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Study of spatial variation of soil moisture availability in Akola district using geoinformatics



ABSTRACT
The soils of Akola district are medium to deep black soil. Monsoon break for 7-10 days may not be a serious concern but more than 15 days duration especially at critical growth stages leads to soil moisture stress reduction in crop yield. Drought due to break in monsoon adversely affect the crops in shallow soils as compared deep soils. Soil moisture plays an important role in determining the amount of runoff that occurs and the chances of droughts and floods that may affect an area. The spatial variation of soil moisture availability in the study area was estimated using GIS tools based on spatial variation of soil types and digital elevation mode land region specific pedo-transfer functions. The point data on textural composition were converted into hydraulic data using pedo-transfer functions to estimate field capacity, permanent wilting point and bulk density of the soils. These estimates were then applied to the identical textural classes to generate soil moisture data. The maximum part of Akola district is having high available water holding capacity except the hilly area lying in Akot, Telhara Patur and Barshitakli taluka in the district. the available water holding capacity above 25 cm per meter depth of soil is observed in most part of Akola, Akot, Telhara and Balapur talukas and some part of Murtizapur, Barshitakli and Patur talukas. The spatial variation of available water holding capacity of soil in different talukas of Akola district indicated that the soil moisture availability is more in the Akola, Akot, Telhara and Balapur talukas as compared to the Murtizapur, Barshitakli and Patur taluka. 
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Introduction 
Rainfall is considered as principal source of water for agricultural production, particularly in rain-fed systems where irrigation is limited. Under such conditions, crop success or failure is strongly influenced by the rainfall pattern like timing, amount, and distribution of rainfall during the growing season. The Indian Summer Monsoon (ISM), a key component of the Asian monsoon system, exhibits a wide spectrum of variability across multiple time scales - daily, sub seasonal, inter-annual, decadal and centennial trends. During the summer monsoon season (June to September), a substantial component of this variability convection and rainfall over the Indian region arises from the fluctuation on the intra seasonal scale between active spell with good rainfall and weak spell or breaks with little rainfall. 
The inter annual variability of the sub-seasonal fluctuations during monsoon season is large. Long intense breaks are known to have an impact on the seasonal monsoon rainfall over the country. Frequent or prolonged breaks in rainy days during the monsoon season, can lead to drought conditions. Long breaks during critical growth periods of agricultural crops lead to substantial reduction in crop yield. Therefore, understanding the intra-seasonal behaviour of the monsoon, including the occurrence, duration, and intensity of breaks, is essential for agricultural planning, drought early warning, and sustainable water resource management (Ramesh & Kumar, 2023).
The soils of Akola district are medium to deep black soil. Monsoon break for 7-10 days may not be a serious concern but more than 15 days duration especially at critical growth stages leads to soil moisture stress reduction in crop yield. Drought due to break in monsoon adversely affect the crops in shallow soils as compared deep soils. Soil moisture controls interactions between the land surface and the atmosphere, as changes in soil moisture affect both energy and water cycles. Soil moisture plays an important role in determining the amount of runoff that occurs and the chances of droughts and floods that may affect an area. 
	Now a days, remote sensing technology has become an integral part of ever growing Information Technology, which acquires modern remote sensing means information about earth’s land and water surfaces by using reflected or emitted electromagnetic energy. Remote sensing provides solution to facilitate sustainable development of the natural resources and conservation of environment at varying scales. The technical capabilities of remote sensing and GIS are found useful to study the different scenario with the help of historical satellite imageries. It is easy to generate combinations of spatio-temporal themes of various resources. Satellite imageries are useful in the study of spatial variations of available soil moisture during dry spells.
The GIS acronym stands for Geographic Information System. An integrated computer system, which facilitate the data generation, editing, storage, analysis and retrieval of geographic data of various scale and dimensions with capability of data analysis on different scale, pattern and themes. The modern computing facility has widened the scope of this science through virtual analysis and presentations of data in three and four dimensions. These specific tools have made possible the virtual tour of remote part of globe using remote sensing data of suitable resolutions. The data spatial interpolation technique helps to find out the pattern of specific themes in unknown regions, where the data recording facility is not available. These tools are useful in the study of weather parameter, land, slope, vegetation etc. 
Analysis of soil moisture variability helps to develop and modify the management practice to increase and stabilize the agriculture production in the rainfed ecosystem. At certain level, it is essential to plan agriculture by making best use of rainfall pattern of an area. The farmers have adopted their own farming system based on experience gained from generations to generation and plan crop planning without adopting proper agro - advisory system. However, under current circumstances of uncertain weather conditions, there is a wide scope for planning of rainfed farming based on recent analysis tools without any additional input cost and it can help in increasing crop production.
Materials and methods
Computation of Soil Moisture Using GIS Techniques
The spatial variation of soil moisture availability in the study area was estimated using GIS tools based on spatial variation of soil types and digital elevation mode land region specific pedo-transfer functions. The point data on textural composition were converted into hydraulic data using pedo-transfer functions recommended by Patil et al. (2010, 2012, and 2013) to estimate field capacity, permanent wilting point and bulk density of the soils. These estimates were then applied to the identical textural classes to generate soil moisture data.
	The overlay operation was performed in GIS environment to identify the vivid combinations of soil texture, depth and slope along with derived properties such as bulk density, actual water holding capacity and permanent wilting points. The flow chart of methodology adopted for soil moisture estimation is depicted in Fig. No. 1
	Integration of different layers of soil properties with weather database facilitated generation of different combinations of soil moisture allowing the viewer synoptic visualization of soil moisture distribution. The extrapolation technique was found useful to identify the status of soil moisture for remote locations/area.







Fig. 1 Flow Chart for Soil Moisture Estimation in GIS Environment
Available Water Holding Capacity
	The difference in the moisture content of the soil between field capacity and the permanent wilting point is called the available moisture. The available water holding capacity of soil for its depth can be determined by using following relationship between soil moisture constants (field capacity and wilting point), bulk density of soil and soil depth.


In which,
d = Available water holding capacity, cm/ m
Mf = Field capacity moisture content of the soil, percent
Mw = Wilting point moisture content of the soil, percent
As = Bulk density of the soil 
D = Depth of soil, cm 
Results and Discussion
Spatial Variation of Soil Moisture Availability
		The spatial variation of soil moisture availability in different taluka places of Akola district was studied with the information on variation in soil texture, soil depth, soil slope using remote sensing imageries and geographical information system (GIS) tools. The results so obtained are discussed as below.
1. Soil texture map 
The soils of Akola district are classified into eight different textural classes viz. clayey, clay loam, gravelly clay, gravelly clay loam, gravelly sandy clay loam, gravelly sandy loam, sandy clay loam, and silty loam. The Spatial distribution maps shown in Fig. 2, indicate that clayey soils dominate most of the district followed by clay loam soils and some part of northern and southern side of the district, the sandy to sandy loam soils were observed, suggesting high water-holding capacity and nutrient retention, although these soils may require management to improve aeration and root penetration (Deshmukh, Patil, & Sharma, 2024; Raju & Kumar, 2025).
2. Soil depth map 
The spatial variation of soil depth in different talukas of Akola district shown in Fig. 3. Shows that soil depth is classified in five groups viz. shallow to very shallow (< 10cm), shallow (10 to 25 cm), moderately deep (25 to 50 cm), deep (50 to 100 cm) and very deep (> 100 cm). Maximum area in Akola district is under deep to very deep soils except that of extreme northern and southern side, where maximum area is under hilly terrain is the shallow to medium soils, which are more susceptible to erosion and require conservation measures (Moharana, Singh, & Verma, 2024).
3. Soil slope map 
The soil/land slope variation in different taluka places of Akola district in Fig. 4 varies from 1 to 3 %, 3 to 5%, 5 to 10 %, 10 to 15 %, 15 to 35 % and 35 to 50 %. The spatial distribution of land slope in the district indicates that maximum area in Akola, Balapur, Akot, Telhara, Murtizapur and Patur taluka is having rolling topography (1 to 3 %). Large area in Barshitakli taluka followed by Patur taluka is under 3 to 5 percent land slope. The relationship between slope and soil properties highlights the influence of terrain on soil depth, texture, and overall land capability, with steeper areas tending to have shallower soils due to erosion (Sharma & Joshi, 2024; Raju & Kumar, 2025).
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Fig. 2 Distribution of soil texture in different talukas of Akola district
[image: SO_Depth]
Fig. 3 Distribution of soil depth in different talukas of Akola district
4. Available water holding capacity
The spatial variation of available water holding capacity of soil at different stations in Akola district was developed by using maps of soil depth, soil texture and soil slope (Fig. 5). The available water holding capacity of the soils in the study area varies from less than 5 cm to greater than 25 cm per meter depth of soil. The maximum part of Akola district is having high available water holding capacity except the hilly area lying in Akot, Telhara Patur and Barshitakli taluka in the district.
	It is seen from Fig. 5 that the available water holding capacity above 25 cm per meter depth of soil is observed in most part of Akola, Akot, Telhara and Balapur talukas and some part of Murtizapur, Barshitakli and Patur talukas i.e., major portion of Akola district. The available water holding capacity below 5 cm is observed in some part of Akola and Barshitakli talukas and some north part of Akot and telhara talukas.  The available water holding capacity within 5-10 cm, 10-15 cm, 15-20 cm and 20-25 cm per meter depth of soil range is observed sparsely distributed in almost all talukas of Akola district. 
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Fig. 4 Distribution of soil slope in different talukas of Akola district
From capacity of the soil moisture availability is more in the Akola, Akot, Telhara and Balapur talukas as compared to the Murtizapur, Barshitakli and Patur taluka. The soil depth, slope and texture were correlated to available water holding capacity. The available water holding capacity is less were the Soil slope is very high, shallow soil depth and sandy soils (L.F. Stone et. al. 2025). This information on spatial variability of available water holding capacity of soil in different taluka places is very much useful for planners and development agencies for proper selection of crops and their varieties and deciding different package of practices for contingency measures in case of prolonged dry spells or delayed onset of monsoon.
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Fig. 5 Distribution of soil available water holding capacity in different talukas of Akola district
Conclusion
The spatial variation of soil moisture availability in Akola district was carried out using geoinformatics. The spatial variation of available water holding capacity of different soil types in Akola district was developed by using the information compiled in spatial maps of soil depth, soil texture and soil slope of study area using data from remote sensing imageries and GIS tools. The spatial variation of available water holding capacity of soil in different talukas of Akola district indicated that the soil moisture availability is more in the Akola, Akot, Telhara and Balapur talukas as compared to the Murtizapur, Barshitakli and Patur taluka. This information on spatial variability of available water holding capacity of soil in different taluka places can be very much useful for planners and development agencies for proper selection of crops and their varieties and deciding different package of practices.
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