horizons than in the subsurface horizons. Davidson and Page (1956) found 

that removal of extractable Fe20 a from the soil increased their property to 

swell. This could he the reason for the development of wide cracks in Pedons 

6 and 7. 

S.1.7.2. SUckeaulde. 

Slickensidt:s are polished and grooved surfaces that are produced by 

one soil mass sliding past another. Large slickensides, below the depth of 

the apparent craeking zone, are attributed to stress phenomena (Mermut 

and Acton, 1985). Yaalon and Kalmar (1978) reported that, the depth of the­

soil at which the development of slickensides is active, is determined by 

the depth of cracking and of seasonal wetting. In the present study 

slickensides were observed in Pedons 6 and 7. In Pedon 6 prominent 

slickensides were observed in the 80 to 112 cm depth. In Pedon 7, 

slickensides were obselVed at a shallower depth, between 48 to 77 cm depth. 

This could be due to the comparatively lower annual rainfall in the location 

of Pedon 7. This is in agreement with the view of Ahmad (1983) who stated 

that, if the rainfall was lower, slickensides occurred closer to the surface. 

Vadivelu and Challa (1985) reported a positive correlation between mean 

annual rainfall and depth of occurrence of slickensides. They reasoned that, 

the amount of water available for wetting, and the nature of wetting seem 

to be the deciding factors for the depth of occurrence of slickensides. 
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horizon, that causes shearing. resulting in slickenside formation. In high 

rainfall areas, it in quite likely that, upto a certain depth. there is uniformity 

in lateral wetting. Lateral wetting is irregular in very deep horizons as wetting 

of the soil mass between the cracks is never complete (Blokhuis. 1982). 

This irregular lateral wetting causes differential swelling that results in 

shearing and formation of slickensides. 

5. 1.7.3. Clay aha. 

The presence of clay films is an evidence for illuviation. The illuvial 

materials are deposited on structural aggregates along root channels and 

on the surfaces of coarser particles. Voids in the soil matrix are often lined 

with ('olloidal wellthering products (Eswaran, 1971). In the present study, 

clay films were observed in Pedons 4,5, II, 12, 13 and 15. In Pedon 15 the 

cutans were thick, whereas in Pedons 12 and 13 they were thin and patchy. 

N etUeton et al. (1969) suggested that if ped surfaces are not extremely stable 

and do not persist through many drying and wetting cycles, clay films will 

not develop to sufficient thickness. 

5.2. Pby.lcal propertle. 

5.2.1. Particle .ize dl.trlbutioD 

The texture of the soils ranged from sand to clay. The textural 

differentiation in the soils can be explained by surface removal and 

deposition, sedimentary layering, in situ chemical weathering, clay illuviation 

and physical breakdown (Chittleborough et al., 1984). 

Among the different processes, erosion had played a major role in 

deciding the surfuce texture of many pedons. The sandy texture of Pedon 1, 

sandy loam texture of Pedons 8 and 11, were attributable to the influence 

of varying degrees of erosion. The sandy loam surface texture of Pedon 4 
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was probably a 1'"esult of deposition of materials by streams. Based on the, 

on site obselVations, the sandy texture of Pedon 5 was considered a result 

of aeolian deposition. The sandy clay to clayey texture of Pedons 3, 13, 14 

and 15 and the dayey texture of Pedons 6 were due to the influence of their 

parent material. The high clay content ofPedons 9 and 10 located in alluvial 

plains were attributable to the puddling operations under rice cultivation. 

The textu~e of the subsurface horizons in all the pedons was due to 

the different stages of weathering and other soil forming processes. The 

increase in clay content in the subsurface horizons of Pedons 4, 5, II, 12, 

13 and 15 were due to illuviation. Different degrees of illuviation, though 

not intense, were responsible for the sandy clay to clayey texture, in Pedons 

1, 2 and 3. Erosion had affected the subsurface texture also in Pedon 8 

resulting in the sandy loam texture. Another factor that had resulted in the 

low clay content ofPedon 8 was its calcareous parent material. Low rainfall, 

and consequent insufficient leaching did not release the clay, cemented by 

aggregates of lime (Cady, 1960). The increase in clay content in Pedons 6 

and 7 were due to argillopedoturbation (Thiyagarajan, 1985). The ratios of 

particle size fractions showed that the proportion of the fractions to each 

other varied widely, among and within the pedons. 

The water dispersible clay content varied widely from 0.97 per cent 

in Pedon 1 to 41.26 per cent in Pedon 10. In general, it was obselVed that 

pedons with acidic or slightly acidic pH recorded low water dispersible clay 

values. Several ~mthors have attributed the low content of water dispersible 

clay to the Zeru Point of Net Charge (ZPNC). Eswaran and Sys (1979) reported 

that the water dispersible clay approaches minimum values close to the 

ZPNC, because in general, colloids flocculate at the ZPNC. Gallez et ai. 

(1976) stated that the ZPNC of Low Activity Clay (LAC) soils range from 3 to 

5. At pH lower than 5 AI plays a flocculating role by blocking permanent 
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charge sites. Dixit (1980) reported that, very low change in pH due to KCI 

addition is an indication that the soil carries very small surface charge or it 

lies at its ZPNC. 

In this study, the pH of Pedons 5, 14 and 15 were 5 or less than 5 in 

most of their horizons. Probably AI had played a flocculating role resulting 

in low water dispersible clay as suggested by Gallez et al. (1976). 

The pH ie., difference between pHw and pH
kC1 

was less than 0.7 in 

Pedon 15. This could be an indication that the soil WllS close to its ZPNC, 

resulting in low water dispersible clay. The low water dispersible clay content 

of Pedon 15 could also be attributed to its Udic moisture regime. Sehgal et 

al. (1976) stated that soils developed in Ustic moisture regime are generally 

highly dispersed whereas soils developed on Udic moisture regime are 

generally flocculated and the water dispersible clay contents are low. 

The low water dispersible clay contents of Pedons 1, 4, 5 and 11 

were attributable to their sandiness. 

The high values of water dispersible clay in Pedon 10 in some of its 

horizons could be a result of the high exchangeable sodium. 

5.2.2. Coar .. fJ'a,meDt. 

The coarse fragments in the pedons studied were Q1ainly represented 

by quartz fragments, lime concretions and ferruginous concretions. Irregular 

quartz gravels were observed in Pedon 4. In Pedon 8, irregular quartz gravels 

were observed along with lime concretions. In Pedons 3 and 14, irregular 

quartz gravels were observed with ferruginous concretions. In Pedon 4, 

quartz gravels alone were present. In Pedon 6, lime concretions alone were 

present. In Pedons 9 and 12, irregular ferruginous gravels were observed. 

In Pedon 13, thc~ ferruginous gravels were spherical. In Pedon 7, lime 

concretions as well as small ferruginous concretions were present. 
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The irregular nature of gravels suggested that they were formed in 

situ and nol tram.ported. Thiyagarajan (1985) reportc:od .imihtr oblM'lvation ... 

5.2.3. Mol.ture retention chuacterl.Uc. 

Simple correlation studies revealed that moisture retention at both 

33 kPa and 1500 kPa were significantly and positively related to clay content 

and cation exchange capacity of the soils. The correlation with sand was 

significantly negative. Silt did not influence the moisture retention 

significantly. 

The lowest mean value of moisture retention at 33 kPa was recorded 

in Pedon 5. This was the consequence of the low clay content of this pedon. 

Pedon 7 registered a comparatively lower clay content but higher moisture 

retention at 33 kPa than Pedons 2, 11, 13, 14 and 15. This indicated that 

Pedon 7 has dominantly 2: 1 type of clay with higher water retention 

properties. 

Moisture retained at 1,500 kPa was highest ip Pedon 6 which can be 

attributed to its day content. Loamy soils contain more available water, as 

compared to clay soil, due to the fact that the wilting point moisture in clay 

soils is high compared to loam (Mishra and Nanda, 1985). Though Pedon 6 

was clayey textured, it recorded the highest available moisture capacity. 

Similar obsetvations have been made by Ushakumari et al. (1987) for the 

soils of Kerala. 

5.2.4. Bulk clell.lty 

In a majority of the Pedons, the bulk density increased with depth. 

Plant roots create and stabilise channel voids. A decrease in root volume 

would lead to increased bulk density. Similarly a general decrease in faunal 

popUlation would reduce void space volume leading to increase in bulk 

density (Blank and Fosberg, 1989). The low bulk density recorded in Pedon 

15 was the result of the high organic matter content. 



5.3. Ph~.lco-claemlcal propel'tle. 

5.3.1. Soli reactloD 

The pH of the Pedons varied over a wide range. Sieg (1993) attributed 

such wide variation in pH among pedons to differences in parent material. 

Pedons 4,6,7,8 and 13 recorded pH values of around 8 in their sola. The 

high base saturation, restricted leaching and/or high CaC0
3 

content might 

be the reasons for high pH. Virmani et ai. (1982) reported similar 

observations. The: low pH of Pedons 14 and 15 was probably due to the 

leaching of bases from their sola as they are located in hilly area (Mathan 

and Chirangivi Rao, 1982). The low pH of Pedons 1,5,11 and 12 could be 

attributed to the influence of parent material. 

The increase in pH with depth observed in most of the Pedons could 

be a result of leaching of exchangeable bases from the surface horizons. 

Vadivelu (1985) reported similar view. Ohta et al. (1993) attributed such 

increase in pH to the increase in iron oxides with depth. In Pedon 10, the 

pH of the 3 8g2 horizon (174 to 190 cm depth) was extremely low. The 

location of the p(~don was very near to the sea. This low pH suggested the 

possibility of accumulation of sulphides (which on oxidation lead to a 

decrease in the pH). 8andhyopadhyay and Sarkar (1987) observed similar 

low pH in some coastal soils of West Bengal and attributed it to the 

accumulation of Fe and S. In the case of Pedon 10, though there was no 

evidence of accuJDulation of Fe, the high content of water soluble sulphate 

indicated the acc:umulation of S. 

The pH measured in 1 M KCl suspension was lower than the pH 

measured in soil water suspension. Kaswala and Oeshpande (1983) 

considered such depression in pH in KCl, as an indication that, the cations 

surrounding the clay particles are more diffused. The low value of pH in 

KCl in comparison to pH in water, indicated that the soils have a net negative 



charge and contain considerable amount of reserve acidity. Dolui et al. 

(1987) and Nayak et ai. (1996) reported similar observations. 

5.3.2. Blectdcal conductivit7 

The electrical conductivity of majority of the Pedons was less than 

0.1 dSm- l
• Only Pedon 10 recorded EC values of more than 1 dSm- 1 in its 

solum. This high EC was due to marine influence in this pedon. The EC 

increased from 0.38 dSm- 1 in the surface horizon to 2.6 dSm-1 in the bottom 

m.ost horizon. 

5.3.3. Ol',&aic cubon 

The organic carbon content was higher in Pedons 14 and 15. because 

of low temperature and concomitant slow rate of decomposition of organic 

matter in these soils (Sehgal et ai., 1985). The low organic carbon status of 

other Pedons could be attributed to high mean annual temperature. The 

organic carbon content decreased with depth in most of the Pedons. 

5.4. Chemica! propertfe. 

5.4.1. Blementlll compo.ition 

5.4.1.1. SUic& (Si02) 

The correlation between Si0:l and sand was positive and significant. 

The silica content was higher in Pedons 4,5 and 11 which had a higher 

content of sand. The relationship of SiO:;r with all other elements was either 

negative or non-!;ignificant. This was possibly due to, quartz being the main 

form of silica. The crystal structure of quartz does not contain anyother 

element in appreciable amounts. The highly negative correlation coefficient 

of silica with AI and K were probably due to the presence of micas and 

feldspars in the soils. In these minerals, trivalent AI replaces tetravatent Si 

in the tetrahedral network. The increase in the negative charge is balanced 

by the introduction of K in the crystal structure. Sidhu et al. (1977b) 

expressed similar views. 
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In the prelient study Pedon 15 recorded the lowest silica content, 

which was the reflult of the high rainfall in its location, Gowaikar and Datta 

(1977) obselVed a negative relationship between the amount of rainfall and 

Si02 , Miller (1983) reported that mineral weathering and pedogenic processes 

in Ultisols resulted in an over all desilication, Such processes could have 

been active in Pedon 15. 

An interesting feature in Pedon 14 was that quartz gravels were 

obselVed throughout the profile and yet the total silica content was 

comparatively low. Simultaneous enrichment in quartz and desilication 

through loss of combined silica are not incompatible processes in soils 

developed in quartz rich parent materials, because of the low solubility of 

quartz. This can be expected in environments where the losses of combined 

silica, bases and other constituents exceed the gain in water content of 

nt~wly formed sec:ondary minerals (Miller, 1983). 

5.4.1.2. lrOD (Fe2 0 a) 

The wide variation obselVed in the total iron content of the pedons 

could be attributed to differences in parent material, and pedogenic 

processes involved. 

The distribution of total iron within pedons was generally irregular. 

Guillet and Souchier (1982) reported that the behavior of iron in natural 

systems is to a large extent predicted by the fluctuation in the oxidation 

reduction potential, and pH environments. The irregular distribution oCiron 

within the pedorls could be attributed to variations in either or both of 

these factors. Thl! total Fe:;zOa content in Pedons 1,2,7,8 and 9 was almost 

uniform throughout the profile. Gotob (1976) reported that in young soils, 

the amounts of total Fe
2
0

3 
was nearly uniform throughout the proftle. The 

process of soil development with time gives rise to accumulation of different 

quantities of Fe
2
0

3 
in certain horizons resulting in a net loss from the upper 
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horizons. This explained the accumulation of total iron in the subsurfact' 

horizons of Pedons 1,4,5,11,14 and 15. 

Gotoh (19..,6) also reported that, in the oldest profiles total Fe 0 
J :I 

was least in surface and increased sharply downwards. Such a trend was 

observed in Pedon 15. The increase in iron content with depth in Pedon 15 

may be due to vet-tical migration of iron either independently or along with 

other soil components. Similar reports were made by De Kimpe et al. (1984). 

Another factor thalt could have led to the increase in iron content with depth 

in Pedon IS, is the distribution of organic carbon which was high in the 

surface horizon and decreased with depth. The high organic carbon could 

have resulted in the microbial reduction of iron to Fe~ and its subsequent 

movement out of the surface horizon and accumulation in the subsurface 

horizons. Schwertmann (1990) reported similar observations. 

5.4.1.3. Fr •• irOD oxide. 

The free iron oxide content of the pedons varied from less than 1 per 

cent in Pedons 6 and 7 to more than 5 per cent in other pedons. These 

differences were: due to the degree of weathering and mineralogical 

composition ofth!! parent materials. The low free iron oxide content in Pedons 

6 and 7 could be attributed to their vertic properties. Same view was 

expressed by Zhu et al. (1990). 

5.4.1.4. Alumina 

Alumina was positively correlated with clay, suggesting that pedogenic 

processes responsible for clay formation are also responsible for the content 

of alumina in soils. Manickam (1977) reported similar observations. The 

alumina content of pedons was negatively correlated with Si02 and the 

relationship wan highly significant. Sand content also was negatively 

correlated with alumina, but did not attain high level of significance. Diwakar 

and Singh (1994) attributed such relationship to the fact that alumina 



occurred in the forms of several alumina-silicates rather than aluminu~ 

oxides and hydroxides. The variations of A1~03 within the pedons might be 

due to mobilisation and the clay content (Sinha, 1957). 

5.4.1.5. S •• quioJdd •• 

The sesquioxide content of the pedons varied over a wide range. The 

highest sesquioxide content was recorded in Pedon 15. Mineral weathering 

and pedogenic processes in Ultisols resulted in an over all desilication and 

a conservation or enrichment with respect to sesquioxides (Miller, 1983). 

Verma et ai. (1987) reported that sesquioxide content was higher in soils 

developed under high rainfall. The increase of sesquioxides with depth 

implies that there is intense weathering of parent material under conditions 

of high rainfall. 

5.4.1.6. Calcium 

The total calcium content was higher in Pedons 6 and 7, which could 

be due to the enrichment of CaC03 • Thiyagarajan (1985) expressed similar 

views. Calcium is. known to occur in crystal lattices of feldspars associated 

with sodium and potassium (Dutil, 1982). In this study, the Cao content 

was positively correlated with N~O content, suggesting the influence of the 

parent material em Ca content. The total calcium content increased with 

depth in Pedon 8, as the soil had developed from calcareous parent material. 

5.4.1.7. Ma,D •• :lulD 

The correlation between total Ca and Mg was positive and significant. 

S()ils with high content of total Ca also registered high total Mg. The wide 

variation among the pedons in the total Mg content and also within pedon 

variations might be due to difference in parent material (Vadivelu, 1985). 

Pedons 14 and 15 recorded comparatively low total Mg content. High rainfall 

in the location of the pedons could have resulted in high weathering leading 

to low total Mg content. Pedons 9 and 10 located in alluvial plains registered 
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observations. 

5.4.1.8. Pota •• lum 

In primary minerals, K is not an exchangeable cation in the 

thermodynamic sense, since its activation energy varies from 15 to 22 KcalJ 

mol, thus various weathering processes must occur inorder to release it 

(Robert and Trocme, 1982). The very low content of ~O recorded in Pedon 

14 and 15 could be due to small amounts of feldspars (Bhaskar and 

Subbaiah, 1996)_ Pedons 10 and 13 had comparatively higher contents of 

~O and N~O. Walia and Rao (1996) considered high contents of K.;.P and 

NI~O as an indication of the presence of orthoclase feldspars. Jackson (1964) 

reported that the distribution of K in soils is related more to the condition 

of weathering of potash feldspars and micas than to the composition of the 

parent materials. 

5.4.1.9. Sodium 

Pedon 10 recorded more than 0.5 percent in ail its horizons due to 

its proximity to the sea coast. The N~O content of Pedon 6 was found to 

increase with depth. Biswas et al. (1966) and Thiyagarajan (1985) have 

reported similar observations. 

5.4.2. Molar ratio. 

Relative accumulation of iron is an index to understand the stage of 

weathering. Lower the SiO:;z/Fe:;z03' SiO:;z/~03 and AJ.:;z03/Fe:;z03 ratios, more 

weathered is the soil (Sharma et al. 1996). Under this criteria, Pedon 15 

can be considered as comparatively more weathered than rest of the pedons 

as the silica: sesquioxide ratio was low in this pedon. Norfleet and Smith 

(1989) reported that increase in rainfall increases the probability of removal 

of silica from soils. This could be the reason for the low silica: sesquioxide 

ratio in Pedon 15. 
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Mliyalagu and Subramanian (1993) conaidered lower rlllUoa of SiO.JFr})" 

SiOjRJOJ and Al103/Fe;l03 as an indication of better pedon development. 

Bused on their views. Pedone 3.14 and 15 have undergone better 

development. 

Gupta and Tripathi (1992) considered the molecular ratios of SiO;) 

Al20 3 ranging from 3.5 to 5.6 and Si02/~03 ranging from 2.6 to 3.9 as an 

indication of the presence of 2: 1 type of clayminerals. This inference did 

not seem to be true for Pedons 14 and 15. The low CEC and ECEC values of 

these Pedons do not indicate the presence of 2: 1 type of clay minerals. The 

molor ratios havc~ their limitation in providing information on the stage of 

weathering (Jackson and Sherman, 1953). 

The molar Si021 Al2 0 a proved that the Si02 content was much higher 

than Al:P3 in Pedons 4,10 and 11. This can be construed to mean that the 

process of silication was operating in these soils. Mishra and Ghosh (1995) 

expressed similw'views. Ghabru and Ghosh (1980) reported that high SiO.) 

~P3 and Si02! Al2 0 a ratios indicate podsolic type of weathering. In the 

present study, in Pedon 10, the values of these ratios were comparatively 

higher, but the profile did not show any features to assume that it had 

undergone podsolic type of weathering. 

Singh et ai. (1995) considered lower ~O/N~O ratios of clay to mean 

that the clays w(:re more weathered. It appears that this inference drawn 

for clay. does not hold good if the fine earth «2mm) fractions are considered 

as a whole. This is because, in Pedon 15 which is considered more weathered 

based on molar ratios involving Si02 , the ~O /N~O ratio was comparatively 

high. 



5.4.3. Nutrient compoaltloD 

5.4.3.1. Niholen 

l51 

Nitrogen per se does not have any pedogenetic role. It does not form 

a part of any mineral and its content in soil is almost invariably decided by 

the organic matter status of the soil (apart from what is added as plant 

nutrient). In this study the highest total nitrogen content was recorded in 

Pedon 15. Pedon 15 had a comparatively cooler, isothermic temperature 

regime which has favoured the build up of organic matter and as a result 

high total N. All other Pedons had an isohyperthermic temperature regime 

which does not permit any organic matter accumulation. The total N 

generally decreased with depth. This is in agreement with the findings of 

Aggarwal et al. (1990). 

5.4.3.2 Phoaphorua 

Phosphorus can serve as a useful indicator in investigations of 

pedogenetic processes and has several desirable properties which other 

elements do not possess. In unweathered parent material, phosphorus is 

generally present as apatite and consequently the Q4antity of phosphorus 

in solution is governed by weathering of apatite (Smeck, 1973). Pedons 

4,6,7 and 8 with a high pH (mean values more than 8) recorded high total 

P. Sieg (1993) reported similar findings. 

The total P was very low in Pedon 2. Probably this pedon was low in 

apatite minerals. Walker (1965) reported that, as annual rainfall increases, 

the amount and extractability of P decreases. This has not been the case in 

this study where Pedon 15 recorded higher rainfall than other pedons, but 

still registered it higher content of total P. The intensive application of 

phosphatic fertilizers to the vegetabale crops could have been the cause for 

this. 
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In most of the pedons, the highest total P content was recorded in 

the B horizon •. 8zoeck and RunBe (1971) attributed the accumulation of P 

in the 8 horizons to ditTerent modes of mobilisation. The upper accumulation 

may indicate a zone of frequent wetting and drying or chemical precipitation 

by iron, whereas the lower maximum is a result of precipitation by calcium. 

Fenton (1983) stated that the accumulation of P between 1 and 2 m depth 

is due to downward movement from the surface in percolating water, and 

lack of removal by plants. 

In general, the minimum total P content was recorded in the layer of 

maximum clay content. Runge and Riecken (1966) reported similar results. 

5.4.3.3. Citric •• :14 aoluble P 

The citric acid soluble P is used to identify the anthropic epipedon, 

which has more than 250 ppm of esp. None of the pedons recorded 250 

ppm of CSP in the upper horizon. Pedons 7 and 10 recorded 205 and 200 

ppm respectively in their surface horizons. Interestingly, the hori&ona at 

103-139 cm depth and 139-164cm depth of Pedon 9, recorded 645 and 

411 ppm respectively. This pedon was located in a rice cultivating alluvial 

plain. Application of higher doses of phosphatic fertilizers and the puddling 

operations could have led to the concentration of phosphorus in these 

depths. The total P contents were also higher in these depths. Kosse (1990) 

stated that -antbropedogenic· processes like deep working and intensive 

fertilization leads to enrichment of plant nutrients, particularly phosphorus 

and potassium in ·anthric· soils. Hence the higher content of CSP in Pedons 

7,9 and 10 could be attributed to such ·anthropedogenic· processes. These 

processes were not as intense in other pedons which registered lower esp. 

5.4.3.4. Bray P 

The Bray P content was comparatively higher in Pedons 1,10 and 11 



and very low in Pc:dons 2 and 8. Mayalagu (1982) attributed such high P JOr. 

to human addition of fertilizer P. The low Bray P content of Pedon 8 ('ould 

be the result of its calcareousness. Roberts et ai. (1985) stated that the 

extractable P is influenced by the CaC0
3 

equivalent and dithionite 

extractable iron content of the soils. In all pedons except Pedons 3,5 and 

15, the surface horizons recorded the highest Bray P. The total amount of P 

sorbed and the distribution of P within the soil is dependent upon the 

reactivity of the organic matter coatings. and solution parameters that affect 

their reactivity. Structural alteration of organic matter coatings could result 

in the exposure of more P adsorption sites resulting in reduction in percent 

extractable Bray P (Evans Jr. and Sorensen, 1985). In Pedon 15 the highest 

Bray P was recorded beyond the 95cm depth. This could be due to the high 

rainfall. Though phosphorus can be considered essentially immobile over 

short time SpanfJ, it is mobile enough to provide a useful index of flow 

patterns in a landscape during the long time span involved in soil 

development (Smeck, 1973). 

5.4.3.5. Ol.en P 

Pedons I, 10 and 15 had a comparatively higher content of Olsen P. 

As in the case of Bray P, this could be attributed to human addition. 

O'Halloran et al. (1985) attributed the variation in Olsen P, to more 

pronounced effects of microbial activity, plant growth and soil properties. 

In Pedon 15 the high organic carbon could have sustained a higher level of 

microbial activity resulting in high Olsen P. The relatively higher P in Pedon 

15 might be another indication of its weathered nature. Roberts etal. (1985) 

stated that. increased weathering action caused by increased moisture 

resulted in greatc:r plant available P. The distribution of Olsen P within the 

pedons was similar to that of Bray P. In most of the pedons the surface 

horizons recorded higher Olsen P than the sub·surface horizons. 



5.4.3.6. Total ZIDC 

The total zinc content differed over a wide range. Pedons 5, 11 and 

12 recorded low total zinc content. Pedon 13, located in a lateritic land 

form recorded comparatively higher total zinc. The variation in total zim~ 

has to be attributed to the parent materials. Aubert and Pinto (1977) stated 

that the influenct: of parent material on total zinc content of soil was major, 

compared to the pedogenic processes. They also reported that the zinc 

content was low in sandstone and high in basic igneous rocks. The acidic 

pH, high sand content and low zinc content of Pedon 5 is a reflection on the 

nature of its parent material. Pedons 2, 4, 6 and 15 registered a relatively 

higher total zinc content. 

Randhawa and Singh (1995) reported that total zinc in alluvium 

derived soils of Punjab varied from 20 to 78 ppm. The alluvial soils of Tamil 

Nadu (Pedons 9 nnd 10) appear to have a comparatively higher total zin<" 

ranging from 39 to 1 02 ppm. 

The depthwise distribution of zinc was irregular in all pedons except 

Pedon 8. Hazra et ai. (1993) attributed such irregular distribution of zinc in 

soil profile to variations in the contents of clay, crystalline Fe;J03 and Al.P:l' 

5.4.3.7. Total cClpper 

Pedons 3 and 15 had comparatively higher total copper than all other 

pedons. Au bert and Pinto (1977) reported that variations in copper content 

of soils are mostly due to different contents of parent rocks in which the 

soils have formed and to a lesser degree to the types of soils corresponding 

to different climatic zones. Dwivedi and Shanker (1982) also reported that 

distribution of copper in soils is primarily due to the parent material. 

Total copper content was highly dependent on clay rather than coarser 

fractions of the soils. This was evident from the positive correlation of total 



copper with clay and significantly negative correlation with sand. Appavu 

and Srt'C' J.(amulu (1991) und J.(andhuwu and Singh (1 (96) n·port«·c! silll ilm 

findings. 

The total copper content was significantly correlatt'd with th(' organil' 

carbon indicating that a major fraction of total copper was associated with 

organic carbon. Paramasivam and Oopalaswamy (1994). and Raghupathi 

and Vasuki (199~'l also reported similar observations. 

5.4.3.8. Total mancan ••• 

The wide variation observed in the total manganese content could bt' 

due to the Mn b~'8ring minerals in the parent material. Prasad and Sahu 

(1989) reported similar observations. The behaviour of Mn in oxidising and 

reducing environments is analogous to that of Fe (Miller, 1983). This 

explained the similar pattern of accumulation of total Mn and Fe in Pedons 

I, 3, 4, 5 and 6, and more particularly in the Bel and Bc2 horizons of 

Pedon 3, and Ack horizon of Pedon 6. 

JatVis (1984) stated that the distribution of Mn in soil profiles is 

influenced by two major processes. a) leaching and subsequent removal of 

divalent Mn in the soil and b) precipitation of very insoluble hydrous oxid('s 

of Mn3 + or Mn-4+. The position of equilibria between the,mobile and immobile 

forms is controlled by drainage, redox conditions and pH. In neutral and 

slightly alkaline soils, most of the Mn is generally in an oxidised insoluble 

form. Under acidic conditions the equilibria shifts to mobile Mn.l·. The 

increase in total Mn with depth in Pedons 1, 2 and 5 could be attributed to 

the slightly acidic pH recorded in these pedons. The increase in total Mn 

with depth in Pedon 4, though it recorded high pH, could be due to the well 

drained nature of the profile which is due to the total sand content of more 

than 80 per cent in the upper horizons of this pedon. Imperfect drainage 
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and alkaline pH (ould be the reasons for the high total Mn content in tht' 

surface horizons of Pedons <) Rnd 10. 

Miller 1198:3) reported that at the onset of reducing conditions Mn is 

r~duced before Fe, and upon rc:turn of oxidising condition, is oxidis('d latn 

than Fe. Environments that are reducing for Mn can remain oxidising for 

Fe. It can be inferred from this, that under a givt"n condition Mn remains 

m()re mobile than Fe. This inturn, can be taken to mean that the Mn maxima 

should occur at c!,epths, beyond those in which Fe maxima occurs. In this 

study such a trend has been observed in Pedons 2, 7, 8, 10, 11 and 13. l\ 
, 

notable exception to this trend is Pedon 14, in which the Fe maximum is at 

the bottom most horizon (155 to 203 cm depth) whereas the maximum 

total Mn was recorded in the surface horizon. In this pedon, ferruginous 

concretions were observed throughout the profile. Perhaps Mn was 

preferentially used in concretion formation in this pedon. Polteva and 

Sokholova (1967) reported that, other conditions being equal, the intensity 

of segregation of iron and manganese into concretions varies with that of 

soil formation as a whole, especially with the rate and depth of weathering 

and decompositi<1O of primary and secondary minerals, which result in the 

release of free iron and manganese hydroxides. Dobrovolskii and Tereshina 

(1976) reported that, the Fe-Mn concretions they studied were distinguished 

by wide variation in composition of concretion forming element. The Fe:Mn 

ratio in the com:retions varied from 0.8 to 5.8. A detailed study of the 

composition of concretions could have provided a better picture about tht" 

movement of Fe and Mn in Pedon 14. 

5.4.4. Fraction .,f Fe and MD 

5.4.4.1. P'ractiol:1.8 of iron 

The Fe content was the highest and Fe content the lowest among 
d r 

the fractions of iron. Their contribution to total iron also varied among the 
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p("cion!'l. It iN RC"nt'rRlly C'onsicit'rt'd that sodium dithionitt' will t'xtrRC't iron 

from both crystalline and amorphous sources whereas iron extracted by 

ammonium oxalate is essentially amorphous in nature (Blume and 

Schwertmann, 1969; McKeague and Day, 1966). PyrophosphRte extracts 

organic Fe and amorphous gel hydroxides (Lutwick and Dormaar, 1973). 

Generally dithionite extracted more Fe than oxalate. Ogunsola and 

Omueti (1990) reported that the low contribution of oxalate Fe to total Fe 

suggested that iron oxides are essentially crystalline. 

Concentration of gel and organic iron (Fep) were low. Perhaps the gel 

and organic forms of Fe in these soils cannot reach very large proportions 

and the equilibrium is far toward the formation of well crystallised iron 

oxides, with aged amorphous forms present in some soils. This is in 

agreement with the observations of Lutwick and Dormaar (1973) and 

Paterson (1995). 

Fed/Fe
l 

per cent ranged from 7.67 in Pedon 7 to 92.05 in Pedon 15. 

More of the iron remains in silicates in the younger soils than in the oldf.'T 

soils (Arudino et ai., 1984). Based on this criterion, Pedons 6, 7, 8, 9, 10 

can be considered relatively young as the mean values of Fed/Fe l per cent 

were less than 50 in these pedons. 

Higher contents of Fed is an indication of higher degree of weathering 

(Van Ranst et al., 1990). Advanced soil age results in a higher Fed/Fer ratio 

of more than 0.8 i.e. more than 80 per cent of the silicate bound iron has 

been turned into Fe III oxides (Schwertmann, 1990). In Pedon IS, the Fe) 

Fe
l 

per cent was more than 80 in most of the horizons indicating that the 

soil is highly weathered. Smeck et al. (1994) considered a Fe,J Fe l ratio of 

less than 63 per cent to mean that a significant part of primary minerals 

are still present in the soils. Such a conclusion can be drawn for Pedons 4, 



6,7,8,9,10 and 13 when> the ratios of Fe,.IFf', wt'r(> If'sS thAn f)~ pf'r ('(>n1. 

Nagatsuka (1972) suggested that the ratio of (Fe.l- Ft"..ll Ff', rna\' h(' 

used as a relativf!' measure of the degree of weathering, ac("ompained bv 

ageing or crystallisation of free iron oxides, for soils from different materials. 

This ratio was high in Pedon 15 proving the highly weathered nature of that 

pedon. In Pedons 6,7,9 and 10 this ratio was low, reinforcing the vit"w thctl 

they are relatively unweathered. 

Elless and Rabenhorst (1994) stated that, if residual iron levels i.e. 
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Fe, -Fec! aTe similar to that of Fed levels, chlorite could be present in th(' 

soils. This condition exists in Pedons 4 and 13, but in this case it ("ould bt' 

erroneous to assume that chlorite is present in these pedons. Miller and 

Donahue (1992) Sitated that acidic soil with some leaching of silica and 

basic cations and n high Mg content is essential for the formation of chlorite. 

Th(~se conditions were not present in Pedons 4 and 13. The observation of 

Elless and Rabenhorst (1994) does not apply in these pedons. 

In most of the pedons, Fed maximum occurred in the horizon of 

maximum accumulation of total iron. This is in line with the findings of 

Stonehouse and St.Amaud (1971) who stated that the Fed maximum usually 

occurs in the uppermost portion of the B horizon, ,and almost always 

corresponds to the horizon of maximum clay and total iron accumulation. 

The Fe) Fed ratio was higher in the sub-surface horizons in all the 

pedons except Pedon 8, indicating the presence of higher amounts of 

amorphous iron 10 the subsurface horizons than the surfac(" layers. 

Michalyna (1971) and Barrett and Schaetzel (1992) have reported similar 

findings. 

5.4.4.2. Jl'ractioDIl of liD 

The differentiation of Mnd within pedons was more marked in most of 
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the pedons as compared with total iron. With the exception of Pedon 10. 

the Mnd constituted a relatively high proportion of total Mn. This is ill 

agreement with the report of Gotoh (1976). 

In Pedons 3, 4, 6, 11 and 15 the Mnd maxima occurred in the same 

horizons in which Fed maxima occurred. Suol et ai. (1980) reported that in 

well drained soil profiles Mn:.!+ remains in a soluble form longer than Fe'" 

and hence Mnd maximum always occurs deeper. This explained tht' Mn 

occurring at lower depths than Fed maxima. Pt"dons 9, 10 and 13 Wt'n' not 

well drained, nevertheless the Mnd maxima occurred deeper. All the three 

pedons were located in rice growing areas. The ponding of water in tht' fit'lel 

could have facilitated the movement of Mn to deeper horizons. 

S. S. Eachanle propertie. 

S.S.l. Cation exchanle capacity 

The CEC of Pedons 1,4,5, 11 and 15 were low. Pedons 4 and 5 hac! 

a low day content. This could have resulted in the low CEC, as the CEC 

was significantly correlated with clay content. In Pedons 1 and 11, the low 

CEC recorded despite comparatively higher clay content in lower horizons 

is probably due to the influence of 1: 1 type of clay minerals or the formation 

of complexes of clays and sesquioxides which lead to the blocking of 

exchange sites. Walia and Chamuah (1996) expressed similar views. The 

relatively low CEC in Pedon 15 is an indication of the type of clay mineral 

in that pedon. Long periods of weathering and leaching could result in th(' 

formation of minerals with low CEC such as kaolinite and gibbsite in Ultisols 

(Gamble and Daniels, 1972). 

The higher CEC of Pedons 6, 9 and 12 could be attributed to their 

higher clay content. In comparison to these pedons, Pedon 7 had relatively 

low clay content but still recorded high CEC. This increase in CEC with low 
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clay content is suggestive of the contribution of non-clay fractions towards 

CEC. There are evidences that the sand and silt fractions of soils sometirnt"s 

exert a considerable influence on exchange properties of some soils. The 

arid or semi arid climate might be one condition for the occurrence of such 

exchange sand (Barticevic et al., 1976). 

5.5.2. EfT.clivl. CEC 

Pedon 6 recorded the highest ECEC, which is to be expected 

considering the fact that this pedon recorded the highest CEC and also the 

highest percent base saturation. In Pedons 14 and 15, the ECEC values 

were less than 15 cmol (pO) kgl soil, though the CEC values were from 15 to 

30 cmol (p+) kg' soil. These pedons were located in hilly regions with high 

rainfall which could have leached the bases from the solum resulting in low 

ECEC. The low ECEC values of these pedons could also be due to the 

dominating influence of kaolinite and other oxides which result in low soil 

reactive properties. Okusami (1990) reported similar observations. 

The ECEC values were low in Pedons 1, 2, 4 and 11. In these pedons, 

the CEC itself was low because of their low clay content. Compared to the 

CEC values, ECEC was not drastically reduced in these pedons. In Pedon 

5, the ECEC values were very low, compared to its CEC values. This pedon 

had a high sand content, acidic pH and low base saturation. These factors 

could have contributed to the low ECEC in this pedQn. Norfleet and Smith 

(1989) considered low ECEC values as an indication of the presence of 

substantial amount of low activity clays. 

5.5.3. Ba .. eachaale prop.rtl •• 

The influ(!nce of the parent materials and, pedogenic processes was 

evident in the base saturation which varied widely among the pedons. The 

per cent base s~lturation was very low in Pedon 15, where the high rainfall 
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hn!'t Irndlrd th,. hUN,. .. from th,. NOlum. With litt),. or no w('Alhrrnhl,. minf'rah 

a low base saturation can develop in relatively short periods in ultisols 

IMiller, 1983). The low base saturation in Pedon 14 was also attributable to 

the high rainfall. The very low base saturation in Pedon 5 was the 

consequence of its high sand content. 

Pedons 6, '7,8,9 and 13 registered a very high base saturation. RHO 

et ai. (1995) considered a high base saturation as a reflection of restricted 

internal water movement. This accounted for the high base saturation of 

Pedons 6, 7, 9 nnd 13. Sieg (1993) reported that soils developed from 

('Qkareoul't parent materials have high base saturation. This explained thf" 

high base saturation of Pedon 8, developed over calcareous parent material. 

In most of the pedons Ca dominated the exchange complex followed 

by Mg, K and Na. Kaswala and Deshpande (1983) and Sahu and Bala (1995) 

reported similar findings. Hydrated ions (Na) are adsorbed less intensively 

than unhydrated ions (K) and multivalent ions are adsorbed most intensively 

in the exchange complex (Zonn, 1986). In general, the contents of Ca and 

Mg were high in the top soils. This was assumed to be due to biological 

accumulation in top soils, through litter supply and their relatively low 

mobility in the sola. This is in agreement with the views of Ohta et al. (1993) . 

. 
Among the pedons, the contents of exchangeable bases were high in 

Pedons 6, 7 and 9. Ohta and Effendi (1992) considered the presence of 

larger amounts of exchangeable Ca, Mg and K as a reflection on the presence 

of higher content of weatherable minerals. In this study, the Fed/Fe, ratios 

have shown that Pedons 6 and 7 are relatively unweathered, which implies 

that they have a high weatherable mineral content. Exchangeable Na was 

high in Pedon 10 and the exchangeable sodium percent was more than 15, 

in the 16 to 63 cm depth, in this pedon. The proximity of this pedon to the 

seacoast could huve been the cause for this. Kaswala and Deshpande (1983) 



uhw III I t"ihult·cI lli(' high ("XdlullgC"nhlr Na in (,CUI~IIII !'mil!'lln Ihr prr!'trn('(" of 

soluble salts carried over from the sea. 

Distribution of Ca, Mg, Na and K could also have been affected by 

groundwater tablt~ fluctuations. Sharma and Dev (1985) reported similar 

findings. 

The ratio of exchangeable Ca/Mg is considered to give an idea about 

the stage of weathering of the soil. A low Cal Mg is an indication of greater 

weathering (Joffe, 1940). The Ca/Mg ratio was wider in Pedons 4,6 and 9 

and in the lower horizons of Pedons 8, 12 and 13. WiCter Ca/Mg ('ould be 

due to low and moderately weathered nature of these pedons. High Cal Mg 

ratios in the upper horizons compared to the lower horizons in most of the 

pedons suggested that vegetation played an active role in cycling Ca to the 

upper horizons. This is in agreement with the observations of Singhal and 

Sharma (1985). 

Pedon 15 had a relatively narrow Cal Mg ratio indicating its weathered 

nature. Barshad (1964) attributed the diminishing of exchangeable Ca/Mg 

ratios with soil development, to the interchange of exchangeable hydrogen 

for octahedral magnesium. This displaced Mg is an important source for 

replenishment of exchangeable Mg. Apart from Pedon 15, some other pedons 

(1,3, 5, 7, 10 and 11) which are not considered highly weathered also had 

narrow Cal Mg ratio. Ahmad (1983) stated that in soils developed from basic 

igneous rocks, metamorphic rocks and marine sediments, exchangeable 

magnesium could be as high as exchangeable calcium. These factors ('ould 

have resulted in low Cal Mg ratio in these pedons. 

5.8.4. Form. or 'leicllty 

The exchar.geable acidity estimated in the present study with 1 M 

KCl extract was ,~onsiderably lower than potential acidity, measured in 
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UaCl ,,·TEA eXlrH(:t. Adhikari and Si (1991) and An'.\JlthanarHyullu and 

ltullumanlharltju (1994) huv(' n'portt"d ~imilar fintiingM. A(TOrding to p(,(,( II 

et ai. (1962) the BaCI;j-TEA extraction is a measure of the pH dependent 

acidity. In this extraction, acidity results from replacement of hydrogen 

and aluminium ion and from dissociation of acidic groups neutralised by 

fre(~ triethanol-amine, which is bufferred at pH 8.2. The barium ion in 

addition to replacement of hydrogen ions also increases the extent of 

hydrolysis of adsorbed aluminium and degree of dissociation of hydrogen 

on clay surfaces. Exchange acidity is the acidity (H+Al) released upon 

exchange by an unbufferred KCl solution (ISRIC, 1992). 

The exchanl~eable acidity was generally lower in surface horizons in 

comparison to the subsurface horizons (except in Pedons 4 and 15). Nayak 

et (11. (1996) reported similar observations. The exchangeable acidity was 

relatively higher in Pedons 2,3,5, 11 and 12. Kumar et al. (1995) attributed 

variations in exchangeable acidity to the nature of the parent material and 

base saturation. 

Cation exch.ange capacity did not show any significant relationship 

with exchangeable acidity. pH in water and 1M KCI had a negative correlation 

with exchange acidity, indicating that mostly the exchange acidity was 

responsible for lowering the pH in most of the soils. Organic carbon did not 

show any significant correlation with exchangeable acidity indicating that 

organic matter has probably no role in contributing to exchange acidity, in 

most of the pedons. Das et al. (1991) have reported similar observations. 

Potential addity was relatively higher in Pedons 6, 14 and 15. The 

high potentiaJ acidity in Pedons 14 and 15 could probably be due to, apart 

from other factors, their high organic matter content. The functional groups 

of organic matter like-COOH and phenolic-OH could have contributed to 

total acidity. Das f!t al. (1991) reported similar observations. Besides organic 
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mlitter, free iron oxides and day content also contribute to total acidity 

(Nayak et al., 1996). The free iron oxide contents of P~dons 14 uno Itl writ' 

relatively higher. This could also have contributt"d to the total acidity in 

these pedons. In Pedon 6, the free iron oxide and organic carbon contents 

w(~re low. The high total acidity in this pedon was probably due to its high 

day content. The lower total acidity of other pedons might be attributt'd to 

the variation in the organic carbon, clay and free iron oxide content of 

these pedons. 

In Pedon 15. though potential acidity was high, the exchangeable 

acidity was found to be very low. Nayak et ai. (1996) stated that KCl 

extractable Al3+ is low in soils at an advanced stage of weathering. Kumar 

et al. (1995) attributed such relatively low exchangeable acidity to organic 

matter complexing the acid forming cations. 

S.6. Wate ... olut.le Ion. 

15.6.1. Cation. 

Water solu.ble cations and anions for most of the soils were within 3 

mmoI and electrical neutrality was maintained. Water soluble cations were 

gt~nerally in the order Ca > Mg > Na > K. 

In Pedons 9, 10, 13 and in the lower horizons ofPedon 7 (beyond 77 

em depth) water soluble Na was more than Mg. Anbazhagan (1994) has 

reported high water soluble Na than Mg in some soils of Thanjavur district 

of Tamil Nadu. In Pedon 10, this could be attributed to the closeness of the 

location of the p(!don to the sea. In Pedon 7, CaCO;, nodules were obs("rved 

in the lower horizons. This involves the precipitation of Ca in insoluble 

forms. Mg also could have been rendered insoluble resulting in the apparent 

increase in Na. In Pedon 10, in the 3Bg2 horizon (174 to 190 cm) the water 

soluble Na and K decreased drastically while Ca and Mg increased. The 
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extremely low pH in this depth could have caused this. Qian et at. (1994) 

reported that Na in solution was high in soil under conventional tillagt" 

than no tillage. Pedon 9 located in the Cauvery delta area is under rice 

cultivation with the inevitable intense cultural operations. Perhaps, this 

has led to the hi,~h water soluble Na in this pedon. 

5.6.2. ADiOD. 

Among the water soluble anions, the content of HCO:,- was the highest 

followed by CI- and S004:.1·. In Pedons 8 and 10, the contents of SO/ were 

higher than CI·. The differences in depthwise distribution of the water soluble 

anions could be attributed to the differences in internal drainage among 

the pedons. The higher content of anions in lower horizons of Pedon 10 was 

due to marine influence. 

5.7. Soli cla •• UicatloD 

The soils were classified according to USDA Soil Taxonomy (Soil 

Survey Staff, 1975 and 1994). The morphological, physical, chemical and 

exchangeable properties of soils and climatic parameters like moisture and 

temperature regimes were (~onsidered for soil classification. 

5.7.1. Iacepti.ol 

Pedons 1, 2, 3, 7, 8, 9, 10 and 14 were classified under Inceptisols 

based on the presence of cambic subsurface horizon. The suborder Tropept 

was coined for all the pedons based on the warmer isotemperature 

(isohyperthermic regime). The great group was Ustropept for Pedons 1, 2, 

3,7,8,9 and 10 as they had Ustic moisture regime. Pedon 14 belonged to 

the great group 'Humitropept' as it had base saturation of less than 50 per 

cent in the horizons between 25 and 100 em and more than 12 kg m-:l 

organic carbon in the upper 100 cm depth. Pedons 1, 2, 3 and 8 were 

placed under the subgroup Typic Ustropept as they had the soil 

I 
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characteristics of the central concept of Ustropepts. Challa et al. (1993) 

• 
also c1assfied some red soils under Typic Ustropepts. 

Association of vertic characters with Pedons 7 and 9 made them to 

be grouped undl!r Verti(.· Ustropepts. Singh et al. (1989) reported similar 

conclusions. Pedon 10 was grouped under Aquic Ustropepts as it possessed 

n~duced mottles with chroma less than 2 within a metre depth. Vadivelu 

(1985) reported similar findings. Pedon 14 had the soil characters of central 

concept of Humitropepts. Hence it was classified as Typic Humitropepts. 

This is in agreement with the findings of Gangopadhyay et al. (1989). 

Considering the percentage of particle size fractions in the soil control 

section, fine loamy class for Pedons 1, 2 and 7, clayey skeletal for Pedon 3, 

loamy skeletal for Pedon 14, fine particle size class for Pedons 9 and 10 

were proposed. The mineralogy class was carbonitic for Pedon 8, as it 

contained more than 40 per cent carbonates and it was montmorillonitic in 

case of Pedon 9. The other pedons had mixed mineralogy in the fine loamy 

and fine particle size classes. As the pH was more than 5.5 (1: 1 soil:water 

extract) in the control section of 25 and 50 cm from mineral surface, all 

pedons except Pedon 14 were grouped under nonacid class. Acidic class 

was given to Pedon 14 as pH value of less than 5.5 was registered in the 

soil reaction control section. 

5.7.2. Alnaol. 

Pedons 4,5, 11, 12 and 13 were grouped under Alfisols, as they had 

argillic horizon and clay films in the solum. The suborder was Ustalfs for 

clll the pedons, since Ustic moisture regime was registered in them. 

Rhodustalfs was the great group for Pedons 4, 5 and 12 while it was 

Haplustalfs in the case of Pedons 11 and 13, as redder hue of 2.5YR/ lOR 

was observed in the first group of pedons but it was not observed in the 

second category of pedons. All pedons except Pedon 13 were included under 



the subgroup Typic, as they possessed soil characteristics of the central 

C'onC'<"pt of their respectivr great groups. P('clon 13 was indu<ird in Ulti(' 

subgroup as the argillic horizon had less than 75 per cent base saturation. 

These are in agreement with the views of Tiwary et al. (1989), Hameed Khan 

and Hanuman Ram (1977) and Rakhunde et ai. (1993). 

Fine loamy textural class for Pedons 5, 11 and 13, fine class for 

Pedon 12 and coarse loamy over fine loamy class for Pedon 4 were proposed 

based on the particle size fractions in their control section. Mixed mineralogy 

was proposed for all the pedons. Based on the pH values in 1: 1 soil water 

extract, acid reaction class for Pedons 5, 11 and 12 and non-acid class for 

Pc!dons 4 and 13 were given. 

5.7.3. Ultlaol. 

Pedon 15 was grouped under Ultisols as it contained argillic horizon 

and less than 35 per cent base saturation in the solum. The suborder was 

Humults as more than 12 kg m-2 organic carbon was present between the 

mineral surface and a depth of 100 cm. The clay per cent did not decrease 

with increasing depth by 20 per cent from the maximum clay content 41 

per cent. The CE:C of more than 16 cmol (p+) kg-I clay and ECEC of more 

than 12 cmol (p') kg-I clay were observed in argillic horizon. Hence, the 

great group was named after Haplohumult. The soil possessed the 

characteristics of central concept of Haplohumult and hence it was included 

under Typic sub,~OUP' Based on the particle size, mineralogy, soil reaction 

and temperaturt: regimes, fine loamy mixed acid and isothermic classes 

were coined in the soil family name. 

5.7.4. V.rtiaol. 

Pedon 6 was the only soil which was grouped under Vertisols as it 

had more than :30 per cent clay in the upper 50 em depth, intersecting 

.-\. 
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slickensides in the upper 1 m depth and cracks which open and dose . 
periodically. The suborder was Ustert as Ustic moisture regime was 

computed from dimatic parameters and AWe. pH values of more than 5 

was noticed in the soil. Further salic, gyp sic , calcic and petrocalcic horizons 

were absent. Hence the pedon was grouped under Haplustert. It was included 

under Typic subgroup, as it had the characteristics of central concept of 

Haplustert. 

5.8. Spectral re:nectaDce characteri.tic. or aoU. 

Recent advances in remote sensing capabilities with high altitude air 

craft and satellites have demonstrated the possibility of its large scale use 

in agricultural resource inventories and management. Such studies 

emphasize the n(~ed to accurately define soil spectral reflectance, as an aid 

in. the interpretation of multispectral imagery or other remotely sensed data. 

Measurements of soil reflectance in the different regions of electromagnetic 

spectrum is imp'Jrtant not only for differentiating variable soil conditions 

but also for nonnalising soil background effects in vegetation studies by 

rt'mote sensing techniques. A variety of soil parameters and conditions, 

either individually or combined, contribute to the spectral reflectance of 

soils. Hence, the characterization of soil reflectance has important 

implications for soil genesis, survey and classification. With this background 

the spectral reflectance study was carried out and the results are discussed. 

5.8.1. BaDd .. '.e .. en.olaDO. 

The differt'nt soils formed due to the influence of various soil forming 

factors and soil fanning processes, have affected both the amount of light 

energy reflected by the soil and the spectral distribution of this energy. The 

rt~flectance was ltenerally low in blue band and increased to the green, red 

and infrared bands, in almost all the soils. Sinha (1987) and Govardhan 

( 1991) reported similar observations. 



The increase in reflectivity of the soils in the red and infrared regions 

did not mean that shortwave blue and gre~n radiation is absorb~d by soils 

in larger absolute amounts than longwave radiation. The total amount of 

energy absorbed by the soils of various agro-climatic zones is determined, 

not only by the renectivity, but also by the intensity of solar radiation that 

reach~s the soil and the spectral composition. This radiation, whose 

maximum shifts toward the yellow portion of the spectrum as the height of 

the sun above, the horizon increases. The last factor causes corresponding 

changes in the a(:tual spectral composition of the reflected light. Studies 

have shown that radiation with a wavelength of more than 550 mi comprised 

the main portion of energy absorbed by the soil~Obukhov and Orlov, 1964). 

5.8.2. Effect of .oil propertie. OD .pectral reO.ctaDce 

The influence of individual soil parameters on reflectance was 

examined by grouping the soils based on their physical and chemical 

properties and by constructing the reflectance curves in different spectral 

bands. 
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Soils with less than 18 per cent clay reflected high in all t.he four 

bands. The reflectance in the blue, green and red bands were almost similar 

for soils with 18 to 35 per cent clay and soils with more than 35 per cent 

clay. Considering the influence of sand, it was observed that soils with 

more than 75 per cent sand recorded high reflectance in all the four bands. 

From these facts, it is reasonable to assume that decreasing particle size, 

dt"c-rcases the so:.l reflee-tane'c. This could be attributed to the increast"d 

moisture content and organic matter content, that lower soil reflectance. 

This is confirmed by the negative correlation between clay content and soil 

reflectance in all the four bands. while a positive correlation was observed 

between sand and soil reflectance in all the four bands·l Baumgardner et 

al.( 1985) reported a linear relationship between the increasing sand content 



and increasing rdlectance. Montgomery et ai. (1972) stated that silt content 

is the single most significant parameter in explaining the spectral variations 

in soil. In this study, spectral reflectance in soils with varying contents of 

silt was almost uniform except in the infrared band. The low silt content of 

the soils in this :iltudy could be a reason for such a trend. 

Soils that registered a hue of 7.5 YR reflected high in all the bands. 

There was no discernible trend in the reflectance spectra of soils with hues 

other than 7.5 YR. Several authors emphasize the role of soil texture, water, 

organic matter, carbonate or iron oxide content on soil colour (Shields, et 

al., 1968; Barron and Torrent, 1986). Variations in these factors could be a 

cause for these observations. Escadafal et al.(1989) also reported that soils 

with 7.5 YR hue reflected highly in all the bands, compared to soils with 

other hues. 

The influence of moisture on spectral reflectance was more evident 

in the moisture retained at 1500 kPa. In this, the soils that contained less 

than 10 per cent moisture reflected very high in all the bands, while soils 

that had more than 20 per cent moisture reflected least in all bands. Several 

workers have reported that presence of soil moisture considerably reduces 

the spectral reflectance (Curran, 1985; Sinha, 1987). There was no 

recognisable pattern in spectral reflectance among soils that retained 

different level oflDoisture at 33 kPa. Myers (1983) observed that, the absolute 

magnitude of reflectance with the addition of water varies considerably 

because of differences associated with texture, structure, roughness, organic 

matter, mineral content and illumination geometry. 

CaCO was observed to decrease the soil refles:tance. Soils with less 
;I 

than 1 percent CaCOa showed high reflectance in all the bands. Abdel-

Hamid (1993) reported positive correlations between CaC03 and soil 

reflectance. In this study a negative relationship was observed. Soils which 
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recorded high values ofCaC03 were darker in colour with 10 YR hue. (Pt"dona 

6,7 and 8). Perh.iips the dark soil colour has ('ontributed to the- nf'g~tivc­

relationship. 

Soils with pH values of more than 8 reflected high in all the bands, 

while soils with pH of less than 6 reflected least in the red and infrared 

bands. Soils witb base saturation of 50 to 80 per cent reflected high in all 

the bands. In comparison to soils with per cent base saturation of more 

than 50, the spectral reflectance in soils with base saturation of less than 

50 per cent was marginally higher in blue and green bands, and marginally 

lower at red and infrared bands. pH and SSP by themselves could not haw 

influenced the spectral reflectance of soils. Factors that affect tht'Sl' 

properties should be the reason for such variation in the spectral reflectance. 

Soil is a complex mixture of different components. Their spt'C'tral signatures 

are determined by a large number of state variables (Desmet et ai., 1988). 

Soils with high EC values showed lower reflectance in the blue, green 

and red bands but a reverse trend was observed in the infrared band. Al­

Mahawili (1983) rc~ported similar observations. 

Iron compounds have a substantial effect on the reflectance of soils. 

The reflectance of an iron compound is strongly dependent in its degree of 

oxidation or hydration (Curran et ai., 1990). In the present study soils 

containing higher amount of free iron oxides reflected low in the red and 

infrared bands. Obukhov and Orlov (1964) reported that soils with an 

elevated content of iron are easily distinguished by the inflection 

characteristic for pure Fe
2
0

3
• and the intensity of reflection in the region 

from 500 to 640 mJ,l is inversely proportional to the iron content. Coleman 

et ai. (1991) reported that iron oxide was best predicted by using blue, 

green, red and thermal infrared bands. In this study.the reflectance in the 

blue and green band was almost similar in soils irrespective of their free 
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iron content. This indicates that the blue and green bands may not accurate I}' 

predict the free iron content. The effect of various iron compounds or the 

spectral reflectC-.nce is not proportional to the relative content and is 

manifested differently in different soils (Karman ov , 1981). 

Soils with low CEC values « 15 cmol (p+) kg-I) recorded higher spectral 

reflectance than soils with high CEC values (30 cmol (p+) kgl) in all bands. 

Statistically spectral reflectance in all the four bands were negatively 

correlated with CEC. Although there is no physical basis for this relationship, 

it seems that cation exchange capacity is acting as a natural integrating 

factor for clay type and content, as well as for organic matter content - soil 

parameters which exhibit inherent spectral behavior (Myers, 1983). 

Soils with higher organic carbon content recorded low reflectance in 

all the bands. Organic matter has a profound influence on soil colour by 

imparting dark colour. This was the reason for such a trend. Sinha (1987) 

reported similar findings. 

'Though remote sensing is primarily concerned with surface soil, the 

spectral reflectance of soil from lower horizons can be of interest as 

agricultural and engineering tasks lead to soil reorganisation and soil from 

lc)wer horizons is brought to the surface. The curves for the spectral reflection 

of deep horizons are more complex. Changes in the spectral reflection by 

these horizons reflect the genetic characteristics of the soil profile~Obhukhov 

and Orlov, 1964). 

In the present study, the spectral reflectance of soils by horizon 

followed different patterns in different pedons. This is to be expected, as 

the soil properties which contribute to the spectral reflectance follow different 

patterns betwet~n and within pedons. Curran et ai. (19901 also confirmed 

that soils with varying properties will display different reflectance 

characteristics ~lt different depths. 



Il Summary and Concfusion 

.. 



CHAPTER 6 

SUMMARY AND CONCLUSIONS 

The seven agroclimatic zones in Tamil Nadu vary widely not only in 

their climatic p"uametC"rs but also in their soil (_·hRracteristies. It WrlS ft-It 

that, if comprehensive informations are generated about the major soils of 

these zones, it will be of much help for researchers in formulating suitable 

management practices, for the optimum use of these soils. This study was 

carried out towards this objective. 

Fifteen pedons were identified in the seven agroclimatic zones and 

seventy eight horizonwise soil samples were collected. 

The soil samples were analysed for their textural composition, 

moisture retent~on characteristics, physico-chemical properties, eirmental 

composition, fractions of iron and manganese. exchange properties, forms 

of acidity, water soluble ions and spectral reflectance properties. Using all 

these analytical data an attempt was made to understand the factors and 

processes that were responsible for the formation of these soils. 

6.1. Ji!orphol.,1Y 

The solum depth varied from very shallow « 1m) in Pedons 2 and 8, 

to very deep (>2m) in Pedons 4, 5, 7, 9, 10, 11, 14 and 15. The hue of the 

soil colour vari.~d from lOR to lOYR. Vertic properties like surface cracks 

were observed in Pedons 6,7,9 and 10, and slickensides in Pedons 6 and 

7. Calcium carbonate nodules were observed in Pedons 6, 7 and 8. The 

occurrence of these nodules in Pedons 6 and 7 was attributed to the 

influence of climate and soil characteristics. The variation in the depth of 

occurrence of the nodules was due to the difference in the intensity of 

rainfall and pedoturbation. The carbonate nodules found in Pedon 8 were 
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due to the influence of the calcareous parent material. Iron and mangant"s(' 

concretions wt'rt' obsrlVrd in PedonH 7,9, 10 and I'}. berQust' of impr(h-c1 

internal drainaE~e. 

Pedons 6 and 8 had weakly developed 8 horizons suggesting that 

the pedons are still in a juvenile stage. Only Pedon 4 showed lithological 

discontinuity with two contrasting materials present in the solum. 

6.2. Pbysical properties 

The texture of the pedons varied very widely. Erosion had played a 

major role in determining the texture of the surface horizons of many 

pedons. Based on onsite observations the texture of Pedon 5 was considered 

a result of aeolian deposit. The high clay content of Pedons 9 and 10 were 

attributed to the puddling operations under rice cultivation. Illuvial 

accumulation of clay was observed in Pedons 4, 5, 12, 13 and 15. 

Argillopedoturbation had taken place in Pedons 6 and 7. Water dispersible 

day content varied because of variations in Zero Point of Net Charge (ZPNC). 

The moisture retention characteristics varied considerably and were 

positively correlated with clay content. Pedon 15 recorded comparatively 

lower bulk dem;ity because of its higher organic content. 

6.3. Pbysico-c!bemlcal properties 

Pedons 5, 12, 14 and 15 recorded pH values of less than 6 while 

Pedons 4,6,7, S and 13 recorded pH values of more than 7.5. In Pedon 10 

the upper horizons were neutral to slightly alkaline. while the bottom most 

horizon was highly acidic indicating the accumulation. of sulphides. Addition 

of 1 M KCI was found to decrease the pH resulting in positive ~pH values in 

all the pedons. This implied that the soil had net negative charge. The 

magnitude of pH varied widely among the pedons. The EC values were 
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above 1 dSm- ' in Pedon 10 because of marine influence. All other pedons 

registered low EC values. Pedone 14 and 15 had comparatively highcoT 

organic carbon due to high rainfall and cooler climates respectively. 

6.4. Elemental compo.itlon 

Silica, alumina and iron dominated elemental composition of the 

soils. Silica content was high in Pedons 4 and 15 because of their high 

sand content. In Pedons 14 and 15, the silica content was low, because of 

the high mean annual rainfall. Alumina was negatively correlated with 

silica. The variations in the elemental composition were due to variations 

in parent material and age. The free iron oxides were very low in Pedons 6 

and 7 and very high in Pedon 15. The distribution of iron within pedons 

were largely irregular as a result of changes in pH and Eh. Molar ratios 

indicated that Pedon 15 had undergone a relatively higher degree of 

weathering. 

6.S. Nutrient compo.ltlon 

The total nitrogen content was highest in Pedon 15 possibly as a 

r~:sult of high organic matter and cooler climate. In most of the pedons the 

maximum total P was observed in the middle horizons due to precipitation 

by iron or calcium. Anthropic epipedon was not identified in any of the 

pedons. In Pedon 9 more than 250 ppm of citric acid soluble P was recorded 

in two of the subsurface horizons, indicating the influence of 

aJ.'1thropedogenic processes in the past. Generally, Bray P and Olsen P 

were high in the surface horizons. The contents of total Zn, eu and Mn 

varied due to the~ influence of parent materials, among the pedons. 

The fractions of iron studied were in the order Fed> Feu> FeIJ' The 

higher content of Fed in comparison to the other two fractions implied that 

the crystalline' iron (~onte'nt was higher than amorphous and organic I gt'l 



hydroxide forms. The Fe,J Fe, ratio was very high in Pedon 15 suggesting 

the highly weathered nature of the soil. The ratio was very Iowan PedoJ}s h 

and 7 indicating t.hat they were relatively unweathered. Mn,l C'onstitutc.-d H 

larger properties of Mnt in all the pedons. 

6.6. Exchanle propertie. 
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Cation exchange capacity was highly correlated with clay. Pedon 6 

which recorded the highest clay content also registered the highest CEC. 

Pedon 7 despite its relatively low clay content recorded high CEC which 

was attributed to contributions from non-clay fractions. The ECEC values 

were very low in Pedons 5 and 15 suggesting the pre~ence of low activity 

clays. In all the pedons the exchangeable bases were of the order Ca..:· > 

Mg.l+ > K+ > Na+. Base saturation was very high in Pedons 6, 7 because of 

impeded internal drainage and very low in Pedons 14 and 15 because of 

high rainfall in their locations. 

6.7. :Forma of acidity 

Exchangeable acidity was very low in comparison to potential acidity 

in all pedons. Exchangeable acidity was negatively correlated with pH, 

indicating that exchange acidity was mainly responsible for lowering the 

pH in most of the soils. The high potential acidity in Pedon 6 was attributed 

to its high clay content, while the high potential acidity in Pedons 14 and 

15 were due to their high free iron and organic carbon content. 

6.8. Water 1I01uble ion. 

Among the cations Ca2+ was dominant in all the pedons. In Pedons 

9, 10 and 13 the water soluble Na+ was more than Mg:.l+. This was attributed 

to the intensive cultivation of rice in these pedons. Proximity to sea coast 

was an additional factor in Pedon 10. Among the anions, generally HC03 



177 
content was dominant. In the lower horizons of Pedon 10 SO ~ dominatrd , ~ 

"\1«, 1 n nUlrinr inOurn('c·. 

6.9, SoU ol ••• lRoatloa 

The soils were classified as per the USDA Soil Taxonomy. Amon~ the 

pedons 8 were classified under Inceptisol, 5 under Alfisol, one each under 

Vertisol and Ultisol. Inadequacy of the classification systems was felt in 

Pedon 14 in which other parameters indicated that the pedon was highly 

weathered, but the absence of argillic/nitric horizon caused it to be included 

in Inceptisol. 

6.10. Spectral renectauce 

The spectral reflectance increased from the blue band to the infrared 

band. The red and infrared bands were useful in differentiating soils. It 

was possible to discriminate soils with varying contents of organic carbon, 

clay, CEC and moisture at 1500 kPa using the spectral data. Soils with 

7.5YR hue were also discriminated from the soils with other hues. Sand, 

SiO;]. free iron, pHw' pH KC1 and total acidity were correlated with the spectral 

data. Regression equations were developed to predict pH .. , pH KCl ' sand total 

acidity and SiO;) using the spectral data. 

In this study. an attempt was made to understand the soil forming 

f:actors and processes that had influenced soil formation and the SpeJ""l~\ 

properties of reference soils of Tamil Nadu. Adequate information was 

generated on these soils. Studies on charge characteristics, sand and day 

mineralogical composition, micromorphology and spectral variability of 

spectral reflectance of soils could strengthen the findings of the present 

study and provide a comprehensive picture on the reference soils of Tamil 

Nadu. 
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PEDON 1 

Village 

Taluk 

District 

Latitude 

Longitude 

Elevation 

Land form 

Slope 

Natural vegetation 

Land use 

ANNEXURE I 

VANNAPPATTI SERIES 

Paiyur 

Krishnagiri 

Dharmapuri 

12°21 N 

78°18'E 

490 MSL 

Undulating Plain 

1-3% 

Neem, Tamarind, Calotropis, Prosopis 

Millets, Groundnut, Mango 

Horizon Depth (em) De.erlpUon 

Ap 0-20 Reddish brown (5YR 4/3) moist; sand; weak fine 

granular; loose moist; few fine pores; few very fin~ 
roots; very rapid permeability; c1eHI wavy boundary 

Bwl 20-52 

Bw2 52-74 

Bc 74-100 

100+ 

Dark red (2.5YR 3/6) moist; sandy clay; moderate 
medium to coarse sub ar~gular blocky; sticky and 

plastic; firm moist; few fine pores; few very fine 
roots; moderately rapid permeability; clear smooth 

boundary. 

Red (2.5YR 4/6) moist; (gravelly) sandy clay; 

moderate, medium sub angular blocky; sticky and 

plastic; firm moist; many irregular quartz gravels; 

few fine pores; few very fine roots; clear wavy 

boundary. 

Dark reddish brown (2.5YR 3/4) moist; (very 
gravelly) sandy loam; w(~ak medium sub angular 
blocky; slightly sticky; slightly firm moist; 

abundant irregular quar':z gravels; few fine pores; 

few very fine roots; diffuse wavy boundary. 

Weathered gneiss. 
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PEDON 2 

Village' 

Taluk 

District 

Latitude 

Longitude 

Elevation 

Land form 

Slope 

Natural Vegetation 

Land Use 

IRUGUR SERIES 

Bhavanisagar 

Gobichettipalayam 

Penyar 

lloN 

78°28'E 

260 MSL 

Peneplain with undulating topography 

1-3% 

Prosopis, Calotrophis, Neem 

Groundnut,Tunnenc, Paddy 

Horizon Depth (em) Deaeriptlon 

AI' 0-18 Dark reddish brown (2.5YR 3/4) moist and dry; 

clay loam; strong coarse sub angular blocky; 

sticky and plastic; firm moist, very hard dry; 

common fine pores; few very fine roots; moderate 

permeability; clear smooth boundary. 

Bw 18-!:>0 Dark reddish brown (2.5YR 3/4) moist and dry; 

sandy clay; strong, coarse sub angular blocky; 

sticky and plastic; firm moist, very hard dry; 

common fine pores; few, very fine roots; few 

termite channels; moderate permeability; gradual 

wavy boundary. 

sa 50-S9 Yellowish red (5YR 4/6) moist and dry; (slightly 

gravelly) sandy clay loam; moderate coarse sub 

angular blocky; sticky and slightly plastic; firm 

moist; hard dry; common irregular quartz gravels; 

few, fine pores; few, very fine roots; diffuse 

irregular boundary. 

59-90 Weathered gneiss. 

90-*" Granite 
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Bel 54-89 

Bc2 89·155 

155 + 

Dark red (lOR 3/6) moist; (gravelly) sandy loam; 

massive to weak fine granular; friable moist. 

slightly hard dry; dominant irregular quartz 

gravels, few stones and many irregular 

ferruginous gravels; few medium and fine pores; 

few fine roots; few termite channels; rapid 

permeability; gradual wavy boundary. 

Dark red (lOR 3/6); (gravelly) sandy loam; 

massive to weak medium granular; friable moist, 

slightly hard dry; dominant round irregular 

ferruginous gravels, few irregular quartz gravels; 

few medium and fine pores; few fme roots; very 

few termite channels. 

Weathered gneiss. 
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PEDON 4 

Village 

Taluk 

District 

Latitude 

Longitude 

Elevation 

Land form 

Slope 

Natural Vegetation 

Land Use 

PALAVIDUTHI SERIES 

Periyakulam 

Periyakulam 

Madurai 

looN 

77°01 'E 

260 MSL 

Peneplain with undulating topography 

1-3% 

Tamarind, N eem Acacia 

Fruit trees and vegetables. 

Horizon Depth (em) Deaeription 

Ap 0-23 Dark brown (7.SYR 4/4) moist and dry; sandy 

loam; massive to weak medium granular; loose 

moist, slightly hard dry; very few small irregular 

quartz gravels; few common pores; few very fine 

roots; very rapid permeability clear smooth 

boundary. 

Al 23-52 

E 52-88 

Red (2.5YR 4/6) dry and moist; sandy loam; weak, 

medium, subangular blocky to weak medium 

granular; loose moist, slightly hard dry; few large 

quartz gravels; common very fine pores; few very 

fine roots; very rapid permeability; clear wavy 

boundary. 

Dark red (2.5YR 5/6) moist and red (2.5YR 4/6) 

dry; sandy loam; massive to moderate medium, 

subangular blocky; friable moist, hard dry; very 

few large quartz gravels; few medium common flne 

pores; few very flne roots; rapid permeability; 

abrupt smooth boundary. 



28tl 88-124 

28t2 125-163 

Dark reddish brown (2.5YR 3/4) moist and dry; 

(slightly gravelly) clay loam; strong, coarse, 

columnor breaking to strong coarse sub angular 

blocky; sticky and slightly plastic; slightly firm 

moist, very hard dry; few large quartz gravels; 

strongly cemented iron pan; patchy, moderate 

clay films on ped faces; few coarse and many 

fine pores; few fine and very fine roots; few 

termite channels; moderate permeability; 

abrupt smooth boundary. 

Dark reddish brown (2.5YR 3/4) moist and 

dark red (2.5YR 3/6) dry; sandy clay loam; 

strong coarse subangular blocky; sticky and 

slightly plastic; slightly firm moist, very hard 

dry; common thick clay films; few coarse and 

many fine pores; few fine and very fine roots; 

few termite channels; moderate permeability. 
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PEDON 5 

Village 

Taluk 

District 

Latitude 

Longitude 

Elevation 

Land form 

Slope 

Natural Vegetation 

Land Use 

Ap 0·20 

Bwl 20-48 

Btl 48-72 

UDANOUDI SERIES 

Sathankulam 

Tuticorin 

V.O.Chidambaranar 

9°55'N 

7r07'E 

183 m 

Sand dunes with sandy plains 

0-1% 

Palmyra, Virali, Acacia sp. 

Cultivable waste 

Description 

Red (2.5YR 4/6) moist, and (2.5YR 4/8) dry; 

sandy loam; weak, coarse subangular blocky, 

breaking to weak fine granular; slightly sticky; 

friable moist, slightly hard dry; common, 

medium, few fine pores; few, medium roots; very 

rapid permeability; clear smooth boundary. 

Dark red (2.5YR 3/6) moist and red 12.SYR 4/ 

6) dry; sandy loam; weak moderate subangular 

blocky to weak, fine granular; slightly sticky; 

friable moist, slightly hard dry; few medium and 

fine pores; very rapid permeability; abrupt 

smooth boundary. 

Dark reddish brown (2.5YR 3/4) moist and dark 

red (2.5YR 3/6) dry; sandy clay loam; weak, 

medium subangular blocky to weak, fine 

granular; slightly sticky; friable moist, slightly 

hard dry; few medium common fine pores; 

patchy, fine clay films on ped faces; few medium 

roots; rapid permeability; abrupt smooth 

boundary. 



8t2 7~~-123 

Bt3 123-175 

Dark reddish brown (2.5YR 3/4) moist; sandy 

clay loam; massive to weak fine granular; 

slightly sticky; friable moist, slightly hard dry; 

patchy, medium clay films; few termite 

channels; few medium and common fine pores; 

few medium roots; moderately rapid 

permeability; abrupt smooth boundary. 

Dark reddish brown (2.5YR 3/4); sandy clay 

loam; massive to weak, medium subangular 

blocky; slightly sticky; loose moist; common 

thick clay films; few, medium coarse fine 

pores; few very fine roots; moderately rapid 

permeability. 
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PEDON 6 

Village 

Taluk 

District 

Latitude 

Longitude 

Elevation 

Land form 

Slope 

Natural Vegetation 

Land Use 

Horizon Depth (em) 

Ap 0-19 

Ack 19-52 

PILAMEDU SERIES 

Aru ppukkottai 

Aru ppukkottai 

Kamarajar 

9°31 'N 

77°57'E 

50 MSL 

Gently sloping plain 

0-1% 

Prosopis, Acacia, Tamarind 

Cotton, Sunflower, Millets 

DeaeriptioD 

Very dark grayish brown (10YR 3/2) moist 

and dry; clay; weal;::. medium subangular 

blocky and weak medium crumb; sticky 

and plastic; slightly firm moist, slightly 

hard dry; few, large hard irregular lime 

concretions; slightly calcareous; few, very 

fine and fine pores; few, medium and fine 

roots; slow permeability; clear wavy 

boundary. 

Black (1 OYR 2/ 1) moist and very dark gray 

(10YR 3/1) dry; clay; moderate, coarse 

subangular blocky; sticky and plastic; firm 

moist and hard dry; few, large hard 

irregular lime concretions; calcareous; 

distinct, non intersecting sickensides; few, 

fine and very fine pores; very fme medium 

roots; slow permeability; gradual wavy 

boundary. 



Assckl 52-80 

Assck2 80-112 

Crck 112+ 

Very dark gray (IOYR 3/4) moist and dry; 

clay; strong, medium to coarse angular 

blocky; very sticky, very plastic; very firm 

moist, extremely hard dry; frequent, large 

hard irregular lime concretions; 

calcareous; distinct intersecting 

sickensides; few, fine and common very 

fine pores; very fine medium roots; slow 

permeability; abrupt wavy boundary. 

Very dark gray (lOYR 3/1) moist and dark 

gray (1 OYR 4/ 1) dry; clay; strong, coarse 

angular blocky; sticky and plastic; very 

firm moist, very hard dry; very frequent, 

hard irregular large lime concretions; 

calcareous; prominent intersecting 

slickensides; few, fine and common, very 

fine pores; very few, very fine roots; slow 

permeability; abrupt smooth boundary. 

Weathered gneiss and CaCOJ nodules. 
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PEDON 7 

Village 

Taluk 

District 

Latitude 

Longitude 

Eltovation 

Land fonn 

Slope 

Natural Vegetation 

Land Use 

Horizon D(!pth (cm) 

Ap 0-22 

Bwck 22-48 

Bckss 48-77 

P.N.PALAYAM SERIES 

Coimbatore 

Coimbatore 

Coimbatore 
llON 

77°E 

MSL 

Peneplain with flat topography 

0-1% 

Prosopis, Neem, Euphorbia, Nuna 

Sunflower, Millets 

Description 

Very dark grayish brown (lOYR 3/2) moist and 

dark brown (1 OYR 3/3) dry; sandy clay loam; 

weak, flne subangular blocky; sticky and plastic; 

slightly firm moist, slightly hard dry; very few, 

small round to irregular hard lime concretions; 

strongly calcareous; many fine pores; few. 

medium coarse fine roots; moderately slow 

permeability. abrupt smooth boundary. 

Very dark grayish brown (lOYR 3/2) moist and 

dry; sandy clay; moderate, medium subangular 

blocky; sticky and plastic; fll"IIl moist, hard dry; 

very few, small round to irregular lime 

concretions; strongly calcareous; many, fine 

pores; few, fine roots; moderately rapid 

permeability; abrupt smooth boundary. 

Very dark gray brown (lOYR 3/2); sandy clay; 

strong, coarse angular blocky; sticky and 

plastic; very frrm moist, very hard dry; frequent, 



Bckl 77-97 

Bck2 97 -120 

2Bck 120-157 

powd(.~ry lind hltrd limt' concretions; strongly 

calcareous; distinct pressure faces and 

indistinct slickensides; very few, medium and 

few, fine pores; few, fine roots; moderately slow 

permeability; gradual wavy boundary. 

Very dark grayish brown (10YR 3/2) and brown 

(10YR 5/3) moist and dry; Grayish brown 1l0YR 

5/2) rubbed; sandy clay loam; strong coarse 

angular blocky; sticky and plastic; slightly firm 

moist, slightly hard dry; frequent, powdery and 

hard round to irregular lime concretions; 

strongly calcareous; indistinct pressure faces; 

common, fine pores; few, fine roots; moderately 

slow permeability; gradual wavy boundary. 

Very dark gray (lOYR 3/1) and brown (lOYR 5/ 

3) moist and dry; grayish brown (10YR 5/2) 

rubbed; moderately fine subangular blocky; few, 

medium prominent very dark brown (lOYR 2/2) 

mottlings; frequent, powdery and hard round to 

irregular lime concretions; strongly calcareous; 

common, fine pores; few, fme roots; moderately 

rapid permeability; gradual smooth boundary. 

Darkbrown (7.5YR 4/2) moist, brown (2.5YR 5/ 

4) dry; few medium prominent very dark brown 

(lOYR 2/2) mottlings; sandy loam; moderate, 

medium subangular blocky; slightly sticky, 

slightly plastic; slightly firm moist, hard dry; 

frequent powdery and hard round to irregular 

lime concretions; very few, small, round 

ferruginous concretions; strongly calcareous; 

common, fmc pores; very few, very fme roots; 

moderately rapid permeability. 
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PEDON 8 

Village 

Taluk 

District 

Latitude 

Longitude 

Elevation 

Land form 

Slope 

Natural Vegetation 

Land Usc 

Horizon Depth (cm) 

Ap 0-17 

Ak 17-42 

PALLADAM SERIES 

Pall ad am 

Palladam 

Coimbatore 

100 59'N 

77°17'E 

427 MSL 

Undulating Plain 

3-5% 

Acacia sp ; Cassia; Prosopis 

Pasture and minor millets 

Description 

Dark yellowish brown (lOYR 4/4) moist and 

yellowish brown (lOYR 5/4) dry; (gravelly) 

sandy loam; weak, fine subangular blocky 

to weak, fine granular; very friable moist, 

loose dry; few, irregular quartz gravels: few, 

hard large irregular lime concretions; 

strongly calcareous; few, very fine pores; 

common, fine roots; very rapid permeability; 

clear wavy boundary 

Dark brown (1 OYR 4/3) moist and brown 

(lOYX 5/3) dry; (very gravelly) sandy loam; 

weak, fine granular; slightly sticky; very 

friable moist, loose dry; very few, irregular 

small quartz gravel and frequent, hard large 

irregular lime concretions; strongly 

calcareous; few, very fine pores; few, fine 

roots; very few, medium weathered rock 

fragments; very rapid permeability; diffuse 

wavy boundary. 



Ak2 42-76 Dark yellowish brown (1 OYR 4/4) and 

yellowish brown (lOYR 5/4); weak, medium 

granular; slightly sticky; very friable most, 

loose dry; very few, round to irregular quartz 

graves; very frequent hard large irregular lime 

concretions; very few, medium weathered rock 

fragments;strongly calcareous; few, very fine 

pores; few, fine roots; very rapid permeability; 

diffuse wavy boundary. 
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PEDON 9 

Village 

Taluk 

District 

Latitude 

Longitude 

Elevation 

Land form 

Slope 

Natural Vegetation 

Land Use 

HorizoD Depth (em) 

Ap 0-21 

8g1 21-41 

Bg2 41-75 

PADUGAI SERIES 

Aduthurai 

Tiruvidaimarudur 

Thanjavur 

11 oN 

79°30'E 

20 MSL 

-Delta plain 

0-1% 

Bamboo, Neem, Vahai 

Rice 

De.criptioD 

Very dark grayish brown (lOYR 3/2) moist and 

dark brown (lOYR 3/3) dry; clay; massive, to 

weak, fine subangular blocky; sticky and 

slightly plastic; very firm moist, very hard dry; 

few, medium and fine pores; common, fine, 

few, medium roots; moderate permeability; 

clear, smooth boundary. 

Very dark grayish brown (lOYR 3/2) moist; 

clay; strong, coarse subangular blocky; sticky 

and plastic; firm moist; few, fine distinct black 

(lOYR 2/ 1) mottles; very few, small round Fe­

Mn concretions; slightly calcareous; few shells; 

many fine and very fine, medium pores; very 

few, fine and very fine roots; moderatf" 

permeability; cleat" smooth boundary. 

Dark brown (lOYR 3/3) moist; clay; moderate, 

('oarse 8ubangu1as blocky; sticky and plastic; 



8g3 75-103 

8g4 103-139 

2B2 t!9-1~4 

firm moist; common, fine to medium distinct 

black (1 OYR) mottles; very few, small 

ferruginous concretions; few, medium 

common, fine pores; very few, very fine roots; 

moderately slow permeability; clear, smooth 

boundary. 

Dark brown (lOYR 3/3) moist; clay; strong, 

coarse subangular blocky; sticky and plastic; 

firm moist; common, fine faint black (1 OYR 

2/1) mottles; very few, small ferruginous 

concretions; few, medium common fme pores; 

few, brick bits; very few, very fine roots; 

slightly calcareous; moderately slow 

permeability; clear, smooth boundary. 

Dark brown (10YR 3/3) clay loam; coarse 

subangular blocky; sticky and plastic; firm 

moist; common, medium black (10YR3 /1) 

mottles; few, small ferruginous concretions; 

few medium, and very few, fine pores; few, 

brick bits; very few, very fme roots; slightly 

calcareous; slow permeability; abrupt smooth 

boundary. 

Dark yellowish (lOYR 3/4) moist; loam; 

moderate, medium subangular blocky; sticky 

and plastic; slightly firm moist; distinct 

pressure faces; few, fine and very fme pores; 

slow permeability; 
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PEDON 10 

Village 

Taluk 

District 

Latitude 

Longitude 

Elevation 

Land form 

Slope 

KOHUR SERIES 

Sellur 

Nagappattinam 

Nagai Quaid-E-Milleth 

10046'N 

79°51 'E 

9 MSL 

Marine land 

0-1% 

Natural Vegetation 

Land Use 

Ipomoea, Thespesia 

Paddy 

Horizon 

Ap 

Bg 

Bw 

Depth (em) Deacription 

0-14 Dark grayish brown (lOYR 4/2) moist and dark 
gray (lOYR 4/l); clay; massive to strong, coarse 
subangular blocky; sticky and plastic; very fmn 

moist, extremely hard dry; many, fine prominent 
yellowish brown (lOYR 5/6) mottles; few medium, 
and common, fine pores; common, fine and very 
fine, few, medium roots; moderately rapid 

permeability; clear, smooth boundary 

14-29 

29-63 

Dark yellowish brown (10YR 3/4) moist and dark 

brown (10YR 3/3) dry; clay; massive to strong, 
coarse sub angular blocky; sticky and plastic; 

slightly firm moist, extremely hard dry; few, small 

round ferruginous gravels; few medium, common 

fine pores; few, fme and very fme roots; moderately 
slow permeability; clear, wavy boundary. 

Dark yellowish brown (lOYR 3/4) moist; clay; 

strong, coarse prismatic; sticky and plastic; very 
firm moist; indistinct slickensides and distinct 
pressure faces; slightly calcareous; few. medium 
and fine pores; few. coarse medium and fine roots; 
moderately slow permeability; abrupt wavy 

boundary. 



28g1 63-82 

2Bg2 82-117 

28g3 117·152 

3Bgl 

38g2 174-190 

Very dark gray brown (lOYR 3/2); massive to strong, 
medium sub angular block".; c1ayloam; sticky and 
plastic; very firm moist; few, medium distinct, very 

dark brown (10YR 5/6) mottles; few, medium and 
fine pores; very few, very fine roots; moderately slow 
permeability; abrupt, smooth boundary. 

Dark gray (1 OYR 4/ 1) and grayish brown (1 OYR 5/ 
2) moist; loam; massive, weak medium subangular 

blocky; slightly sticky; friable moist; few, coarse 
prominent very dark brown (10YR 2/2) and 
yellowish brown (10YR 5/6) mottles; few medium, 
common fine and very fine pores; moderate 
permeability; abrupt, smooth boundary. 

Gray (10YR 5/1) and light brownish gray (10YR 6/ 
2) moist; loam; massive; slightly sticky; friable 
moist; common, fine to coarse prominent very dark 

brown (10YR 2/2) and yellowish brown (lOYR 5/6) 

mottles; few medium, common fine pores; 

moderately slow permeability; abrupt, smooth 
boundary. 

Very dark gray (10YR 3/1) and light brownish gray 
(lOYR 6/2) moist; sandy clay loam; massive; sticky 
and plastic; slightly firm moist; many, coarse 

prominent mottles; very dark brown (10YR 2/2) and 
yellowish brown (10YR 5/6) mottles; few medium, 
common fine and very fine pores; moderately slow 

permeability; abrupt and wavy boundary. 

Gray (10YR 6/1) and black (2.5YR 2/0) moist; 

sandy loam; massive; slightly sticky; slightly plastic; 

slightly firm moist; many shells of marine origi.n; 

few, coarse prominent mottles; very dark brown 

(10YR 2/2) and yellowish brown (lOYR 5/6) mottles; 

few, medium fme and common very fme pores; slow 

permeability. 
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Bt2 105-156 

Bsm 156-177 

roots; moderately rapid p~rmeability; abrupt, 

smooth boundary. 

Yellowish red (5YR 4/6) moist and dry; clay; 

massive to moderate, medium subangular 

blocky; patchy, thin clay films on ped faces; 

frequent termite channels; few coarse, many 

fine pores; few. very fine roots; moderately 

rapid permeability; clear, wavy boundary. 

Yellowish red (5YR 4/6) moist and dry;sandy 

clay; massive to weak fine sub angular blocky; 

slightly sticky. slightly plastic; slightly firm 

moist, slightly hard dry; few, medium and fine 

pores; few, very fine roots; moderately rapid 

permeability. 
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PEDON 12 

Village 

Taluk 

District 

Latitude 

Longitude 

Elevation 

Land form 

Slope 

Natural Vegetation 

Land Use 

Horizon Depth (em) 

Ap 0-12 

P~;mtl 12-40 

Bsmt2 40-77 

YAY ALOGAM SERIES 

Vamban 

Alangudi 

Pudukkottai 

100 23'N 

78°52'E 

100 MSL 

Lateritic 

0-1% 

Neem, Agave 

Pulses, Groundnut, Cashew 

Description 

Dark reddish brown (2.5YR 3/4) moist and dark 

red (2.5YR 3/4) dry; sandy clay loam; massive 

to moderate, coarse subangular blocky; sticky 

and slightly plastic; slightly firm moist, slightly 

hard dry; few medium, common fine pores; few, 

medium and fine pores; moderate permeability; 

clear, wavy boundary. 

Dark red (2.5YR 3/6) moist and red (2.5YR 4/ 
8) dry; sandy clay; massive to weak, medium 

subangular blocky; sticky and slightly plastic; 

slightly firm moist, slightly hard dry; few, 

medium and common fine and very fine pores; 

few, fine and very fine root;' thin patchy. clay 

films on ped faces; rapid permeability; abrupt. 

smooth boundary. 

Dark red (2.5YR 3/6) moist and red (2.5YR 4/ 
6) dry; sandy clay; massive to weak, fine 

subangular blocky; sticky and slightly plastic; 



Bsmt3 77 -110 

Bcs! 110-169 

slightly firm moist, slightly hard dry; thick 

patchy, clay films on ped faces; few, coarse 

medium, and coarse fine and very fine pores; 

very few, very fine roots; few termite channels; 

rapid permeability; abrupt, smooth boundary. 

Dark red (2.5YR /6) moist and dry; gravelly 

sandy clay; massive to weak fine granular; 

slightly sticky; friable moist, slightly hard dry; 

dominant large and small, round, ferruginous 

and dominant quartz gravels; fine ferruginous 

stones; few medium and fine pores; very few, 

very fine roots; moderately rapid permeability. 

Dark red (2.5YR 3/6) moist and dry; (gravelly) 

sandy clay; massive to weak, fine granular; 

slightly sticky; friable moist, slightly hard dry; 

dominant, large and small round ferruginous 

and dominant, quartz gravels; few, ferruginous 

stones; few, medium and fine pores; very few, 

very fine roots; moderately rapid permeability; 
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PEDON 13 

Village 

Taluk 

District 

Latitude 

Longitude 

Elevation 

Land form 

Slope 

Natural Vegetation 

Land Use 

Horizon Depth (cm) 

Ap 0-26 

Btl 26-44 

Bt2 44-86 

MADUKKUR SERIES 

Madurai 

Madurai 

Madurai 

g055'N 

78°07'E 

133 MSL 

Lateritic landform 

0-1% 

Prosopis, Tamarind, Bamboo, Neem 

Paddy 

Description 

Very dark grayish brown (10YR 3/2) moist. 

dark brown (10YR 3/3) dry; sandy clay; 

moderate, medium subangular blocky; sticky, 

plastic; firm moist, hard dry; few medium, 

common fine pores; many fine, common 

medium roots; moderate permeability; clear, 

wavy boundary. 

Dark yellowish brown (10YR3/6) moist (lOYR 

4/6) dry; clay; massive to strong. coarse 

subangular blocky; slightly sticky; slightly firm 

moist, extremely hand dry; few, fine faint dark 

reddish brown (2.5YR 2.5/4) mottlings; very 

few. coarse, mcd i u m and spheriC'a I, 

ferruginous corrections; few medium, common 

fine pores; very few, very fine roots; moderately 

slow permeability; clear, smooth boundary. 

Dark yellowish brown (lOYR 4/6) moist and 

yellowish brown (lOYR 5/6) dry; clay; strong, 
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PEDON 15 

Village 

Taluk 

District 

Latitude 

Longitude 

Elevation 

Land form 

Slope 

Natural Vegetation 

Land Use 

Horizon Depth (em) 

Ap 0-14 

Ew1 14-33 

Bw2 3,'-62 

OOTY SERIES 

Ooty 

Udhagamandalam 

Nilgiris 

11°37'N 

76° 27'E 

2090 MSL 

Mountains with rolling topography 

15-30% 

Eucalyptus, Pine. Shola forest 

Tea, Cold Vegetables like Potato, 

Cauliflower, Cabbage. 

Description 

Dark brown (lOYR 3/3) moist; clay; weak, fine 

subangular blocky to weak, fine crumb; sticky 

and slightly plastic; slightly frrm moist; few, very 

fine pores; few coarse, common fine roots; rapid 

permeability; clear, wavy boundary. 

Dark brown (lOYR 4/3) moist; clay loam; weak, 

medium subangular blocky to weak, fine crumb; 

slightly sticky, slightly plastic; friable moist; few, 

very fine pores; few fine, many very fine roots; 

clear, smooth boundary. 

Dark yellowish brown pOYR 4/4) moist; clay 

loam; weak, medium subangular blocky to weak, 

fine crumb; slightly sticky, slightly plastic; 

friable moist; few, very fine pores; very few, very 

fine roots; rapid permeability; clear, smooth 

boundary. 

) 



Btl 62-95 

Bt2 95-120 

8t3 120-150 

28t1 150-183 

Dark yellowish brown (10YR 4/6): clay; 

moderate, medium subangular blocky to 

weak fine subangular blocky; sticky and 

slightly plastic; slightly fmn moist; few, 

medium distinct very dark gray (lOYR 3/ 
1) mottles; common, thick cutans on ped 

faces: very frequent, earthworm channels; 

few coarse, and few fme pores; very few, 

fme and very fme roots; rapid permeability; 

clear, wavy boundary. 

Yellowish brown (IOYR 5/6); clay loam; 

moderate, medium subangular blocky; 

slightly sticky, slightly plastic; few, fine 

distinct very dark gray (IOYR 3/ 1) mottles; 

common, thick cutans on ped faces; 

frequent earthworm channels; few fine 

pores; very few, very fmc roots; moderate 

permeability; gradual, wavy boundary. 

Red (lOR 4/6) and dark red (lOR 5/6); clay; 

moderate, coarse subangular blocky; 

sticky, slightly plastic; fU"Dl moist; common 

thick cutans on ped faces; few coarse and 

few fine pores; very. few, very fme roots; 

moderate permeability; clear, wavy 

boundary. 

Dark red (2.5YR 3/6) and red (2.5YR 5/8) 

moist; clay loam; massive to strong, coarse 

subangular blocky; slightly sticky, slightly 

plastic; slightly fU"Dl moist; common thick 

cutans on ped faces; few medium, few fme 

pores; very few, very fine roots; moderately 

rapid permeability. 
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Annexure lib. Moisture retention characteristics 

riorLlon Depth B.D 33 kPa 1500 kPa AWHC Air dry 
(em) (Mg/m3

) (%) ('MI) ('MI) moI,ture 

Pedon 1. Paiyur 

A.fJ 0-20 163 4.68 2.12 2.56 0.98 

8w1 20·5:2 1.46 2868 1532 13.36 1.32 

8w2 52·74 1 57 24.30 13.62 1068 1.46 

Be 74-11)0 1 69 14.28 6.94 7.34 , 16 

PadO" 2. Bhavanisagar 

Ap 0-18 1.38 18.63 10.28 8.35 3.21 

8w 18-S0 1.45 13.66 7.22 6.44 4.38 

83 5()'S9 1.56 11.69 5.84 5.85 4.29 

Pedon 3. Thenkasi 

Ap 0·16 1.24 29.65 13.37 16.28 3.87 

8wc~ 16-3<3 1.36 28.04 12.10 15.94 4.29 

8wc2 38-54 1.45 27.68 14.03 13.65 5.61 

Be1 54-89 147 10.69 4.78 5.91 3.83 

8c2 89-1 :55 1.47 14.16 8.10 6.06 2.76 

Peel,:>" 4. Periyakul3m 

Ap 0-23 1.33 17.83 9.32 8.51 2.13 

A1 23-5:~ 1.38 14.63 7.92 6.71 2.08 

E 52·8H 1 38 10.68 412 6.56 2.43 

26t1 88-1 :25 1.41 21.93 10.63 11.30 3.21 

2812 125-163 1.45 23.38 12.83 10.55 3.93 

Pedon 5. Sathankulam 

Ap 0-20 1.47 9.21 6.33 2.88 1.01 

8w1 20-411 1.59 7.83 5.17 2.66 1.08 

8t1 48·72 1.64 9.08 6.15 2.93 1.21 

St2 72-123 1.67 8.17 4.32 3.85 0.99 

8t3 123-'175 1.72 9.88 4.75 5.13 0.93 

Pedcn 6. Aruppukkottai 

Ai> 0-19 1.27 37.90 18.63 19.27 5.32 

Ack 19-5:! 1.31 41.28 20.72 20.56 6.31 

Assck1 52-80 1.38 42.33 22.63 19.70 7.38 

As~k2 80-",2 1 '54 43.21 23.90 19.31 7.73 

Crck 112-',59 1.57 34.34 18.81 15.51 4.93 

Contd ... 



Annexure lib. eontd •.. 

HorIZon Depth BD 33 kPa 1500 kPa AWHC Air dry 
(em) (Mg/m 3

) (%) (%) (%) moisture 

Pedon 7. Colmb:atore 

Ap 0-2:2 1.29 36.67 16.17 20.50 4.08 

Bwck 22....(8 1.47 38.08 1921 18.87 5.12 

Bckss 48-77 1 48 39.87 16.78 23.09 5.78 

Bck1 77-£17 1 57 33.05 13.92 19.13 4.90 

Bck2 97-120 1 57 29.20 14.44 14.76 3.88 

2Bck 120 .. 157 28.31 13.14 15.17 3.71 

Ped~n 8. Palladam 

Ap 0-1i' , 41 13.48 6.92 6.56 1.08 

Ak1 17 ""'i 2 1 58 14.18 7.10 7.08 1.97 

A~ 42-i'6 1.66 8.29 3.98 4.31 1.70 

Peclon 9, Aduthurai 

Ap 0-21 1.23 39.61 20.68 18.93 3.28 

Bgi 21""':1 1.39 34.82 19.33 15.49 4.31 

Bg~! 41-i'5 1.44 33.22 15.71 17.51 5.26 

8g:; 75-103 1.50 35.38 18.48 16.90 5.43 

8g.:; 103-139 1 53 42.35 22.94 19.41 4.08 

282 139·164 29.21 15.30 13.91 3.19 

Pedon 10. Sellur 

Ap 0-1 l , 118 43.62 19.34 24.28 3.28 

8g 14-;!9 1.27 41.92 22.33 19.59 3.86 

Bw 29-ti3 1.34 40.64 20.28 20.36 6.02 

2Bg1 63-82 1.47 34.68 17.79 16.89 5.03 

28g2 82-117 1.52 18.66 10.42 8.24 4.21 

2Bg3 117·152 1.55 14.38 8.66 5.72 4.83 

3Bg1 152-174 19.32 10.66 8.66 4.73 

3Bg2 174 .. 190 13.78 7.70 6.08 5.93 

Peclon 11. Vrldhachalaln 

Ap 0-21 1.34 4.28 2.22 2.06 1.09 

Bsmt 2H,3 1.45 21.69 10.29 11.40 2.12 

8t1 53-105 1.48 20.18 9.72 10.48 4.28 

St2 105 .. 156 1.54 31.62 16.33 15.29 4.76 

Bsm 156··177 1.57 29.68 14.39 15.29 4.53 

Contd ... 
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Annexure lie. Physieo-chemical properties of soils 

Horizon Depth 
pH 

pH EC O.C ~ Gypsum 
(em) 1:1 1:2.5 1:2.5 (dSm") (CN,) Equiv. (%) 

1 MKd 

Pedon 1. Paiyur 

Ap 0-20 5.80 5.90 5.72 0.18 0.043 0.10 
Bw1 20-52 5.93 6.10 5.40 0.70 0.068 0.19 0.08 
Bw2 52-74 6.05 6.27 5.53 0.74 0.080 0.15 0.13 
Be 74-100 6.13 6.33 5.48 0.85 0.068 0.15 0.23 
Pedon 2. 8havanisagar 

Ap 0-18 6.00 6.10 4.65 1.45 0.351 0.25 0.12 

8w 1~ 5.90 6.35 4.85 1.50 0.412 0.20 0.21 

83 50-59 6.20 6.85 4.96 1.89 0.383 0.17 0.35 

Pedon 3. Thenkal 

Ap 0-16 5.95 6.15 4.70 1.45 0.048 0.28 0.21 

EMc1 16-38 6.00 6.45 4.50 1.95 0.063 0.25 0.10 

EMc2 38-54 6.43 7.05 4.63 2.42 0.073 0.25 0.17 

Be1 ~ 6.76 7.33 5.82 1.51 0.048 0.19 0.21 

Bc2 89-155 6.38 6.57 5.18 1.39 0.038 0.15 0.21 

Pedon 4. Periyakulam 

Ap 0-23 7.71 8.11 7.45 0.66 0.081 0.25 

A1 23-52 7.72 8.15 7.50 0.65 0.072 0.20 

E 52-88 7.51 8.11 7.68 0.43 0.060 0.17 

2Bt1 88-125 7.32 7.91 7.38 0.53 0.072 0.13 

28t2 1:2>163 7.42 7.84 7.43 0.41 0.053 0.13 

Pedon 5. Sathankulam 

Ap 0-20 5.00 5.00 3.63 1.37 0.043 0.17 

8w1 20-48 4.33 4.93 3.24 1.69 0.062 0.13 

at1 4S-72 5.00 5.10 3.15 1.95 0.032 0.13 

8t2 72-123 4.50 4.95 3.15 1.80 0.073 0.10 

Bt3 123-175 5.20 5.50 4.48 1.02 0.203 0.10 

Contd ... 



Annexure lie. Contd ... 

Depth 
pH 

pH EC O.C CaCQ, Gypsum (em) 1:1 1:2.5 1:2.5 (dSm·') (%) Equiv. (%) 
, M KcI 

Pedon 11. Vridhachalam 
Ap 0-21 6.30 6.62 5.10 1.52 0.062 0.38 
Bsmt 21-53 5.08 6.22 5.10 1.12 0.120 0.23 
Bt1 ~105 4.95 6.30 5.05 1.25 0.073 0.23 
Bt2 1Q5.156 4.95 6.50 5.20 1.30 0.078 0.23 
Ssm 156-177 4.63 6.50 5.15 1.35 0.093 0.06 
Pedon 12. Vamban 
Ap 0-12 6.00 6.90 5.90 1.00 0.154 0.53 
Bsmt1 12-40 4.85 5.65 3.50 2.15 0.088 0.30 
Bsmt2 40-77 4.61 5.15 3.22 1.93 0.082 0.17 
Bsmt3 77-110 5.13 5.65 3.40 2.25 0.073 0.15 
Bcs1 110-169 5.95 6.40 4.32 208 0.052 0.09 
Pedon 13. Mlldural 
Ap 0-26 7.90 8.60 7.21 1.39 0.321 0.42 
Bt1 26-44 7.41 8.41 7.31 1.10 0.210 0.26 
Bt2 44-86 7.52 8.32 7.22 1.10 0.280 0.20 
BcS1 86-121 7.50 8.30 7.09 1.21 0.131 0.20 
BcS2 121-150 7.60 8.30 7.01 1.29 0.242 0.23 
Pedon 14. Pechlf*lll 
Ap 0-18 4.40 4.80 4.10 0.70 0.062 1.57 
Bw1 18-45 4.62 5.05 4.00 1.05 0.053 1.09 
BW2 45-68 4.62 4.93 3.92 1.01 0.043 0.87 
Bcs1 6er1oo 4.80 5.12 4.07 1.05 0.032 0.33 
Bcs2 100-155 5.05 5.15 4.38 0.77 0.021 0.33 
Bcs3 155-203 5.10 5.36 4.49 0.87 0.033 0.12 
Pedon 15. Ooty 
Ap 0-14 4.80 5.00 4.30 0.70 0.051 2.60 
Bw1 14-37 4.61 4.93 4.35 0.58 0.021 1.50 
BW2 37-62 4.52 4.63 4.40 0.23 0.053 1.18 
Bt1 62-95 4.63 4.75 4.20 0.55 0.028 0.89 
Bt2 95-120 4.73 5.03 4.40 0.63 0.083 0.52 

Bt3 1~150 4.85 5.08 4.50 0.58 0.033 0.29 

2Bt1 150-183 4.73 4.88 4.63 0.25 0.038 0.29 
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Annexure Uj. Spectral reflectance 

Horizcm Depth (em) Blue Gruen Red Infra reel 

Pedon 1. Palyur 

Ap 0-20 16.55 18.71 20.22 24.00 

Bw1 20-52 14.50 15.67 19.20 18.64 

Bw2 52-74 9.65 11.04 12.28 17.28 

Be 74-100 8.10 10.21 12.93 17.62 

Pedon 2. Bnavanisagar 

Ap 0-18 13.72 15.85 25.91 27.93 

Bw 18-50 19.90 23.95 27.81 31.83 

B3 50-59 14.86 17.96 20.23 20.43 

Pedon 3. Thenkasi 

Ap 0-16 13.60 18.18 19.50 21.34 

Bwe1 16-38 10.07 12.04 12.68 17.04 

Bwc2 38-54 7.11 12.89 19.65 27.20 

Be1 54-89 6.63 7.02 10.83 12.72 

Bcs2 89-155 6.28 7.17 15.91 23.64 

Pedon 4. Periyakulam 

Ap 0·23 23.81 31.38 43.10 49.21 

At 23-52 39.01 38.10 38.70 59.20 

E 52-88 22.10 23.80 27.60 33.34-

2Bt1 88-125 23.50 24.70 26.80 29.14 

2Bt2 125-163 13.60 18.80 23.28 38.10 

Podon 5. SathlJnkulam 

Ap 0-20 11.35 18.62 26.21 24.75 

Bw1 20-48 5.91 8.09 10.42 15.87 

6t1 48-72 12.64 17.22 23.04 26.86 

Bt2 72-123 10.32 12.27 13.38 21.83 

Bt3 123-175 10.22 16.29 17.10 18.81 

Pedcm 6. Aruppukkottai 

Ap 0-19 9.61 10.20 13.24 15.21 

Ack 19-52 10.21 15.10 18.27 22.41 

Assck1 52-80 7.02 9.30 12.92 16.41 

Assck2 80·112 11.82 14.72 15.71 19.21 

Crck 112-159 15.92 17.31 18.31 26.21 



Annexure IIJ. Contd ... 

Horizon Depth (em) 81ue Green Red Infra red 

Pedon 7. Colmbatore 

Ap 0-22 11.33 11.84 17.26 19.41 

8wck 22-48 15.31 15.61 19.41 21.18 

Bek-s~ 48-77 11.94 12.60 21.14 28.14 

Bek1 77-97 10.98 15.51 18.71 20.91 

Bek2 97-120 17.21 21.50 26.71 37.60 

2Bek 120-157 15.53 17.78 23.41 26.31 

Pedon 8. Palladam 

Ap 0-17 10.38 10.85 18.84 21.71 

Ak1 17-42 6.91 7.07 11.24 17.81 

Ak2 42-76 5.69 8.28 9.80 11.87 

Pedon 9. Aduthurai 

Ap 0-21 6.70 10.94 15.82 19.21 

8g1 21-41 13.38 14.51 16.12 21.52 

8g2 41-75 12.94 18.91 20.64 35.93 

8g3 75-103 9.43 11.11 17.62 17.89 

6g4 103-139 7.57 8.57 9.94 10.21 

282 139-164 6.68 9.65 11.21 12.74 

Pedon 10. Sollur 

Ap 0-14 11.31 13.72 23.40 38.14 

8g 14-29 10.81 14.61 15.07 27.53 

8w 29-S3 8.40 10.08 12.70 13.20 

2691 e3-62 7.20 14.151 115.21 18.88 

28g2 82-117 9.83 13.00 13.20 13.39 

2Bg3 , 17-152 B.70 8.91 14.72 14.91 

38g1 152-174 13.31 17.81 21.92 27.91 

38g2 174-190 11.10 13.10 17.20 22.14 

Pedon 11. Vrldhachalam 

Ap 0-21 13.37 14.79 21.85 25.61 

Bsmt 21-53 12.30 12.87 28.99 37.50 

at1 53-105 9.88 14.94 22.37 30.91 

Bt2 105-156 6.47 7.11 10.84 18.21 

8sm 156-177 12.50 14.58 14.95 16.85 

Contd ... 



Annexure IIj. Contd ... 

Horizon Depth (em) Blue Green Red Inf" red 

Pedon 12. Vamban 

Ap 0··12 6.71 7.29 12.32 21.00 

Bsmt1 12-40 611 7.27 20.58 25.40 

Bsmt2 40-77 6.80 12.76 18.68 ~.oe 

Bsmt3 77-110 6.66 7.42 14.10 21.17 

Bes1 110-169 8.57 10.12 16.31 22.72 

Pedon 13. Madurai 

Ap 0-26 10.31 13.18 15.17 47.21 

Bt1 26-44 11.61 14.08 19.92 32.90 

Bt2 44-86 12.08 15.91 18.n 33.08 

Bcs1 86-121 21.30 23.91 28.62 28.fKI 

Bcs2 121-150 16.70 22.41 26.71 33.08 

Pcdon 14. Pechiparai 

Ap 0-18 10.32 11.62 11.n 17.02 

Bw1 18-45 8.21 8.97 9.21 14.44 

Bw2 45-68 7.60 10.97 11.H~ 17.28 

Be,1 60-'00 0.Q3 12.10 11.41 32.03 

Bcs2 100-155 6.99 8.82 9.56 16.21 

Bcs3 155-203 10.71 13.62 16.67 19.47 

Pedon 15. Ooty 

Ap 0·14 12.75 13.45 14.37 18.18 

Bw1 14·37 13.10 13.45 19.08 23.28 

Bw2 37-62 7.44 B.14 9.50 11.70 

Bt1 62-95 10.98 11.99 15.39 24.52 

Bt2 95-120 14.29 16.32 20.63 25.21 

Bt3 120·150 9.63 9.76 11.76 12.40 

2Bt1 150-183 5.42 7.17 11.22 24.37 
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