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Abstract
Remote sensing and Geographical Information System (GIS) offers an abundant opportunity to monitor and manage natural resources at multi-temporal, multi-spectral and multi-spatial resolution. In recent years, remotely sensed data has been widely used for its application in various natural resource management disciplines. With the rising pressure on natural resources due to the increasing human population, remote sensing and GIS can be used to manage these precious limited resources in an effective and efficient manner. Geospatial information is quite useful in the identification and analysis of factors that affect the utilization of these resources.

The comprehensive inventory of natural resources of Rajampet assembly constituency using geospatial technology provides a reliable database and thematic information crucial for site-specific management recommendations at the mandal and village level. The findings highlight the dual challenges of natural resource management namely, the need for sustainable use due to increasing pressure from built-up expansion and the necessity for targeted groundwater management in drought-prone areas. The inventory reveals a landscape dominated by agricultural and forest land, with a generally stable and potable water supply. A thorough analysis of natural resources and infrastructure facilities provides a reliable database to give site specific recommendations for management of land resources at mandal and village level.
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Introduction

The study and analysis of natural resources are essential in comprehending the intricate dynamics of the Earth's surface, particularly in an era marked by unprecedented global level changes. Remote sensing, with its profound capability to capture, analyse, and interpret vast expanses of land from a distance, has revolutionized our perception of Earth’s landscapes. 
Remote sensing and Geographic Information System (GIS) can be used as important tools separately or in combination for application in studies of natural resources. Remote Sensing techniques are quite useful for generation of various thematic information. It provides a means for obtaining a synoptic view of the status of natural resources and condition on near real time basis. 
Study Area

Rajampet Assembly constituency is in Annamaya District of Andhra Pradesh that elects representatives to the Andhra Pradesh Legislative Assembly in India. It is a General Category seat and is one of the seven assembly segments in Rajampet Lok Sabha constituency. As of 25th March 2019, there are a total of 222,274 electors in the constituency. The constituency was established in 1951, as per the Delimitation Orders (1951). There are a total of ninety revenue villages in this constituency [1].
Rajampet constituency has six mandals namely Rajampet, Nandalur, Veeraballi, T.Sundupalli of Annamayya District and Vontimitta and Siddavatam of YSR District (Fig.1). The constituency lies in between Long. 78˚ 44’ 47’’ to 79˚ 18’ 19’’ Lat. 13˚ 50’ 57’’ to 14˚ 32’ 20’’. The area of the constituency is 2447.40 sq.km. The assembly is covered in seven Survey of India Toposheets namely 57J15, 57J16, 57K13, 57N3, 57N4, 57N7 and 57O1. Anon [1] described key electoral data of Rajampet assembly constituency derived from various authentic sources.[image: image3.jpg]LOCATION MAP
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Fig.1 Location map of the study area

Scope and Objective

The primary objective of this paper is to create thematic information on base information, drainage, slope, land use/ land cover, soil, geology, geomorphology, geologic structure, hydrogeomorphology and ground water quality using remote sensing and GIS techniques. Logical findings of the thematic database depicting the status of natural resources are presented. These outcomes are crucial for policy making, monitoring land cover changes, managing natural resources, and serving as input for climate models and other research activities.

Review of Literature on Rajampet
A natural resources inventory compiles information on important, naturally   occurring features within a given locality such as geology, soils, streams, wetlands, forests, and wildlife. Natural resource management is the practice of sustainably using and protecting natural resources. It requires a long-term, balanced approach that considers economic, social, and environmental factors, ensuring fair resource distribution, ecosystem preservation, and the prevention of pollution. This interdisciplinary field involves planning, conservation, restoration, and regulation, integrating ecological, economic, and social considerations to ensure the long-term health of ecosystems and human well-being. Their careful management and conservation are crucial to ensure their availability for present and future generations.
Earth observation from satellites plays a vital role in the collection and dissemination of information in a timely manner providing vital inputs required for executing operationally viable strategies. In this context, the evolution of Indian remote sensing programme over the past three decades was nurtured to address a variety of remote sensing-based solutions for national development. A brief description of each work on Rajampet and its surroundings is given as per the year wise chronological order.
Mathew [2] investigated age at first breeding, pattern of dispersal of the first year, primary sex ratio, and population index of breeding males of the Baya, a weaver bird in Rajampet to understand its breeding pattern.
Raju et.al. [3] carried out integrated geological, hydrological and geochemical aspects in drought prone Rajampet taluk. Groundwater balance has been calculated for the better management and exploitation of groundwater resources.

Raju et.al. [4] selected Rajampet taluk, a semi-arid and drought prone area to conduct groundwater investigations. The study area was investigated in terms of geological, hydrogeological, geophysical, and hydrochemical points of view. 

Sudarsana Raju [5] mapped drainage, land use/land cover and slope using remote sensing and GIS techniques on 1:50,000 scale. He divided the study area into wet land, dry land and barren land and grouped certain villages in these three categories. He recommended barren lands for industrialization and urbanization.

Senthilkumar et.al. [6] conducted a study to understand the present status of red sanders in Rajampet Forest Division, Andhra Pradesh. They found Rollamadugu beat in S.R. Palem section harboured trees with promising growth traits which is one of the vulnerable beats in terms of human pressure.

Sreenivasulu et.al [7] studied land use and land cover in and around Rajampet area and found that that there is a rapid expansion of built-up area and the major part is occupied by cultivated land. They concluded that land use and land cover information, when used along with information on other natural resources, like water, soil, hydro-geomorphology, etc. will help in the optimal land use planning at the macro and micro level.

Nagaraja [8] asserted that geographical information system and remote sensing has proved to be powerful and cost-effective method for determining groundwater potential zones in and around Rajampet. This information will be useful for effective identification of suitable locations for extraction of groundwater for sustainable usage.

Kiran Kumar and Niveditha [9] collected data from legitimate sources on assessment of runoff, ground water levels, and water budget of all mandals in Kadapa District. They concluded that by using Piezometer lowest depth of ground water level is observed in Rajampet mandal and high percentage of clay soil mandal is Vontimitta.
Prasad et. al. [10] stated that the analysis of water quality parameters of the Annamayya Dam shows that the pH, alkalinity, chlorides, hardness, sulphates, fluorides, total suspended solids, total dissolved solids are well within the permissible limits. The authors have concluded that Annamayya Dam water is allowed for construction and drinking purposes after giving the appropriate treatment.

Anon [1] described key electoral data of Rajampet assembly constituency (Vidhan Sabha) namely Location and Political Maps, Administrative Setup (2011), Demographics (2011), Electoral Features, Historical Summary Election Results, Polling Station Level Election Results, Share of Assembly Constituency, Socio-Economic Amenities (2011) which have been culled from various authentic sources

Surath Kumar et. al., [11] examined species-wise tree regeneration status for Rajampet forest range identifying a variety of patterns impacted by both natural and man-made influences. Overall Rajampet range regeneration is classified as 32.31 percent of species as "fair,"9.28 percent as "new," 15.38 percent as having "good" regeneration, and 43.08 percent as no regeneration.
Approach
High resolution Sentinel-2 Remote Sensing satellite data of 17th February 2021 with a spatial resolution of 10m covering Rajampet assembly constituency is analysed.  By zooming the satellite data, extent of built-up area, drainage and road network is updated. Slope map is generated from the available digital topographic data namely Carto DEM and open-source Digital Elevation Model data [12]. Using Rabi, Kharif and Zaid season satellite data, the major land use/ land cover categories are identified and mapped using on-screen interpretation techniques with level III land use / land cover classes [13]. Onscreen interpretation is carried out delineating different lithological formations, geomorphological units/landforms, geological structures and hydrogeomorphological map is prepared by integrating the above said parameters [14]. Additionally, well inventory data collected during fieldwork is made use in finalizing hydrogeomorphological/ground water prospects map of the study area on 1:50,000 scale. With the help of zaid season satellite data soil map is prepared with proper ground truthing. Any departure from pre-field interpretation observed during field checks is suitably incorporated at this stage and maps are finalized after necessary modification.
Base Map

Base map is prepared using Survey of India toposheets and updated using satellite data. Infrastructure can be defined as the services and facilities necessary for an economy to function. The term typically refers to the technical structures that support a society, such as roads, rail, water supply, sewers, power grids, telecommunications, and so forth (Fig.2a). In this map mandal boundaries, revenue village locations, transport network, drainage network, reservoirs, tanks, and forest boundaries are depicted.
Drainage

Drainage map is prepared using Survey of India toposheets and updated using satellite data. Pennar, Cheyyair, Mandavi and Pullangeru are the major rivers draining in this area (Fig 2b). The drainage is parallel to sub-parallel in nature and controlled by structure. Numerous straight stream courses flow along synclinal axis, litho-contact zones and fault zones or master joints [15]. In this area, six stream orders have been calculated with stream lengths are decreasing with increase in the order of the stream and the low values of drainage density indicates that the region is with highly permeable sub-soil material, dense vegetation and low relief [5].
Rainfall

Rajampet assembly constituency, generally receives an average annual rainfall ranging between 700 mm and 800 mm.  The region falls under the southern agro-climatic zone and is classified as a mixed scarce rainfall zone, with actual rainfall sometimes varying between 400 mm and 800+ mm.  Based on the historical data and recent agro-climatic assessments, this area is experiencing shifts in its traditional rainfall behaviour, characterized by increased intra-seasonal variability and a change in the intensity of specific monsoon periods.

The region receives the majority of its rainfall (about 60%) from the South-West Monsoon (June-September) and approximately 30% from the North-East Monsoon (October-December).  October and November receive the highest rainfall, with some monthly averages reaching over 133 mm. The area is part of the "scarce rainfall zone," and receives significant, sometimes damaging, rainfall from storms in the Bay of Bengal, particularly during the October-December period.  The area often experiences high-intensity rainfall in a short period (Oct-Nov), which contributes to its overall annual average.  Rainfall in this region generally increases from the North-West to the South-East.
Slope

The slope distribution clearly shows that the topography is rugged hilly terrain, and the slope varies from nearly level to very steep slopes (Fig.2c). The nearly level-sloping areas are found in the eastern parts along with very gently sloping areas found in the areas of Nandaluru, Rajampet, Veeraballi and Siddavatam etc. The uplands and foothills have moderately to strongly sloping terrain. Moderately steep to steep sloping and very steep slopes are observed at the peak of the hills and are concentrated more around the villages like Adapur, Rollamadugu and Gadikota. Gently sloping area with 3-5% slope is predominant (22.30%) followed by very gently sloping (21.16%) area (Table-1).
Table-1 Aerial Extent of Slope Categories
	S. No
	Slope Classification
	Total Geographical Area in Sq. Km
	Area in Percentage

	
	
	
	

	1
	1
	287.92
	11.76

	2
	2
	517.90
	21.16

	3
	3
	545.70
	22.30

	4
	4
	308.49
	12.60

	5
	5
	347.84
	14.21

	6
	6
	222.93
	9.12

	7
	7
	216.27
	8.84

	 
	Total
	2447.40
	100.00
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Fig.2a Base map 2b Drainage 2c Slope 2d Land use/land cover of Rajampet assembly constituency

Land Use/Land Cover

Land Use / Land Cover (LULC) generally refers to the categorization or classification of human activities and natural elements on the landscape within a specific time frame based on established scientific and statistical methods of analysis of appropriate source materials.
Using satellite data from the three seasons (Kharif, Rabi, and Zaid), various land use/land cover categories have been identified under Level-3 classification. The LULC map has been generated using onscreen interpretation techniques i.e., size, shape, colour, tone, texture, association, and pattern [13]. This information is used for general planning purposes at constituency/mandal level. The broad categories are built-up, agricultural, forest, wastelands, and water bodies (Fig.2d). The land use/land cover categories with their total geographical area and area percentage are given in Table-2.
Built-up land

It consists of built-up (Compact and Sparse), Vegetated/Open Area, Rural, Industrial, and Mining/Quarry etc. The mandal headquarters, industrial areas and rural settlement areas based on size and population have been mapped under the built-up category (Fig 2d).  These characteristics are distinguished by their dark bluish-green tone in the core and bluish tone on the periphery. They have a typical coarse and moulted texture. The network of highways and railroads is also connected to these areas [16,17]. Under this major category are Built Up Rural Village Settlement (22.53 sq.km) followed by Built Up Core Urban Residential (2.57 sq.km).
Mathew [2] investigated Baya, a weaver bird in Rajampet to understand its breeding pattern.
Agriculture

Agriculture land is primarily used for the production of food, fibre, and other commercial and horticultural crops. It includes land under crops namely cropland, fallow land, agricultural plantation, and aquaculture (Fig.2d).  Agriculture is the main source of income for this area’s economy and is found as the major category. The major crops grown in this constituency are paddy, groundnut, sunflower, cotton, betel leaves and horticultural crops like mango, papaya, banana, lemon and sweet orange [16,17]. In this constituency major land use categories include Agriculture Crop Land (405.60 Sq.km) followed by Agriculture Plantation (101.63 sq.km).
Forest

The term forest is used to refer to land with a tree canopy cover of more than 30 percent and an area of more than 0.5 ha. Forest is determined both by the presence of trees and the absence of other predominant land uses within the notified forest boundaries. The trees should be able to reach a minimum height of 5 m within the notified forest boundaries. The forest area is found in the north, central and eastern parts of the constituency where several forest species grow (Fig.2d). The important species are teak, nalla maddi, rosewood, devadari, sanders, etc. [16,17]. Major land cover categories are Forest Land Closed (638.04 sq.km) followed by Forest Land Open (597.25 sq.km).
Senthilkumar et.al. [6] observed Rajampet forest area is thickly populated with red sanders than other forest ranges with Rollamadugu beat in S.R. Palem section harboured trees with promising growth traits and human pressure is also found to be high, hence, Rajampet forest range is considered as vulnerable forest range. Surath Kumar et. al., [11] examined species-wise tree regeneration status for Rajampet forest range and showed Pterocarpus santalinus and Chloroxylon swietenia, two dominant species, has "fair" regeneration potential, while Phyllanthus emblica and Azadirachta indica has "good" regeneration potential. 
Waste lands
Wastelands can result from inherent/imposed disabilities such as location, environment, chemical and physical properties of the soil, or financial or management constraints. The wasteland category consists of salt-affected land, gullied land, dense scrub, open scrub, riverine sand, and barren rocky/stony waste [16,17]. Highest wasteland categories include Wasteland Sparse Scrub Land (414.97 sq.km) followed by Wasteland Dense Scrub Land (25.12 sq.km).
Water bodies

This category comprises areas with surface water, either impounded in the form of ponds, lakes, and reservoirs or flowing as streams, rivers, canals, etc are delineated (Fig.2d). These are seen clearly in the satellite image in blue to dark blue or cyan colour depending on the depth of water. This category comprises rivers, streams, canals, lakes, ponds, reservoirs, and tanks [16,17]. Under this category Waterbody Reservoir / Tanks are117.71 sq.km followed by Waterbody River (70.34 sq.km).
The Indian Remote Sensing satellite data, image processing and Geographical Information System techniques were used to identify the land use categories and analysis of the maps reveals that there is a fast shrinkage of water bodies and marshy areas and the Rajampet town is witnessing rapid transformation of land from agriculture to residential, water bodies into marshy and marshy into either residential or agriculture [7].
	S. No
	Land use / Land cover Classification
	Total Geographical Area in Sq. Km
	Area in Percentage

	
	
	
	
	

	1
	Agriculture - Crop Land 
	405.60
	16.57
	

	2
	Agriculture - Fallow Land
	15.73
	0.64
	

	3
	Agriculture - Plantation
	101.63
	4.15
	

	4
	Built Up - Core Urban
	2.57
	0.10
	

	5
	Built Up - Industrial Area
	1.07
	0.04
	

	6
	Built Up - Peri Urban
	1.10
	0.05
	

	7
	Built Up - Rural Hamlet and Dispersed Household
	1.73
	0.07
	

	8
	Built Up - Rural Other Area
	0.39
	0.02
	

	9
	Built Up - Rural Village Settlement
	22.53
	0.92
	

	10
	Built Up - Transport Infrastructure
	0.09
	0.00
	

	11
	Built Up - Transport Network
	4.77
	0.19
	

	12
	Built Up - Urban - Other Area
	1.16
	0.05
	

	13
	Closed Forest
	638.04
	26.07
	

	14
	Forest Plantation
	1.41
	0.06
	

	15
	Open Forest
	597.25
	24.40
	

	16
	Others - Mining / Quarry / Mining Dump
	6.25
	0.26
	

	17
	Wasteland - Barren Rocky
	10.89
	0.44
	

	18
	Wasteland - Dense Scrub Land
	25.12
	1.03
	

	19
	Wasteland - Gullied Land
	0.56
	0.02
	

	20
	Wasteland - Salt Affected Land
	0.74
	0.03
	

	21
	Wasteland - Sparse Scrub Land
	414.97
	16.96
	

	22
	Water Body - Canal / Drain
	0.29
	0.01
	

	23
	Water Body - Lake / Pond
	0.11
	0.00
	

	24
	Water Body - Reservoir / Tank
	117.71
	4.81
	

	25
	Water Body - River
	70.34
	2.87
	

	26
	Water Body - Stream
	5.36
	0.22
	

	 
	Total
	     2,447.40 
	         100.00 
	


Table-2 Aerial Extent of Land use/land cover Categories

Hydrogeomorphology
Hydrogeomorphology has been defined as an interdisciplinary science that focuses on the interaction and linkage of hydrologic processes with geology, geomorphology and geologic structure. 
Geology
Peninsular Gneissic Complex of Archean age consisting of granite, granodiorite, granite gneiss and migmatite are essentially migmatitic gneisses within which several poorly foliated and unfoliated pink and grey granites occur (Fig.3a).  

Metapelites are metamorphic rocks derived from pelitic rocks, which are clay-rich sediments, while meta-acid volcanics are metamorphic rocks originating from acid volcanic rocks. These rocks belong to Dharwar super group of Lower Proterozoic to Archean age [15]. 
Gulcheru Quartzite/arkose with conglomerate of Papaghni group consists of feldspathic sandstone and quartzite dominated by psammites with a thin basal interval of polymictic conglomerate. Bairenkonda slate / quartzite and the Cumbum Formation are the significant geological units within the Nallamalai Group of the Cuddapah Supergroup. It is characterized by a sequence of shales with phyllite, dolomitic limestones, and quartzites, with the shales often displaying features like plane lamination and graded bedding.  

Geomorphology 
Geomorphologically, the constituency can be broadly divided into three distinct units, viz., fluvial, denudational and structural landforms. The aerial extent of each landform along with percentage is given in Table-3.
Fluvial landforms

Fluvial landforms are features shaped by the action of flowing water, primarily rivers and streams. These landforms can be broadly categorized as erosional, formed through the wearing away of land, and depositional, formed through the accumulation of sediment (Fig.3b). Pennar and Cheyyair rivers are the major contributors to the formation of the bajada, flood plains and alluvial plains in this constituency [16,17]. Bajada has the highest areal extent (195.20 sq.km) followed by flood plain (86.12 sq.km).
Denudational landforms

Landforms of denudational origin are formed where the denudation process dominates over the other process. Most of the landforms resulting due to this process are the combined effect of mechanical and chemical weathering. Denudation is the process of removal of material by erosion and weathering. This has direct influence on the relief of the area especially in the reduction of relief to the base level. The agents are mostly water, ice and wind. The major factors affecting denudation are geology, climate, tectonics and anthropogenic effects [16,17]. Under this category the units namely pediplain shallow weathered (240.23 sq.km) followed by pediment inselberg complex (182.59 sq.km) have highest areal extent (Table-3).
Structural landforms

Most of the landforms under this class have genesis related to underlying structure. Structure plays an important role for reducing the resistance of rock which manifests itself in different geomorphic forms (Fig.3b). The influence of geologic structures on the development and appearance of landscapes is prominent [16,17]. Under these landforms, structural hill (819.02 sq.km) followed by upper plateau moderately dissected (193.56 sq.km) have the maximum areal extent (Table-3).
	S. No
	Landform Classification
	Total Geographical Area in Sq. Km
	Area in Percentage

	
	
	
	

	
	
	
	

	1
	Alluvial plain (AP)
	0.44
	0.018

	2
	Bazada (BZ)
	195.20
	7.977

	3
	Channel bar (CB)
	3.00
	0.123

	4
	Denudational hill (DH)
	43.00
	1.757

	5
	Dyke ridge (DR)
	5.31
	0.217

	6
	Escarpment slope (ES)
	2.39
	0.098

	7
	Flood plain (FP)
	86.12
	3.519

	8
	Fracture valley (FV)
	4.57
	0.187

	9
	Inselberg (I)
	2.82
	0.115

	10
	Intermontane valley (IV)
	11.77
	0.481

	11
	Linear ridge (LR)
	1.69
	0.069

	12
	Pediment (PD)
	30.91
	1.263

	13
	Pediment inselberg complex (PIC)
	182.59
	7.462

	14
	Pediplain shallow weathered (PPS)
	240.23
	9.817

	15
	Pediplain weathered deep (PPD)
	110.66
	4.522

	16
	Pediplain moderate weathered (PPM)
	82.39
	3.367

	17
	Piedmont slope (PS)
	134.18
	5.483

	18
	Point bar (PB)
	10.28
	0.420

	19
	Residual hill (RH)
	9.52
	0.389

	20
	Structural hill (SH)
	819.02
	33.470

	21
	Upper plateau moderately dissected (UPM)
	193.56
	7.910

	22
	Valley (V)
	36.34
	1.485

	23
	Valley fill -(VF)
	47.24
	1.930

	24
	Water body
	193.82
	7.921

	 
	Total
	2447.04
	100.000


Table-3 Aerial Extent of Landforms

Geologic structure

Geological structure refers to the three-dimensional configuration of rocks and geological features that result from their deformation due to tectonic forces and other stresses over geologic time. Prominent lineaments in this area are trending in NE-SW and NW-SE directions (Fig.3c). The dykes are traversing the terrain in ENE-WSW and NNW-SSE directions [15] with an aerial extent of 5.31 sq.km (Table-3).

Ground water prospects
The occurrence and movement of groundwater in an area is governed by several factors such as topography, lithology, geological structure, depth of weathering, extent of factures, drainage pattern, climate conditions and inter relationship between these factors. Apart from structural hills (819.02 sq. km), shallow weathered pediplain (240.23 sq.km) has the maximum areal extent with moderate to poor ground water prospects (Fig.3d). Moderately (82.39 sq.km), deeply (110.66 sq.km) weathered pediplains and bajada (195.20 sq.km) have moderate to excellent ground water prospects. Flood plain (86.12 sq.km) and valley fill (47.24 sq.km) have very good ground water prospects.  Out of the total area of 2447 sq.km, if hilly areas (871 sq.km) are removed 65% of the area has very good to poor ground water prospects.     
Raju et.al. [4] investigated Rajampet Taluk in terms of its geology, hydrogeology, geoelectrical, aquifer parameters and quality of water. Geographical information system and remote sensing has proved to be powerful and cost-effective method for determining groundwater potential zones in and around Rajampet and integration of six thematic maps such as slope, drainage, drainage density, land use/land cover, soil, geology gives first-hand information to local authorities and planners about the areas suitable for groundwater exploration [8].

By using Piezometer lowest depth of ground water level is observed in Rajampeta mandal and except T.Sundupalli all the five mandals have surplus water for agricultural demand [9].
Water Quality 

Ground water quality map is prepared based on statistical analysis of legacy ground water quality data [18,19]. The groundwater quality data on physico-chemical parameters namely pH, TDS, TH, TA, Cl-, NO3, F, Fe, and SO4 were collected for two seasons, i.e., post-monsoon and pre-monsoon from the Rural Water Supply and Sanitation Department, Govt. of Andhra Pradesh in December 2017 and June 2019. Ground water quality samples are collected from 4708 habitations of YSR District i.e. 2339 samples for pre-monsoon and 2333 samples for post-monsoon. The data is compared with the BIS (2015) standards, in terms of desirable, permissible, and non-potable classes.  
The methodology is developed for creating spatial database on ground water quality using legacy ground water quality data already available in the form of descriptive point information. The methodology aims at mapping the status of ground water quality with respect to its suitability for human consumption at a given point of time. Certain colour codes and symbols are given for pre-monsoon and post-monsoon quality for desirable, permissible, and non-potable classes. The legacy ground water quality data is processed and organized into a ground water quality point data layer. The ground water quality point data layer is superimposed on hydrogeology and land use/land cover layers to find boundary conditions that control the flow and dispersion of pollutants/ contaminants. Element wise ground water quality layers are created using statistical interpolation method upon the sample ground water points within the boundary conditions already identified. Inverse Distance Weighting method in GIS is used which estimates unknown values based on the assumption that nearby points has more influence than distant ones, assigning weights that are inversely proportional to their distance. The final ground water quality map is derived based on the integration of the element wise ground water quality layers. The ground water quality map of Rajampet assembly constituency is extracted from YSR District map. From the map (Fig. 3e) it is observed that the ground water in this area is potable with permissible limits (pre- and post-monsoon).
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Fig. 3a Geology, 3b Geomorphology 3c Geologic structure 3d Hydrogeomorphology 3e Ground water quality 3f Soil

Prasad et. al. [10] stated that the analysis of water quality parameters of the Annamayya Dam shows that the pH, alkalinity, chlorides, hardness, sulphates, fluorides, total suspended solids, total dissolved solids are well within the permissible limits and is allowed for construction and drinking purposes after giving the appropriate treatment. From the chemical analysis the quality of groundwater in the study area is within the permissible limits for irrigation and domestic purposes [3].
Soil

There are eight soil classes in this constituency (Fig.3f). They are shallow gravelly red soils, clayey to gravelly clayey moderately deep dark brown soils, gravelly clayey moderately deep red soils, gravelly clayey shallow dark brown soils, gravelly loamy dark brown moderately deep soils, loamy to clayey skeletal deep reddish-brown soils, loamy to gravelly clay deep dark reddish-brown soils, and moderately deep calcareous black soils. Among all these classes shallow gravelly red soils (1460.55 sq.km) are dominant followed by loamy to clayey skeletal deep reddish-brown soils (Table-4). Shallow gravelly red soils are primarily used for dryland farming and oil seeds while loamy to clayey skeletal deep reddish brown soils are productive agricultural soils and suitable for variety of crops.
	S. No
	Soil Classification
	Total Geographical Area in Sq. Km
	Area in Percentage

	
	
	
	

	1
	Clayey to gravelly clayey moderately deep dark brown soils
	98.83
	4.038

	2
	Gravelly clayey moderately deep red soils
	78.75
	3.218

	3
	Gravelly clayey shallow dark brown soils
	119.69
	4.890

	4
	Gravelly loamy dark brown moderately deep soils
	153.81
	6.285

	5
	Loamy to clayey skeletal deep reddish-brown soils
	230.62
	9.423

	6
	Loamy to gravelly clay deep dark reddish-brown soils
	17.18
	0.702

	7
	Moderately deep calcareous black soils
	88.73
	3.625

	8
	Settlements
	5.41
	0.221

	9
	Shallow gravelly red soils
	1460.55
	59.678

	10
	Water bodies
	193.82
	7.919

	 
	 Total
	2447.40
	100.00


Table-4 Areal Extent of Soil Categories

Discussion
Recent research on the Rajampet Assembly constituency (2447.40 sq.km) advances previous isolated studies by transitioning to a comprehensive, integrated geospatial inventory conducted at a precise administrative scale. While earlier works focused on specific themes, this multi-thematic framework utilizes updated, high-resolution technology to refine existing knowledge into a unified GIS framework directly applicable to local governance. By integrating multiple thematic layers, including geology, geomorphology, land use/land cover (LULC), soil, and hydrology, the study creates a reliable database for evidence-based natural resource management and policy-making. This synthesis allows stakeholders to move beyond isolated data points to understand intricate landscape dynamics and shift toward integrated, site-specific strategies.

The study identifies systemic human-induced pressures, such as urban expansion versus agricultural land, advocating for integrated land-use planning. By analysing base maps of infrastructure and transport alongside forest and drainage layers, planners can monitor how built-up expansion impacts natural habitats. Furthermore, superimposing LULC data with drainage and soil information enables optimal land-use planning at both macro and micro levels, helping determine areas suited for agricultural intensification versus those requiring conservation.

For water resource management, policy makers can identify optimal extraction sites by integrating five specific layers: slope, drainage, LULC, soil, and hydrogeomorphology. This provides essential first-hand information for groundwater exploration in drought-prone areas. Additionally, the integration of groundwater quality layers maps pollutants and identifies contaminant boundaries, which directly informs public health policies and drinking water treatment requirements. Ultimately, this granular approach enables management recommendations at the mandal and village levels, providing a reliable database designed for effective resource governance.
Conclusions
The established database allows for site-specific recommendations at the mandal and village levels. It highlights a systemic need for integrated resource governance to counteract human-induced degradation, such as agricultural intensification and resource extraction, ensuring resources remain available for future generations.
A reliable database on natural resources is established for providing site-specific recommendations for land resource management at both mandal and village levels using geospatial technology.  The findings implicitly reveal a pattern of human-induced pressure on multiple natural resources. Human activities such as urban development, agricultural intensification, and resource extraction are directly contributing to the degradation and transformation of multiple natural resources within the constituency. This highlights a systemic issue that necessitates integrated land-use planning and resource governance that considers the cascading effects of human development on the environment, rather than managing resources in isolation.

Applications of remote sensing and GIS in management of land resources are increasing rapidly due to great strides made in space-borne remote sensing satellites in terms of spatial, temporal, spectral and radiometric resolution. Advance space technology needs to be used extensively in mapping of land resources to develop reliable databases for site specific hydrological, pedological and agricultural land use at national, state, district, block level.
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