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ABSTRACT
The soil deterioration is evidenced and measured by various ones: falling soil organic carbon (SOC) and organic matter, unbalanced macro-nutrient ratios, resulting from disproportionate nitrogen attention, local deficiencies of potassium and micro-nutrients accounting for lack of crop-responsiveness and deficiency tolerance. The diminution of soil fertility in Cooch Behar requires consequent locale-specific measures. Objectives: The aims of study are to investigate the major causes of the soil fertility degradation, and the relationship between land use pattern and soil quality degradation. Research Methodology: The present study follows an analytical, descriptive research design based on the secondary data only. The analytical aspect of the study aims at finding out, interpreting and explaining the processes and causes of soil fertility digression in the agricultural lands of Cooch Behar district. Results and Discussions: The Cooch Behar district of northern alluvial plains of West Bengal is noted for its fertile soil and high agricultural productivity. The soil fertility of the agricultural lands has been very low over the years due to natural and anthropogenic causes. The major causes, its impact on agricultural productivity are discussed with suggestions to improve the fertility of the soil here. Conclusion: In the Cooch Behar district, an investigation into the process of decline of soil fertility reveals a complex interaction among environmental, agronomic and socio-economic factors to which is jointly attributable the situation which threatens the agricultural systems of the area with extinction.	Comment by Lenovo: No need to put these words: Objectives, Research Methodology, Results and Discussions, Conclusion
(Keep abstract in flow without mentioning the aboves in particular)	Comment by Lenovo: methodologies
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INTRODUCTION

The soil deterioration is evidenced and measured by various ones: falling soil organic carbon (SOC) and organic matter, unbalanced macronutrient ratios, resulting from disproportionate nitrogen attention, local deficiencies of potassium and micro-nutrients accounting for lack of crop-responsiveness and deficiency tolerance. Falling values of SOC are associated with falling soil moisture retention, aggregation stability and biological activity, resulting in amplifying vulnerability to soil erosion and to eventual loss of crop yield under climatic stress (Pandey et al., 2024). Simultaneously, national and state interventions such as the Soil Health Card programme have revealed widespread nutrient imbalances and emerging block-level patterns of deficiency that can be utilised by policymakers to target remedial action, while the prevailing legacy causes—removal or burning of residues, continuous monocropping and inadequate organic inputs—necessitate that technical prescriptions must be combined with incentive structures for widespread adoption (Press Information Bureau, Government of India, 2025).  
   
The response to the degression of soil fertility in West Bengal therefore must be integrated in nature and seek to restore organic matter, rectify nutrient imbalance through site-specific prescriptions and minimise erosion and salinization through water management and conservation agriculture practices sensitive to landscape. Without a rapid coordinated response that seeks to couple agronomic interventions at the level of the farmer with landscape and policy measures, the state runs an increasing risk of declining per hectare productivity, growing reliance on external inputs and loss of the biophysical capital on which the livelihoods of smallholder farmers depend. The examples and governmental assessments referred to in this study provide legitimate empirical basis for concern and the necessary diagnostic information for the incorporation of groomed strategies for repair across an ecologically diverse field of agro-ecological zones in the state of West Bengal (West Bengal Pollution Control Board, 2021; Das, 2016; Chowdhury et al., 2025; Pandey et al., 2024; Press Information Bureau, 2025). 

SOIL FERTILITY IN COOCH BEHAR DISTRICT
Soil fertility in the Cooch Behar district, lying within the New Alluvial Zone of the Lower Gangetic Plain has shown unmistakable symptoms of a downward trend in the last few decades due to different factors such as change in land utilization, scarcity in supply of water and intensive bombardment of crops. The alluvium of the district gave rise in the past to terrific agricultural productivity but the reports record patches of lower canvas over the plain indicating that on account of local surveys and searches, soil fertility is not everywhere uniform and great areas are liable to evils of water-logging, varying organic matter status and some local imbalance of nutrients (Government of India, Department of Agriculture, 2011; Das, 2022). The survey of remote sensing and geospatial mapping of the district has proved that although there are great tracts where the fertility is moderate to high, there are patches of low fertility in respect of soil though limited where the soil fertility indices are low, and these patches correspond with regions objectionably exposed to flooding and low-lying area which suffer from flooding, draining of wet land and increase of cultivable areas (Saha et al, 2025; Research Group, 2025).

The decline of fertility say in Cooch Behar spreads itself in a number of ways on record. Repeated water-logging affects the aeration and working of residues of organic matter formed in rice fields low-lying and conversions of wet-lands and natural vegetation into agriculture have produced hydrological and alluvial factors, changing local cycles of nutrients and surface hydrology (IIWM, n.d.; NABARD, 2019). The soil-surveys of locale and comparative physico-chemical studies from this district indicate in the blocks variety of pH, available potash and organic carbon present, and noting cases also where there has been continued intensive cultivation and insufficient return of residues so that the organic carbon has lowered and the nutrients become unbalance (Frontiers research on regional soils; Das, 2022).

The diminution of soil fertility in Cooch Behar requires consequent locale-specific measures: measures directed towards the restoration and conservation of organic matter retained in the lowland rice production systems, measures of a specific input-nutrient management type based on block-level soil testing with organic restoration, measures directed towards improved drainage/water management concept in the perennial waterlogged localities, land use planning measures at the landscape level that ensures the further loss of wetlands and naturally vegetated land, etc. The recent district researches in the planning documents strategies have emphasized the suggestions available with the input of the Soil Health Card rendering clean agriculture in eco-friendly practices on the one hand and remedial geospatial identified intermingling won. They are said to be the important components of the immediate ecological response to further inputs supplied by the district-level data and suggestions available to plan for the betterment of Cooch Behar in this aspect—irrespective of the considerations of local climates, peculiarities of rainfall distribution, vagaries of the agricultural seasons and methods of cultivation of the crops. For, it would be seen from the bulk of the recommendations supplied that Cooch Behar has a good deal of productive capacity left in it, but there are specific areas marked in the district where digression of soil fertility has been going on which interference becomes necessary if agriculture is to continue being remunerative and the ecosystem being protected for the future. Here it is necessary to mention that this district, it would be seen, is divided into certain soil regime units of lesser fertility and richness of blend which need correction if Cooch Behar is to come up to its perfect and proper functioning of productive capacity.

OBJECTIVES 
The aims of study are to be investigated the nature, magnitude and determinants of soil fertility degradation in the agricultural soil of Cooch Behar District, West Bengal and to suggest remedial measures for its restoration and management on sustainable basis. The specific objectives of the study are: 
1. To investigate the major causes of the soil fertility degradation in the district of Cooch Behar.
2. To examine the relationship between land use pattern and soil quality degradation.

RESEARCH METHODOLOGY
1. Research Design: The present research work follows an analytical, descriptive research design based on the secondary data only. The analytical aspect of the study aims at finding out, interpreting and explaining the processes and causes of soil fertility digression in the agricultural lands of Cooch Behar district while the descriptive aspect relates to the systematic presentation of the present conditions and the observable trends. The analytical-descriptive research design enables us to get a better understanding of soil degradation through the consolidated use of the different forms of evidence—scientific, environmental and socio-economic—got from authentic published and institutional sources. The analytical-descriptive research design also enables us to interpret in detail, the complex interrelations between such variables as soil nutrient, organic carbon content, cropping intensity, change in land uses and water logging. The research work is thus intended to be qualitative and quantitative syntheses of the results of some major studies on the soil fertility digression and degradation with a view to assessing the patterns of degression and its implication in respect of agricultural sustainability in the region. 

  2. Study Area: The present study deals with Cooch Behar District in the New Alluvium Zone of the Lower Ganges Plain in the northern portion of West Bengal. It is one of the most fertile but ecologically sensitive agrarian zones of eastern India. The geographical position of the district, enormous rainfall about 3000 mm or more annually and the same has been flat alluvial plain, makes it a test case for analysis of soil fertility degression in the flood prone alluvial soils. The dependence of Cooch Behar District, being an intensive zone of rice, jute and vegetables on agriculture and the recurring water logging and nutrient depletion, makes it an apt study to analyse the causes of soil fertility digression and aims.

3. Nature and Source of Data: The present study is based purely on secondary data, taken from various sources of official, institutional and academic nature. These include : • Governmental and Institutional Reports: o State of Environment report, West Bengal (West Bengal Pollution Control Board, 2021) o Agricultural Contingency Plan for Cooch Behar (Department of Agriculture, government of India, 2011) o District Priority Sector Plan (NABARD, 2019) o Press information Bureau Reports (2025) relating to Soil Health Card Scheme and management of soil fertility. • Scientific and Academic Publications: Journals of general standing like Sustainability, Soil and Tillage Research, Indian Journal of Soil Conservation and Environmental Monitoring and Assessment provided the empirical data and conceptual framework (Bhattacharyya et al., 2019; Lal, 2020; Das and Pal, 2020; Roy and Mandal, 2022; Saha et al., 2025). • Geospatial and Remote Sensing Studies: The information presented by Chakraborty and Saha (2018), Research Group (2025) and Saha et al. (2025) was reviewed to ascertain the changes in land-use, decrease in soil erosion and spatial distribution of degradation of fertility by using GIS and Remote sensing tools. This different type documentary base has provided the advantages to study to ensure both the time span and topic of soil fertility problems of the district.

4. Gathering and Organizing Inputs: For the gathering of the secondary inputs, things from documentary work were resorted to for gathering and assembling, both qualitatively and quantitatively certain inputs, on certain soil fertility indicators. Other parameters were soil organic carbon (SOC), the macronutrient levels (NPK), ph., salinity, water logging conditions, landuse modifications, etc. For the published statistics, the data were all verified from certain institutional sources to obtain consistency and comparableness. The data which included time series data related to soil fertility and land use were all collected for the last two decades (approximating to 2000-2025) in order to collect a long term data regarding trends. The satellite dependent data on landuse and soil properties were of course taken from previously verified GIS dependent studies. The stress is to be laid upon the fact that the data obtained on spatio-temporal analyses were based on verified scientific works.  

5. Methods of Data Analyses:  In the analyses of the things collected above, since a qualitative synthesis, or comparative analytical processes with an interpretative evaluation of the data on them were adopted in the analyses. 

(a) Content and Thematic Analyses: The data from the reports prepared from various reports and scientific papers were kept under highly important themes like deufsion of soil organic matter, nutrient imbalance, erosion, acidification and anthropogenic pressures, etc. The data, obtained in this qualitative synthesis gave the causes why the fertility was declining, and causes recurring. 

 (b) Comparisons and Trend Analyses: The data on soils from the past years during the last cycles were also compared and the trends of soil fertility exhaustion attended to. In a comparative sense, there were regional comparisons between Cooch Behar and the other districts of North Bengal. These regional and geographical comparisons of the district in the Lower Gangetic Plains presented the huger weaknesses of the district.

(c) Spatial Interpretation: In order to understand the spatial distribution of severely degraded soils, waterlogged lands, and changes in land use, GIS based maps and spatial data from earlier studies were interpreted. The authors tried to provide both visual and analytical understanding of the spatial aspect of the deteriorated fertility. 

(d) Interlinkage Analysis: The linkages between the anthropogenic factors such as fertiliser use, conversions of land and irrigation intensity etc. were correlated with biophysical degradation process like erosion, loss of organic matter resources etc. through interpretive correlation on the basis of earlier study results (Lal, 2015 ; Bhattacharyya et al., 2019 ; Roy & Mandal, 2022). This multi-layered analytical finding accounts for the consistent, comprehensive understanding of the soil fertility degression process in Cooch Behar. 

6. Validation & Reliability: Even though the study is based on secondary data, data triangulation and cross validation were made use of to ensure reliability. The findings in the government documents were cross-checked with results in papers of peer-reviewed journals and also studies made on district level. Any discrepancies noticed in the soil parameters and land use statistics were cleared by referring to the latest and scientifically standardised datasets. The temporal validation was achieved by referring to the data generated after 2015, the time when the Soil Health Card Scheme & the recently made geospatial mapping works provided better accuracy. The authenticity of the study is confirmed by also quoting the writings of the bodies fast overshadowed as being benchmarked with that of the methodology, such as the reports of FAO, national research institutes, objective-index publications etc.

7. Ethical Considerations: Since the study is based on extranetted and published secondary datasets, no direct interventions were made on men or the environment. All sources of information were duly acknowledged through in-text citations and bibliographic references, which followed the APA style. The intellectual property rights of the authors and institutions concerned were fully respected in preparing and interpreting the data.

 
RESULTS AND DISCUSSIONS

A. MAJOR FACTORS RESPONSIBLE FOR DETERIORATION OF SOIL FERTILITY IN COOCH  BEHAR DISTRICT
The Cooch Behar district of northern alluvial plains of West Bengal is noted for its fertile soil and high agricultural productivity. The soil fertility of the agricultural lands has been very low over the years due to natural and anthropogenic causes. The major causes of the soil fertility degradation in the district of Cooch Behar are shown in Figure-I and discussed below:
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Fig1. Factors influencing the deterioration of soil fertility 


Framework of Interpretation: The methodology gives an ecological agricultural and socio-economic point of view within the regional framework. Soil fertility degradation is viewed as a cumulative result of the associated processes of physical degradation, chemical dynamism and human stress. By combining the environmental geography and the agricultural science point of view, the study looks on soil fertility decline as an ecological phenomenon and a development aspect. Thus, the indigenous science of methodology is in consonance with the objects of sustainable land use and ecological rehabilitation, connecting the object of providing scientific basis for conservation of soils, as well as their production sustainable agriculture in West Bengal.  From the above Figure -I, the factors responsible for deterioration of soil fertility in the district are discussed below one by one.

1. Intensive and Unscientific Cropping Practices: The cultivation of HYVs of rice, jute and wheat during and after the ‘Green-Revolution’, has opened up the way for increased cropping intensity and continuous practice of cultivation (Sarkar et al, 2021). Intensive cultivation has led to nutrient mining, where the essential macronutrients (N, P and K) is depleted faster than it is possible to restore (Singh & Mandal, 2022). Overdependence on urea and the inadequate use of organic manures or crop residues has aggravated the situation leading to deficiency of micronutrients like zinc and sulphur (Kundu et al, 2021).   

 2. Land Use Change and Urbanization: Abnormal conversion of agricultural land into residential, infrastructural and industrial areas has led to reduction of total cultivable area and fragmentation of agricultural lands (Das, 2021). Unplanned growth of settlements around Dinhata and Tufanganj has caused loss of top soil, soil compaction and disturbance of natural drainage (Das & Pal, 2020). Changes in the land use alter the physical structure and fertility of the soils which impedes growth of crops resulting in long-term soil degradation.

3. Water-logging and Poor Drainage Conditions: The low-lying topography of Cooch Behar and the heavy monsoons (annual rain fall greater than 3000 mm) are sources of seasonal flooding and prolonged stagnation of water in fields (Bhattacharyya et al., 2019).  Water-logging leads to anaerobic conditions in soil because of loss of nutrients and denitrification and also leads to accumulation of toxic metals like iron and manganese (Saha et al., 2020). These processes lead to very much reduced availability of essential nutrients and there is also an imbalance in the microbial flora of the soil. 

 4. Depletion of Soil Organic Matter (SOM): Continuous tillage, burning of the crop residues and decrease in application of farm yard manure has resulted in heavy decline in the organic carbon content of soils in the district (Roy et al., 2020). But the SOM is very important for the good structure of soils, moisture retention and nutrients availability in the soils (Lal, 2015). The depletion of SOM has led to decrease in the soil fertility, poor aggregation and reduced buffering capacity of soils. 

 5. Imbalanced with Excessive Use of Chemicals: The farmers of Cooch Behar have become much dependent on Nitrogenous fertilizers, especially urea and have equally neglected the balanced use of phosphatic and potassic fertilizers (Chakraborty et al., 2022). The nutrient imbalance has led to the soil acidification and decreased soil cation-exchange capacity which has impaired the productivity of soil. The excessive use of pesticides has impaired the biological health of the soil due to reduction of the beneficial microbes which are useful in nutrient cycling (Singh et al., 2020). 
6. Soil Erosion and Nutrient Losses Associated with Climatic Conditions: Excessive rainfall situations along with surface run off have resulted in topsoil erosion in the marginal areas particularly, of northern Cooch Behar (Mukherjee, 2021).  This erosion has eventually resulted in loss of organic matter and necessary plant nutrients along with reduction of the soil depth and fertility. Change in pattern of rainfall as well as irregularity in the distribution of monsoon rainfall has also caused supplementary changes in soil moisture conditions due to further degradation.   

7. Decline of Biological Activity of Soil:  Monotonous cropping practices and chemical indebtedness have caused change in the emulsification of soil microflora with decrease in the number of friendly bacteria and fungi (Sarkar et al., 2021). This biological activity therefore affects the process of decomposition of organic matter, nitrogenous fixation and mineralization of plant nutrients which are very important for the maintenance of sustainable fertility (Lal, 2015).

8. Socio-economic and Institutional Constraints:  Small and fragmented holdings, lack of awareness regarding sustainable management of soils and absence of institutional facilitations have restricted the spread of eco friendly farming practices (Das & Pal, 2020). Non availability of soil health monitoring programs community based has also affected identification of decline in fertility status in the district.


B. RELATION BETWEEN LAND USE CHANGES AND DEGRADATION OF SOIL QUALITY
The relation between land use changes and degradation of soil quality is a complex interaction governed by biophysical, climatic and anthropogenic factors. The changes in land use have a profound effect on the fertility of soil through increase or decrease of nutrient cycling, organic matter and microbial diversity (Lal, 2015; Pimentel & Burgess, 2013). The soils are the basic unit of terrestrial ecosystem and their degradation, (be it by erosion, nutrient depletion, acidification, salinisation or compaction) has an impact on farm productivity and ecological resilience (FAO, 2021). Relationship between land use changes and degradation of soil quality
 is discussed and shown below in Figure -II. 
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Fig 2.  Relationship between land use changes and degradation of soil quality




1. Change of Land Use Patterns and its Effects on Soil: In several districts like Cooch Behar in the north alluvial plains of West Bengal the land use pattern has shown marked change during the last few decades. The district of Cooch Behar has been known for its alluvial soils which are very fertile and high rainfall conditions, the general background of the region has changed considerably after the extensive cultivation of food crops, specially crops of paddy, jute and vegetables at the cost of fallow and forest lands (Mondal & Das, 2020). The satellite data have indicated a continuous increase of areas under food crops, evidenced by direct decrease of forest area and depression of pasture lands (Chakraborty & Saha, 2018). Resultantly there has been change in the physical and chemical properties of the soils and there is depletion of important nutrients ‘responsible for’ production of various crops viz. nitrogen (N), phosphorus (P), potassium (K) and reduction of organic carbon (SOC) content (Bhattacharyya et al., 2015). The phase of perennial vegetation with annual cropping brings about the disturbance in the natural cycle of nutrient replenishment in the soil. This leads to the phenomenon of nutrient mining, where the nutrient extraction becomes greater than the nutrient replenishment (Singh et al., 2017). Studies carried out in Terai and Dooars regions near Cooch Behar demonstrate the continuous cropping without adequate organic input has led to a considerable reduction in the soil organic matter leading to an adverse effect on aggregate stability and cation exchange capacity (Roy & Mandal, 2022). 

2. Intensive Cropping and Use of Agrochemicals: The introduction of high yielding varieties (HYVs) and the extensive use of chemical fertilizers since the time of Green Revolution has led to intensification of the land use and pressure on land. While these practices have improved productivity at the outset, yet they have resulted in long term reduction of soil fertility. Excessive use of urea nitrogenous fertilizers with imbalanced N:P:K ratio has induced nutrient imbalance in the soil and soil acidification in many blocks of Cooch Behar such as Tufanganj and Dinhata (Das & Sarkar, 2021). Continuous cropping of paddy and other water consuming crops have produced submergence-induced anaerobic conditions leading to lack of microbial decomposition of organic residues with further reduction of soil microbial biomass and enzymatic activity (Lal, 2020; Roy & Mandal, 2022).

3. Dynamics between Land Use Patterns and Soil Erosion Process: Changes in land use pattern affects the rate of soil erosion too. The transformation of forests and grasslands into tilled crop lands results in increased surface runoff and exposure of top soil to erosion particularly during the monsoon months (Pimenteland Burgess, 2013). The gentle slopes and flood prone nature of Torsa and Sankosh river basin of Cooch Behar accentuates this situation and results in the loss of fertile top soil rich in organic matter and nutrients (Chakraborty and Saha, 2018). Repeated flooding also results in leaching of nutrients eroding soil surface and deposition of sediments, which alters its texture and reduces the percolation capacity of soil(Bhattacharyya et. al., 2015).  

4. Diversification of Land Use and Restoration of Soil Quality: On the other hand diversified land use and conservation practices improve soil quality. Agroforestry, Mixed cropping and Integrated Nutrient Management increase the accumulation of organic matter, regulate the maintenance of moisture level and increase biological activity of soil(for details refer to Singh et al., 2017; Lal, 2020). Sustainable practices like growing of green manure crops, minimum tillage, and organic composting partly restores the adverse effect of intensive cultivation by restoration of microbial equilibrium and by increasing the carbon stocking capacity of the soil (FAO, 2021).  

5. Contextual Dynamics in Cooch Behar: Jackfruit node based on actual study in Cooch Behar show that areas with diversified cropping and in additions with partial utilisation of organic inputs show higher Soil Organic Carbon and also stability of pH compared to the areas of monocropped fields under synthetic fertilizer systems having the lowest Soil Organic Carbon (Mondal & Das, 2020; Roy & Mandal, 2022). Satellite-based land use real time study from 2000 to 2020 also reveals that there is a strong negative correlation in between increase of cropland with soil nutrients index meaning thereby that the pattern and intensity of land use have direct relation with the status of soil quality of the region (Chakraborty & Saha, 2018). Therfore, healthy soil management in Cooch Behar would not depend solely on management of agricultural inputs, but also with that of the geographical position in land use and adoption of climate-resilient and bio-diversity friendly farming practices.
Limitations of the Study
1 - This research depends solely upon secondary sources; therefore, it cannot provide original verification of or context for soil fertility conditions.

2 - The lack of primary data, including direct sampling of soils, does not enable the precision of local measurement and evaluation of soil fertility.

3 - Due to the variation in period of time when the data were collected, and the method used to collect the data, it is difficult to compare or reproduce findings from the data used in this study.

4 - Seasonal variation and micro-level soil quality differences cannot be evaluated with the absence of evidence from the field.

5 - The use of aggregate data and previously published materials disenables the analysis from accounting for spatial variability of soil characteristics specific to the local site(s).

In spite of these limitations, the research provides an integrated and scientifically sound view that is derived from authentic and trustworthy sources of secondary data.

CONCLUSION
In the Cooch Behar district, an investigation into the process of decline of soil fertility reveals a complex interaction among environmental, agronomic and socio-economic factors to which is jointly attributable the situation which threatens the agricultural systems of the area with extinction. Prolonged cultivation, the introduction of high yielding crop varieties, the undue dependence on concentrated fertilizers, and failure to restore organic matter in the soil in a sufficient volume have brought about conditions leading to the impoverishment of essential nutrients, particularly nitrogen, phosphorus, and potassium (Sarkar et al, 2021). In addition to this, changes in land use, particularly the conversion of fertile agricultural properties to non-agricultural uses for settlements and various utilities, have brought about changes in the structure of the soil and reduced the areas available for sustainable farming (Das and Pal, 2020). 

In conclusion, in order to sustain the agricultural potential of Cooch Behar, a holistic approach integrating scientific soil management-based practices, participatory land use planning, and policy interventions to encourage sustainable resource-use patterns is needed. The agricultural system of the district can again restore its base fertility of soils, provide productive crop stability, and secure the livelihoods of agrarian communities for at least future generations by linking local practice to the principles of ecology.
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