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ABSTRACT

The present investigation entitled “Characterization and Classification of
Soils of Warangal district of Central Telangana Zone” was carried out during the
year 2008-09.For this purpose, fourteen representative profiles from the district
were chosen for the study. These were described morphologically, horizon-wise.
Soil samples were collected horizon-wise and analysed for physical, physico-
chemical and chemical properties. Soils were taxonomically classified based on
these results. In addition, twenty surface samples were collected from each of
nine Administrative Divisions separately and analysed for N, P and K based on
which, the nutrient index was calculated. Physical rating index was calculated
from eight physical properties.

The soil texture varied from sandy loam to sandy clay loam to clay loam in
surface horizons and sandy clay loam to clay loam to clay in sub-surface
horizons. Bulk density and particle density of soils varied from 1.32 to 1.71 and
2.42 t0 2.61 Mg m’®, respectively. The bulk density increased with depth. The per
cent aggregates greater than 0.25 mm and per cent aggregate stability ranged
from 48.36 to 64.64 and 61.86 to 77.94, respectively and decreased with depth.



Hydraulic conductivity of the soils ranged from 0.08 cm hr* in bottom layer
of Warangal to 18.26 cm hrin surface layer of Tadvai profile and it decreased
with increase in depth. The infiltration was moderately rapid in Tadvali,
Bachannapet, Eturunagaram, Wardhannapet and Raghunathapalli, moderate in
Pakala, moderately slow in Malyal and slow in other profiles. The water retention
at 33 and 1500 K Pa was low in surface layers and increased with depth. The
available water content ranged from 4.66 per cent to 16.16 per cent and in
general, it increased with depth. The available water storage capacity (cm m™)
was low in Tadvai, Bachannapet and Eturunagaram profiles, medium in
Nallabelli, Eleti Ramayapalli, Wardhannapet, Raghunthapalli, Pakala and Malyal
profiles and high in Duggondi, Regonda, Ghanpur, Khanapur and Warangal RS
profiles.

Solil reaction ranged from 6.31 to 8.71. It was slightly acidic to alkaline.
The soils were non-saline. The soils of Nallabelli and Regonda were alkali soils.
The cation exchange capacity (cmol(p+)kg™) varied from 8.30 to 46.33 and it
increased with depth in Tadvai, Nallabelli, Wardhannapet, Pakala and Malyal
profiles. The exchangeable complex was dominated by calcium followed by
magnesium, sodium and potassium. ESP decreased with depth in Tadvai and
Nallabelli profiles whereas it increased with depth in Wardhannapet profile. Base
saturation percentage of soils varied from 72 to 94 per cent.

The soil organic carbon content of surface soils was high in Malyal and
Warangal Research station profiles whereas in other profiles, it was medium. Soil
calcium carbonate content varied from 1.42 to 13.67 per cent and it increased
with depth in most of the profiles. The soils of Nallabelli, Duggondi, Regonda and
Warangal Research station were calcareous. The available nitrogen and
phosphorus content in the profiles varied from low to medium and decreased with
depth. The potassium content of soils was medium to high and decreased with
depth. The available micronutrient content was higher than critical limits and
decreased with depth. In Regonda, iron content was low. The nutrient index
calculated from the fertility status in surface (0-15 cm) soil samples was low in
nitrogen (1.09), medium in phosphorus (1.98) and high in potassium (2.68).

As per Taxonomy, Eleti Ramayapalli, Wardhannapet, Pakala and
Duggondi profiles were classified into Inceptisols: Tadvai, Nallabelli,
Bachannapet, Eturunagaram and Raghunathapalli profiles into Alfisols and
Regonda, Ghanpur, Khanapur and Warangal Research station profiles into
Vertisols based on soil properties.

The major constraints identified were low available water storage capacity,
slow infiltration, high sub surface bulk density, water logging, soil erosion, alkali
soils and low nitrogen and phosphorus. No constraints for crop production were
observed in Malyal. Management practices suggested to increase the
productivity are contour cultivation, application of organic matter, deep ploughing,
gypsum application and application of N and P fertilizers.



CHAPTER |

INTRODUCTION

India is very much dependent on agriculture for its economic stability
and growth. In a whole, the soil is a basic and vital resource in the land for
agriculture and non agriculture use. This is non-renewable resource and finite
in quantity and degradation of soil has been increasing with improper land use
plan and unscientific crop management pattern as influenced by human being
over the years. Also the land availability for agriculture has been reduced from
0.40 ha in 1950 to 0.14 ha at present and is likely to touch the limit of 0.10 ha
by 2025 (Sekhon and Velayutham, 2002) and we need to increase the food
grain production to meet out the population requirement.  Soil is dynamic,
always changing as a result of the forces of nature and human influences. In
this changing scenario, soil scientists have credit to recommend proper land
use pattern and crop management to conserve and sustain the productivity of

soil.

Characterization helps in determining the soil potential and identifying
the constraints in crop production besides giving detailed information about
different soil properties. This knowledge will help us to harvest the nutrients

from the soil with sustainable replenishment of nutrients.

Classification of soil leads to identification of soil problems and
envisages the alleviating the problems and this knowledge is essential for

utilizing the productivity of soils. Lack of soil characterization becomes



obstacle in exploiting the soil production potentials. Knowledge of soil helps in

better management practice for increasing the productivity of the soil.

Warangal is one of the 10 districts of Telangana region of Andhra
Pradesh extending over an area of 12834 Km® Warangal district lies between
17° 19' & 18° 36’ N latitude and 78° 49’ & 80° 43’ E longitude. The district is
bounded by Khammam district on the East, Karimnagar district on the North,
Nalgonda on the South and Medak on the West. River Godavari serves as
border on one side.

The topography of the district consists of isolated hills, rainfed tanks,
lakes and shrubby forests. River Godavari forms the North Eastern border of
the district, but is not yet tapped fully for irrigation. The climate in Warangal
district is generally dry. Summers are hot with mercury sometimes touching
50°C. The temperature dips to 13°C in winters during the months of
December and January.

Warangal district receives maximum rainfall through the South — West
monsoon during the months of July, August and September. Normal annual
rainfall is 994 mm. The areas of Cherial, Maddur, and Bachannapet receive
only upto 750 mm rainfall and are classified as dry areas. Maximum rainfall is

received in Mulug, Parkal, Mahabubabad and Narsampet Mandals.

The soils of Warangal district have been classified as red earths,
black soils (shallow to deep) and forest soils. The characterization and
classification is not based on systematic analysis of soils. Hence, the present
study was taken up to characterize and classify the soils Warangal district of
Central Telangana Zone, a newly created agro-climatic zone in Andhra

Pradesh with the following objectives.



Objectives

1) To study the physical properties of the soils viz. mechanical composition,
bulk density, particle density, water retention at different tensions, saturated

hydraulic conductivity, soil aggregate analysis and infiltration rate.

2) To study the physico-chemical and chemical properties like soil reaction,
electrical conductivity, CEC, exchangeable cations (Ca,Mg,Na and K), organic

carbon, available-N,P and K and micro nutrients.
3) To classify the soils as per soil Taxonomical classification.
5) To compute the physical rating index and nutrient index.

4) To identify the soil constraints, if any for crop production and suggest

ameliorative measures.



CHAPTER Il

REVIEW OF LITERATURE

The information regarding morphological characters, physical,
physico-chemical and chemical properties and classification of soils is
reviewed in this chapter.

2.1 MORPHOLOGICAL CHARACTERS
2.1.1 Soil colour

The soil colour depends on the organic matter and ferric oxides
(Simmonson, 1993). The colour of red soils ranges from red to yellow and is
due to coatings of ferric oxide on the soil particles. Alluvial soils are grey or
greyish brown in colour with low Chromas of one or two (Chakravarthy et al.,

1978).

Dipak Sarkar et al. (1997) reported that organic matter has effect on
colour of the soil surface horizons. It varied from greyish brown to very dark
greyish brown in soils developed on higher altitudes and brown to dark brown

in soils developed on piedmont plain.

Khan and Chatterjee, (2001) reported that the moist matrix colour of
all the horizons in uncultivated field was strong brown (Hue 7.5 YR) and
mottle colour of the lower horizon was dark red (Hue 2.5 YR) but in rice
cultivated soils it was brown (Hue 10 YR) and yellowish red (Hue 5 YR),
respectively in West Bengal. These differences were mainly due to

fluctuations of water table in rice growing pedon.



The colour of the Vertisols in Bapatla of Andhra Pradesh varied from
dark greyish brown to very dark greyish brown in rice growing soils and from
very dark grey to very dark greyish brown in non rice growing soils (Ratnam

et al., 2001).

The presence of very dark grey to very darkish brown mottles reflected
impeded drainage in the sub soil pedons of Sivagiri watershed of Chittoor
district (Thangasamy et al., 2005).

Mini et al. (2007) observed the colour of soil surface layer in pedon of
hill ranges to be 5 YR hue and with increased redness with depth with a
hue of 2.5 YR due to decrease in organic matter content and increase in free
iron oxide in soils of North Karnataka.

Vara Prasad Rao et al. (2008) reported that soil colour varied from
very dark greyish brown (10 YR 3/2) to brown (7.5 YR 4/4) in plains, brown
(10 YR 4/3) to dark red (2.5 YR 3/6) in uplands and very dark greyish brown

(10 YR 3/2) to dark red (2.5 YR 3/6) in hill slopes.
2.1.2 Soil structure

Dadhwal et al. (1997) reported angular to sub angular blocky structure
in jhum cultivated hill slopes of Mizoram. Sidhu et al. (2000) observed
subangular blocky structure in moderately developed cambic and argillic
horizons, while strong coarse structure was observed in the well expressed

argillic horizons, the difference being attributed to plasma segregation.

The Vertisols in Nagpur district of Maharashtra had moderate medium

sub angular blocky structure to moderate, strong sub angular to coarse



strong angular blocky structure in sub surface soils (Jagdish Prasad et al.,
2001).The structure in the cultivated soils of Neogal watershed in North-West
Himalayas was granular to sub-angular blocky in surface and sub-angular

blocky in sub-surface horizons (Sharma et al. 2004).

Maji et al. (2005) reported that the structure of the soils over basaltic
terrain in sub-humid tropics of Central India varied from sub angular blocky in
surface horizon to angular blocky in sub-surface horizons, which might be

due to swell-shrink phenomenon of smectitic clay minerals.
2.1.3 Consistency

Soil consistence is also an important physical and dynamic property

which changes with variations in soil moisture.

Padole and Deshmukh (1998) reported slightly hard to very hard (dry),
friable to very firm (moist) and sticky to very sticky and very plastic
consistency in Vertisols of Purna Valley of Vidharbha. Patil et al. (1999)
noticed that the consistence was hard (dry), firm (moist) and slightly sticky to
slightly plastic (wet) in case of Entisols (Ustorthents). It was hard to very hard
(dry), firm to very firm (moist) and very sticky to very plastic (wet) in case of

Vertisols (Haplusterts).

The consistence of the soils in Chotanagpur plateau was slightly hard
to hard (dry), friable to firm (moist) and slightly sticky to very sticky and non
plastic to very plastic (wet) (Dipak Sarkar et al., 2001). The dry consistence in

sandy loam to loamy soils varied from soft to hard whereas loamy sand to



silty clay loam soils, it was loose to extremely hard in Maulkhad catchment of

Himachal Pradesh (Sharma and Anli Kumar, 2003).

Thangasamy et al. (2005) reported that the consistence was loose to
very hard (dry), loose to very firm (moist) and non-sticky to very sticky and
non-plastic to very plastic (wet) in soils of Sivagiri micro watershed in Chittoor
district of Andhra Pradesh. Tripathi et al. (2006) found that the consistence
was soft to hard, friable to firm, slightly sticky and slightly plastic in surface

horizons in soils of Kiar Nagali Watershed area in North West Himalayas.
2.2 PHYSICAL PROPERTIES
2.2.1 Soil texture

Gangopadhyay et al. (2001) observed decrease in sand content with
increase in soil depth. The content of clay in soil increased with increase in
soil depth showing evidence of translocation of finer particles from surface to

lower horizons.

Rajavel et al. (2002) reported increase in clay content in lower

horizons in some soils of Uttar Pradesh due to illuviation of clay.

Seshagiri Rao et al. (2004) reported soil textures varying from sandy
loam to sandy clay loam in Southern Coastal Agro-Eco sub region soils of
Andhra Pradesh.

Tripathi et al. (2006) reported particle size distribution in Kiar Nagali
Micro watershed in North — West Himalayas as 13.2 to 33.6 per cent for clay,
10.80 to 34.0 for silt and 38.4 to 73.1 for sand. In sub-surface horizons, the

clay content was high due to illuvial movement of clay.



Mini et al. (2007) observed varying texture varied from sandy clay
loam to sand clay in surface and clay loam to sandy loam in lower horizons in
North Karnataka of Coastal Agro ecosystem. The particle size distribution in
the Vertisols of Nagpur district of Maharastra, indicated that clay is dominant

fraction throughout the profile. Lingade et al., (2008).
2.2.2 Bulk density

The soils of Kuanria Irrigation project in Orissa had bulk density
ranging from 1.46 to 1.87 Mg m™ (Nanda et al., 1997). Walia and Rao (1997)
observed that the bulk density of soils in trans Yamuna plain of Uttar Pradesh
varied from 1.46 to 1.96 Mg m* and increased with depth possibly due to
enhanced compactness with depth, low organic matter and/or close packing

of particles during settling of sediments.

The bulk density in Vertisols of Majalgaon canal command area of
Maharastra varied from 1.33 to 1.40 Mg m™ and showed increasing trend
with depth (Bharambe et al., 1999). Jagdish Prasad et al. (2001) observed
1.52 to 1.72 g cm™ bulk density in Inceptisols and Vertisols of Nagpur district.
Bulk density of red soils was higher (1.63 Mg m™®) than black soils (1.57 Mg
m®) due to their coarser texture associated with lesser pore space (Ram

Prakash and Seshagiri Rao, 2002).

Satyavathi and Suryanarayan, (2005) observed increased bulk density
with depth from 1.81 to 1.97 Mg min black soils whereas in red soils, it was

from 1.43 to 1.58 Mg m™.



Masri Sitanggang et al. (2006) stated that soils having higher
percentage of sand (or) gravel had more bulk density than those having high

clay content.
2.2.3 Particle density

Particle density is fairly constant for almost all soils that have no or
have very little organic matter. The particle density of soils generally varies
between 2.5 to 2.7 Mg m® with an average of 2.65 Mg m®.according to Daji
(1970) particle density of surface layers of the alluvial soils, black soils,
laterite soils and red soils was 2.55, 2.20, 2.40 and 2.56 Mg m°, respectively.

Madhusudhana Rao (1993) reported that particle density values of
sandy soil in Chakicharla village of Andhara pradesh varied from 2.48 to 2.65
Mg m3.

Jawahar et al. (1999) studied particle density of the red coastal sand

dune soils in Tamil Nadu varied from 2.12 to 2.97 Mg m™.
2.2.4 Aggregate stability

Yadav and Banerjee (1968) reported decrease in water stable
aggregates with increasing depth under sal (Shorea robusta) plantations.
There were large sized aggregates in the surface layer and small sized in the

lower depths.

Water stable aggregates were more under teak (Tectona grandis)
plantations when compared to Sal (Shourea robusta) and Chir (Pinus
roxburghii) plantations. All these plantations showed a decreasing trend of

water stable aggregates down the profile (Yadav and Singh, 1976).



Sushil Kumar et al. (2002) reported that aggregates having diameter
greater than 0.25 mm were more in the surface soil under different land use

system.

Kukal and Manmeet Kaur (2003) observed that the water stable
aggregates were maximum (94.8%) in pasture soils followed by 42.3 % in

forest soils and 40.4 % in agricultural soils.
2.2.5 Hydraulic conductivity

Hydraulic conductivity was found to be significantly negatively
correlated with silt, clay, silt plus clay and CEC while it was significantly
positively correlated with sand fraction and exchangeable calcium (Oswal

and Khanna, 1981).

Rao and Krishnamurthy (1982) reported that the hydraulic
conductivities of Alfisols and Vertisols soils of Hyderabad region to be 3.7 cm

hr' and 2.5 cm s hr' respectively.

The hydraulic conductivity showed a very high significant positive
correlation with sand (r = 0.844) and significant negative correlation with silt
plus clay, EC, CEC, free CaCos and bulk density (Venu Prasad, 1986). Non-
significant correlation of saturated hydraulic conductivity with organic carbon

in soils with low organic carbon content was reported by Singh et al. (1989).

Vani (1998) reported that hydraulic conductivity decreased with depth
in Jambuga profile of Adilabad district. Similar result was also reported by

Ramachandran (2006).



2.2.6 Infiltration

The steady state infiltration rate of Nagarjunasagar left canal area
ranged from72 to 480 cm per day (Venu Prasad, 1986). Initial moisture
content has notable influence on soil infiltration rate. Though the infiltration
rate in the initial stages is slow, the steady state rate is obtained with time

(Choudary, 1994).

Tillage operation has significant effect on soil infiltration. Khatik et al.
(2003) reported lowest cumulative infiltration in unploughed land than

ploughed land in Nala watershed area of Jabalpur district.

High infiltration rates were observed in soils having high organic
matter (Rajyalakshmi, 2004).Ramachandran (2006) reported infiltration rates

of 1.02 to 1.23 cm hr* in sandy clay loam soils of Hyderabad.
2.2.7 Water retention

Kaushal et al. (1996) observed that the water retention at 33 and 1500
K Pa had significant and positive relationship with clay, silt and organic
carbon while it was negative with sand and bulk density in the temperate

zone forest soils of Himalayas.

Bharambe et al. (1999) found that soils in Majalgaon canal command
area of Maharastra were highly moisture retentive and moisture retained in
surface layer at 33 K Pa tension varied from 39.6 to 42.1 per cent in deep

Vertisols.

Ravinder Singh and Nayak (1999) studied the water retention

characteristics of Mahi right bank canal command area of Gujarat. They



concluded that the water retention capacity was in the order of Vertic

Haplaquept > Typic Haplaquept > Fluventic Ustochrept > Typic Ustorthent.

Increase in the water held at 33 K Pa and 1500 K Pa with increase in
depth and has been reported by Challa et al. (2000) in Vertisols of

Maharastra.

Water retention capacity of soil varied with type and amount of clay as
depicted by the varying amounts of 5.2 to 6.2 g kg™ at 33 K Pa and 3.2 t0 9.5
g kg™ at 1500 K Pa in soils of Neogal watershed in North West Himalayas.

(Sharma et al., 2004).

Thangasamy et al. (2005) reported increase in water retention from
surface (13.05 per cent) to lower horizons (58.99 per cent) in soils of Sivagiri
watershed of Chittoor District of Andhra Pradesh. The increase in water
retention was attributed to increased clay content with increase in depth. Maji
et al. (2005) reported increased AWHC due to increase in clay with increased

in depth in sub humid tropics of Central India.

Vara Prasad Rao et al. (2008) reported that higher clay content in
lower depths increased water holding capacity (WHC) in uplands than in hill

slopes.
2.3 PHYSIO-CHEMICAL PROPERTIES
2.3.1 Soil reaction (pH)

Singh et al. (2000) reported that pH values in old alluvial soils were

found to be low in surface horizons, which might be due to high organic



matter content as well as more biochemical weathering and upland
physiography.

Rudramurthy and Dasog, (2001) reported that in red soil pedons, the
pH ranged from strongly acidic to neutral and in black soils from neutral to

strongly alkaline in northern Karnataka.

Sarkar et al. (2002) observed acidic soil reaction in Loktak catchment
area of Manipur. They reported that pH increased with depth from 4.5 to 5.8

due to losses of bases.

Masri Sitaggang et al. (2006) reported that in hill top and hill side
areas, the soils were slightly alkaline to alkaline with range of 7.55 to 8.57.
Increase in pH is due to accumulation of leached bases from the hill top in

watershed area of Shikohpuz, Gurgaon district of Haryana.

Taywade et al. (2008) reported that soil reaction of sewage irrigated
soils ranged from 8.3 to 9.1 and that of non-irrigated soils from 7.9 to 8.7 in
different horizons. Increase in pH was due to sewage effluents containing

large quantities of alkaline salts in soils of Maharastra.
2.3.2 Electrical conductivity (EC)

Mishra and Ghosh (1995) stated that the soils derived from Mica rich
parent material were very low in EC values. Rudramurthy and Dasog, (2001)
reported low electrical conductivity in red soils (0.10 to 0.31 dS m™) as

compared to black soils (0.24 t0 1.10 dS m™).



In soils of Barne Nala Watershed, Jabalpur District, higher EC was
observed in surface soil (Khatik et al., 2003) which was attributed to poor

infiltration causing accumulation of soluble salts in the surface soil.

Kawde et al. (2005) observed increase in EC with increase in depth in

soils of Purna Valley of Keliveli.

Thangasamy et al. (2005) reported EC ranging from 0.02 to 0.36 dS
m™ in different horizons suggesting very low amount of soluble salts in
Sivagiri Micro-watershed of Chittoor District of Andhra Pradesh. Masri
Sitanggang et al. (2006) reported that EC of the soils of watershed area of

Shikohpur, Haryana ranged from 1.05 to 1.40 dS m™ in surface layer and

1.00 to 1.50 dSm™ in sub-surface layers.

Tripathi et al. (2007) reported that EC of Vertisols of Kymore Plateau

varied from 0.03 to 0.34 dS m™.

Verma et al. (2007) reported EC value of 10.14 dSm™ in 0-15 cm
depth and 24.5 dSm™ in 5-36 cm depth in Alwai soils indicating increase in

EC with increase in depth.
2.3.3 Cation exchange capacity (CEC)

The CEC of the soils in Lohit district of Arunachal Pradesh varied from
5 to 10 cmol(p*)kg™ soil. The low values of CEC in proportion to their organic
matter and/or clay content were assigned either due to dominance of illitic
and kaolinitic clays as reported in this region or due to formation of
complexes of clays and sesquioxides with organic matter which lead to

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



Chinchmalatpure et al. (2001) studied the salt affected areas of
Gujarat and reported that the CEC of Orra and Vejalaka villages ranged from
28 to 40 cmol(p*)kg™ while that of Ralej and Zinzar villages ranged from 12 to
16 cmol(pkg™ .The higher CEC of former was due to dominance of smectitic

mineralogy and lower CEC values of later was due to mixed mineralogy.

Sarkar et al. (2002) reported that in soils of Loktak catchment area,
cation exchange capacity varied from 7.7 to 26.2 cmol(p+)kg™* and decreased

with depth.

Vacca et al. (2003) observed decrease in cation exchange capacity

with depth in soils of South Central Italy.

The cation exchange capacity of both agricultural and cultivable waste
lands of Raniganj Coal field area increased with depth (Ghose and Kundu,
2001).Tripathi et al. (2006) observed CEC ranging from 9.8 to 19.8 cmol (p*)
kg™ in the soils of Kiar Nagali watershed of North West Himalayas which

decreased with depth.
2.3.4 Exchangeable cations

Reddy et al. (1999) reported that exchange complex of soils in
Karnataka was dominated by Ca (1.0 to 44.1 cmol(p* )kg™) and was followed
by Mg, Na and K with values ranging from 0.4 to 16.6, and 0.1 to 5.4
cmol(p* kg™, respectively.

According to Chinchmalatpure et al. (2001) the salt affected soils of
Gujarat showed the dominance of sodium cation followed by calcium,

magnesium and potassium.



Exchangeable calcium and magnesium were found to be increasing
with depth in the soils of Raniganj coalfield area (Ghose and Kundu, 2001).In
Channapatna soils of Karnataka, calcium was noted to be dominant among
the exchangeable cations followed by magnesium throughout the depth
(Pillai and Natarajan, 2004).Thangasamy et al. (2005) reported that in most
of the profiles in Sivagiri micro watershed in Chittoor district of Andhra
Pradesh the exchangeable bases were in the order of Ca** > Mg?* > Na* >
K*.

Patton et al. (2007) observed higher mean exchangeable Ca** (3.7
cmol(p*) kg™ and Mg?* (12.1 cmol (p")kg™) in Jhum fields than terrace fields
in Nagaland. Gangopadhyay et al. (2008) observed that Ca** was dominant

among the bases in south Tripura District of North eastern India.
2.3.5 Base saturation

According to Walia and Rao (1996), the soil base saturations varied
from 67.00 to 88.00 per cent in Bundelkhand. Base saturation of Epiaquepts
of Banda plain region varied from 75.00 to 89.00 per cent (Walia and Rao,

1997).

Tamgadge et al. (1999) studied the soils of basaltic terrain in northern
deccan plateau of Madhya Pradesh and reported that the base saturation of
the soils ranged from 70 to 99 per cent. Dipak Sarkar et al. (2001) observed
that the soils of lower Chotanagpur plateau had base saturation ranging from
49 to 77 per cent. The per cent base saturation of the soils in upper Maul
Khad catchment of Himachal Pradesh ranged from 45 to 62 (Sharma and

Anil Kumar 2003).



Satyavathi and Suryanarayan,(2005) reported that the base saturation
ranged from 75 to 100 per cent in soils of Northern Telangana Zone of
Andhra Pradesh. Tripathi et al. (2006) stated that in the soils of Kiar-Nagali
Microwatershed in North-West Himalayas, the base saturation percentage
varied from 58.5 to 66.3 and 56.6 to 74.3 per cent in surface and sub-surface

horizons, respectively.
2.4 CHEMICAL PROPERTIES
2.4.1 Organic carbon

The organic carbon content of Vertisols and Alfisols of Maharastra
decreased from the surface downwards, indicating the maturity of the profile
developed on very stable land form and the surface soils registered fairly

high amount of organic carbon (Jagdish Prasad et al., 1995)

Dhaliwal et al. (1996) reported that the organic carbon content in flood

plain soils of Punjab ranged from 0.06 to 0.87 per cent.

Sahrawat (1999) reported that in Vertisols of Patancheru, Andhra
Pradesh the organic carbon content ranged from 0.50 to 5.0 g kg™
Sarkar et al. (2002) stated that the organic carbon content in the surface soils
of Loktak catchment area in Manipur ranged from 24.7 to 45.4 g kg™ and

decreased with depth.

The organic carbon in surface horizons of banana growing soils in
Wardha district of Maharastra ranged from 5.5 to 8.7 mg kg' and
decreased in sub-surface soils to a minimum of 1.4 mg kg™(Kadao et al.,

2003).



Tripathi et al. (2006) studied that the soils of Kiar-Nagali Micro-
watershed in North-West Himalayas. He reported that the organic carbon
content of the surface and sub-surface soils ranged from 11.7 to 23.5 and 4.5
to 16.2 g kg, respectively indicating decrease with increase in depth. Vara
Prasad Rao et al. (2008) reported that in the soils of Ramachandrapuram
mandal in Chittoor district of Andhra Pradesh, the organic carbon content
varied from 1.2 to 5.6 g kg™ and decreased with depth which might be due to

the prevalence of tropical conditions.
2.4.2 Calcium carbonate

The CaCOs content of red and black soils of Tamil Nadu ranged from
2.0 to 2.93 per cent and 4.02 to 8.65 percent, respectively (Thiyagarajan,
1998). Sahu and Mishra (1996) reported the gradual increase of CaCOs in

lower horizons.

Sahrawat, (1999) reported that Vertisols of Patancheru, Andhra
Pradesh had CaCOs varying from 93 to 152 g kg *.Calcium carbonate content
in soils of Udaipur and Chittaurgarh districts of Rajasthan ranged from 31.8 to
39.6 per cent and increased with depth. This could be due to limestone

parent material (Singh et al., 1999).

The CaCOj; content in calcareous soils of Maharastra ranged from 57
to 167 g kg* and increased with depth. (Challa et al., 2000). Increase in
CaCO3 with depth has also been reported by Sharma et al. (2004) and

Bhasker et al. (2005)

Masri Sitanggang et al. (2006) reported that in the watershed area of

Shikohpur, Gurgaon district, Haryana, the free CaCO3; content ranged from



5.0 to 100.0 g kg™. The higher content might be due to ustic moisture regime

of the area and deposition of CaCO3 containing alluvium.
2.4.3 Available N P and K

The available nitrogen declined from 589 to 522 kg ha™ and 567 to
511 kg ha™ over a period of three years in soils under shifting cultivation in
west and south Tripura, respectively (Datta et al., 2001).The available
phosphorus was low and available potassium was low to medium.

Ghose and Kundu, (2001) reported available N, P and K in
agricultural fields ranging from 169.8 to 216.4, 7.6 to 9.4 and 239.4 to 266.6
kg ha respectively.

Joshi et al. (2004) reported low available potassium (137 kg ha™) and
total nitrogen (0.102 %) and high in available phosphorous (34.8 kg ha™) in
soils of Bhetagad watershed of central Himalayas.

Thangasamy et al. (2005) observed decrease in available N, P and K
in soils of Sivagari Watershed area from the surface soil to sub-surface soil.

Vara Prasad Rao et al (2008) found nutrient status of
Ramachandrapuram mandal of Chittoor district to be low in N, low to medium

in P and medium to high in available K.

2.4.4 Available Micronutrients

The available copper content ranged from 0.8 to 5.8 mg kg™ in soils of

Maharastra (Bharambe et al., 1999). Entisols and Inceptisols of Mizoram



registered 0.8 to 2.0 mg kg™ of available copper (Misra and Saithantuannga,

2000).

Jassal et al. (2000) reported positive and significant correlation of Zn
and Cu with clay and silt contents where as Mn showed positive correlation

with sand and organic matter.

Bhaskar et al. (2005) observed that total Iron varied from 0.5 to 5.24
ppm in bil environ of Brahamaputra valley in Jorhat district of Assam.
Thangasamy et al. (2005) reported that Sivagiri Micro watershed area in

Chittor district was deficient in available Fe and suficient in Cu, Mn and Zn.

Balpande et al. (2007) reported Cu, Fe, Mn and Zn ranging from 1.16
to 22.0, 2.52 to 9.22, 0.06 to 3.06 and 3.44 t032.1 mg kg™ respectively in

soils of Maharastra.

Vara Prasad Rao et al. (2008) found that soils of Ramachandrapuram
Mandal in Andhra Pradesh were deficient in available Fe and Zn and

sufficient in Cu and Mn.
2.5 Soil Classification

Jagdish Prasad et al. (2001) classified shallow soils in Nagpur district
of Maharastra into clayey hyperthermic Typic Ustothent by virtue of having
ochric epipedon, thin solum, clay > 30 %, ustic moisture and hypherthermic
soil temperature regimes.

Sarkar et al. (2002) classified the soils in to Inceptisols order due to

the presence of cambic horizon, Udept in suborder level because of the

prevailing Udic moisture regime and Dystrudept at great group level due to



base saturation being less than 60 per cent within 25 to 75 cm depth in

Loktak catchment area of Manipur.

Seshagiri Rao et al. (2004) classified the soils of Agro-eco sub region
in Andhra Pradesh into fine montmorillonitic isohyperthermic based on
criteria given USDA Taxonomic classification system. Maji et al. (2005)
classified the landforms and soils developed over basaltic terrain in sub
humid tropics of India into three orders viz., Entisols, Inceptisols and

Vertisols.

Thangasamy et al. (2005) classified the soils of Sivagiri micro
watershed of Chittoor district into three orders,Viz; Entisol which do not have
have any diagnostic horizon, Alfisols having argillic sub-surface diagnostic
horizon and Inceptisols with cambic (BW) sub-surface diagnostic horizon.
Tripathi et al. (2006) classified the soils of Kiar-Nagali Micro watershed in

North West Himalayas into Inceptisols.

Mini et al. (2007) observed argillic horizon and base saturation more
than 35 per cent in all horizons and classified the soils into Alfisols in pilot site

of coastal agro eco system of Northern Karnataka.

The soils of Ramachandrapuram mandal of Chittoor District of Andhra
Pradesh were classified into Entisols, Alfisols and Inceptisols (Vara Prasad

Rao, 2008) based on soil properties.



2.6 Soil constraints

The constraints of very rapid permeability, poor permeability, high clay
content, low organic carbon and nitrogen in soils of Srikakulam district of

Andhra Pradesh were reported by Prabhu Prasadini and Singa Rao (1998).

High clay content of Indian black cotton soils poses problems during
ploughing. Water logging of soils is also a major problem in these soils
(Sehgal, 1996).

In Andhra Pradesh about 54 per cent of soils were degraded by water
erosion, soil crusting and compaction, salinity, sodicity and flooding

(NBSS&LUP, 1997).

Soil depth, poor drainage, sandy texture, alkalinity and low in nutrient
status are the major constraints in soils of sugarcane growing areas of

Kancheepuram, Tamil Nadu (Sellamuthu et al., 2000).

Rajput et al. (2003) reported that physical, chemical and biological
constraints influenced the productivity in soybean based cropping system in

Central India.
Mukhopadhyay et al., (2006) reported that constraints like moderate to

steep slopes, shallow depth, light texture and high soil acidity resulted in poor

productivity.



CHAPTER IlI

MATERIALS AND METHODS

The present study was carried out with the objectives of
characterization and classification of soils of Warangal district of newly

formed Central Telangana Zone in Andhra Pradesh.
3.1 LOCATION

The pedon locations are shown in Fig. 1. The area selected for the
present study of Central Telangana Zone in Andhra Pradesh has total
geographical area of 12,846 km? which lies between 17° 19’ & 18° 36’ N
latitude and 78° 49’ & 80° 43’ East longitude. The district is surrounded by
Khammam district of Andhra Pradesh on the East, Karimnagar district on the
North, Nalgonda on the South and Medak on the West. River Godavari
serves as border on one side. The site for profile study was selected with the

use of topographical base maps.
3.2 PHYSIOGRAPHY

The Warangal district represents a variety of geological formations
and contains rich deposits of economically important minerals. The rock
formations are mainly divided into four geological formations, i.e., Archeans,
Gondwanas, Puranas and Recent (Alluviums). Warangal is predominantly an
agricultural district with a large number of artificial lakes and the river

Godavai.



3.3 CLIMATE
3.3.1 Temperature

The climate in Warangal district is generally dry. Summers are hot with
mercury sometimes touching 50°C. The temperature dips to 13°C in winters

during the months of December and January.

3.3.2 Rainfall

Warangal district receives maximum rainfall through the South — West
monsoon during the months of July, August and September. Normal annual
rainfall is 994 mm. The areas of Cheriyal and Bachannapet receive only upto
750 mm rainfall and are classified as dry areas. Maximum rainfall is received

in Mulug, Parkal, Mahabubabad and Narsampet Mandals.

3.4 VEGETATION

The predominant crop grown in the district is Paddy which accounts
for 34% of the total cropped area. Cotton, maize, chilli, groundnut, green
grams, castor and gingelly are other important crops grown in the district,
The district represents two protected areas, namely Pakhal Wildlife

Sanctuary and Eturnagaram Wildlife Sanctuary declared during 1952-53.
3.5 COLLECTION OF SOIL SAMPLES
3.5.1 Profile Samples
The profiles were studied in selected locations by digging pits up to
required depth. Horizon-wise soil samples were collected from the profiles for

analysis of soil properties. Samples for physical analysis as required were

collected. Infiltration was studied in situ.



3.5.2 Surface samples

Twenty representative surface samples (0-15 cm) were collected from
each of the nine Administrative divisions for preparation of nutrient index of

nitrogen, phosphorus and potassium.
3.6 ANALYSIS OF SOIL SAMPLES
3.6.1 PHYSICAL PROPERTIES
3.6.1.1 Particle size analysis

The particle size analysis was carried out by hydrometer method.
The textural classes were determined on the basis of different proportions of
sand, silt and clay by using the textural triangle method of International

Society of Soil Science (Piper, 1966).
3.6.1.2 Soil colour

Munsell's colour chart was used to find out Hue, Value and Chroma

under dry and moist conditions (Soil Survey Staff, 1951).
3.6.1.3 Bulk density

Bulk density was determined by core sampler method (Blake and

Hartge, 1986).
3.6.1.4 Particle density

Particle density was determined as per procedure given by Blake and

Hartge (1986).



3.6.1.5 Aggregate analysis

Aggregate analysis was done by wet sieving method as described by
Yoder (1937).The percentage aggregates more than 0.25 mm diameter and
the per cent aggregate stability were calculated from the following equation
Per cent aggregates more than 0.25 mm

Weight of aggregates more than 0.25 mm diameter
= x 100
Weight of soil

Per cent aggregate stability

Weight of aggregates more than 0.25 mm diameter - weight of sand
= x 100
Weight of sample — weight of sand

3.6.1.6 Hydraulic conductivity

The hydraulic conductivity of the undisturbed samples was measured
by the constant head method as per the procedure outlined by Klute and
Dirksen (1986).
3.6.1.7 Infiltration rate

Infiltration rate was determined in-situ by using double ring

infiltrometer as described by Jalota et al. (1998).
3.6.1.8 Water retention
Water retention capacity of soil samples at 33 K Pa and 15 K Pa

tensions was determined using pressure plate apparatus (Klute, 1996) and

expressed in terms of percentage on dry weight basis.



3.6.2 PHYSICO-CHEMICAL PROPERTIES
3.6.2.1 Soil reaction (pH)

pH of the soil samples was determined in 1:2.5 soil water suspension
by using (DI-707) pH meter (Jackson, 1973).
3.6.2.2 Electrical conductivity (EC)

The electrical conductivity was determined in 1:2.5 soil water extract
with help of (DI-909) digital conductivity meter (Jackson, 1973).

3.6.2.3 Exchangeable cations

The exchangeable cations were determined by extracting the soil with
IN neutral normal ammonium acetate. The exchangeable sodium and
potassium were determined by flame photometer (Tandon, 1993). The
exchangeable calcium and magnesium were determined by Versenate

method (Chopra and Kanwar, 1991).
3.6.2.4 Cation exchange capacity (CEC)

The cation exchange capacity of the soil was determined as per

procedure given by (Bower et al., 1952).

3.6.2.5 Base saturation

Soil base saturation was calculated from the following equation

(Tandon, 1993).

Where,

BS — base saturation



S — me of basic cations per 100 g of soll

T — Total cation exchange capacity (me per 100 g of soil)
3.6.3 CHEMICAL PROPERTIES
3.6.3.1 Organic carbon

The organic carbon content was determined by Walkley and Black
(1934) rapid titration method.
3.6.3.2 Free calcium carbonate (CaCO3)

The free calcium carbonate content was determined by treating the

soil with a known volume of standard HCI and back titrating the unused acid

with standard alkali using bromothymol blue as an indicator (Piper, 1966).
3.6.3.3 Available nitrogen (N)

The available nitrogen was estimated by the alkaline potassium
permanganate method as described by Subbiah and Asjia (1956).
3.6.3.4 Available phosphorus (P)

Available phosphorus in the soils was determined by using Olsen’s
extractant as described by Olsen et al. (1954).
3.6.3.5 Available potassium (K)

Available potassium in the soils was extracted by neutral normal

ammonium acetate and determined by the flame photometer (Jackson,

1973).
3.6.3.6 Available Micronutrients (Fe, Mn, Zn and Cu)

Twenty grams of soil was shaken with 30 ml of DTPA extractant of pH

7.3 for 2 hours. The contents were filtered and in the filtrate iron,



manganese, zinc and copper were determined by using atomic absorption

spectrophotometer (Tandon, 1993).
3.7 SOIL CLASSIFICATION

The soils were classified as per the Soil Taxonomy (Soil Survey Staff,
1998) based on climatic conditions, morphological, physical, physico-

chemical and chemical properties of soils.

3.7.1 PHYSICAL RATING INDEX

Attempt was made to calculate numerically the physical index of the
soils in relation to every profile as suggested by Gupta (1985). A product of
eight soil physical properties ABCDEFGH were used to compute the physical
rating index (Pl). Based on PI, the suitability class was identified as shown in

Table 1.
Physical rating index = ABCDEFGH

Where,

A - Soil depth (cm)

B - Bulk density (Mg m™

C - Profile Water Storage Capacity (cm)

D - Infiltration Rate or hydraulic conductivity of soil (cm hr™)
E - Aggregation in terms of organic matter content (%)

F - Non-capillary pore space (%)

G - Depth of water table (cm)

H - Slope (%)



Table 1. Physical rating index classes of soils

Physical rating s
Class index Suitability

I >0.9 Highly suitable; very high crop yields

I 0.75-0.90 Suitable; expected yield is 75 % of the
potential

i 0.50-0.75 Moderately suitable; expected yield is 50%
of the potential

\Y] 0.25-0.50 Slightly suitable; low yield; can be improved
by appropriate soil management practices

Vv <0.25 Unsuitable

3.7.2 SOIL NUTRIENT INDEX

The surface soil samples were classified into low medium and high
categories as per the limits suggested by Muhr et al. (1965) for available N,
P and K. Nutrient index was calculated from the equation given below
(Parker et al.,1951) and categorized (Table 2) as per Sekhon and

Velayutham,2002.

N; +2Nm + 3Nh
Nutrient index =

Ni+Nm+Nn
Where,
Ni - Number of soils falling under low category
Nm - Number of soils falling under medium category

Nh - Number of soils falling under high category




Table 2. Nutrient Index categories of soils

Category NI value
Low <1l.5
Medium 1.50 - 2.50
High >2.50

3.7.3 Identification of constraints

Soil constraints were identified based on the field studies, laboratory

analysis and suitable management practices are suggested.




CHAPTER IV

RESULTS

Soil profiles were dug up at the selected sites to required depth.
Morphological features viz., depth, horizons, boundaries, colour, structure etc.
for each profile were recorded. Horizon-wise soil samples were collected from
each profile and analysed for physical properties viz., particle size distribution,
bulk density, particle density, saturated hydraulic conductivity, moisture
retention at 33 K Pa and 1500 K Pa tensions and aggregate stability,
Physico-chemical properties viz., soil reaction (pH), electrical conductivity
(EC), cation exchange capacity and exchangeable cations and chemical
properties viz., organic carbon, available nitrogen, phosphorus and potassium
and micro nutrients (Fe, Mn, Cu and Zn). Infiltration studies were made in situ.

The results obtained are presented in this chapter.

4.1 SOIL MORPHOLOGICAL PROPERTIES

4.1.1 Depth of the profile

The depth of soils was moderately shallow to deep. It varied from 55

cm in Eleti Ramayapalli to 120 cm in Eturunagaram.
4.1.2 Soil horizons

Five horizons in Regonda, four horizons in Tadvai, Eturunagaram,
Malyal, Ghanpur, Khanapur and Warangal research station and three
horizons in Nallabelli, Bachannapet, Wardhannapet, Raghunathapalli, Pakala
and Duggondi profiles were demarcated based on variation in colour and

other properties.



4.1.3 Horizon boundary

In the surface horizons, the boundary was clear smooth in all the
profiles. It varied from clear smooth to clear wavy to diffused wavy in other

horizons.
4.1.4 Soil colour

The soil colour was yellowish red (Hue 10 YR to 2.5 YR) with Values
between 3 and 5 and Chroma ranged from 1 to 8. The purity of colour

decreased with depth.
4.1.5 Soil structure

In surface horizon, sub angular blocky structure was observed in all the
profiles. The structure was sub angular blocky to angular blocky in sub -
surface horizons of Duggondi, Regonda, Ghanpur, Khanapur and Warangal

RS profiles.
4.1.6 Soil texture

Soil texture of profiles varied from sandy loam to sandy clay loam to
clay loam in surface horizons and sandy clay loam to clay loam to clay in sub-

surface horizons.
4.1.7 Consistency

Consistency of soils was recorded under dry, moist and wet conditions.
The consistence was loose to very hard under dry, friable to very firm under
moist and non-sticky to sticky and  non-plastic to very plastic under wet

conditions.



4.1.8 Slickensides

The polished shining surface was observed in Regonda, Khanapur

and Warangal research station profiles in the sub-surface horizons.
4.1.9 Pores and Roots

The pores observed in the profiles varied from few (less than | %) to

many (5% per unit area) with fine to medium in size.

Roots were observed in upper horizons of the profiles and number
varied from few to many and sizes were from very fine (less than 0.5 mm) to

medium (2.5 mm).

Morphological descriptions of the profiles are given in appendix.| and
photographs are depicted in plates 1 to 7.
4.2 PHYSICAL PROPERTIES
4.2.1 Gravel

The gravel content in the soils varied from 2.82 per cent in surface
horizon of Eturunagaram profile to 48.52 per cent in bottom layer of

Bachannapet profile (Table 4). In general, there was increase in gravel

content with the depth.
4.2.2 Mechanical composition

The data on mechanical composition of soils is presented in Table 4.
4.2.2.1 Sand

The sand content of the soils varied from 40.90 per cent in bottom layer
of Ghanpur profile to 77.56 per cent in surface layer of Eturunagaram profile.

Sand content decreased with depth in all the profiles.



4.2.2.2 Silt

The silt content varied from 7.91 per cent in surface layer of
Eturunagaram profile to 19.87 per cent in bottom layer of Ghanpur profile. It
increased with depth in Tadvai, Bachannapet, Eturunagaram, Eleti Ramaya
Palli, Wardhannapet, Pakala and Ghanpur profiles and there was no definite

trend with depth in other profiles.
4.2.2.3 Clay

The clay content of the soils varied from 12.48 per cent in surface layer
of Bachannapet to 39.46 per cent in bottom layer of Regonda profile. Clay
content was found to increase with depth in all the profiles except in Malyal

profile where there was decrease in bottom layer.
4.2.3 Soil texture

Sandy loam, sandy clay loam, clay loam and clay textures were
observed in different horizons of the profiles. In Tadvai, Nallabelli,
Bachannapet, Eturunagaram, Wardhannapet and Raghunathapalli profiles,
the texture of surface horizons was sandy loam. The texture in all the horizons
of Nallabelli, Eleti Ramayapalli and Pakala profiles was sandy clay loam. In
Duggondi and Khanapur profiles, all the horizons were clay loam. In Regonda,
Ghanpur and Warangal research station profiles, the bottom layer was clay in

texture while in the other upper layers, it was clay loam.
4.2.4 Bulk density

Bulk density of soils varied from 1.32 Mg m™ in surface horizons of
Regonda and Ghanpur profiles to 1.71 Mg m™ in bottom layer of Nallabelli
profile (Table 4). The bulk density of soil increased with the depth in all the

profiles.



4.2.5 Particle density

The particle density of soils varied from 2.42 Mg m™ in third layer of
Eleti Ramaya Palli profile to 2.61 Mg m™ in bottom layer of Pakala profile
(Table 4). No definite trend was observed in particle density with increase in

soil depth.
4.2.6 Aggregate stability

The per cent aggregates greater than 0.25 mm (Table 4) ranged from
61.86 in bottom layer of Tadvai profile to 77.94 in surface layer of Regonda. In

general, the per cent of aggregates more than 0.25 mm decreased with depth.

The per cent aggregate stability ranged from 48.36 in bottom layer of
Eturunagaram profile to 64.64 per cent in surface layer of Warangal RS profile

(Table 4). The aggregate stability also decreased with depth.
4.2.7 Hydraulic conductivity (ks)

Saturated hydraulic conductivity (ks) varied from 0.08 cm hr't in bottom
layer of Warangal profile to 18.26 cm hr' in surface layer of Tadvai profile
(Table 5). There was large variation in ks in different profiles. The ks was
higher in surface horizons and decreased with increase in depth in all the

profiles.

4.2 .8 Infiltration rate

The final infiltration rate (cm hr'') ranged from 0.30 in Khanapur and
Warangal RS to 8.3 in Tadvai profiles (Table 6 and Fig 2). The infiltration was
moderately rapid in Tadvai, Bachannapet, Eturunagaram, Wardhannapet and
Raghunathapalli. In Pakala, it was moderate and in Malyal it was moderately

slow. In other profiles, the infiltration rate was slow.



4.2.9 Water retention
Water retention at 33 K Pa and 1500 K Pa is presented in Table 5.

4.2.9.1 At 33K Pa

Water retention at 33 K Pa varied from 9.52 per cent in surface layer of
Wardhannapet profile to 32.86 per cent in bottom layer of Warangal RS
profile. There was gradual increase in water retention with increase in depth in

all the profiles.

4.2.9.2 At 1500 K Pa

Water retention at 1500 K Pa varied from 4.40 per cent in surface layer
of Wardhannapet profile to 17.70 per cent in bottom layer of Warangal RS
profile. It was lower in surface layers and increased gradually with increase in

depth.
4.2.9.3 Available water content (AWC)

The available water content (Table 5) varied from 4.66 per cent in
surface layer of Tadvai profile to 16.16 per cent in bottom layer of Regonda
profile. In general, available water content increased gradually with increase
in depth.

4.2.9.4 Available water storage capacity (AWSC)

Available water storage capacity (cm m™) varied from 9.06 in
Bachannapet profile to 18.54 in Regonda profile (Table 6). It was low in
Tadvai, Bachannapet, Eturunagaram profiles, medium in Nallabelli, Eleti
Ramayapalli, Wardhannapet, Raghunathaplli, Pakala and Malyal and high in

Duggondi, Regonda, Ghanpur, Khanapur and Warangal RS profiles.



4.3 PHYSICO-CHEMICAL PROPERTIES
4.3.1 Soil reaction (pH)

Soil reaction varied from 6.31 in second layer of Pakala profile to 8.7 in
third layer of Khanapur profile (Table 7). In Wardhannapet, Raghunathapalli,
Malyal and Khanapur profiles, pH increased with depth whereas in Nallabelli,
Bachannapet and Pakala it decreased with depth. In other profiles, no definite

trend was observed with increase in depth.
4.3.2 Electrical conductivity (EC)

Electrical conductivity of soils varied from 0.03 dS m™ in bottom layer of
Tadvai profile to 1.05 dS m™ in bottom layer of Warangal RS profile and no

definite trend in EC was observed with increase in depth (Table 7).
4.3.3 Cation exchange capacity (CEC)

Cation exchange capacity (cmol(p*)kg™) ranged from 8.30 in surface
layer of Bachannapet profile to 46.33 in third layer of Regonda profile (Table
7). Increase in CEC with depth was observed in Tadvai, Nallabelli,
Wardhannapet, Pakala and Malyal profiles whereas in other profiles no
definite trend with depth was observed. However the CEC in lower most

horizons was higher than the surface horizons in most of the profiles.
4.3.4 Exchangeable cations

The data on exchangeable cations is presented in Table 7. Calcium
was the dominant cation on exchange complex followed by magnesium,

sodium and potassium.



Calcium content (cmol(p)kg™) ranged from 4.35 in surface layer of
Tadvai and second layer of Bachannapet to 24.3 in bottom layer of Ghanpur
profile. Ca content increased with depth in Nallabelli, Pakala and Malyal

whereas in other profiles, no definite trend was observed.

Magnesium (cmol(p*)kg™) content in soils ranged from 1.2 in surface
horizon of Bachannapet to 14.2 in surface horizon of Warangal RS. Increase
in magnesium content with depth was observed in Nallabelli, Bachannapet
and Wardhannapet profiles whereas in others, no definite trend was observed

with depth.

Sodium (cmol(p*)kg™) content in soils varied from 0.2 in bottom layer of
Tadvai and second layer of Bachannapet to 8.1 in surface layer of Regonda.
Increased sodium content with depth was observed in Eleti Ramayapalli,
Wardhannapet and Pakala profiles whereas in other profiles, no definite trend

was observed with depth.

Exchangeable sodium percentage varied from 1.09 in bottom layer of
Tadvai to 21.39 in surface layer of Nallabelli. ESP decreased with depth in
Tadvai and Nallabelli whereas it increased with depth in Wardhannapet. In

others, no definite trend was observed with depth.

Potassium (cmol(p")kg™) content varied from 0.1 in bottom three layers
of Tadvai and bottom layer of Malyal and Warangal RS profiles to 3.7 in
second layer of Raghunathapalli profile. Increase in potassium content with
depth was observed in Duggondi profile whereas in other profiles no definite

trend was observed.



4.3.5 Base saturation percentage

Base saturation percentage ranged from 72 per cent in surface layer of
Eletti Ramayapalli profile to 94 per cent in surface and bottom layer of

Duggondi profile.

4.4 CHEMICAL PROPERTIES
4.4.1 Organic carbon

The organic carbon content of the soils in surface horizons ranged from
0.58 per cent in Raghunathapalli profile to 0.81 per cent in Malyal profile
(Table 8). The rating for organic carbon was high in Malyal (0.81%) and
Warangal Research Station (0.79%) whereas in other profiles, it was medium.

Soil organic carbon decreased with increase in depth.

4.4.2 Free calcium carbonate

Free soil calcium carbonate ranged from 1.42 per cent in surface
horizon of Bachannapet profile to 13.67 per cent in bottom layer of Duggondi
profile (Table 8). No calcium carbonate was observed in Tadvai,
Eturunagaram, Eleti Ramayapalli and Raghunathapalli. In general, calcium

carbonate content increased with depth.
4.4.3. Available nitrogen

The available nitrogen (kg ha™) content varied from 256 (Eleti
Ramayapalli and Raghunathapalli) to 360 (Ghanpur) in the surface horizons
(Table 8). The available nitrogen was higher in surface horizons and

decreased with depth.



4.4.4 Available phosphorus

The available phosphorus (Table 8) was higher in surface horizons and
decreased with the depth. The available phosphorus content (Kg ha™) in
surface horizons varied from 13.1 in Nallabelli to 35.8 in Warangal Research

Station profiles.
4.4.5 Available potassium

The available potassium content was higher in surface horizons (Table
8). It ranged from 183 kg ha' in Nallabelli to 320 kg ha™ in Wardhannapet

profiles. In general, available potassium decreased with increase in depth.
4.4.6 Available Iron

The available iron (mg kg™) in soils ranged from 2.03 in last layer of
Warangal RS profile to 58.86 in the surface layer of Pakala profile (Table

8).The available iron content decreased with depth in all the profiles.

4.4.7 Available Manganese

The available manganese (mg kg™) content ranged from 4.75 in the
last layer of Warangal research station profile to 118.90 in the surface layer of
Pakala profile (Table 8). In general, Manganese content decreased with depth

in all the profiles.
4.4.8 Available copper

The available copper (mg kg™) content ranged from 1.01 in bottom
horizon of Wardhannapet profile to 6.94 in surface layer of Duggondi profile
(Table 8). The copper content decreased with increase in depth in all the

profiles.



4.4 .9 Available zinc

The available zinc content (mg kg™) in the soils ranged from 0.70 in last
layer of Ghanpur profile to 6.20 in surface layer khanapur profile. Decrease in

zinc content with depth was observed in all the profiles (Table 8).
4.5 Nutrient index (NI)

The data on available nutrients in surface soils (0-15 cm) is given in
Appendix II.
4.5.1 Available nitrogen

The available nitrogen content of surface soils varied from 137 to 345
kg ha*. The calculated nutrient index (NI) was 1.09 indicating that the soils
are low in available nitrogen.
4.5.2 Available phosphorus

The available phosphorus content of surface soils varied from 6.35 to
26.50 kg ha™. The calculated nutrient index was 1.98 indicating that the soils
are medium in available phosphorus.
4.5.3 Available potassium

The available potassium content of surface soils varied from 121 to 392
kg ha™. The calculated nutrient index was 2.68 indicating that the soils are
high in available potassium.
4.6 Soil classification

The classification of soils was done up to family level by following the
procedure given by the Soil Taxonomy (Soil Survey Staff, 1998). The soils

were classified into the three orders, viz. Alfisols, Inceptisols and Vertisols.

The details are given in Table 9.



4.7 Production constraints

The production constraints identified and suitable management practices

suggested are presented in Table 12 and discussed chapter V



Table 4. Physical properties of soils

Location D(sfnt)h ngvel Sz:)md So”t C(I)ay Texture* 5D 3 i 3 agI;ge :GZZT;S Agt%rbeiﬁ?;e
6 ORI CO NN () (Mg m¥) (Mg m?¥ 9IR9%E o

1. Tadvai 0-15 5.40 75.69 7.97 16.34 sl 1.57 251 69.38 54.21

15-37 9.40 66.18 8.61 25.21 scl 1.61 2.48 68.40 53.36

37-55 7.90 64.25 9.00 27.65 scl 1.65 251 62.52 52.14

55-70+ 35.21 62.49 9.61 27.90 scl 1.65 2.48 61.86 49.25

2. Nallabelli 0-15 15.60 65.92 11.61 22.47 scl 1.60 2.53 70.74 54.63

15-30 32.52 61.63 9.87 28.50 scl 1.65 2.48 69.54 54.51

30-70+ 36.28 60.16 10.21 29.63 scl 1.71 2.56 67.48 52.36

3. Bachannapet 0-8 30.25 76.87 10.65 12.48 sl 1.58 2.48 69.28 52.41

8-50 42.52 65.41 11.84 22.75 scl 1.62 251 68.08 51.29

50-65+ 48.52 59.93 12.21 27.86 scl 1.69 2.49 68.06 48.75

4. Eturunagaram 0-15 2.82 77.56 7.91 14.53 sl 1.52 2.56 68.68 54.72

15-47 8.36 68.07 8.32 23.61 scl 1.59 2.52 68.00 54.45

47-80 5.40 63.02 8.65 28.33 scl 1.60 2.48 66.16 52.61

80-120 31.22 61.48 9.87 28.65 scl 1.60 2.52 65.98 48.36

S Elet 0-11 2565 6878  9.04 2218 sl 153 2.46 73.10 55.61
Ramavanalli

11-30 35.68 65.90 10.56 23.54 scl 1.59 2.44 72.20 55.23

contd..



Location Depth Gravel Sand Silt Clay Texture* 5D i a;gerrefgzrt](tes Agt%rbeiﬁ?;e
0, 0, 0, [0) -3 -3

cm) (%) (%) OO (Mgm?®) (Mgm?) "0 (%)

30-55 35.45 60.55 11.20 28.25 scl 1.61 2.42 69.38 55.16

55+ 36.12 58.69 12.15  29.16 scl 1.63 2.48 66.12 54.76

6. Wardhannapet 0-8 33.13 74.25 10.21 15.54 sl 1.58 2.56 71.06 54.65
8-33 38.16 61.79 11.56  27.65 scl 1.67 2.58 70.66 52.15

33-80+ 40.62 59.67 12.01  28.32 scl 1.67 2.49 69.12 50.62

7.Raghunathapalli 0-25 23.43 74.95 9.73 15.32 sl 1.52 251 70.70 54.13
25-55 32.57 61.87 8.57 24.56 scl 1.58 2.48 70.18 53.15

55-75+ 35.66 63.63 10.25  26.12 scl 1.62 2.52 69.72 50.62

8. Pakala 0-10 15.20 65.67 8.12 26.21 scl 1.59 2.58 71.50 53.67
10-35 29.76 61.36 9.79 28.85 scl 1.60 2.52 70.80 53.31

35-55+ 40.26 60.43 9.92 29.65 scl 1.63 2.61 66.62 52.63

9. Malyal 0-20 12.40 56.20 14.22  29.58 scl 1.52 2.52 74.60 61.71
20-40 16.24 52.25 17.10  30.65 cl 1.46 2.50 73.06 61.25

40-65 19.42 56.35 12.38  31.27 cl 1.46 2.54 72.82 60.41

65-95+ 18.65 60.23 1352  26.25 scl 1.48 2.53 70.12 60.27

10. Duggondi 0-15  18.08 5598  10.34  33.68 cl 1.36 2.59 75.34 6232

contd..



Location Depth Gravel Sand Silt Clay Texture* 5D 3 i 3 a;gerrefgzrt](tes Agt%rbeiﬁ?;e

(cm) (%) (%) (%) (%0) (Mgm~) (Mgm™) 5o mm (%)

15-37  21.40 48.94 1585 35.21 cl 1.44 2.54 74.88 62.15

37-65+  22.42 48.30  14.27  37.43 cl 1.44 2.56 72.34 61.35

11. Regonda 0-11 15.16 52.74  16.63  30.63 cl 1.32 2.49 77.94 64.27

11-35  26.22 50.57  17.21  32.22 cl 1.35 2.47 76.74 63.27

35-55  15.04 51.06 1521  33.73 cl 1.38 2.52 76.14 61.29

55-75  13.86 48.86  17.01  34.13 cl 1.40 2.59 73.80 61.27

75+ 12.39 47.12 1342  39.46 c 1.41 2.52 73.64 59 27

12. Ghanpur 0-17 18.62 57.79 1165 27.56 cl 1.32 2.47 76.74 63.27

17-45  10.17 5423 1352 3225 cl 1.34 2.58 75.78 61.32

45-60  18.62 48.18  18.01 33.81 cl 1.34 2.56 75.06 61.25

60-65+  29.38 40.90  19.87  39.23 c 1.38 2.52 73.78 60.25

13. Khanapur 0-12 13.12 47.85  18.89  33.26 cl 1.37 2.46 76.80 64.17

12-30  11.36 51.54  12.92 3554 cl 1.42 2.57 76.20 62.47

30-45  15.88 4465  19.15 36.20 cl 1.46 2.55 75.96 62.31

45-65+  19.27 4321 1823  38.56 cl 1.48 2.48 75.62 60.32

14. Warangal RS~ (.15 16.53 5463  15.03  30.34 cl 1.41 2.53 76.16 64.64

15-55  19.22 48.76 1528  35.96 cl 1.41 2.49 75.52 62.76

55-72  18.88 49.63 1416 36.21 cl 1.45 2.51 75.18 62.17

72+ 19.27 4820 1259  39.21 c 1.48 2.53 74.88 60.15

* gl- sandy loam, scl- sandy clay loam, cl- clay loam, c- clay



Table 7. Physico-chemical properties of soils

Exchangeable bases

Location Depth  pH =C (cmol(pkg™) CEC ~  ESP saturation
(cm)  (1:25) (dSm™ SrT— - — (cmol(pHkg™) (%) (%)
g Na K

1. Tadvai 0-15 6.88 0.13 4.3 2.8 1.4 0.2 12.50 11.20 87
15-37 6.82 0.63 5.6 3.2 1.2 0.1 15.20 7.80 79

37-55 6.83 0.06 8.1 4.3 0.3 0.1 18.80 1.59 81

55-70+ 6.83 0.03 7.3 3.6 0.2 0.1 18.20 1.09 75

2. Nallabelli 0-15 8.64 0.28 7.4 4.7 4.6 2.1 21.50 21.39 87
15-30 8.42 0.26 8.6 5.8 3.8 2.6 26.30 14.44 79

30-70+ 8.39 0.28 12.8 8.4 2.3 0.8 28.50 8.07 85

3. Bachannapet 0-8 6.88 0.19 5.0 1.2 0.3 0.2 8.30 3.61 80
8-50 6.44 0.14 4.3 1.5 0.2 0.3 7.40 2.70 85

50-65+ 6.74 0.13 3.6 2.6 0.4 0.2 10.30 3.88 66

4. Eturunagaram 0-15 6.75 0.19 13.5 8.4 2.3 0.8 29.30 7.84 85
15-47 6.51 0.10 10.6 6.4 2.0 1.1 26.60 7.51 75

47-80 6.46 0.05 11.0 57 2.2 0.6 24.32 9.04 80

80-120 6.74 0.29 8.7 7.6 2.8 1.6 28.27 9.90 73

5. Eleti Ramayapalli 0-11 7.47 0.20 8.8 2.3 1.3 0.9 18.56 7.08 72

contd...



Exchangeable bases

_ Base
. Depth pH EC (cmol(pHkg™) CEC ESP _
Location (cm) (1:2.5) d4s m™ (0 KA (%) saturation

11-30 7.62 0.30 14.4 5.3 1.3 0.6 24.93 5.21 87
30-55 7.60 0.26 12.2 4.1 1.3 0.6 24.52 5.30 74
55+ 7.46 0.24 14.2 3.9 1.42 0.5 21.12 6.72 76
6. Wardhannapet 0-8 6.45 0.10 9.2 6.6 1.8 0.7 21.32 8.44 85
8-33 6.69 0.07 11.2 7.1 2.1 0.8 24.87 8.44 85
33-80+ 6.62 0.13 10.8 8.2 3.4 0.6 26.31 12.90 87
7.Raghunathapalli 0-25 7.08 0.90 8.4 3.3 2.1 0.8 18.32 11.46 80
25-55 7.62 0.25 10.3 4.6 1.8 3.7 21.42 8.40 95
55-75+ 7.75 0.28 8.2 3.3 2.4 0.7 19.21 12.40 76
8.Pakala 0-10 6.94 0.10 6.8 2.4 1.6 0.8 15.32 10.44 75
10-35 6.31 0.07 9.2 6.3 1.9 0.9 20.23 9.39 90
35-55+ 6.33 0.11 11.2 4.5 2.5 0.5 21.61 11.56 86
9. Malyal 0-20 7.61 0.26 10.3 2.1 0.4 0.2 14.00 2.85 92
20-40 7.92 0.22 10.4 4.9 0.6 0.3 16.50 3.63 98
40-65 7.97 0.15 11.1 4.4 0.3 0.2 18.20 1.64 87
65-95+ 8.01 0.13 12.1 5.1 0.3 0.1 21.00 1.42 83

contd...



Exchangeable bases Base
Location Depth PH EC 1 (cmol(pHkg™) CE? 1 ESP < aturation
(cm)  (1:25) (dSm™ C— - —— (cmol(pHkg™) (%) (%)
g Na K

10. Duggondi 0-15 8.00 0.33 8.7 4.7 2.1 0.8 17.32 12.12 94
15-37 7.91 0.44 11.2 5.8 3.1 0.9 23.21 13.35 a0

37-65+ 8.01 0.27 10.3 4.2 1.8 1.0 18.46 9.75 94

11. Regonda 0-11 8.60 0.20 15.6 10.1 8.1 1.2 39.59 20.45 88
11-35 8.55 0.13 13.2 9.2 5.6 1.3 37.98 14.94 77

35-55 8.43 0.17 22.1 8.3 7.2 1.4 46.63 15.44 84

55-75 8.61 0.18 20.2 7.2 6.5 2.0 41.94 15.49 86

75+ 8.58 0.17 23.6 8.5 6.4 2.2 43.74 14.63 93

12. Ghanpur 0-17 7.60 0.27 16.3 4.2 2.1 0.2 25.42 8.26 89
17-45 7.49 0.10 15.0 2.3 1.0 0.2 23.42 4.26 79

45-60 7.65 0.05 16.2 3.4 1.2 0.2 26.10 4.59 80

60-65+ 7.17 0.13 24.3 3.6 1.2 0.2 32.38 3.70 a0

13. Khanapur 0-12 7.77 0.27 14.7 8.3 3.4 0.8 34.68 9.80 78
12-30 8.44 0.27 23.1 8.1 4.2 0.8 39.32 10.68 92

30-45 8.70 0.36 13.2 5.9 3.2 0.7 32.21 9.90 71

45-65+ 8.66 0.05 13.2 8.3 4.4 1.2 32.21 13.16 84

contd...



Table 8. Chemical properties of soils

Depth

ocC

CaCOs,

Available macronutrients

Available micronutrients

Location cm) %) %) kg ha™ mg kg™
N P,Os K,O Fe Mn Cu Zn
1. Tadvai 0-15 0.72 _ 294 14.1 250 25.46 61.59 2.87 5.19
15-37 0.60 _ 252 11.3 232 23.12 25.61 2.87 3.52
37-55 0.58 _ 222 8.6 180 12.46 7.32 2.10 2.31
55-70+ .58 3 174 7.8 118 6.98 5.42 1.91 1.43
2. Nallabelli 0-15 0.60 5.20 275 13.1 183 17.60 30.78 3.28 1.38
15-30 0.62 6.20 256 8.2 142 12.65 14.32 2.96 1.38
30-70+ 0.50 6.80 219 7.3 130 5.95 10.27 2.48 1.16
3. Bachannapet 0-8 0.65 1.42 269 16.1 186 9.06 27.33 1.93 1.55
8-50 0.52 1.82 219 8.2 143 8.21 15.31 1.55 1.27
50-65+ 0.43 2.26 189 7.3 122 7.53 6.29 1.35 1.04
4. Eturunagaram 0-15 0.67 _ 275 26.9 308 23.27 88.39 1.97 1.66
15-47 0.62 3 235 14.1 232 19.21 77.91 1.87 1.60
47-80 0.35 3 125 7.3 180 17.31 72.15 1.40 1.50
80-120 0.25 _ 122 6.3 132 12.85 72.06 1.23 1.25
5. Eleti Ramayapalli 0-11 0.62 _ 256 24.8 312 17.46 58.21 5.07 2.14
11-30 0.51 _ 219 16.1 230 13.08 28.74 3.68 1.44
30-55 0.51 _ 174 11.2 180 12.21 26.41 3.21 1.28

contd..



Available macronutrients

Available micronutrients

Location Depth OC  Cach, kg ha™ kg™

(cm) (%) (%) g na mg kg
N P,Os K,O Fe Mn Cu Zn
o5+ 0.36 _ 158 5.3 142 11.87 25.63 2.65 1.11
6.Wardhannapet 0-8 0.72 1.60 276 24.6 320 21.11 40.47 1.82 5.36
8-33 0.65 2.52 264 12.3 235 19.34 36.97 1.62 4.21
33-80+ 0.63 3.10 172 7.8 180 18.15 18.79 1.01 3.15
7. Raghunathapalli 0-25 0.58 B 256 22.4 220 8.67 73.89 4.99 4.78
25-55 0.51 B 189 12.3 180 5.76 43.67 3.54 4.78
55-75+ 0.44 B 162 5.3 132 5.59 36.87 2.10 1.94
8. Pakala 0-10 0.71 1.68 296 27.8 292 58.86 118.90 6.26 5.71
10-35 0.68 2.52 253 16.1 210 45.34 117.69 5.36 3.98
35-55 0.63 2.72 185 8.2 192 22.64 116.72 4.54 2.86
9. Malyal 0-20 0.81 1.60 296 31.4 270 13.93 31.16 4.76 4.77
20-40 0.66 2.50 235 18.9 210 10.21 16.23 4.15 3.10
40-65 0.56 3.10 178 14.3 185 7.65 12.87 3.65 2.20
65-95+ 0.31 3.80 164 6.5 160 6.65 10.91 2.75 1.64
10.Duggondi 0-15 0.71 11.48 288 25.2 308 28.20 10.15 6.94 6.34
15-37 0.51 12.15 262 17.9 235 27.15 10.11 6.84 3.21
37-65+ 0.44 13.67 235 9.2 196 26.46 9.78 4.87 2.08
11..Regonda 0-11 0.72 5.40 329 31.4 280 4.15 9.87 2.17 1.65

contd..



Available macronutrients

Available micronutrients

Location Depth oc - Caco; kg ha™ mg kg™
(cm) (%) (%)
N P,Os K,O Fe Mn Cu Zn
11-35 0.51 6.80 256 15.3 192 3.54 9.42 1.97 1.56
35-55 0.31 7.30 175 7.5 156 2.94 8.25 1.76 1.42
55-75 0.25 8.50 163 6.4 132 2.56 1.72 1.21 1.34
75+ 0.19 6.70 153 5.4 110 2.03 6.84 1.69 0.91
12. Ghanpur 0-17 071 276 360 28.7 308 29.96  111.61 5.09 4.21
17-45 0.54 2.94 262 11.6 210 27.86  100.35 4.87 3.51
45-60 0.39 3.25 184 8.6 136 18.65 71.61 4.07 1.35
60-65+  0.28 3.60 168 7.8 110 11.53 70.55 3.98 0.70
13. Khanapur 0-12 0.68 2.26 298 30.5 314 33.30 26.94 4.50 6.20
12-30 0.52 2.84 198 17.9 232 33.21 24.81 3.47 5.87
30-45 0.45 3.12 164 11.3 184 32.97 21.34 2.56 5.79
45-65+  0.36 3.96 157 5.4 142 27.60 20.15 1.70 5.66
14. Warangal RS 0-15 0.79 5.30 282 35.8 312 6.94 12.04 2.30 3.29
15-55 0.58 5.60 257 18.9 231 6.69 5.31 1.86 1.57
55-72 0.46 7.30 175 10.9 192 6.32 5.16 1.53 1.17
72+ 0.44 7.68 163 7.9 165 5.81 4.75 1.16 0.92




Table 9. Classification of soils

Location Order Sub-order Great group Subgroup Family
. . . Fine loamy superactive
1.Tadvai Alfisols Ustalfs Haplustalfs Typic Haplustalfs isohyperthermicTypic Haplustalfs
. . . Fine loamy superactive
2.Nallabelli Alfisols Ustalfs Haplustalfs Typic Haplustalfs isohyperthermicTypic Haplustalfs
3.Bachannapet Alfisols Ustalfs Natrustalfs Natrustalfs Fme loamy ser_‘macﬂy e calcareous
isohyperthermicTypic Natrustalfs
4. Eturunagaram Alfisols Ustalfs Rhodustalfs Typic Rhodustalfs Fmg loamy super active isohyperthermic
Typic Rhodustalfs
. . . . Fine loamy superactive
5.Eleti Ramayapalli  Inceptisols  Ustepts Haplustepts Typic Haplustepts isohyperthermicTypic Haplustepts
. . Fine loamy superactive,
6.Wardhannapet Inceptisols  Ustepts Haplustepts Typic Haplustepts isohyperthermicTypic Haplustepts
. . . Fine Loamy superactive Isohyperthermic
7.Raghunathapalli Alfisols Ustalfs Haplustalfs Typic Haplustalfs

Typic Haplustalfs

contd..



CHAPTER V

DISCUSSION

The results obtained on morphological, physical, physico-chemical and chemical

properties of soils of Warangal district are discussed in this chapter.
5.1 MORPHOLOGICAL PROPERTIES
5.1.1 Soil colour

The colour of soil was yellowish red (Hue 10YR to 2.5YR) with Value between 3 and
5 and Chroma ranging between 1 to 8 (Table 3). The purity of colour decreased with depth.
The differences in colour in different horizons and in different profiles could be attributed to
various pedological processes being accelerated in the profile. The differences in organic
matter and iron contents and the degree of oxidation and imperfect hydration due to poor
drainage might add to the changes in colour. Gangopadhyay et al. (1986) reported similar
findings. The colour changes were attributed to be the function of chemical and mineralogical

composition of the soils (Simmonson, 1993 and Swarnam et al., 2004).
5.1.2 Soil structure

The soil structure was sub angular blocky in surface horizons and sub angular
blocky to angular blocky in sub-surface horizons (Table 3). The variation in soil structure is a
reflection of physiographic position of the profile (Singh and Agarwal, 2003). Vara Prasad
Rao et al. (2008) also reported well developed structural variations in soils of Chittoor district

of Andhra Pradesh.
5.1.3 Consistency

The consistency of soils varied from loose to very hard (dry), friable to very firm
(moist) and non-sticky and non-plastic to sticky and very plastic (Table 3). Variations in
consistence could be attributed to variation in clay content of profiles situated on different
topographic positions. Variations in consistence due to clay content has been reported by

Patil (1999) and Vara Prasad Rao et al. (2008).



5.2 PHYSICAL PROPERTIES
5.2.1 Mechanical composition

Sand constitutes the bulk of mechanical fractions which varied from 40.90 to 77.36
per cent in the horizons of the profiles (Table 4). Higher fractions of sand could be attributed
to dominance of physical weathering. The sand content was higher in surface horizons and
decreased with increase in depth which is in conformity with the results reported by
Gangopadhyay et al. (2001).

The silt content of the soils varied from 7.91 per cent to 19.87 in the horizons of the
profiles (Table 4). There was no definite trend with depth. In some profiles, there was

increase in silt content with depth while in some others, the trend was irregular.

The clay content of the soils varied from 12.48 to 39.46 per cent in the profiles
(Table 4). The clay content, in general increased with depth. The clay content increases with
increase in depth showing evidence of translocation of finer particles from surface to sub-
surface horizons (Gangopadhyay et al., 2001). The increase in clay content in lower horizons

could also be attributed to vertical migration of clay (Sarkar et al., 2002).
5.2.2 Texture

The texture of soils varied from sandy loam to sandy clay loam to clay loam to
clayey (Table 4) in different horizons of the profiles. Seshagiri Rao et al. (2004) reported soil
textures varying from sandy loam to sandy clay loam in Southern Coastal Eco-sub region of
Andhra Pradesh. The variations in texture could be due to variations in weathering which is
influenced by landscape position, soil environment and translocation of clay (Buol et al.,

1998).
5.2.3 Bulk density

Bulk density of soils varied from 1.32 to 1.71 Mg m™ in the horizons of the profiles
(Table 4). In general, surface layers had lower bulk density and it was found to increase with
depth. This might be due to more compaction of finer particles in deeper layers caused by
overhead weight of surface soils (Jewitt et al., 1979). Low bulk density in surface layers

could also be attributed to higher organic matter content (Walia and Rao, 1996).



5.2.4 Particle density

The particle density of soils varied from 2.42 to 2.61 Mg m™ in the horizons of
profiles. No definite trend was observed in particle density with depth. Madhusudhana Rao
(1993) reported particle density varying from 2.48 to 2.65 Mg m™ in soils of chikicharla village

of Andhra Pradesh.
5.2.5 Soil aggregates > 0.25 mm

The per cent aggregates greater than 0.25 mm was higher in the surface horizons
(Table 4). In general, the percentage decreased with depth. Higher percent aggregates
greater than 0.25 mm in surface soils could be attributed to higher organic carbon status.
Rajyalakshmi (2004) reported significant correlation of organic carbon with per cent

aggregates greater than 0.25 mm (r = 0.983).
5.2.6 Aggregate stability

The per cent aggregate stability (Table 4) in the soils also decreased with depth.
Since aggregate stability is derived from the aggregates > 0.25 mm, similar trend with depth
was observed. The factors discussed earlier which influenced aggregates > 0.25 mm also

influenced aggregate stability.
5.2.7 Hydraulic conductivity (Ks)

Saturated hydraulic conductivity (Ks) of soils varied from 0.08 to 18.26 cm hr* in the
horizons of profiles (Table 5). The Ks was higher in surface horizons and decreased with
increase in depth. This could be attributed to increase in bulk density and clay content with
increase in soil depth. Decrease in hydraulic conductivity with depth has been reported by
Rajyalakshmi (2004) and Ramachandran (2006).

5.2.8 Infiltration

The final infiltration rate in the soils varied from 0.3 to 8.3 ¢ m hr™ in the profiles

(Table 6 and Fig.2). Infiltration was moderately rapid in Tadvai, Bachannapet, Eturunagaram,

Wardhannapet and Raghunathapally soils, moderate in Nallabelli, Eleti Ramayapalli and

Pakala soils, moderately slow in Malyal and slow in other soils.



Infiltration reached more or less steady rate after 2 hours in all the profiles. The
infiltration rates were high in the beginning but decreased with time. The decrease in
infiltration could be attributed to higher clay content in sub-surface layers. Mathur (1991)
observed similar trend in infiltration rate with increasing clay content down the depth. The
decrease in infiltration rate with depth could also be attributed to increased bulk density in
the sub- surface horizons as observed by Jaggi and Bisen (1986) and Singa Rao et al.

(1995).
5.2.9 Water retention

Water retention at 33 k Pa varied from 9.52 to 32.86 per cent (Table 5). The water
retention was low in surface horizons and increased with increase in depth. The low water
retention in surface horizons could be attributed to less clay content, more sand fraction, less
CEC. With increase in clay content with depth, the water retention increased. Gajbhiye
(1990) and Sushil Kumar et al. (2002) observed positive correlation between water retention

and clay content.

The water retention at 1500 K Pa varied from 4.40 to 17.70 per cent in the soils. The
water retention in the lower horizons increased with the increase in depth. This could be
attributed to increase in clay content with depth (Gajbhiye, 1990),Vara Prasad Rao et al.
(2008) and Lingade et al. (2008) reported higher water retention due to increase in clay

content with depth.
5.2.9.1 Available water

The available water content (Table 5) varied from 4.66 to 16.16 per cent in the soils.
Available water content was low in surface horizons and increased with depth in almost all

the profiles. This could be attributed to increase in clay content with depth (Gajbhiye, 1990

and Vara Prasad Rao et al., 2008).
5.2.9.2 Available water storage capacity (AWSC)

The available water storage capacity of the profiles varied from 9.06 to 18.54 cm m™
(Table 6 and Fig. 3). The AWSC (cm m™ depth) of the profiles was low (5-10) in Tadvai,

Bachannapet and Eturunagaram, medium (10-15) in Nallabelli Eleti Ramayapalli,



Wardannapet, Raghunathapally, Pakala and Malyal and high (15-20) in Duggondi, Regonda,
Ghanpur, Khanapur and Warangal RS. The soils high in clay content have exhibited high
available water storage capacity. Maji et al. (2005) reported higher available water storage

capacity with increase in clay, organic matter and depth in sub humid tropics of Central India.
5.3 PHYSICO-CHEMICAL PROPERTIES
5.3.1 Soil reaction (pH)

Soil reaction varied from 6.31 to 8.70 (Table 7) in the soils. They were slightly acidic
to neutral to alkaline in reaction. An increase in pH with depth was observed in some
profiles. This could be attributed to accumulation of exchangeable Na and Ca. As mobility of
calcium was more than other elements, calcium which had been translocated to lower
depths might have led to higher pH values. Similar observations were reported by Mathan

and Kannan (1993), Maji and Bandopadhyay (1995) and Singh et al. (2000).
5.3.2 Electrical conductivity (EC)

The electrical conductivity (dS m™) of the soils varied from 0.03 to 1.05 (Table 7).

There was no definite trend in EC with depth.
5.3.3 Cation exchange capacity (CEC)

Increase in CEC was observed in Tadvai, Nallabelli, Wardhannapet, Pakala and
Malyal profiles whereas in other profiles, no definite trend with depth was observed.
However, the CEC in lower most horizons was higher than the surface horizons in most of
the profiles. The increase in CEC from surface to lower layers could be due to the increase
in clay content with depth in the soil. Similar observations were reported by Sahu and Misra

(1996) and Surekha et al. (1997).
5.3.4 Exchangeable cations

Calcium was the dominant cation on exchange complex followed by magnesium,
sodium and potassium (Table 7). The exchangeable cations increased with the depth in
certain profiles and no definite trend was observed in other profiles. Increase in
exchangeable cations with depth was reported by Chakraborty and Sinha (1983) and Ghose

and Kundu (2001).



Exchangeable sodium percentage (ESP) varied from 1.09 to 21.39 (Table 7).
However, no definite trend was observed in ESP with depth of soil. The soils of Nallabelli
and Regonda with ESP more than 15 per cent come under alkali soils and require special

reclamation methods.
5.3.5 Base saturation

Base saturation percentage varied from 72 to 94 per cent in the soils which was a
factor in classification of soils. Sathyawathy and Suryanarayan (2005) reported base

saturation ranging from 75 to 100 % in soils of Northern Telangana Zone of Andhra Pradesh.
5.4 CHEMICAL PROPERTIES
5.4.1 Organic carbon

The organic carbon content was medium to high in surface soils varying from 0.58 to
0.81 per cent (Table 8). The soil organic carbon decreased with increase in depth. The
general decrease in organic carbon content with depth could be due to organic matter
accumulation in the surface soil as a result of nutrient recycling by biomass (Gangopadhyay

et al., 1986 and Vara Prasad Rao et al., 2008).
5.4.2 Free calcium carbonate

Free calcium carbonate content of soils varied from 1.42 to 13.67 per cent (Table
8). The soils of Nallbelli, Duggondi, Regonda and Waranga Research station were
calcareous having more than five per cent of calcium carbonate. The calcium carbonate
increased with depth which might be due to calcification and/ or inheritance from Parent

material. Singh and Khera (2007) observed similar results.
5.4.3 Available Nitrogen

The available nitrogen (kg ha™) of the soils varied from 256 in surface layer of Eleti
Ramayapalli profile to 360 in the surface horizon of Ghanpur profile (Table 8). The available
nitrogen was medium in Tadvai, Pakala, Malyal, Duggondi, Regonda, Ghanpur, Khanapur
and Warangal research station profiles. In other profiles, it was low. The nitrogen content in
all the profiles decreased with depth. Ahuja (1990), Kaistha et al. (1990) and Thangasamy et

al. (2005) also found decease in available nitrogen with increase in depth.



5.4.4 Available phosphorus

The available phosphorus content in surface soils varied from low (13.1 kg ha™) in
Nallabelli to medium (35.8 kg ha™) in Warangal RS (Table 8). The available phosphorus in
sub-surface horizons was lower than surface horizons indicating decrease with depth.
Decrease in available phosphorus content with depth was reported by NBSS and LUP

(1997) and Vara Prasad Rao et al. (2008).
5.4.5 Available potassium

The available potassium content was high in surface horizons. It varied from 183 kg
ha® in Nallabelli profile to 320 kg ha™ in Wardhannapet profile (Table 8). The potassium
content also decreased with depth. Higher potassium in surface soils might be due to
intensive weathering, release of labile K from organic residues and translocation of element
from lower depths with capillary rise of ground water as reported by Pal and Mukhopadhyay
(1992). It could also due to more weathering of potassium bearing minerals as influenced by
biotic and abiotic factors as reported by Kumara Sastry and Balakran Mathur (1972) and

NBSS and LUP (1997).
5.4.6 Available Iron

The available iron (mg kg™) in soils ranged from 2.03 in last layer of Warangal
Research station profile to 58.86 in the surface layer of Pakala profile (Table 8). The
available iron content was higher than the critical limit in all the profiles except Regonda
where it was low. It decreased with depth. This trend of decrease in iron content with depth

was also observed by Verma et al. (2007) and Vara Prasad Rao et al. (2008).
5.4.7 Available Manganese

The available Mn content (mg kg™) in soils varied from 4.75 in the last layer of
Warangal Rs profile to 118.90 in the surface layer of Pakala profile (Table 8). The soils are

sufficiently high in Mn when compared to critical limitof 1 ppm (Lindsay and Norvell, 1978).

In general, Manganese decreased with depth. The higher availability in the soil

surface might be due to higher biological activity (or) organic carbon in surface horizons.



These results are in conformity with the results reported by Murthy et al. (1997) and Dipak
Sarkar et al. (2000).
5.4.8 Available Copper

The available copper content ranged from 1.01 mg kg™ in bottom layer of
Wardhannapet profile to 6.94 mg kg™ in surface layer of Duggondi profile (Table 8). These
soils are sufficiently high in available copper compared to critical limit of 0.2 ppm. The
available copper content also decreased with depth in all the profiles. This could be due to
decrease in organic carbon content of soil with depth and also due to high biological activity
in surface soil. Similar observations were reported by Tripathi et al. (1994) in soils of

Himachal Pradesh and Sharma et al. (2005) in Alfisols of Punjab.
5.4.9 Available Zinc

The available zinc content in the soils varied from 0.70 mg kg@ in last layer of
Ghanpur profile to 6.20 in surface layer of Khanapur profile (Table 8). Decrease in zinc

content with depth was observed in all the profiles.

The zinc content of soil was sufficiently high as compared to critical limit of 0.6 mg
kg™ (Lindsay and Norvell, 1978). This could be due to low amount of organic carbon in the
deeper layers. Similar results were reported by Dipak Sarkar et al. (2002) and Setia et al.

(2007).
5.5 SOIL CLASSIFICATION

Based on morphological, physical, physico-chemical and chemical properties of the
soils and the climate of the district, the profiles of Warangal district were classified upto
family level (Table 9) as per the specification given by Soil Taxonomy (Soil Survey
Staff,1998).The soils of Warangal district were classified into Alfisols, Inceptisols and
Vertisols at order level. Similar findings were earlier reported by Satyavathi and suryanarayn
(2005) in some soils of Warangal district. Bharathi (2008) reported Entisols, Inceptisols and

Alfisols in the soils of adjoining district of Khammam.



5.6 NUTRIENT INDEX
The nutrient index of soils Warangal district is given in Table 10.

The available nitrogen content in surface soils of Warangal district was rated as low
(NI < 1.5). The low nitrogen status in soils could be attributed to low organic carbon in these

soils (Prasuna Rani et al., 1992).

The available phosphorus content in surface soils was rated as medium. This could
be attributed to the fixation of released phosphorus by clay minerals and sesquioxides (Vijay

Kumar et al., 1994).

Table 10. Nutrient index of soils

S.No. [Nutrients Nutrient index Nutrient critical Category
value
1. N 1.09 <1.50 Low
2. P,Os 1.98 1.50 - 2.50 Medium
3. K>O 2.68 >2.50 High

The available potassium content in the surface soils in rated as high. This could be
attributed to more intense weathering, release of potassium from organic residues and
application of potassium fertilizers. Similar results were reported by Anil Kumar (2003) in
soils of Himachal Pradesh and Vara Prasad Rao et al. (2008) in Chittoor district of Andhra

Pradesh.
5.6 PHYSICAL RATING INDEX (PI)

To characterize the soil physical environment in relation to crop growth, soil physical
index developed by Gupta (1985) is used. It is generally more suitable for the soils under
cultivation of different crops. Physical rating index was computed from the product of
weightages assigned to 8 soil physical properties. The components are soil depth, bulk
density, moisture storage capacity, infiltration, aggregation in terms of organic matter, non
capillary pore space, water table depth and slope. The PI, calculated for different properties
varied from 0.47 to 0.62 (Table 11 and Appendix Ill). The properties with least weightage

were the main soil physical constraints for crop production. The suitability classes based on




soil physical index is given in Table 11. Out of 14 profiles studied, two profiles were classified
as category IV while all the other profiles were under category Ill. The lower Pl values
indicate that these soils require suitable management practices to alleviate soil physical
constraints (with lowest weightage value) and improve the soil productivity. Several workers
have used this as a guide to identify the major soil physical constraints for crop production

(Prabhu Prasadini and Singa Rao, 1997 and Rajyalakshmi, 2004).
5.7 PRODUCTION CONSTRAINTS

Soil constraints were identified using physical rating index and chemical
index based on soil fertility status. The major constraints identified were low available water
storage capacity, slow infiltration, high sub-surface bulk density, soil erosion, and low
nitrogen and phosphorus. No constraints for crop production were observed in Malyal (Table
12). Management practices suggested to increase the productivity are application of organic
matter, deep ploughing, contour cultivation and gypsum application of N and P fertilizers.
Similar constraints and management practices were suggested by Rajya Lakshmi (2004)

under different land use systems.



Table 11. Soil physical rating index classes of soils

Physical

Suitability

S.No | Location . Suitability
index class
. Moderately suitable; expected
1 Tadval 0.51 i yield is 50% of potential
. Moderately suitable; expected
2 Nallabell 0.59 i yield is 50% of potential
Slightly suitable; low yield; can
3 Bachannapet 0.47 v be improved by appropriate
management practices
Moderately suitable; expected
4 Eturunagram 0.54 i yield is 50% of potential
. . Moderately suitable; expected
5 Eleti Ramayapalli 0.62 [l yield is 50% crop yield
Slightly suitable; low yield; can
6 Wardhannapet 0.50 v be improved by appropriate
management practices
. Moderately suitable; expected
7 Raghunathapalli 0.51 [l yield is 50% of potential
Moderately suitable; expected
8 Pakala 0.73 i yield is 50% of potential
Moderately suitable; expected
9 Malyal 0.62 i yield is 50% of potential
. Moderately suitable; expected
10 Duggondi 0.53 i yield is 50% of potential
Moderately suitable; expected
1 Regonda 0.56 i yield is 50% of potential
Moderately suitable; expected
12 Ghanpur 0.53 i yield is 50% of potential
Moderately suitable; expected
13 Khanapur 0.53 i yield is 50% of potential
14 Warangal RS 053 " Moderately suitable; expected

yield is 50% of potential




Table 12. Soil productivity constraints and their management

Identified soil constraints

Soil management practices

Location for suggested to increase the
crop production productivity
1. Tadvai Low AWSC and high sub Aldd't'ﬁ.n of OM and deep
soil BD ploughing
Gypsum application, deep
2. Nallabelli Alkali soil, High sub soil BD ploughing and N & P fertilizers

and low N & P

application

3. Bachannapet

Low AWSC and low
N&P

Addition of OM and N & P
fertilizers application

4. Eturunagaram

Slopy land, low AWSC, high
sub soil BD and low N

Contour cultivation, addition of
OM, deep ploughing and N
fertilizer application

5. Eleti Ramayapalli

High sub soil BD and low N

Deep ploughing and application
of N fertilizers

6. Wardhannapet

High sub soil BD

Deep ploughing

7. Raghunathapalli

High sub soil BD and low N

Deep ploughing and application
of N fertilizer

8.Pakala High subsoil BD Deep ploughing

8. Malyal No constraints identified

10. Duggondi Slow infiltration Provision of drainage

11. Regonda Alkali soil and slow infiltratio Onygrs;:?aggplication and provision
12. Ghanpur Slow infiltration Provision of drainage

13. Khanapur

Slow infiltration

Provision of drainage

14. Warangal RS

Slow infiltration

Provision of drainage




CHAPTER VI

SUMMARY AND CONCLUSIONS

The present investigation entitled “Characterization and Classification
of Soils of Warangal district of Central Telangana Zone” was carried out
during 2008-09 at Acharya N.G. Ranga Agricultural University,

Rajendranagar, Hyderabad.

Fourteen representative profiles from the district were chosen for the
study. These were described morphologically, horizon-wise. Soil samples
were collected horizon-wise and analysed for physical, physico-chemical and
chemical properties. Soils were taxonomically classified based on these
results. In addition, twenty surface samples were collected from each of nine
Administrative Divisions separately and analysed for N, P and K based on
which, the nutrient index was calculated. Physical rating index was calculated
from eight physical properties. Based soil properties, crop production
constraints were identified and ameliorative measures suggested. Findings

from the study are summarized below.
» The depth of soil varied from 55 cm (Shallow) in Eleti Ramayapalli

profile to 120 cm (Deep) in Eturunagaram profile.

» Sand, silt and clay contents of soils were found to vary from 40.90 to
77.56 per cent, 7.91 to 19.87 per cent and 12.48 to 39.46 per cent,

respectively.



Texture of the soils varied from sandy loam to sandy clay loam to clay
loam in surface soils and from sandy clay loam to clay loam to clay in

sub-surface soils.

Bulk density and particle density of soils varied from 1.32 to 1.71 and
2.42 to 2.61 Mg m>, respectively. The bulk density increased with

depth.

The per cent aggregates greater than 0.25 mm decreased with depth.
The per cent aggregate stability of soil also showed similar trend with

the depth.

There was large variation in hydraulic conductivity of the soils. It varied
from 0.08 cm hr* to 18.26 cm hr. Hydraulic conductivity was higher in

surface horizons and decreased with increase in depth.

The infiltration was found to be moderately rapid in Tadvai,
Bachannapet, Eturunagaram, Wardhannapet and Raghunathapalli,
moderate in Pakala, moderately slow in Malyal and slow in other

profiles.

The available water content (cm m™) increased gradually with depth. It
varied from 4.66 per cent in Tadvai profile to 16.16 per cent in Regonda

profile.

The available water storage capacity (cm m™) of the profiles varied from
9.06 in Bachannapet profile to 18.54 in Regonda profile. It was low in
Tadvai, Bachannapet and Eturunagaram profiles, medium in Nallabelli,

Eleti Ramayapalli, Wardhannapet, Raghunathapalli, Pakala and Malyal



profiles and high in Duggondi, Regonda Ghanpur, Khanapur and

Warangal RS profiles.

Soil reaction varied from 6.31 to 8.71. It increased with depth in
Wardhannapet, Raghunathapalli, Malyal and Khanapur profiles and
decreased with depth in Nallabelli, Bachannapet and Pakala profiles.

The soils of Nallabelli and Regonda were alkali soils.

Electrical conductivity (dS m™) varied from 0.03 to 1.05 and no definite

trend was observed with depth.

The exchangeable complex was dominated by calcium followed by

magnesium, sodium and potassium.

Cation exchange capacity was observed to increase with depth in
Tadvai, Nallabelli, Wardhannapet, Pakala and Malyal profiles whereas

in other profiles, no definite trend was observed.

ESP was found to decrease with depth in Tadvai and Nallabelli profiles,
whereas it increased with depth in Wardhannapet profiles and in others,
no definite trend was observed with depth. Base saturation percentage

of soils varied from 72 to 94 per cent.

The organic carbon content of surface soils varied from 0.58 to 0.81 per
cent. Higher soil organic carbon content was observed in surface soils
and it decreased with depth. The rating for organic carbon was high in
Malyal and Warangal Research station profiles whereas in other

profiles, it was medium.



Soil calcium carbonate content was found to vary from 1.42 to 13.67 per
cent and it increased with depth. The soils of Nallabelli, Duggondi,

Regonda and Warangal Research Station were calcareous.

The available nitrogen, phosphorus and potassium contents of soils
varied from 256 to 360, 13.1 to 35.8 and 183 to 320 kg ha™, respectively

and decreased with increase in depth.

The available iron, manganese, copper and zinc contents were
sufficiently high. In Regonda, the iron content was low. The

micronutrient content was found to decrease with depth.

Eleti Ramayapalli, Wardhannaapet, Pakala and Duggondi profiles were
classified into Inceptisols. Tadvai, Nallabelli, Bachannapet,
Eturunagaram , malyal and Raghunathapalli profiles were classified into
Alfisols and Regonda, Ghanpur, Khanapur and Warangal Research

station profiles were classified into Vertisols based on soil properties.

The available nitrogen, phosphorus and potassium content in surface
(0-15 cm) samples varied from 137 to 345, 6.35 to 26.50 and 121 to 392
kg ha’ and the nutrient index rating was low, medium and high,

respectively.

Based on soil physical rating index, Bachannapet and Wardhannapet
profiles were classified as class IV which is slightly suitable. The yield
could be increased by appropriate soil management practices. Other
profiles were classified as class Il which are moderately suitable where
the expected yield is 50 per cent of yield potential. The yield could be

further increased by soil management practices.



» Soil constraints were identified using physical rating index and
chemical index based on soil fertility status. The major constraints
identified were low available water storage capacity, slow infiltration,
high sub surface bulk density, water logging, soil erosion, alkali soils
and low nitrogen and phosphorus. No constraints for crop production
were observed in Malyal. The management practices suggested to
increase the productivity are application of organic matter, deep
ploughing, contour cultivation, gypsum application and application of N

and P fertilizers.



LITERATURE CITED

Ahuja R L, Pratipal singh Jagnath and Dinesh 1990 Land Evaluvation of sand
dunal toposequences of Haryana. Agropedology 7:1-13.

Balpande H S, Challa O and Jagdish Prasad 2007 Characterization and
classification of Grape-growing soils in Nasik district, Maharastra.
Journal of the Indian Society of Soil Science 55(1): 80-83.

Bharambe P R, Kadan S G Shinde S D and Shelke D K 1999 Chacterization
of soils of Majalgaon canal command area (Jayakwadi Project Stage-
I). Journal of the Indian Society of Soil Science 47(4): 749-454.

Bhaskar B P, Utapal Baruah S, Vadivelu S and Butte P S 2005
Characterization of soils in the ‘Bil' environs of Brahmaputra Valley in
Jorhat district, Assam for land use interpretation. Journal of the Indian
Society of Soil Science 53(1): 3-10.

Blake G R and Hartge K H 1986 In Methods of Soil Analysis Part |. Ed.
American Society of Agronomy Inc., USA, pp: 197-209.

Bower C A, Reitemeier R F and Fireman M 1952 Exchangeable cations
analysis of saline and alkali soils. Soil Science 73(2): 251-261.

Buol S W, Hole F D Cracken R J and Southard R J 1998 Soil Genesis and
classification. Fourth edition, Panima Publishing Corporation, New
Delhi pp: 1 - 380.

Chakraborty S K and Sinha H 1983 Morphology and salient characteristics of
some hill soils from north eastern India. Journal of the Indian Society
of soil science 31(4): 662-663.

Chakravarthy D N, Sehgal J L and Deva G 1978 Influence of climate and
topography on the Pedogenesis of alluvium derived soils in Assam:
Geographical settings. Morphology and physico — chemical properties.
Indian Journal of Agricultural Chemicals 11(1): 77-97.

Challa O, Bhaskar B P Anantwar S G and Gaikwad 2000 Characterization
and classification of some problematic Vertisols in semi-arid
ecosystem of Maharashtra Plateau. Journal of the Indian Society of
Soil Science 48(1):139-145.



Chinchmalatpure Anil R, Nayak A K and Gururaja Rao G 2001 Suitability
assessment for some crops on salt affected soils of Gujarat. Indian
Journal of Soil Conservation 29 (2): 138-142.

Chopra S Land Kanwar J S 1991 Analytical Agricultural Chemistry. Kalyani
Publishers, New Delhi pp 279.

Choudary V B 1994 Characterisation and classification of soils of
Vizianagram district. MSc (Ag) Thesis is submitted to Acharya NG
Ranga Agricultural University.

Dadhwal K S, Joshie P and Juyal G P 1997 Prominent Agroforestry
species for reclamation of limestone minespoils of outer Himalaya.
Indian Journal of Soil Conservation 25(1): 33-40.

Datta M, Bhattacharya B K and Saikh H 2001 Saoil fertility — A case study of
shifting cultivation sites in Tripura. Journal of the Indian Society of Sall
Science 49(1): 104-109.

Dhaliwal S S, Sidhu P S and Sharma B D 1996 Morphological, physical and
chemical characteristics and taxonomy of flood-plain soils.
Agropedology 6 (1): 13-22.

Dipak Sarkar, Abhijit Haldar, Alok Majumdar and Velayutham M 2000
Distribution of micronutrient cations in some Inceptisols and Entisols of
Madhubani District, Bihar. Journal of the Indian Society of Soil Science
48 (1): 202-203.

Dipak sarkar, Baruah O Gangopadhyay S K Sahoo A K and Velayutham M
2002 Characteristics and classification soils of catchement area of
Manipur for sustainable land use planning. Journal of Indian Society of
Soil Science 50(2):196-204.

Dipak sarkar, Gangopadhyay S K and Velayutham M 2001 Soll
toposequence relationship and classification in lower outlier of
Chhotanagpur plateau. Agropedology 11(1): 29-36.

Dipaksarkar, Nayak D C, Das K and Chatterjee 1997 Studies on
pedogenesis in a soil chronosequence in West Bengal. Journal of the
Indian Society of Soil Science 41(1): 133-137.

Gangopadhyay S K, Battacharjee T and Sarkar D 2001 Rubber growing soils
of Tripura — their characteristics and classification. Journal of the
Indian Society of Soil Science 49: 164-170.

Gangopadhyay S K, Bhattacharyya T and Dipak Sarkar 2008 Soil Resource
information for land evaluation — A case study with selected soil from



South Tripura district of North Eastern India. Journal of the Indian
Society of Soil Science 56 (1): 14-22.

Gangopahyay S K, Debnath N C and Banerjee S K 1986 Characteristics of
some high altitude soils of Sikkim forest division. Journal of Indian
Society of Soil Science 34(1): 830-838.

Ghajbhiye K S 1990 Water retention in Vertisols and their intergrades as
influenced by the physico-chemical properties. Journal of the Indian
Society of Soil Science 38(2):524-527.

Ghose M K and Kundu N K 2001 Characteristics of coal mine spoils. Journal
of the Indian Society of Soil Science 49(4): 748-750.

Gupta R P 1985 Criteria for physical ratings of soils in relation to crop

production. Annexure-lll In proceedings of the 1983-84 Annual
workshop AICRIP on soil physical conditions improvement. IARI, New
Delhi.

Jackson ML 1973 Soil Chemical Analysis. Oxford IBH Publishing House,
Bombay pp 38.

Jagdish Prasad, Nagaraju M S S Rajeev Srivastava Ray S K and Chandran
P 2001 Characteristics and classification of some orange growing soils
in Nagapur district of Maharashtra. Journal of the Indian Society of
Soil Science 49 (4): 735-739.

Jagdish Prasad, Satyavathi P L A Rajeev Srivastava and Nair K M 1995
Characterization and classification of soils of Nasik district,
Maharastra. Agropedology 5 (1): 25-28.

Jaggi | K and Bisen D C 1986 Infiltration studies in matasi and kanhar soils of
Chatisgarh region. Journal of Indian Society of Soil Science 34 (1):
173-175.

Jalota S K, Ramesh Khera and Ghuman B S 1998 Methods in Soil Physics.
Narosa Publishing house, New Delhi

Jassal H S, Sidhu P S Sharma B D and Mukhopadhyay S S 2000 Mineralogy
and Geochemistry of some soils of Siwalik hills. Journal of the Indian
Society of Soil Science 48 (1): 163-172.

Jawahar D, Arunachalam G and Janakiraman M 1999 Their- Red Coastal
sand dunes of Tamil Nadu and their characteristics. Journal of the
Indian society of Soils Science 47(1); 125-128



Jewitt T N, Law R D and Virgo K J 1979 Outlook on Agriculture as quoted by
W A Blockhuis Morphology and Genesis of Vertisols. In Vertisols and
rice soils of tropics, symposia of 12" International Congress of Soil
Science, New Delhi.

Joshi B K, Verma P K and Kothyari B P 2004 Erosion studies under different
land use systems in Bhetagad watershed of Central Himalayas. Indian
Journal of Soil Conservation 32(1): 139-142.

Kadao S H, Jagdish Prasad and Gajbhiye K S 2003 Characterization and
classification of some typical banana growing soils of Wardha district
of Maharastra. Agropedology 13 (1): 28-34.

Kaistha B D and Gupta R D 1994 Morphology and characteristics of few
Entisols and Inceptisols of north-west Himalayan region. Journal of the
Indian Society of Soil Science 42(1): 100-104.

Kaushal R, Bhandari A R Tripathi D and Sharma J C 1996 Soil water
retention characteristics of some soils under forests in temperate zone
of Himalayas. Journal of the Indian Society of Soil Science 44(1): 9-
12.

Kawde, Rawankar H N and Padde V R 2005 Characterisation of salt affected
soils of Keliveli (District Akola) form Purna valley by saturation extract
analysis. Journal of Soils and Crops 15 (1) 90-95.

Khan S K and Chatterjee A K 2001 Effect of continuous rice growing on
changes in pedon characteristics in an Ustalf. Journal of the Indian
Society of Soil Science 46(2): 368-370.

Khatik S K, Tomar S S, Tambe G P and Shrivastava S P 2003 Chemical
characterization and soil use pattern of soils of barne nala watershed
of Sehara Tehsil of Jabalpour District. Journal of Soils and Crops. 13
(1) pp 7-13.

Klute A and Dirksen C 1986 Hydraulic conductivity and diffusivity: laboratory
method. In methods of soil analysis Part-1 (Ed. A Klute), American
Society of Agronomy, Inc., U.S.A pp 687-739.

Kukal S S and Manmeet Kaur 2003 Effect of land use on aggregation as ON
index of soil erosion in submaontane Punjab. Indian Journal of Soil
Conservation 31 (3): 310-312.

Kumara Sastry V V and Balakran Mathur 1972 soils of Andhra Pradesh. In
soils of India (Ed. TM Alexander), The Fertilizer Association of India,
New Delhi pp 10-21.



Lindsay W L and Norvell W A 1978 Development of DTPA soil test for zinc,
iron, manganese and copper. Soil Science Society of America Journal
43(3): 421-428.

Lingade S R, Rajeev Srivastava Jagdish Prasad and Saxena R K 2008
Occurrence of Sodic vertic soil in Nagpur district, Maharastra. Journal
of the Indian Society of Soil Science 56 (2):13- 18

Madhusudhana Rao M 1993 Characterisaton and classification of soils of
Ulavapadu mandal of Prakasam district in Andhara Pradesh, Msc (Ag)
thesis, Andhara Pradesh Agricultural University, Rajendranagar,
Hyderabad.

Maji A K, Reddy G P O B | Thayalan S and Walke N J 2005
Characterization and classification of land farms and soils over
Basalthi terrain in sub-humid tropics of Central India. Journal of the
Indian Society of Soil Science 53 (2): 154-162.

Maji B and Bandyopadhyay B K 1995 Characterization and classification of
coastal soils of various pH groups in Sundarbans of West Bengal.
Journal of the Indian Society of Soil Science 43(1): 103-107.

Masri Sitanggang, Rao Y S Nayan Ahmed and Mahapatra S K 2006
Characterization and classification of soils in watershed area of
Shikohpur, Gurgaon district, Haryana. Journal of the Indian Society of
Soil Science 54(1): 106-110.

Mathan K K and Kannan N 1993 Influence of rain fall on nutrient loss in
sediment and run-off water sheds under contrasting landscape
system. Journal of the Indian Society of Soil Science 41(4): 606-608

Mathur P N,Singa R P and Gupta M K 1991 Comparative study of infiltration
in soils under forest cover and agriculture in temperate climate.
Journal of the Indian Society of Soil Science 108(4):648-652.

Mini V, Patil P L and Dasog G S 2007 Characterization and classification of
soils of pilot site in coastal agro eco system of North Karnataka.
Agropedology 17(1): 59-67.

Mishra B B and Ghosh S K 1995 Characterization of soils derived from mica
rich parent materials in two toposequences. Journal of the Indian
Society of Soil Science 43(1): 92-98.

Misra U K and H Saithantuaanga 2000 Characterization of acid soils of
Mizoram. Journal of the Indian Society of Soil Science 48(3): 437-446.



Muhr G R, Datta N P Sankara Subramoney H, Dever R F, Lely V K and
Donhare R L 1965 Soil Testing in India, US Agency for International
Development mission to India, New Delhi.

Mukhopadhyay K, Das K and Dipak Sarkar 2006 Major biophysical
constraints in crop production in Darjiling Himalayas. A case study in
mamring micro watershed, Kurseong. Journal of Inter academica
10(3): 354-363.

Murthy Y L N, Sastry T G Dutta S C Narayanasamy G and Rattan R K 1997
Distribution of Micronutrients cations in Vertisols derived from different
parent materials. Journals of the Indian Society of Soil Science 45(3):
577-580.

Nanda S K, Mishra B K and Bhatta A K 1997 Soil classification and soil and
land suitability for irrigation in Kuanria irrigation project. Journal of the
Indian Society of Soil Science 45 (2): 333-338.

National Bureau of Soil Survey and Land use planning 1997 Soils of Andhra
Pradesh for optimizing land use NBSS & LUP (ICAR), Nagpur.

Olsen S R, Cole C V Watnabe F S and Dean L A 1954 Estimation of
phosphorus in soils by extraction with sodium bicarbonate. United
States department of Agriculture circular 1939 USDAP Wasinghton.

Oswal M C and khanna S S 1981 Effect of soil physical and chemical
properties of soil water functional relationship. Journal of the Indian
Society of Soils Science 29(1): 7-11

Padole V R and Deshmukh P W 1998 Soil survey interpretation for land use
planning in salt - affected soils of Purna valley of Vidarbha,
Maharashtra. Journal of the Indian Society of Soil Science 46(3): 489-
493.

Pal S K and Mukhopadhyay A K 1992 Distribution of different forms of
potassium in profiles of Entisols. Journal of the Indian Society of Soil
Science 40 (2): 371-373.

Parker F W, Nelson WL Winter E and Mile | E 1951 The Broad Interpretation
of soil test information. Agronomy Journal 43:103-112.

Patil M N, Khandare N C and Puranik R B 1999 Evaluation of pedological
development of orange garden soils of Akola district through field
morphology rating system. Journal of the Indian Society of Soil
Science 47(2): 180-182.



Patton S, Sharma S K and Singh R K 2007 Characterization of the acidity of
soil under different land use patterns in Nagaland. Journal of the
Indian Society of Soil Science 55 (2): 134-138.

Pillai M Y and Natarajan A 2004 Characterization and classification of
dominant soils of parts of Garakahalli watershed using remote sensing
technique. Mysore Journal of Agricultural Science 38(2): 193-200.

Piper C S 1966 Soil and Plant Analysis. Hans Publications, Bombay pp 59.

Prabhu Prasadini and Singa Rao 1998 Profile water storage capacity of soils
of scare rainfall zone of Andhra Pradesh. Journal of Indian Society of
Soil Science. 46(3): 351-353.

Prabhu Prasadini P, Singa Rao M Nagender Rao C and Jayasree G 1995
Soil physical constraints and their management for increasing crop
production in Andhra Pradesh.Highlights Research 1967-1994.

Prasuna Rani P, Pillai R N Bhanu Prasad V and Subbaiah G V 1992
Characterisation and classification of red soils of Kowali canal area
under somasila project of Andhra Pradesh. The Andhra Agricultural
Journal 38: 368-374.

Rajavel, Mayalag K K and Janakiraman V 2002 Pedology and resource of
soil in Tamil Nadu Agricultural University, Killikulam campus farm,
Thoothukudy District, Tamilnadu. Publication No.1 Director of
Publication, Tamil Nadu Agricultural University.

Rajput R P and Gupta R K 2003 Soil related constraints to productivity of
soyabean based cropping system in central India. JNKVV — Research
Journal 3: 1-19.

Rajya Lakshmi G 2004 Soil properties under Alternate land use systems in
Rainfed Alfisols M.Sc.(Ag) Thesis submitted to Acharya N G Ranga
Agricultural University Hyderabad.

Ram Prakash T and Seshagiri Rao M 2002 Characterisation and
classification of some soils in part of Krishna district Andhra Pradesh.
The Andhra Agricultural Journal 49: 228-236.

Ramachandran S 2006 Dynamics of soils properties as influenced by tillage
management in Rabi Groundnut in Rice-Ground nut system. M.Sc.
(Ag) Thesis submitted to Acharya NG Ranga Agricultural University,
Hyderabad.



Rao T V and Krishna Murthy G S R 1982 Hydro physical properties of red
and black soils of Hyderabad. The Andhra agricultural journal 29(1):
63-69.

Ratnam B V, Seshagiri Rao M and Sankara Rao V 2001 Characteristics of
rice growing and non-rice growing Vertisols from Andhra Pradesh.
Journal of the Indian Society of Soil Science 49(3): 371-373.

Ravinder Singh and Nayak A K 1999 Water retention and transmission
characteristics of Mahi right bank canal command area of Gujarat.
Journal of the Indian Society of Soil Science 47()1: 9-15.

Reddy R S and Shivaprasad CR 1999 Characterization and evaluation of the
potato growing soils of Karanataka. Journal of the Indian Society of
Soil Science 47(3): 525-532.

Rudramurthy H V and Dasog G S 2001 Properties and genesis of associated
red and black soils in north Karnataka. Journal of the Indian Society of
Soil Science 49 (2): 301-309.

Sahrawat K L 1999 Phosphate sorption in benchmark Vertisol and Alfisol
profiles. Journal of the Indian Society of Soil Science 67(1): 144-146.

Sahu G C and Mishra K N 1996 Morphology and Characteristics of soils of
an irrigated river flood plain in the eastern coastal region. Journal of
the Indian Society of Soil Science 45 (1): 152-156.

Sarkar D V Baruah S K Gangopadhyay A K Sahoo and velayutham N 2002
Characterisation and classification of soils of Loktak catchment Area
of Manipur for sustainable land use planning. Journal of the Indian
Society of Soil Science 50(2): 196-200.

Satayavathi P L A and Suryanarayan Reddy M 2005 Characteristics and
classification of soils in Southern Telangana Zone of Andhra Pradesh.
The Journal of Research ANGRAU 33 (2): 18-26.

Sehgal J L 1996 Pedology Concepts and Applications. Kalyani Publishers,
New Delhi, pp 176-185.

Sekhon G S and Velayutham M 2002 Soil Fertility Evaluvation.Fundamentals
of Soil Science. The Indian Society of Soil Science Publication.ISBN
81-901470-0-5.

Sellamuthu K M, Natarajan S Sivasamy R and Mani S 2000 Geographical
information system for delineating soil related constrains in sugarcane
growing areas. Sugar-Tech 2: 30-33.



Seshagiri Rao, Prasuna Rani P Ramesh K and Vikram D 2004 Morphology
and classification of southern coastal agro-eco sub region soils of
Andhra Pradesh. Journal of Andhra Agriculture 51 (1&2) 71-76.

Setia R K, Verma V K Sharma P K Khurana M P S and Kang G S 2007
Pedospheric distribution of Micronutrient cations in soils developed on
various landforms in North-East Punjab. Journal of the Indian Society
of Soil Science 55(3): 515-520.

Sharma B D Mukhopadhyay S S and Arora H 2005 Total and DTPA
extractable micronutrients in relation to pedogenesis in some Alfisols
of Punjab. Journal of the Indian Society of soil Science 170(3):559-
572.

Sharma S S, Totawat K L and Shyampura R L 2004 Characterisation and
classification of salt affected soils of southern Rajasthan. Journal of
the Indian Society of Soil Science 52(3): 209-214.

Sharma V K and Anil Kumar 2003 Characterization and classification of the
soil of upper Maul khad catchment in wet temperate zone of Himachal
Pradesh. Agropedology 13: 39-49.

Sidhu G S and Ghose S K and Manjaiah K M 2000 Pedological variabilities
and classification of some dominant soils of Aravalis- Yamuna river
Transect in Semi-arid trait of Haryana. Agropedology 10: 80-87.

Simmonson R W 1993 Soil colour standards and terms for field use-History
of their development. In: Soil colour: SSSA special publication No. 31
(Eds) J.M.Binghawn and E.J. Ciolkosz. Soil Science Society of
America Journal Madison Winsconsin, USA. pp. 1-20.

Singa Rao M and Prabhu Prasidini P 1995 Profile water storage capacity of
soils of scare rainfall zone of Andhra Pradesh. Journal of the Indian
society of soil science 46 (3): 351-353.

Singh C J, Khera R and Choudhary M R 1989 Estimation of soil hydraulic
properties from soil survey data. Journal of the Indian Society of Soil
Science 37 (2): 555-557.

Singh H N, Sharma A K and Om Prakash 1999 Characterization and
classification of some cultivated soils of Ramganga catchment in the
soils of Uttar Pradesh. Agropedology 9(1): 41-46.

Singh | S and Agrawal H P 2003 Characterization and classification of some
rice growing soils of Chandauli district of Uttar Pradesh.
Agropedology 13: 11-16.



Singh M J and Khera K L 2007 Soil erodiability in relation to physical and
physico-chemical characteristics of some submontane soils of Punjab.
Journal of the Indian Society of Soil Science 55(3): 340-348.

Singh R N, R.N.P. Singh D.P.S. Diwakar. 2000. Characterization of old
alluvial soils of sone Basin. Journal of the Indian Society of Soil
Science 48(2): 352-357.

Soil Survey Staff 1951 Soil Survey Manual. US Department of Agriculture
Hand book No. 18.

Soil Survey Staff 1998 Keys to Soil Taxonomy. Eighth edition, National
Resource Conservation Centre, USDA, Blacksburg, Virginia.

Subbaiah B V and Asija C L 1956 A rapid procedure for the estimation of
available nitrogen in soils. Current Science 25: 32.

Surekha K, Subba Rao | V, Prasad Rao A and Shantaram M V 1997
Characterisation of some Vertisols of Andhra Pradesh. Journal of the
Indian Society of Soil Science 45(3): 338-343.

Susil Kumar, Sharma J C and Sharma | P 2002 Water retention
characteristics and erodobility indices of some soils under different
land use in N-W Himalayas. Journal of Soil Conservation 30(1): 29-35.

Swarnam T P, Velmurugan A and Rao Y S 2004 Characterization and
classification of some soils from Shahibi basin in parts of Haryana and
Delhi. Agropedology 14: 114-122.

Tamgadge D B, Gaikawad S T and Gajbhiye K S 1999 Soils of Madhya
Pradesh: Part | - An inventory and soil physiographic relationship.
Journal of the Indian Society of Soil Science 47(1): 109-114.

Tandon 1993 Methods of analysis of soils plants water and fertilizers.
Fertilizer development and consultation organization New Delhi India.

Taywade S S and Jagdish Prasad 2008 Characterisation of sewage-water
irrigated and non-irrigated soils in Nag river ecosystem of Nagpur
Maharasstra. Journal of the Indian Society of Soil Science 56(3): 247-
254.

Thangasamy A, Naidu M V S, Ramavatharam N and Raghava Reddy E 2005
Characterisation, classification and evaluation of soil resource in
Sivagiri watershed of chittoor district of Andhra Pradesh for
sustainable land use planning. Journal of the Indian Society of Soil
Science 53 (1): 10-20.



Thyagarajan T M 1998 Distribution of organic carbon in some Alfisols and
Vertisols of Tamil Nadu Uplands.journal of Indian Society of Soil
Science 46(3):446-448.

Tripathi D Karan Singh Upadhyay G V P 1994 Distribution of micronutrients
in some reprenstative soil properties of Himachal Pradesh. Journal of
the Indian Society of Soil Science 42:143-145.

Tripathi D, Verma J R, Patial K S and Karan Singh 2006 Characteristics,
Classification and suitability of soils of major crops of Kiar- Nagali
Micro watershed in North West Himalayas. Journal of the Indian
Society of Soil Science Vol. 54 (2) pp 131-136.

Tripathi P N, Bhadoriya N S and Preeti-Sharma 2007 Pedogenesis and
taxonomy of engineering and Imalia farm soisl of JNKVV Jabalpur,
Madhya Pradesh. Bhartiya Krishi Anusandhan Patrika 22: 313-317.

Vacca A, Adamo P Pigna M and Violante P 2003 Genesis of tephra derived
soils from the Roclamonfina volcano, South Central Italy. Soil Science
society of America Journal 67: 1718-207.

Vani K 1998 Characterization and classification of soils of Adilabad district
M.Sc. (Ag) Thesis submitted to Acharya NG Ranga Agricultural
University, Hyderabad.

Vara Prasad Rao A P, Naidu M V S, Ramavatharam N and Rama Rao G
2008 Characterisation, classification of soils of different land farms in
Ramachandrapuram mandal of Chittoor District in Andhra Pradesh for
sustainable land use planning. Journal of the Indian Society of Soil
Science 56 (1): 23-33.

Venu Prasad A 1986 Studies of the functional relationship of soil water with
soil properties. MSc (Ag) Thesis submitted to Andhra Pradesh
Agricultural University Hyderabad.

Verma K S, Saxena R K and Bhargava G P 2007 Anomalies in Classification
of the salt affected soils under USDA soil taxonomy. Journal of the
Indian Society of Soil Science 55(1): 1-9.

Vijay Kumar T, Suryanaryan Reddy M and Gopalakrishna V 1994
Characterisatics and classification of soils of Northen Telangana zone
of Andhra Pradesh. Agropedology 4:31-43.

Walia C S and Chamuh G S 1996 Characterisation of some Inceptisols of
Arunachan Hills. Journa of the Indian Society of Soil Science
44(1):156-162.



Walia C S and Rao Y S 1996 Genesis, characteristics and taxonomic
classification of some red soils of Bundelkhand region of Uttar
Pradesh. Journal of the Indian Society of Soil Science 44(4): 476-481.

Walia C S and Rao Y S 1997 Characterstics and classification of some soils
of trans- Yamuna plain. Journal of the Indian Society of Soil Science
44(1): 156-162.

Walkley and Black | A 1934 An examination of the Degtjaretf method for
determining soil organic matter and a proposed modification of the
chromic acid titration method. Soil Science 37: 29-33.

Yadav J S P and Banarjee S P 1968 Water stable aggregates in a forest soil
of Dehradun division. Journal of Indian Society of Soil Science 16(1):
31-35.

Yadav J S P and Singh K 1976 Effect of forest plantations on water stable
aggregates of soil. Journal of Indian Society of Soil Science 24:363-
368.

Yoder R E 1937 The Significance of soil structure in relation to tilth problem.
Soil Science society of America Proceedings 2: 21-33.



APPENDIX |

Description of Profiles
The soil profiles were studied for morphological features of the
horizons as per the methods and nomenclature used by (Soil Survey Staff,

1998). The description of the profiles is given below.

Profile : 1
Location : Tadvai
Mandal : Tadvai

Soils are moderately shallow in depth, moderately rapid in drainage
condition with undulating topography.Natural vegetation includes shrubs and
forest tree species such as Acacia nilotica, Tectonis grandis etc.

Depth Description

(cm)

0-15 Reddish brown (2.5YR 4/3 D), dark reddish brown (5YR 3/3 M);
sandy loam; fine weak sub angular blocky; loose, friable, non-
sticky and non-plastic; medium pores are many; few fine roots;

no effervescence with diluted HCI; clear smooth boundary.

15-37 Reddish brown (2.5YR 4/4 D), dark red (2.5YR 3/6 M); sandy
clay loam; fine weak sub angular blocky; slightly hard, friable,
slightly sticky with no plasticity; medium pores are common; no

effervescence with diluted HCI; clear smooth boundary.

37-55 Red (2.5YR 4/6 D), dark red (2.5YR 3/6 M); sandy clay loam;
fine moderate sub angular blocky; slightly hard, friable, slightly
sticky and slightly plastic; few medium pores; very few fine
roots; no effervescence with diluted HCI; diffused wavy

boundary.



55-70+

Red (2.5YR 4/8 D), dark red (2.5YR 3/6 M), sandy clay loam;
fine moderate sub angular blocky; slightly hard, friable, slightly
sticky and slightly plastic; very few medium pores; no

effervescence with diluted HCI; diffused wavy boundary.

Profile : 2
Location : Nallabelli
Mandal : Nallabelli

Soils are moderately shallow in depth, poor in drainage condition and

the topography is nearly level (<1%). Maize and sorghum are the major crops

grown.

Depth
(cm)

0-15

15-30

30-70+

Description

Yellowish brown (10YR 5/4 D), dark yellowish brown (10YR 4/4
M); sandy clay loam; medium moderate sub angular blocky;
slightly hard, friable, slightly sticky and non plastic; medium size
pores are many; few fine roots; violent effervescence observed
with diluted HCI; more calcium carbonate nodules; clear smooth
boundary.

Dark yellowish brown (10YR 4/4 D), dark yellowish brown (10YR
3/4 M); sandy clay loam; medium moderate sub-angular blocky;
slightly hard, firm, slightly sticky and slightly plastic; fine pores
are common; very few very fine roots; violent effervescence with
diluted HCI; more calcium carbonate nodules; clear smooth
boundary.

Dark yellowish brown (10YR 4/6 D), dark yellowish brown (10YR
3/6 M); sandy clay loam; medium moderate sub angular blocky;
very hard, firm, slightly sticky and plastic; fine pores are few;
violent effervescence with diluted HCI; more calcium carbonate

nodules; diffused wavy boundary.



Profile : 3
Location : Bachannapet
Mandal : Bachannapet

Soils are moderately shallow in depth, poor in drainage condition and
the topography is nearly level (<1%).Maize and cotton are the major crops
grown.

Depth Description

(cm)

0-8 Red (2.5YR 4/6 D), dark red (2.5YR 3/6 M); sandy loam; fine
weak sub angular blocky ; loose, firm, slightly sticky and slightly
plastic, medium pores are common; few fine pores; slight
effervescence with diluted HCI; few calcium carbonate nodules;
clear smooth boundary.

8-50 Red (2.5YR 4/8 D), dark red (2.5YR 3/6 M); sandy clay loam;
fine moderate sub angular blocky; slightly hard, firm, slightly
sticky and slightly plastic; medium pores are many. Very fine
roots; slight effervescence with diluted HCI; few calcium
carbonate nodules; clear and wavy boundary.

50-65+  Yellowish red (5YR 4/6 D), dark reddish brown (2.5YR 3/4 M);
sandy clay loam; fine weak sub angular blocky; slightly hard,
firm, sticky and plastic, medium size pores are many; slight
effervescence with diluted HCI; few calcium carbonate nodules;

clear wavy boundary.

Profile : 4
Location : Eturunagaram
Mandal : Eturunagaram

Soils are deep to very deep in depth, moderately rapid in drainage
condition and the topography is nearly level (<1%). Natural vegetation

includes forest tree species and shrubs.



Depth
(cm)

0-15

15-47

47-80

80-120

Description

Yellowish red (5YR 4/6 D), dark reddish brown (2.5YR 3/3 M);
sandy loam; fine weak sub angular blocky; loose, firm, non-sticky
and non-plastic; medium size pores are many; few fine roots; no
effervescence with diluted HCI; clear smooth boundary.

Red (5YR 4/6 D), dark reddish brown (2.5YR 3/4 M); sandy clay
loam; fine weak sub angular blocky; slightly hard, friable, slightly
sticky and non-plastic; medium pores are many; few fine roots;
no effervescence with diluted HCI; clear smooth boundary.

Red (2.5YR 4/8 D), dark red (2.5YR 3/6 M); sandy clay loom;
medium moderate sub angular blocky; slightly hard, friable,
sticky and plastic; fine pores are common; no effervescence with
diluted HCI; diffused wavy boundary.

Red (2.5YR 4/6 D); dark red (2.5 YR 3/6 M); sandy clay loam;
medium moderate sub angular blocky; hard, firm, sticky and
plastic; few fine pores; no effervescence with diluted HCI;

diffused wavy boundary.

Profile : 5
Location : Eleti Ramayapalli
Mandal : Chityal

Soils are moderately shallow in depth, poor in drainage condition and

the topography is nearly level (<1%).Cotton and sorghum are the major crops

grown.

Depth
(cm)

0-11

11-30

Description

Brown (7.5YR 4/4 D), dark brown (7.5YR 3/4 M); sandy clay
loam; fine weak sub angular blocky; loose, friable, slightly sticky
and non plastic; medium pores are common; few fine roots; no
effervescence with HCI; clear smooth boundary.

Strong brown (7.5YR 4/6 D), dark brown (7.5YR 3/4 M); sandy



30-55

55+

clay loam; medium moderate sub angular blocky; slightly hard,
firm, slightly sticky and slightly plastic; medium size pores are
many; very few fine roots; no effervescence with diluted HCI;
clear smooth boundary.

Strong brown (7.5YR 4/6 D), dark brown (7.5YR 3/4 M); sandy
clay loam; medium moderate sub angular blocky; slightly hard,
firm, sticky and slightly plastic; few fine pores; few fine roots; no
effervescence with diluted HCI; diffused wavy boundary.

Strong brown (7.5YR 4/6 D), dark brown (7.5YR 3/4 M); sandy
clay loam; moderate medium sub angular blocky; slightly hard,
firm, sticky and slightly plastic; fine pores are few; no

effervescence with diluted HCI; diffused wavy boundary.

Profile : 6
Location : Wardhannapet
Mandal : Wardhannapet

Soils are moderately deep in depth, moderately rapid in drainage

condition and the topography (undulation) is nearly level (<1%).Cotton, maize

and sorghum are the major crops grown.

Depth
(cm)

0-8

8-33

33-80+

Description

Yellowish brown (10YR 5/4 D), dark yellowish brown (10YR 4/4
M); sandy loam; medium weak sub angular blocky; loose, friable,
non-sticky and non-plastic; medium pores are many; few fine
roots; slight effervescence with diluted HCI; few calcium
carbonate nodules; clear smooth boundary.

Yellowish red (5YR 5/6 D), red (2.5YR 4/6 M); sandy clay loam;
medium moderate sub angular blocky; slightly hard, firm, slightly
sticky and slightly plastic; fine size pores are common; very fine
roots are few; slight effervescence with diluted HCI; few calcium
carbonate nodules; clear smooth boundary.

Yellowish brown (10YR 5/4 D), strong brown (7.5YR 4/6 M);



sandy clay loam; medium moderate sub angular blocky; slightly
hard, firm, sticky and plastic; very fine pores are few; slight
effervescence with diluted HCI; few calcium carbonate nodules;

diffused wavy boundary.

Profile : 7
Location : Raghunathapalli
Mandal : Raghunathapalli

Soils are moderately shallow in depth, moderately rapid in drainage

condition and the topography is nearly level (<1%). Cotton, maize and

sorghum are the major crops grown.

Depth
(cm)

0-25

25-55

55-75+

Description

Reddish brown (5YR 4/4 D), dark brown (7.5YR 3/4 M); sandy
loam; fine weak sub angular blocky; slightly hard, friable, no-
sticky and no-plastic; medium pores are many; fine pores are
few; no effervescence with diluted HCI; clear smooth boundary.
Yellowish red (5YR 4/6 D), dark reddish brown (5 YR 3/3 M);
sandy clay loam; medium strong angular blocky ; slightly hard,
firm, slightly sticky and slightly plastic, fine pores are common;
very fine pores are few; no effervescence with diluted HCI; clear
wavy boundary.

Reddish brown (5YR 4/4 D), dark reddish brown (5YR 3/4 M);
sandy clay loam; medium moderate sub angular blocky; hard,
firm, sticky and plastic; very fine pores are few; no effervescence

with diluted HCI; diffused wavy boundary.



Profile : 8
Location : Pakala
Mandal : Narasmpet

Soils are moderately shallow in depth, moderate in drainage condition
and the topography is nearly level (<1%).Cotton, maize and sorghum are the
major crops grown.

Depth Description

(cm)

0-10 Reddish brown (5YR 4/4 D), dark reddish brown (5YR 3/3 M);
sandy clay loam; fine weak sub angular blocky; loose, friable,
non sticky and slightly plastic; medium pores are many; slight
effervescence with diluted HCI; few calcium carbonate nodules;
diffused wavy nature boundary.

10-35 Reddish brown (5YR 4/4 D), dark reddish brown (5YR 3/3M);
sandy clay loam; medium moderate angular blocky; slightly hard,
friable, slightly sticky and slightly plastic, fine pores are few;
slight effervescence with diluted HCI; few calcium carbonate
nodules; diffused wavy boundary.

35-55+ Reddish brown (5YR 4/4 D), dark reddish brown (5YR 3/3 M);
sandy clay loam; medium moderate sub angular blocky; slightly
hard, friable, slightly sticky and slightly plastic; fine pores are
few; slight effervescence with diluted HCI; few calcium carbonate

nodules; diffused wavy boundary.

Profile : 9
Location : Malyal
Mandal : Malyal

Soils are moderately deep in depth, moderately slow in drainage
condition and the topography is nearly level (<1%).Rice and cotton are the

major crops grown.



Depth Description

(cm)

0-20 Dark greyish brown (10YR 4/2 D), dark brown (10YR 4/3 M);
sandy clay loam; medium moderate sub angular blocky; loose,
friable, non sticky and slightly plastic; medium pores are many;
fine roots are very few; slight effervescence with diluted HCI; few
calcium carbonate nodules; clear smooth boundary.

20-40 Brown (10YR 4/3 D), dark yellowish brown (10YR 4/4 M); clay
loam; medium moderate sub angular blocky; slightly hard, firm,
slightly sticky and slightly plastic; fine pores are common; fine
roots are few; slight effervescence with diluted HCI; few calcium
carbonate nodules; clear smooth boundary.

40-65 Dark yellowish brown (10YR 4/4 D), dark greyish brown (10YR
4/2 M); clay loam; medium strong angular blocky; hard, firm,
slightly sticky and slightly plastic; fine pores are few; few fine
roots; violent effervescence with diluted HCI; few calcium
carbonate nodules; diffused wavy boundary.

65-95+ Dark yellowish brown (10YR 4/4 D), dark greyish brown (10YR
4/2 M); sandy clay loam; fine strong angular blocky; hard, firm,
slightly sticky and slightly plastic; fine pores are few; violent
effervescence with diluted HCI; few calcium carbonate nodules;

diffused wavy boundary.

Profile : 10
Location : Duggondi
Mandal : Duggondi

Soils are moderately shallow in depth, poor drainage in condition and
the topography is nearly level (<1%). Rice and maize and sorghum are the
major crops grown.

Depth Description
(cm)

0-15 Greyish brown (10YR 5/2 D), reddish brown (2.5YR 4/3 M); clay



15-37

37-65+

loam; medium moderate sub angular blocky; slightly hard, firm,
slightly sticky and slightly plastic; medium pores common; few
fine roots; violent effervescence with diluted HCL; more calcium
carbonate nodules; clear smooth boundary.

Brown (10YR 5/3 D), dark reddish brown (10YR 3/3 M); clay
loam; medium moderate sub angular blocky; hard, firm, slightly
sticky and slightly plastic; medium size pores are many; few very
fine roots; violent effervescence with diluted HCI; more calcium
carbonate nodules observed; diffused wavy boundary.

Yellowish brown (10YR 5/4 D), dark yellowish brown (10YR 3/4
M); clay loam; weak fine angular blocky; hard, firm, sticky and
plastic; few fine pores; violent effervescence with diluted HCI;

more calcium carbonate nodules; diffused smooth boundary.

Profile : 11
Location : Regonda
Mandal : Regonda

Soils are moderately in deep, poor in drainage condition and the

topography is nearly level (<1%). Rice and cotton are the major crops grown.

Depth
(cm)

0-11

11-35

35-55

Description

Very dark grey (7.5YR 3/1 D), black (7.5YR 2.5/1 M); clay loam;
medium moderate sub angular blocky; hard, firm, slightly sticky
and slightly plastic; medium pores are many; few fine roots;
violent effervescence with diluted HCI; more calcium carbonate
nodules; clear smooth boundary.

Very dark grey (7.5YR 3/1 D), black (7.5YR 2.5/1 M); clay loam;
medium moderate angular blocky; hard, firm, slightly sticky and
slightly plastic; fine pores are common; few fine size roots;
violent effervescence with diluted HCI; more calcium carbonate

nodules observed,; diffused wavy boundary.

Very dark grey (7.5YR 3/1 D), black (7.5YR 2.5/1 M); clay loam;

fine, moderate angular blocky; slightly hard, firm, sticky and



55-75

75+

plastic; fine pores are common; violent effervescence with
diluted HCI; more calcium carbonate nodules; diffused smooth
boundary.

Very dark grey (7.5YR 3/1 D), black (7.5YR 2.5/1M); clay loam;
fine, strong angular blocky; slightly hard, firm sticky and plastic;
fine pores are common; violent effervescence with diluted HCI;
more calcium carbonate nodules; diffused smooth boundary.
Very dark grey (7.5YR 3/1 D), black (7.5YR 2.5/1M); clay; fine,
strong angular blocky; slightly hard, very firm, sticky and very
plastic; violent effervescence with diluted HCI; more calcium

carbonate nodules; diffused smooth boundary.

Profile : 12
Location : Ghanpur
Mandal : Ghanpur

Soils are moderately shallow, poor in drainage condition and the

topography is nearly level. Maize and cotton are the major crops grown.

Depth

(cm)

0-17

17-45

45-60

Description

Brown (7.5YR 5/2 D), dark brown (7.5YR 3/3 M); clay loam;
medium weak sub angular blocky; hard, firm, slightly sticky and
non-plastic; medium size pores are many; few fine roots; slight
effervescence with diluted HCI; few calcium carbonate nodules;
clear smooth boundary.

Brown (7.5YR 5/2 D), dark brown (7.5YR 3/3 M); clay loam;
medium moderate angular blocky; slightly hard, firm, slightly
sticky and slightly plastic; very fine pores are few; few fine roots;
slight effervescence with diluted HCI; few calcium carbonate
nodules; clear smooth boundary.

Brown (7.5YR 5/2 D), dark brown (7.5YR 3/3 M); clay loam;
medium moderate angular blocky; slightly hard, firm, sticky and
plastic; few very fine pores; few fine roots; slight effervescence

with diluted HCI; few calcium carbonate nodules; diffuse wavy



60-65+

boundary.

Brown (7.5YR 5/2 D), dark brown (7.5YR 3/3 M); clay; medium
weak angular blocky; slightly hard, firm, sticky and plastic; few
very fine pores; slight effervescence with diluted HCI;, few

calcium carbonate nodules; diffused wavy boundary.

Profile : 13
Location : Khanapur
Mandal : Khanapur

Soils are moderately shallow, poor in drainage condition and the

topography is nearly level plain. Rice is the major crops grown.

Depth
(cm)

0-12

12-30

30-45

45-65+

Description

Yellowish brown (10YR 5/4 D), dark yellowish brown (10YR 4/6
M); clay loam; medium weak sub angular blocky; hard, firm
slightly sticky and plastic; medium pores are many; few fine
roots; slight effervescence observed with diluted HCI; few
calcium carbonate nodules; clear smooth boundary.

Yellowish brown (10YR 5/6 D), dark yellowish brown (10YR 4/6
M); clay loam; medium weak sub angular blocky; hard, firm,
slightly sticky and plastic; medium pores are common; few fine
roots; slight effervescence with diluted HCI; few calcium
carbonate nodules; clear smooth boundary.

Dark yellowish brown (10YR 4/4 D), yellowish brown (10YR 3/4
M); clay loam; medium weak angular blocky; slightly hard, very
firm, sticky and plastic;c few and very fine pores; slight
effervescence with diluted HCI; few calcium carbonate nodules;
diffused wavy boundary.

Dark yellowish brown (10YR 4/6 D), dark yellowish brown (10YR
3/6 M); clay loam; medium strong angular blocky; slightly hard,
very firm, sticky and plastic; very fine pores are few; slight

effervescence with diluted HCI; few calcium carbonate nodules;



diffused wavy boundary.

Profile : 14
Location : Warangal Research Station
Mandal : Warangal

Soils are moderately shallow, poor in drainage condition and the

topography is nearly level. Cotton, maize, pulses and fodder sorghum are the

major crops grown.

Depth
(cm)

0-15

15-55

55-72

72+

Description

Very dark greyish brown (10YR 3/2 D), very dark grey (10YR 3/1
M); clay loam; medium weak sub angular blocky; hard, firm,
slightly sticky and slightly plastic; medium pores are common;
fine roots are very few; violent effervescence with diluted HCI;
more calcium carbonate nodules; clear smooth boundary.

Very dark greyish brown (10YR 3/2 D), very dark grey (10YR 3/1
M); clay loam; medium strong angular blocky; hard, firm, sticky
and plastic; medium pores are common; very fine roots are very
few; violent effervescence with diluted HCI; more calcium
carbonate nodules; clear smooth boundary.

Very dark greyish brown (10YR 3/2 D) very dark grey (10YR 3/1
M); clay loam; medium strong angular blocky; slightly hard, very
firm, very sticky and very plastic; few very fine roots; violent
effervescence with diluted HCI; more calcium carbonate nodules;
diffused wavy boundary.

Very dark greyish brown (10 YR 3/2 D) very dark grey (10 YR
3/1 M); clay; medium strong angular blocky; slightly hard, very
firm, very sticky and very plastic; very fine pores; few very fine
roots; violent effervescence with diluted HCI; more calcium

carbonate nodules; diffused wavy boundary.



Appendix Il

Available N, P & K in surface soils

Adn;?n.is.trative N Nun;gﬁr of AvaiIable(kgarj]g_rl)nutrients
ivision

samples N P,Os K,O

Hanamakonda 1. Hanamakonda 1 185 12.50 232

2 183 14.20 346

3 179 18.60 357

4 345 13.50 343

2. Hasanparthy 1 158 21.20 295

2 172 10.50 304

3 169 14.65 321

3. Geezugonda 1 220 20.50 298

2 295 19.55 289

3 187 20.20 296

4. Sangam 1 179 19.87 294

2 163 18.73 325

3 323 9.80 185

5) Wardhannapet 1 172 16.20 308

2 210 18.75 302

3 215 18.35 317

4 315 15.65 333

6) Parvathagiri 1 225 16.40 326

2 240 17.20 318

3 260 18.25 309

2. Ghanpur 1. Dharmasagar 1 136 6.35 305

2 142 7.75 292

3 157 23.75 288

2. Raghunathapalli 1 137 8.25 312

2 167 9.50 323

3 152 10.73 195

4 295 26.50 316

3. Zaffargath 1 154 10.65 325

2 182 6.95 332

3 174 7.25 318

4 163 8.16 319

4. Palakurthi 1 312 9.23 296

2 198 11.32 325




. . Number of Available major nutrients
Adn;!n]s.tratlve Mandals soil (kg ha™)
ivision
samples N P,Os K,O
3 251 10.81 317
5. Ghanapur station 1 182 7.42 360
2 247 22.65 205
3 325 6.93 322
6. Devaruppala 1 245 7.72 341
2 265 8.51 339
3 255 7.99 355
3. Janagaon 1.Cherial 1 168 12.75 165
2 155 13.65 180
3 172 10.50 215
2. Maddur 1 180 16.35 220
2 210 15.25 245
3 195 18.25 163
4 205 12.35 182
3. Narmeta 1 232 18.64 310
2 212 16.32 332
3 243 17.25 291
4. Bachannapet 1 261 12.52 185
2 235 16.36 163
3 241 15.21 176
4 252 17.32 335
5. Jangaon 1 218 14.25 232
2 261 19.35 212
3 237 20.50 242
6. Lingal ghanpur 1 218 14.50 265
2 195 6.25 218
3 178 13.25 247
4. Mahabubabad 1. Kothagudem 1 189 12.50 132
2 210 11.73 121
3 176 15.83 260
2. Gudur 1 192 20.84 346
2 265 22.75 332
3 215 23.63 318
3. Kesamudram 1 265 12.35 119.26
2 235 13.25 121.12




Number of

Available major nutrients

Adn;@n.is.trative Mandals soil (kg ha™)
ivision
samples N P,Os K,O
3 272 17.67 295.35
4 295 18.32 162.72
4.Mahabubabad 1 310 23.25 119.22
2 260 15.32 212.35
3 193 18.16 254.54
5. Korivi 1 212 20.15 262.50
2 218 15.12 230.10
3 241 19.32 210.50
4 251 17.15 189.50
6. Dornakal 1 271 18.12 192.35
2 242 17.32 240.50
3 239 16.15 212.16
5. Maripeda 1. Raiparthi 1 218 12.50 315
2 212 13.25 392
3 236 14.50 372
4 252 18.0 286
2. Kodakundla 1 237 19.50 225
2 255 21.50 293
3 263 18.75 265
4 273 17.75 235
3. Torur 1 246 9.30 272
2 252 18.20 232
3 261 7.65 200
4. Nellikudur 1 248 13.20 207
2 272 14.16 310
3 265 20.50 214
4 232 11.50 217
5. Narasimhulapeta 1 195 13.50 265
2 210 12.54 257
3 225 17.53 236
4 218 18.12 241
6. Marripeda 1 243 19.76 275
2 212 18.75 268
3 235 20.32 263




. . Number of Available major nutrients

Adn;!n]s.tratlve Mandals soil (kg ha™)
ivision

samples N P,Os K,O

6.Narsampet 1. Nallabelli 1 196 7.25 2.90

2 218 13.50 312

3 235 14.25 316

2. Duggondi 1 276 12.50 321

2 238 23.50 216

3 241 15.25 333

3. Warangal 1 216 20.50 285

2 222 18.50 296

3 231 16.75 313

4. Narsampet 1 205 20.15 316

2 214 18.95 298

3 221 17.25 333

5. Khanapur 1 218 12.15 356

2 221 13.25 322

3 236 14.10 318

6. Chennaraopet 1 245 16.50 295

2 216 14.22 205

3 227 17.55 312

7. Nekkonda 1 236 20.50 307

2 225 19.32 309

7. Parkal 1. Chityal 1 188 11.25 221

2 220 24.50 336

3 219 18.32 396

4 235 12.50 351

2. Mogulapalli 1 242 12.30 319

2 256 1451 286

3 237 16.32 329

3. Regonda 1 263 24.50 291

2 272 16.51 292

3 261 17.21 273

4. Parkal 1 225 18.50 265

2 198 16.32 316

3 220 17.21 323

5. Shyampet 1 255 16.50 345

2 243 17.20 326




. . Number of Available major nutrients

Adn;!n]s.tratlve Mandals soil (kg ha™)
ivision

samples N P,Os K,O

3 222 19.35 316

. Atmakur 1 218 20.25 309

2 210 21.50 318

3 226 19.65 321

4 235 21.0 332

8. Mulug . Bhoopalpally 1 226 23.50 299

2 235 14.50 321

3 232 13.21 360

4 218 16.50 335

5 195 18.32 342

. Ghanpur 1 240 12.50 275

2 198 13.20 296

3 232 14.50 299

4 256 16.32 305

5 232 17.21 312

. Venkatapur 1 280 13.65 321

2 262 14.35 275

3 259 15.25 296

4 261 17.21 236

5 236 18.31 342

. Mulug 1 245 19.21 351

2 237 20.50 363

3 243 21.50 345

4 255 19.65 352

5 261 20.25 363

9. Akulavari . Eturunagaram 1 262 11.0 292

Ghanapur 2 255 12.55 265

3 243 15.65 296

4 236 17.32 310

5 223 18.21 305

. Govindraopet 1 295 9.65 310

2 301 10.25 312

3 265 12.50 316

4 254 13.10 321

5 243 14.54 325




. . Number of Available major nutrients
Adn;!n]s.tratlve Mandals soil (kg ha™)
ivision
samples N P,Os K,O
6 262 16.32 328
7 271 19.50 331
8 269 20.61 338
3. Tadvai 1 252 18.50 269
2 261 17.63 272
3 258 15.43 292
4 272 12.63 298
5 276 8.95 305
6 295 11.95 310
Nutrient index ;
N; +2Nm + 3Nj

Nutrient index =

Ni+Nn,+Np

1X163+2X17+3 X0

Nitrogen =
180
=1.09
1X12+2X158 +3 X 10
Phosphorus =
180
=1.98
1X0+2X158 + 3 X10
Potassium =

180

=2.68













Appendix I11. Physical Rating Index of soils

Soil depth BD WSC IR Aggregation caNicI)Ir; Water table Slope Pl
Location ot dep ggreg por% spr:ze depth P

1.Tadvai 0.90 1.00 0.80 0.80 0.95 0.95 1.0 1.00 0.51
2.Nallabelli 0.90 1.00 0.90 0.90 0.95 0.95 1.0 0.90 0.59
3.Bachannapet 0.90 1.00 0.80 0.80 0.95 0.95 1.0 0.90 0.47
4.Eturunagaram 0.95 1.00 0.80 0.80 0.95 0.95 1.0 1.00 0.54
5.Eleti Ramayapalli 0.90 1.00 0.90 0.90 0.95 0.95 1.0 0.95 0.62
6.Wardhannapet 0.90 1.00 0.85 0.80 0.95 0.95 1.0 0.90 0.50
7.Raghunathapalli 0.90 1.00 0.80 0.80 0.95 0.95 1.0 1.00 0.51
8.Pakala 0.90 1.00 0.90 1.00 0.95 0.95 1.0 1.00 0.73
9.Malyal 0.95 1.00 0.80 0.95 0.95 0.95 1.0 0.95 0.62
10.Duggondi 0.90 0.85 0.95 0.90 0.95 0.95 1.0 0.90 0.53
11.Regonda 0.95 0.85 0.90 0.90 0.95 0.95 1.0 0.95 0.56
12.Ghanpur 0.90 0.85 0.90 0.90 0.95 0.95 1.0 0.95 0.53
13.Khanapur 0.90 0.85 0.95 0.90 0.95 0.95 1.0 0.90 0.53
0.90 0.85 0.90 0.90 0.95 0.95 1.0 0.95 0.53

14.Warangal RS




