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ABSTRACT	
Rice pre-dominates the rural economy of Assam providing food to more than 25 million people, in addition to generating income and employment directly and indirectly. Cultivation of summer rice in Assam is an as old practice, particularly in the flood plain areas after the water level recedes in the month of January. Soil quality is the fundamental importance for agricultural production. Five paddy lands were selected for soil quality analysis and to co-relate with Boro Rice crop production in Morigaon district of Assam. To achieve these objectives, important soil physico-chemical parameters like soil texture, temperature, moisture content, pH, organic carbon, nitrogen, phosphorus and potassium were investigated by standard techniques. The results revealed that soil texture was mostly sandy clay loam. Temperature of soils was found to be between 23°- 25°  C . The average moisture content of soils ranged from 10% to 55.5%. The average value of pH of soil samples was found moderately acidic. The average amount of organic carbon ranged from 3.3% to 5.96%. Organic carbon content was found high suggesting healthy soil for crop production. But the major nutrients like nitrogen, phosphorus, potassium content were found very low. Boro rice production was modest, varying between 520 and 880 kg per bigha. Integrated nutrient management through judicious fertilizer use, organic inputs, and rabi crop diversification may improve soil health and sustain rice-based farming systems.
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1. INTRODUCTION
Rice occupies a central position in the rural economy of Assam, serving as the staple food for more than 25 million people while also providing substantial direct and indirect employment opportunities. As the primary food crop consumed across all age groups, rice strongly determines the cropping pattern of the state. Assam is endowed with a favourable climate and fertile alluvial soils of the Brahmaputra Valley, which together support extensive rice cultivation. However, the continuous increase in population has intensified pressure on food grain availability from domestic rice production, making productivity enhancement a critical concern.
Summer rice cultivation is a long-established agricultural practice in Assam, particularly in swampy and low-lying areas after the recession of floodwaters during January. These areas are naturally enriched with organic matter and retain adequate residual moisture, enabling cultivation with minimal tillage and relatively low inputs of fertilizers and manures. Farmers traditionally cultivate tall indigenous rice varieties such as Boro-1 and Boro-2, which are well adapted to fluctuating water levels and reduce the risk of crop submergence during the monsoon season. Seedlings are often hardened along the upper margins of swampy basins and gradually transplanted towards lower elevations as water levels recede. In addition to traditional varieties, several high-yielding varieties—including No. 9 Mala, Pankaj, Mahsuri, Jaya, Bahadur, and Biplab—are widely cultivated as summer rice. These varieties are commonly grown in medium and low-lying lands with limited water stagnation and are particularly suitable for flood-prone areas where winter rice cultivation remains risky. For marginal and smallholder farmers, the need to ensure household food security and income largely governs cropping decisions.
Soil is a fundamental factor influencing plant growth and agricultural productivity. Soil fertility refers to the soil’s capacity to supply plants with essential nutrients, water, and oxygen (Reuler & Prins, 1993). Soil quality, in contrast, is defined as the ability of soil to function within ecosystem and land-use boundaries to sustain biological productivity, maintain environmental quality, regulate nutrient and water dynamics, support root growth, respond to management practices, and resist degradation (Brejda & Moorman, 2001). The physical and chemical properties of soil largely determine its suitability for agricultural and non-agricultural uses and are strongly influenced by land-use changes and management practices.
Soil-site suitability and soil productivity in different parts of India have been examined by Ahuja and Khanna (1987), Walia and Chamuah (1992), and Gangopadhyay et al. (1998). Karmakar (1995) studied the productivity and potential of soils in the Brahmaputra Valley, while Baruah (2003) evaluated land suitability for agricultural use in Morigaon district. Talukdar and Deka (2005) reported that higher levels of technology and repeated input application resulted in increased productivity in the medium lands of Assam’s floodplains. Negassa and Gebrekidan (2000) emphasized that successful soil management depends on understanding soil responses to agricultural practices over time. Several studies have established a strong relationship between soil quality and rice productivity (Aminuddin, 2005). Nitrogen content is a key determinant of soil fertility (Sinha & Prasad, 1980), while soil organic carbon has been shown to be significantly influenced by rice-based farming systems (Nath et al., 2016).
Soil quality plays a vital role in sustainable agricultural production, and soil fertility management has emerged as a central issue in ensuring food security, poverty reduction, and environmental sustainability. Effective soil management for agricultural and land-use planning requires an integrated understanding of soil physical, chemical, and biological properties, along with climatic conditions, geomorphic position, and existing land-use patterns. Maintaining soil fertility is therefore essential for sustaining high and stable paddy yields in Assam.
The nature of soil quality in a region reflects the level of agricultural productivity and economic development under varying physico-cultural environments. In districts such as Morigaon, where population density is high and land is the most critical natural resource, livelihoods are heavily dependent on the efficient and sustainable use of land. Despite the importance of rice cultivation in the district, information on the potential productivity of soils for summer rice production remains limited.
The study is based on soil and rice yield data collected during the year 2016–17. The study aims to assess soil quality and examine its relationship with summer paddy (Boro Rice) productivity in different regions of Morigaon district of Assam. The specific objectives of the study are to (i) select representative study sites, (ii) analyze soil quality parameters using standard laboratory techniques, and (iii) examine the relationship between soil quality and spatial patterns of rice productivity.

2. MATERIAL AND METHODS
2.1 Description of Study Area
Morigaon district, an administrative district of Assam, is located in the Brahmaputra valley. This district is bounded by Brahmaputra river in the north, in the south by Karbi Anglong district, in the east by Nagaon district and by Kamrup in the west. It is situated between and 26.50 North latitude and between 920 East longitudes (Fig. 1). Morigaon district occupies a total area of near about 1450 sq. km. 
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Fig.1 Location of the study area
2.2 Selection of sampling station
For the purpose of this study, samples were collected from different agriculture land of the area. In total 5 stations were selected. Three soil samples at 0-15 cm depth were collected randomly from each station. The sample stations along with their GPS co-ordinates are given in Table-1.
Table 1: Location of the sampling stations of Paddy land in Morigaon district, Assam
	Name of Sample  Stations
	1
	2
	3
	4
	5

	
	Patekibori Pathar
	Konwar Gaon
	Gakhira Than Pathar
	Hagoltoli Pathar
	Sipiri Pathar

	GPS location
	N 26O15’13.5’’
	N 26O12’9.4.5’’
	N 26O21’53.8’’
	N 26O18’41’’
	N 26O11’35.2’’

	
	E 92O06’31.7’’
	E 92O11’57.8’’
	E 92O15’8.6’’
	E 92O17’03’’
	E 92O23’09.2’’

	River basin
	Brahmaputra Flooded area
	Kapili basin


Paddy lands ( Boro Rice) 1 to 4 are located within the floodplain of the Brahmaputra River, while paddy land 5 lies in the Kapili basin.
2.3 Sampling procedure
In order to collect soil samples (0-15 cm depth) grasses, mosses, litter and other plant residues were removed from soil surface. Collection of soil samples was done by using an auger. Three soil samples from a rooting depth of 15 cm were collected randomly from each station. The soil samples were collected in an air-tight carry bags and then they were air dried for 3-5 days. After that they were crushed, passed through 2mm sieves and sealed tightly in air-tight polybags to avoid air contamination until further analysis. Secondary information was collected from Office of the Forest Ranger, Kamrup sub-division, related articles, web-sites, etc.
2.4 Soil quality parameters and methodology for their study
In this study some selected physical and chemical parameters were determined and different parameters that were used to assess soil quality of different agriculture areas are shown in Table 2. 
Table 2: Soil properties under study with their methods of measurement
	Soil properties
	Methods

	Texture 
	Feel method

	Temperature
	Soil thermometer

	Moisture content
	Gravimetric method

	PhpH
	Digital pH meter.

	Organic matter
	Titrimetric method (Walkley and Black, 1934).

	Total nitrogen
	 Micro-Kjeldahl method

	Available phosphorus
	Spectrophotometric method 

	Available potassium
	Flame photometer method (1986)

	
	


	








3. RESULTS AND DISCUSSION
The soil quality has been analyzed with respect to some representative physico- chemical parameters of soil (Table 3). 
Table 3: Mean of selected soil (0-15 cm) physical and chemical properties in different stations in Morigaon District of Assam
	Parameters
	Stations
	 
	 
	 
	 

	
	1
	2
	3
	4
	5

	
	Mean
	Mean
	Mean
	Mean
	Mean

	Temperature (0C)
	24
	25
	23
	25
	23

	Moisture (%)
	45.5
	55.55
	10
	10
	22

	pH
	6.15
	6.32
	6.34
	6.06
	5.4

	Organic Carbon (%)
	4.44
	3.3
	5.96
	4.38
	4.44

	P2O5  (Kg/Acre)
	2.35
	1.87
	1.87
	2.15
	1.86

	K2O (Kg/Acre)
	75.13
	36.4
	45.44
	58.35
	141.6

	Total Nitrogen (%)
	0.76
	0.59
	1.02
	0.75
	0.76

	Texture
	Sandy Clay Loam
	Sandy Clay Loam
	Sandy Clay
	Sandy Clay Loam
	Sandy Clay



Generally, the best agricultural soils are those which contain 10-20% clay, 5-10% organic matter and the rest equally shared by silt and clay. Soil texture at the stations 1, 2 and 4 was sandy clay loam, while it was sandy clay at stations 3 and 5. Temperature of soils in all the sampling stations was found to be between 23 - 250C and it is suitable for plant growth. 

The average moisture content of soils ranged from 10% to 55.5% for sampling stations. The highest percentage of moisture was noted in station 2. Soil in station 3 and 4 had relatively less moisture content. The average value of pH of soil samples was found moderately acidic and considered fair in almost all the samples except at station 5 where it was strongly acidic and considered poor (ICAR Rating chart for soil pH, 2015). The average amount of organic carbon ranged from 3.3% to 5.96% for all the sampling stations. The organic carbon amount was found highest at station 3, while lowest amount was found at station 2. The organic carbon was high according to the rating chart of ICAR, 2015.The average amount of P2O5 ranged from 1.87 to 2.35 Kg/Acre for all the sampling stations. Phosphorus content in soil body of selected sites was very low. The average amount of K2O ranged from 36.4 to 141.6 Kg/Acre for all the sampling stations. Potassium content in soil body of selected sites was very low. Since the study site samples enrich in SOC, the soil body also enriched in nitrogen content. The average amount of Total Nitrogen ranged from 0.59 to 1.02 % for all the sampling stations.
Yield (Kg/Bigha) of Boro Rice in different stations in the study area are given as under (Table 4):
Table 4: Yield (Kg/Bigha) in different stations in Morigaon District of Assam
	S. No.
	Name of Stations
	Yield (Kg/Bigha)

	1
	Patekibori Pathar
	800-880

	2
	Konwar Gaon
	680-760

	3
	Gakhira Than Pathar
	600-680

	4
	Hagoltoli Pathar
	640-720

	5
	Sipiri Pathar
	520-600


	Source: Primary data collected from villagers during the survey
These estimated soil parameters were accordingly co-related with the production of Boro rice in selected sites. Yield variation across the five stations shows a close relationship with soil quality. Station 1 recorded the highest yield due to balanced moisture and nutrient availability, while Station 2 showed moderate yield despite high moisture because of low organic carbon, nitrogen, and potassium. Station 3, though richest in organic carbon and nitrogen, produced lower yield due to very low soil moisture. Station 4 showed moderate yield with moderate fertility but moisture stress, whereas Station 5 recorded the lowest yield due to acidic soil, low phosphorus, and suboptimal moisture despite high potassium
Depending on soil conditions like nutrient availability, pH, aeration, temperature, moisture, etc., the soil quality and the production also varies. The co-relation of soil organic carbon and nitrogen content with the production (kg/bigha) is depicted in Fig. 2  and 3.









Figure 2: Co-relation between organic carbon content and rice production









Figure 3: Co-relation between nitrogen content and rice production

In terms of productivity, following is the order as per the sampling station no: 1>2>4>3>5.  
The alluvial soil is found along the river valley of the Brahmaputra and the Kapili Basin. So, the area is rich in agriculture. The principal crops are paddy, wheat, oil seed and so forth. Rice, being the staple food, it is natural that the cultivation of paddy constitutes one of the chief economic pursuits of the people. The following table details the production of summer paddy in the district.
Table-5: Production of summer paddy in Morigaon District, Assam for the year 2016 – 17 (Summer paddy cultivated area in the district = 44360 hectare)
	Variety 
	HYV/ Hybrid
	Production per hectare

	Sava 127
	Hybrid
	7.95 M.T.

	Arize Prime
	Hybrid
	7.67 M.T.

	RHR Prime
	Hybrid
	8.97 M.T.

	US 382
	Hybrid
	8.54 M.T.

	PAC 837
	Hybrid
	9.61 M.T.

	PNPH 24
	Hybrid
	9.42 M.T.

	VNR 2355
	HYV
	7.24 M.T.

	Geitesh
	HYV
	5.6 M.T.

	Ranjit
	HYV
	4.64 M.T.

	Swarna Sub 1
	HYV
	4.94 M.T.

	SwarnaMasuri
	HYV
	6.4 M.T.


Source: District Agriculture Office, Morigaon
High yielding and hybrid rice varieties reported for Morigaon district for the year 2016 – 17 ranged from 4.64 to 9.61 t ha⁻¹, which correspond to approximately 621–1286 kg bigha⁻¹ based on the Assam standard conversion (1 ha = 7.47 bighas). In contrast, the observed station-wise yields in the study area ranged from 520 to 880 kg bigha⁻¹, indicating that actual farm-level yields were generally lower than the potential yields of the cultivated varieties.
However, the study is based on soil and yield data collected during the agricultural year 2016–17 and considers only surface soil samples (0–15 cm). Yield values are farmer-reported ranges, and factors such as varietal differences, management practices, pest incidence, and irrigation inputs were not considered, which may also influence yield variation.					

4. CONCLUSION
In the study, five paddy lands of Morigaon district were selected to evaluate soil quality and its relationship with summer paddy production. The intensity of Boro rice cultivation in the area is largely influenced by soil characteristics in combination with prevailing management practices. Paddy lands 1 to 4 are located within the floodplain of the Brahmaputra River, while paddy land 5 lies in the Kapili basin. Periodic flooding in these regions contributes to sediment deposition, which enhances soil fertility and supports rice cultivation. Despite these favourable agro-ecological conditions, farmers obtained only low to medium yields ranging from 600 to 880 kg bigha⁻¹, even with the adoption of improved cultivation practices and chemical inputs.
The soil analysis indicates that crop productivity in the study area is constrained by deficiencies in major nutrients, particularly nitrogen, phosphorus, and potassium. This suggests a need for balanced and site-specific nutrient management to enhance rice yields. While fertilizer application is necessary to address nutrient deficiencies, excessive or indiscriminate use of chemical fertilizers can adversely affect soil health and environmental quality. Continuous ploughing and intensive land use without restorative practices further contribute to soil degradation. Adoption of integrated nutrient management, including judicious fertilizer use and incorporation of organic inputs, along with crop diversification during the rabi season, may help improve soil quality and long-term sustainability of rice-based systems. 
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