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Soil fertility status of Samastipur district, Bihar in relation to soil physico-chemical properties




ABSTRACT

An experiment was conducted in the department. of Soil Science and Agricultural Chemistry, Palli Siksha Bhavana, Institute of Agriculture, Visva-Bharati University, Sriniketan, West Bengal, India. 100 surface soil samples (0–15cm) were collected from 9 villages of 5 different blocks of Samastipur district of Bihar. The samples were shade dried for 10-12 days, and after that, they were reduced to powdered form with the help of a pestle and mortar and then sieved by a 2 mm sieve.  and further by a 0.2 mm sieve for mechanical composition analysis. Soil Physico-chemical properties (pH, EC, OC) were analyzed through different standard procedures. Similarly, macronutrients (N, P, and K) and as well as micronutrients (Zn, Mn, Cu, Fe, and B) were analyzed with the help of standard procedures. The textural class varied from sandy loam to loam, whereas the pH was in the alkaline range, EC was in the medium range, and OC was almost equally available in all ranges. N was found deficient in samples, and this may be due to extensive leaching as well as volatilization loss, whereas Pand K were in the medium to higher range. All micronutrients except Mn content were in the medium to a higher range, and a correlation was also found.The correlation coefficient was also found between the soil Physico-chemical properties and macronutrients and micronutrients separately.	Comment by HP: The study 	Comment by HP: The	Comment by HP: delete	Comment by HP: Processed and sieved using 2mm sieve 	Comment by HP: delete	Comment by HP: Delete	Comment by HP: By adopting	Comment by HP: measured	Comment by HP: delete and write briefly about the relation between physico chemical properties and nutrient availability
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1. INTRODUCTION

[bookmark: _Hlk200706129][bookmark: _Hlk200706252]Agriculture,India's backbone sector,contributes to the country's overall economic growth and defines the standard of living for more than half of the country's population.By 2050, the anticipated population of the world will be higher than 9.7 billion (FAO, 2018). In order to meet future food demand, it has been estimated that crop production must increase by up to 70%. (Hunter et al., 2017). In order to protect natural resources and promote intensive agriculture while minimising negative environmental effects, we must work together to overcome this enormous task (Lee et al., 2006; Hunteret al., 2017; Xieet al., 2019). Globally, the intensive use of organic fertilisers and mineral fertilisers has had a negative impact on the quality of soil and water (Bashir et al., 2020). The use of conventional nitrogenous fertilisers, in particular, has resulted in significant N losses to the environment, resulting in water eutrophication, soil acidity, and biodiversity (Banger et al., 2017). One of the most important production factors affecting sustainability is the use of chemical fertilizers. Farmers have been forced to utilize large amounts of chemical fertilizers due to the rising population. Its improper application poses a major threat to the agricultural production system's long-term viability. According to Fothand Ellis(1997), without maintaining soil fertility, one cannot talk about increasing agricultural production in order to feed the alarmingly growing population. According to soil-test results, 98 percent of Indian soil has low to medium available P, and 60 percent have low to medium K status, although N and Zn remain generally deficient. The experimental area was 5 blocks of Samastipur district of Bihar, which is generally known for vegetable cultivation along with the usual rice-wheat cropping system, and also the cultivation of tobacco, which is the specialty of that region. So,it is worthwhile to study the availability of both macro and micronutrients along with the Physico-chemical properties of soil.

2. MATERIALS AND METHODS

100 surface soil samples (100) were collected from the soils of 5 blocks viz. Pusa, Tajpur, Kalyanpur, Warisnagar, and Main Blocks and were sampled randomly. With the use of Khurpi, samples were taken at random at 0- 15 cm in a V shape. A half kg of the composite sample and each soil sample were well combined. The soil samples were air dried in the shade, powdered with a wooden pestle and mortar, sieved twice, and stored in polythene bags for later analysis. The 2 mm sieved materials were ground and put through a 0.2 mm sieve for organic carbon analysis. As indicated by Bouyoucos, particle size analysis was done using the Hydrometer method with sodium hexametaphosphate as a dispersion agent. The physicochemical properties, which include pH, EC, and OC content, were also analyzed. pH and EC were analyzed with the help of Jackson's method, while OC content was analyzed by the Walkley and Black wet oxidation method. For available N estimation, the Subbiah and Asija method has been used, while for P analysis, Olsen’s method has been used, and the readings are recorded with a spectrophotometer at 660 nm, as the soils were alkaline in pH range,and for K, neutral ammonium acetate has been used through flame photometer. In the case of Micronutrient cations (Zn,Mn, Cu and Fe) DTPA method was used and for B estimation Berger and Truog’s hot water extraction method has been used.	Comment by HP: The S	Comment by HP: different	Comment by HP: The samples were collected using Khurpi at 0-15cm and 	Comment by HP: Delete

3. RESULT AND DISCUSSION

The mechanical composition of the soil samples of the 5 blocks of Samastipur district varied from Sandy Loam to Loam (Table 1-5). This might be due to the heavy rainfall and granite parent material from which these soils were formed. In the Pusa block, soil pH varied from 7.74 to 8.30 with a mean value of 7.91, indicating an alkaline soil reaction. A similar result was also observed in the Tajpur block, where soil pH varied from 7.65 to 8.31, and an average value of 8.00 was recorded. In Kalyanpur soils, the values ranged from 7.63-8.50 with a mean value of 7.95. However, soils of Warisnagar and those in Main Block recorded higher soil pH beyond 8.6. In Warisnagar, it ranged from 7.65 to 8.66 with an average value of 8.07, and in the soils of Main Block, the values were between 7.76 and 8.60, with an average of 8.04. The maximum pH value was recorded in Rampur Siwan village (8.66) of Warisnagar block, and the minimum pH value was recorded in Gangapur village (7.44) of Pusa block.

The electrical conductivity of 100 samples of 5 blocks viz. Pusa, Tajpur, Kalyanpur, Warisnagar and Main block were ranging from 0.17 dS m-1 to 0.60 dS m-1 with a mean value of 0.33 dS m-1, 0.18 dS m-1 to 1.90 dS m-1 with an average value of 0.56 dS m-1, 0.10 dS m-1 to 0.34 dS m-1 with a mean value of 0.20 dS m-1, 0.17 dS m-1 to 1.00 dS m-1 with an average value of 0.34 dS m-1 and 0.12 dS m-1 to 1.78 dS m-1 with an average value of 0.52 dS m-1,respectively. The normal EC  due to the leaching of soluble salts to lower horizons due to a high amount of rainfall and a high content of sand fraction in the soil.	Comment by HP: Was observed as the soils are coarser textured and are subjected to

In the Pusa block, the Soil organic carbon content varied from 0.37 to 1.30% with an average value of 0.79 %, which may be considered a medium level. However, soils of the Tajpur block were very poor in organic carbon content, containing 0.17 % to 0.92 % soil organic carbon, and the average being only 0.51 %. In Kalyanpur, soils recorded a medium level of organic carbon, containing 0.33 to 1.02 % soil organic carbon with a mean value of 0.63 %. However, in Warisnagar, again, very poor values of soil organic carbon content (0.07 – 0.76 %) were recorded with a mean value of 0.36 %. Add 	Comment by HP: Write about the reasons for low OC and high OC considering the cropping system as paddy and wheat crop adds more crop resides 

Available nitrogen content in the soils of the Samastipur district was found to be low in all the blocks under consideration. In Pusa block, it ranged from 75.14 to 216.26 kg ha-1 with an average being 151.42 kg ha-1. Similar values were also recorded in Tajpur block where the values ranged between 74.72 kg ha-1 to 236.58 kg ha-1 and the average was 146.48 kg ha-1. Much lower values were observed in Kalyanpur block, where the values ranged from 53.11 kg ha-1 to 237.48 kg ha-1, with a mean value of 164.31 kg ha-1. In Warisnagar, it was between 76.62 kg ha-1 and 234.72 kg ha-1, with a mean value of 156.48 kg ha-1, and the highest mean value (190.66 kg ha-1) of available nitrogen content in soil was recorded in the Main block, where it ranged from 125.61 to 236.79 kg ha-1. The low value of N might be due to the fact that N is lost through various mechanisms like NH3 volatilization, denitrification, chemical and microbial fixation, leaching, and runoff (De Dutta and Buresh, 1989). 

The available Phosphorus content values in the five different blocks of Bihar, viz. Pusa, Tajpur, Kalyanpur, Warisnagar and Main block was varying from 5.77 kg ha-1 to 30.42 kg ha-1 with a mean value of 27.69 kg ha-1, 6.19 kg ha-1  to 24.58 kg ha-1 with an average value of 16.15 kg ha-1, 16.27 kg ha-1  to 42.87 kg ha-1 with a mean value of 25.53 kg ha-1, 7.31 kg ha-1 to 40.48 kg ha-1 with an average value of 19.67 kg/ha and 12.87 kg ha-1 to 39.35 kg ha-1  with a mean value of 25.68 kg ha-1, respectively. Available phosphorus content of soils is mostly affected by past fertilizer application and residual remaining, pH, Organic matter content, soil texture, various soil management and agronomic practices of crop growing. 


The available potassium content in the soils of Samastipur was generally found to be in the medium to higher range, whereas a very small number of soil samples were in the lower range. If we talk about considered blocks, in Pusa it varied from 189.46 kg ha-1 to 455.98 kg ha-1 with a mean value of 255.97 kg ha-1 and similar types of observation can be also seen in Tajpur and Main Block which were generally ranged from 152.47 kg ha-1 to 453.33 kg ha-1, 103.65 kg ha-1 to 428.82 kg ha-1 with mean values of 235.42 kg ha-1 and 277.89 kg ha-1 respectively. But the potassium content was on the lower side in Kalyanpur block with values ranged from 113.43 kg ha-1 to 285.51 kg ha-1 with mean value of 161.90 kg ha-1 but in the case of Warisnagar block it was very much on the higher side, having ranged from 139.24 kg ha-1 to 663.39 kg ha-1 with mean value of 331.98 kg ha-1.Medium available potassium in these soils may be attributed to the prevalence of potassium-rich minerals like Feldspar and Illite (Sharma et al., 2008).

Zinc is one of the most important and deficient micronutrients in Indian soils. It was observed that soils of Pusa, Main Block, and Warisnagar were generally medium to high in zinc content, with values varying from 0.61 mg kg-1 to 4.68 mg kg-1, 0.48 to 3.45 mg kg-1, and 0.38 to 2.10 mg kg-1, with mean values of 1.35, 1.17, and 0.94 mg kg-1, respectively. However, in the case of Tajpur, it varied mostly in the higher range, like 1.05 to 3.45 mg kg-1, with a mean value of 1.87 mg kg-1, but in Kalyanpur, the Zinc content was seen on the lower side, with values ranging from 0.24 mg kg-1 to 2.27 mg kg-1, with a mean value of 0.73 mg kg-1only.The maximum value (4.68 mg kg-1) was found in the Depar village of Pusa Block and the minimum value (0.24 mg kg-1) was found in the Koilwan village of Kalyanpur Block.

The available manganese was mostly deficient in all the soils except Kalyanpur block, the rest other 4 blocks viz. Pusa, Tajpur, Warisnagar and Main Block was showing manganese content very less as they ranged from 1.53 to 3.13 mg kg-1, 1.38 to 6.92 mg kg-1, 1.53 to 3.32 mg kg-1 and 1.00 to 3.08 mg kg-1 with mean values of 2.28, 3.28, 2.32 and 2.16 mg kg-1, respectively. However, in the case of Kalyanpur, it was abruptly high with values ranging from 1.41 to 9.22 mg kg-1, having a mean value of 4.38 mg kg-1, which was significantly higher than the remaining other blocks. The Mn-bearing minerals in the parent material might be the reason for higher Mn content in the soils, and due to better supply of manganese to rice in flooded soil, because Mn is soluble under relatively acidic and reducing conditions. Higher organic carbon may further increase the DTPA-extractable Mn content in soil.	
	
The iron content of the soils of the Samastipur region was mostly in the medium range, with 4 out of 5 blocks showing the mean range in around 10 mg kg-1, viz. Pusa, Tajpur, Kalyanpur and Main blocks having ranged from 0.77 to 21.22 mg kg-1, 1.79 to 17.63 mg kg-1, 0.91 to 25.92 mg kg-1 and 4.23 to 16.11 mg kg-1with mean values of 9.63, 7.45, 9.98 and 9.33 mg kg-1 but in case of Warisnagar it was significantly lowering down up to a value of 2.39 to 13.57 mg kg-1with an average value of 5.53 mg kg-1. The majority of the soils were not deficient in Fe, as the amount of iron required by crops is being released by iron-bearing minerals in these soils. The soil pH had the reverse effect on the availability of Fe content in the soil.
		
The DTPA Extractable Copper content in the five different blocks of Bihar viz. Pusa, Tajpur, Kalyanpur, Warisnagar and Main block varied from 1.01 mg kg-1to 4.85 mg kg-1with a mean value of 1.91 mg kg-1, 0.06 mg kg-1 to 2.12 mg kg-1 with an average value of 0.74 mg kg-1, 0.45 mg kg-1to 2.11 mg kg-1with a mean value of 1.36 mg kg-1, 0.32 mg kg-1to 2.55 mg kg-1with an average value of 1.09 mg/k mg kg-1 and the last main block was varying from 0.13 mg kg-1 to 2.18 mg kg-1 with a mean value of 1.06 mg kg-1.All the soil samples were found under high levels in available Cu content with a model class of >0.8 mg kg-1DTPA-extractable Cu. 
While working on the soils of Samastipur, we found that the available boron content was generally on the higher side, except Warisnagar block, where it was even higher, as it ranged from 0.40 mg kg-1 to 5.13 mg kg-1, with an average value of 1.37 mg kg-1, while the remaining blocks, viz. Pusa, Tajpur, Kalyanpur, and Main blocks ranged from 0.47 to 1.32 mg kg-1, 0.45 to 1.59 mg kg-1, 0.53 to 1.02 mg kg-1, and lastly 0.55 to 2.48 mg kg-1 with mean values of 0.67, 0.74, 0.72, and 0.90 mg kg-1, respectively.

Relationship between available nutrient status and soil physico-chemical properties

Soil Available Nitrogen content showed a significant and negative correlation with sand content and pH in all the blocks. These losses of Nitrogen may be due to the ammonia volatilization at higher pH, as well as due to leaching loss with rainwater. However, it showed positive correlation with EC, Organic carbon, and clay content. This may be due to the absorption of nitrogen by organic matter, which prevents it from fixation by microbes or other types of losses. Soil available Phosphorus was showing a significant and negative correlation with sand content and pH. It may be due to the fixation of Phosphorus with calcium and magnesium at a high pH range. There was a significant and positive correlation between available phosphorus content in soil and its electrical conductivity, organic carbon, and clay content.

Available potassium content was decreased with an increase in soil pH. We observed a significantly negative correlation in the Pusa block and in the Tajpur block; the correlation coefficient values were negative but statistically not significant in the other blocks. There was a significant and positive correlation with EC, OC, sand, and clay contents. This may be due to the prevention of potassium fixation in i - layer space in clay minerals. 

DTPA Extractable Zinc was showing a significant and negative correlation with pH and sand content. However, it showed positive correlation with EC, organic carbon, and clay content. It has been reported that organic matter, particularly soil organic matter, plays an important role in controlling zinc availability. Organic matter decomposition produces CO2, which combines with water to form H2O. It reduced the pH of the soil locally to some extent, which aids in increasing zinc solubility in addition to its effect on the weathering of minerals containing zinc products of organic matter. Decomposition may also have a chelating effect on zinc, and chelated zinc may become available to plants. Furthermore, it is less prone to fixation reaction

	
TableNo-1.Physico-chemicalproperties andmacro&micro-nutrientstatus ofPusaBlock	Comment by HP: 	Comment by HP: Merge the tables considering Max, Min, Mean, Std. deviation, CV, Skewness and Kurtosis

	Village
	Sample No
	pH
	EC
(dSm-1)
	OC(%)
	N(Kgha-
1)
	P(Kgha-
1)
	K(Kg
ha-1)
	Zn(mg kg-1)
	Mn(mgkg-
1)
	Fe(mg kg-1)
	Cu (mg kg-1)
	B(mg kg-1)
	Soil Texture

	Gangapur
	S1
	7.84
	0.41
	0.94
	175.61
	33.31
	252.02
	1.29
	2.78
	11.38
	2.03
	0.55
	Loam

	
	S2
	7.82
	0.52
	0.97
	196.45
	34.26
	259.28
	1.68
	2.94
	13.88
	2.15
	0.52
	Loam

	
	S3
	8.30
	0.17
	0.37
	174.55
	5.77
	189.46
	0.61
	1.53
	0.77
	1.01
	1.32
	Loam

	
	S4
	7.44
	0.60
	1.30
	216.27
	27.28
	238.43
	4.86
	3.13
	4.98
	4.85
	0.80
	SiltyLoam

	
	S5
	8.08
	0.18
	0.45
	77.76
	7.94
	195.15
	2.76
	3.11
	0.87
	1.02
	1.30
	Loam

	
	S6
	7.90
	0.33
	0.85
	156.03
	22.20
	236.12
	1.23
	2.31
	9.30
	3.76
	0.58
	Loam

	
	S7
	7.90
	0.31
	0.80
	152.61
	20.61
	227.36
	1.16
	2.15
	8.97
	1.87
	0.58
	Loam

	
	S8
	8.0
	0.23
	0.62
	149.71
	17.16
	209.34
	0.96
	1.87
	7.46
	1.64
	0.65
	Loam

	
	S9
	8.03
	0.22
	0.57
	127.78
	14.61
	199.40
	0.89
	1.79
	7.26
	1.13
	0.70
	Loam

	
	S10
	7.96
	0.28
	0.74
	151.40
	19.38
	221.50
	0.99
	1.98
	7.73
	1.69
	0.63
	Loam

	Depar
	S1
	7.74
	0.56
	1.13
	198.88
	42.03
	261.46
	1.76
	2.98
	16.44
	2.29
	0.50
	Loam

	
	S2
	7.88
	0.33
	0.89
	162.57
	23.73
	236.18
	1.26
	2.68
	10.42
	1.99
	0.58
	Loam

	
	S3
	8.05
	0.19
	0.48
	94.40
	9.03
	197.08
	0.73
	1.68
	21.22
	1.03
	0.80
	Loam

	
	S4
	7.87
	0.37
	0.92
	75.14
	30.42
	545.99
	1.29
	2.78
	11.23
	2.02
	0.55
	Loam

	
	S5
	8.04
	0.22
	0.52
	103.62
	14.42
	199.18
	0.77
	1.77
	6.02
	1.06
	0.47
	Loam

	
	S6
	7.73
	0.60
	1.22
	211.38
	43.93
	545.20
	0.68
	1.64
	19.27
	1.95
	0.48
	Loam

	
	S7
	7.83
	0.46
	0.94
	179.83
	33.73
	255.39
	1.33
	2.79
	12.46
	2.06
	0.52
	Loam

	
	S8
	7.94
	0.28
	0.79
	151.47
	20.38
	224.44
	1.07
	2.06
	8.10
	1.80
	0.61
	Loam

	
	S9
	8.02
	0.23
	0.59
	134.24
	15.14
	207.34
	0.90
	1.84
	7.34
	1.37
	0.70
	Loam

	
	S10
	7.96
	0.26
	0.74
	150.34
	18.43
	219.26
	0.97
	1.93
	7.63
	1.67
	0.64
	Loam

	
	CD(5%)
	0.03
	0.01
	0.02
	2.76
	1.31
	1.02
	0.01
	0.02
	0.04
	0.01
	0.02
	

	
	MSE
	0.03
	0.01
	0.02
	2.46
	1.17
	0.91
	0.01
	0.02
	0.04
	0.01
	0.02
	

	
	Maximum
	8.3
	0.6
	1.3
	216.26
	43.93
	545.98
	4.86
	3.13
	21.22
	4.85
	1.32
	

	
	Minimum
	7.44
	0.17
	0.37
	75.14
	5.77
	189.46
	0.61
	1.53
	0.77
	1.01
	0.47
	

	
	Average
	7.91
	0.34
	0.79
	151.42
	31.36
	266.13
	1.48
	2.29
	9.76
	2.01
	0.69
	









TableNo-2.Physico-chemicalpropertiesand Macro&MicronutrientstatusofTajpurBlock

	Village
	Sample No
	pH
	EC
(dSm-1)
	OC (%)
	N(Kgha-
1)
	P(Kgha-
1)
	K(Kgha-1)
	Zn(mg kg-1)
	Mn(mg kg-1)
	Fe	(mg kg-1)
	Cu(mg kg-1)
	B(mg kg-1)
	Soil Texture

	Rahimapur
	S1
	7.89
	0.72
	0.64
	178.07
	20.44
	274.38
	2.26
	4.08
	8.02
	0.90
	0.61
	SL

	
	S2
	7.65
	1.9
	0.92
	236.58
	24.58
	156.44
	3.45
	6.92
	17.63
	2.12
	0.82
	SL

	
	S3
	8.04
	0.3
	0.44
	77.59
	14.48
	200.37
	1.97
	2.42
	5.72
	0.39
	0.71
	SL

	
	S4
	8.31
	0.18
	0.5
	74.72
	14.65
	152.47
	1.05
	3.07
	1.79
	0.06
	1.59
	SL

	
	S5
	7.79
	0.24
	0.83
	200.72
	22.71
	281.32
	2.87
	4.52
	13.68
	1.47
	0.56
	SL

	
	S6
	7.71
	1.23
	0.84
	226.17
	22.84
	283.46
	2.92
	4.76
	13.82
	1.52
	0.55
	SL

	
	S7
	7.95
	0.52
	0.61
	151.19
	20.44
	236.47
	2.01
	3.98
	4.33
	0.79
	0.62
	SL

	
	S8
	8.14
	0.29
	0.37
	125.78
	13.95
	199.40
	1.31
	2.37
	5.71
	0.35
	0.78
	SL

	
	S9
	8.23
	0.26
	0.28
	88.40
	9.24
	156.63
	1.20
	1.88
	4.22
	0.16
	0.82
	SL

	
	S10
	7.70
	1.33
	0.89
	226.52
	24.37
	450.45
	2.94
	5.32
	14.96
	0.19
	0.54
	SL

	Bhairokhara
	S1
	8.14
	0.28
	0.34
	124.59
	12.40
	171.39
	1.28
	2.14
	5.67
	0.28
	0.78
	SL

	
	S2
	7.87
	0.73
	0.68
	195.66
	20.79
	276.31
	2.37
	4.13
	8.04
	1.00
	0.60
	SL

	
	S3
	8.30
	0.18
	0.19
	75.24
	8.23
	152.54
	1.14
	1.42
	1.81
	0.07
	1.52
	SL

	
	S4
	8.00
	0.41
	0.17
	149.04
	18.50
	218.31
	1.78
	3.24
	6.83
	0.68
	0.65
	SL

	
	S5
	8.03
	0.32
	0.48
	127.54
	18.29
	210.48
	1.76
	3.13
	6.09
	0.63
	0.65
	SL

	
	S6
	7.96
	0.47
	0.57
	149.77
	20.27
	235.31
	1.45
	3.63
	7.16
	0.78
	0.62
	SL

	
	S7
	8.03
	0.31
	0.47
	126.72
	6.19
	210.46
	1.45
	1.38
	5.78
	0.59
	0.69
	SL

	
	S8
	8.14
	0.26
	0.32
	101.46
	9.46
	170.46
	1.23
	2.13
	7.20
	2.08
	0.78
	SL

	
	S9
	8.24
	1.00
	0.24
	126.58
	8.52
	453.44
	1.18
	1.76
	3.65
	0.13
	0.45
	SL

	
	S10
	7.98
	0.46
	0.52
	149.14
	19.91
	218.46
	1.89
	3.45
	6.91
	0.70
	0.65
	SL

	
	CD(5%)
	0.01
	0.01
	0.01
	4.03
	1.53
	22.56
	0.01
	0.02
	2.61
	0.03
	0.01
	

	
	MSE
	0.01
	0.01
	0.01
	3.59
	1.37
	20.24
	0.01
	0.01
	2.33
	0.03
	0.01
	

	
	Maximum
	8.31
	1.90
	0.92
	236.58
	24.58
	453.34
	3.45
	6.92
	17.63
	2.12
	1.59
	

	
	Minimum
	7.65
	0.18
	0.17
	74.72
	6.19
	152.47
	1.05
	1.38
	1.79
	0.06
	0.45
	

	
	Average
	8.00
	0.61
	0.51
	146.48
	16.41
	241.55
	1.90
	3.36
	7.65
	0.77
	0.77
	


SL-SandyLoam





Table No. 3.Physico-chemical propertiesand Macro- and Micronutrient status of Kalyanpur Block

	Village
	SampleNo
	pH
	EC
(dSm-1)
	OC(%)
	N(Kgha-1)
	P(Kgha-1)
	K(Kgha-1)
	Zn(mg kg-1)
	Mn(mg kg-1)
	Fe (mg kg-1)
	Cu (mg kg-1)
	B(mg kg-1)
	Soil Texture

	Koilwan
	S1
	7.87
	0.20
	0.81
	198.47
	26.61
	144.21
	0.52
	4.18
	8.31
	1.38
	0.70
	SL

	
	S2
	7.96
	0.15
	0.60
	150.84
	27.27
	131.25
	1.47
	3.67
	7.63
	1.33
	0.76
	SL

	
	S3
	8.12
	0.14
	0.43
	105.34
	19.55
	124.53
	0.42
	3.13
	7.20
	0.85
	0.82
	SL

	
	S4
	8.39
	0.11
	0.90
	200.76
	16.72
	116.32
	0.27
	1.44
	10.63
	1.37
	0.67
	SL

	
	S5
	8.50
	0.10
	0.33
	53.12
	16.27
	153.35
	0.24
	1.41
	0.91
	0.45
	1.02
	SL

	
	S6
	7.94
	0.18
	0.75
	176.20
	26.24
	135.35
	0.50
	6.79
	8.12
	1.36
	0.72
	SL

	
	S7
	8.06
	0.30
	0.51
	128.32
	22.32
	125.75
	0.43
	3.31
	7.34
	0.94
	0.78
	SL

	
	S8
	8.22
	0.13
	0.38
	105.34
	19.39
	124.27
	0.31
	1.82
	4.37
	0.83
	0.82
	SL

	
	S9
	8.34
	0.11
	0.37
	102.92
	18.60
	121.50
	0.28
	1.79
	4.20
	0.78
	0.93
	SL

	
	S10
	7.95
	0.17
	0.67
	175.98
	23.55
	134.43
	0.50
	3.78
	7.87
	1.36
	0.76
	SL

	Ratwara
	S1
	7.64
	0.33
	0.95
	226.01
	37.26
	284.39
	2.18
	8.24
	21.67
	2.03
	0.54
	Loam

	
	S2
	7.63
	0.34
	1.02
	237.48
	42.87
	285.51
	2.27
	9.22
	25.92
	2.11
	0.53
	Loam

	
	S3
	7.70
	0.30
	0.88
	205.41
	22.51
	159.32
	0.64
	6.04
	11.76
	1.82
	0.63
	Loam

	
	S4
	7.79
	0.23
	0.85
	200.32
	26.81
	152.28
	0.59
	4.48
	9.23
	1.78
	0.67
	Loam

	
	S5
	7.96
	0.15
	0.57
	130.80
	22.47
	128.50
	0.44
	3.45
	7.42
	1.15
	0.78
	Loam

	
	S6
	7.66
	0.14
	0.36
	222.50
	27.31
	254.38
	0.47
	3.82
	19.27
	1.86
	0.62
	Loam

	
	S7
	7.73
	0.28
	0.85
	88.45
	27.26
	113.44
	0.62
	5.98
	1.20
	1.78
	0.65
	Loam

	
	S8
	7.81
	0.23
	0.82
	200.05
	26.61
	151.46
	0.58
	4.21
	8.33
	1.67
	1.02
	Loam

	
	S9
	7.89
	0.19
	0.78
	190.30
	26.34
	143.48
	0.52
	3.87
	8.15
	0.59
	0.71
	Loam

	
	S10
	7.64
	0.33
	0.90
	225.81
	34.60
	254.47
	1.51
	7.13
	20.16
	1.88
	0.55
	Loam

	
	CD(5%)
	0.01
	0.01
	0.01
	3.07
	1.15
	1.04
	0.01
	0.01
	0.01
	0.01
	0.01
	

	
	MSE
	0.01
	0.01
	0.01
	2.73
	1.03
	0.93
	0.01
	0.01
	0.01
	0.01
	0.01
	

	
	Maximum
	8.5
	0.34
	1.02
	237.48
	42.87
	285.51
	2.27
	9.22
	25.92
	2.11
	1.02
	

	
	Minimum
	7.63
	0.1
	0.33
	53.11
	16.27
	113.43
	0.24
	1.41
	0.91
	0.45
	0.53
	

	
	Average
	7.95
	0.20
	0.68
	164.31
	25.89
	165.32
	0.78
	4.47
	10.29
	1.35
	0.73
	


SL-SandyLoam





Table No. 4.Physico-chemicalpropertiesand macro & micro-nutrient status ofWarisnagarBlock

	Village
	SampleNo
	pH
	EC
(dSm-
1)
	OC (%)
	N(Kgha-1)
	P(Kg ha-1)
	K(Kgha-1)
	Zn
(mg kg-1)
	Mn
(mg kg-1)
	Fe
(mg kg-1)
	Cu
(mg kg-1)
	B
(mg kg-1)
	Soil Texture

	Rohua
	S1
	7.9
	0.39
	0.52
	178.49
	25.50
	402.47
	1.09
	2.88
	6.40
	1.43
	0.53
	SL

	
	S2
	8.0
	0.28
	0.38
	176.42
	20.52
	310.22
	0.99
	2.49
	4.85
	0.99
	0.70
	SL

	
	S3
	7.89
	0.20
	0.54
	134.30
	7.31
	221.47
	1.13
	2.91
	8.12
	1.67
	0.49
	SL

	
	S4
	8.0
	0.27
	0.36
	175.89
	18.62
	302.56
	0.94
	2.46
	4.67
	0.98
	1.47
	SL

	
	S5
	8.14
	0.21
	0.44
	150.63
	13.5
	221.31
	1.13
	2.68
	3.53
	2.43
	1.38
	SL

	
	S6
	7.92
	0.37
	0.47
	176.76
	23.63
	363.30
	1.07
	2.77
	6.18
	1.38
	0.58
	SL

	
	S7
	7.95
	0.32
	0.45
	176.58
	22.64
	336.24
	1.04
	2.70
	3.59
	1.20
	0.61
	SL

	
	S8
	8.04
	0.24
	0.30
	175.52
	16.41
	257.13
	0.85
	2.25
	4.04
	0.79
	0.93
	SL

	
	S9
	8.10
	0.22
	0.30
	167.56
	14.28
	228.25
	0.75
	1.93
	4.01
	0.79
	0.94
	SL

	
	S10
	8.0
	0.25
	0.32
	175.71
	16.55
	269.66
	0.86
	2.29
	4.13
	0.84
	0.92
	SL

	Rampur Siwan
	S1
	7.65
	1.00
	0.76
	234.72
	40.48
	663.40
	2.10
	3.32
	13.57
	2.55
	0.40
	SL

	
	S2
	8.42
	0.20
	0.14
	126.73
	11.60
	203.51
	0.61
	1.63
	3.31
	0.55
	2.63
	SL

	
	S3
	8.43
	0.19
	0.13
	100.45
	11.41
	199.32
	0.57
	1.59
	3.13
	0.51
	2.64
	SL

	
	S4
	8.66
	0.17
	0.07
	111.36
	28.59
	139.24
	0.38
	1.53
	2.39
	0.32
	5.13
	SL

	
	S5
	8.56
	0.18
	0.09
	76.62
	8.48
	149.30
	0.40
	1.58
	2.43
	0.37
	4.68
	SL

	
	S6
	7.77
	0.55
	0.60
	200.55
	30.66
	607.35
	0.69
	2.94
	8.48
	1.71
	0.43
	SL

	
	S7
	7.99
	0.29
	0.23
	176.53
	22.55
	330.39
	1.03
	1.73
	5.98
	1.17
	0.69
	SL

	
	S8
	8.11
	0.22
	0.27
	156.72
	13.60
	604.49
	0.72
	1.89
	6.10
	0.78
	1.02
	SL

	
	S9
	8.20
	0.48
	0.18
	199.44
	12.61
	209.57
	0.67
	1.69
	3.42
	0.73
	0.84
	SL

	
	S10
	7.70
	0.80
	0.65
	225.69
	34.5
	620.47
	1.90
	3.28
	12.34
	0.75
	0.40
	SL

	
	CD(5%)
	0.04
	0.02
	0.01
	1.38
	1.16
	1.21
	0.03
	0.01
	0.03
	0.01
	0.01
	

	
	MSE
	0.04
	0.02
	0.01
	1.23
	1.04
	1.08
	0.01
	0.01
	0.03
	0.01
	0.01
	

	
	Maximum
	8.66
	1.00
	0.76
	234.72
	40.48
	663.39
	2.10
	3.32
	13.57
	2.55
	5.13
	

	
	Minimum
	7.65
	0.17
	0.07
	76.62
	7.31
	139.24
	0.38
	1.53
	2.39
	0.32
	0.40
	

	
	Average
	8.07
	0.36
	0.36
	156.48
	20.05
	338.28
	0.97
	2.33
	5.75
	1.12
	1.49
	


SL-SandyLoam



[bookmark: _Hlk200723666]Table No. 5.Physico-chemicalpropertiesandmacro and micronutrient status of MainBlock

	Village
	SampleNo
	pH
	EC
(dS
m-1)
	OC (%)
	N(Kgha-1)
	P(Kgha-1)
	K(Kgha-1)
	Zn
(mg kg-1)
	Mn
(mg kg-1)
	Fe
(mg kg-1)
	Cu
(mg kg-1)
	B
(mg kg-1)
	Soil Texture

	
	S1
	7.94
	0.55
	0.79
	200.65
	30.49
	373.47
	1.17
	2.69
	10.62
	1.39
	0.68
	Loam

	
	S2
	8.02
	0.35
	0.58
	200.62
	25.68
	282.55
	3.24
	2.28
	7.99
	1.02
	0.71
	Loam

	
	S3
	7.85
	0.78
	0.50
	224.57
	33.68
	377.04
	1.21
	2.77
	11.98
	1.43
	0.65
	Loam

	
	S4
	7.98
	0.52
	0.68
	176.33
	17.66
	167.98
	1.11
	2.32
	8.20
	1.09
	0.70
	SL

	
	S5
	8.03
	0.34
	0.56
	200.53
	23.5
	280.20
	0.87
	2.12
	7.96
	0.15
	0.74
	SL

	
	S6
	7.76
	0.32
	1.06
	236.79
	39.35
	428.82
	3.54
	3.08
	6.02
	2.18
	1.26
	Loam

	
	S7
	8.17
	0.22
	0.40
	174.40
	16.53
	155.47
	0.60
	1.16
	6.86
	0.59
	1.12
	SL

	
	S8
	8.35
	0.15
	0.35
	134.48
	14.36
	117.26
	0.51
	3.03
	4.98
	0.14
	2.37
	SL

	
	S9
	8.11
	0.25
	0.47
	175.59
	18.63
	177.01
	0.81
	1.76
	7.24
	0.91
	0.78
	Loam

	
	S10
	8.60
	0.12
	0.33
	125.62
	12.87
	103.45
	0.48
	1.00
	4.23
	0.13
	2.48
	Loam

	
	S11
	7.79
	0.92
	0.88
	225.73
	36.49
	421.90
	1.37
	2.98
	14.84
	1.45
	0.61
	Loam

	
	S12
	7.83
	0.87
	0.84
	224.73
	35.44
	418.62
	1.33
	2.95
	12.87
	1.45
	0.62
	Loam

	
	S13
	7.87
	0.72
	0.80
	200.80
	32.74
	373.72
	1.19
	2.69
	11.26
	1.42
	0.68
	SL

	
	S14
	7.95
	0.52
	0.71
	200.64
	28.25
	367.76
	1.12
	2.66
	10.48
	1.10
	0.68
	SL

	
	S15
	7.99
	0.40
	0.65
	200.62
	25.7
	283.13
	1.00
	2.29
	8.17
	1.06
	0.70
	SL

	
	S16
	8.06
	1.78
	0.51
	184.59
	21.61
	188.61
	0.84
	1.84
	7.89
	0.99
	0.75
	Loam

	
	S17
	8.09
	0.30
	0.82
	200.63
	20.58
	180.33
	0.81
	1.79
	7.24
	0.97
	0.75
	Loam

	
	S18
	8.14
	0.24
	0.41
	174.74
	26.68
	286.14
	0.79
	1.75
	6.89
	0.62
	0.78
	SL

	
	S19
	8.24
	0.17
	0.36
	144.48
	14.41
	147.87
	0.57
	1.12
	16.11
	1.00
	0.55
	SL

	
	S20
	7.78
	1.01
	0.93
	225.80
	38.57
	426.13
	0.89
	1.00
	15.23
	2.17
	0.58
	Loam

	
	CD(5%)
	0.02
	0.01
	0.02
	1.25
	1.24
	0.96
	0.02
	0.03
	0.01
	0.03
	0.01
	

	
	MSE
	0.02
	0.01
	0.02
	1.12
	1.11
	0.86
	0.02
	0.03
	0.01
	0.03
	0.01
	

	
	Maximum
	8.6
	1.78
	1.06
	236.79
	39.35
	428.82
	3.54
	3.08
	16.11
	2.18
	2.48
	

	
	Minimum
	7.76
	0.12
	0.33
	125.61
	12.87
	103.45
	0.48
	1.00
	4.23
	0.13
	0.55
	

	
	Average
	8.04
	0.56
	0.63
	190.66
	25.70
	276.80
	1.24
	2.15
	9.42
	1.07
	0.96
	


SL-SandyLoam

DTPA Extractable Manganesewas showing significant and negative correlation with pH and sand content, and positive correlation with EC, Organic carbon, and clay content. The increase in manganese availability with increasing organic carbon content could be attributed to the influence of organic carbon on the solubility and availability of Mn, which protects itself from oxidation and precipitation of available Mn into an unavailable form.
DTPA Extractable Iron content was showing significant and negative correlation with sand andpH.The most readily available form of iron is Fe++ ion. The reduction in iron availability with increasing pH may be attributed to the conversion of Fe++ ions to Fe+++ ions. At higher pH levels, Iron ions precipitate as insoluble Fe (OH)2 and reduce their availability. 

DTPA Extractable Iron showed significant and positive correlation with EC, organic carbon, and clay content. As organic matter can supply chelating agents, the availability of iron increases as organic matter content increases. The addition of organic matter improves soil structure and aeration, increasing iron availability. The positive correlation between organic carbon and available iron may also be due to the influence of organic carbon on the solubility and availability of Fe, which protects itself from oxidation and precipitation of available Fe into an unavailable form, thereby increasing its availability in soils (Dolui and Mustafi, 1997). Copper content showeda significant and negative correlation with EC, pH, and sand content. A decrease in available copper with increasing soil pH may occur due to Cu precipitation as hydroxides at higher pH (Rupa and Shukla, 1998). However, it showed a positive correlation with OC and clay content. The presence of organic matter may increase copper availability, presumably by supplying soluble complexing agents that reduce fixation. Soil Available Boronwas showing significant and positive correlation between pH and Soil organic carbon content, and it was negatively correlated with EC, sand, and clay contents.

[bookmark: _Hlk200723978]Table- 6: Correlation between soil physico-chemical properties and available nutrient content of Pusa Block	Comment by HP: Reduced to single table
	
	N
	P
	K
	Zn
	Mn
	Fe
	Cu
	B

	pH
	-0.579**
	-0.368
	-0.386
	-0.646**
	-0.588**
	-0.367
	-0.808**
	0.514*

	EC
	0.734**
	0.422
	0.523*
	0.455*
	0.539*
	0.484*
	0.664*
	-0.484*

	OC
	0.689**
	0.469*
	0.540*
	0.459*
	0.533*
	0.447*
	0.746**
	-0.564**

	Sand
	0.207
	0.016
	0.105
	0.016
	-0.159*
	0.069
	0.060
	-0.146

	Clay
	-0.191
	-0.121
	0.068
	-0.601**
	-0.299
	0.064
	-0.155
	-0.247


** Significance at 1%                                                                                  * Significance at 5%

Table- 7: Correlation between soil physico-chemical properties and available nutrient content of Tajpur Block
	
	    N
	    P
	    K
	   Zn
	   Mn
	    Fe
	     Cu
	      B

	pH
	-0.934**
	-847**
	-350
	-0.952**
	-0.879**
	-0.915**
	-0.601**
	0.573**

	EC
	0.774**
	0.552*
	0.460*
	0.736**
	0.754**
	0.742**
	0.402
	-0.346

	OC
	0.831**
	0.809*
	0.309
	0.879**
	0.878**
	0.824**
	0.500*
	-0.314

	Sand
	-0.106
	-0.285
	0.043
	-0.313
	-0.360
	-0.251
	-0.210
	-0.121

	Clay
	0.014
	0.148
	-118
	0.207
	0.169
	0.272
	0.010
	-0.083


** Significance at 1%                                                                                 * Significance at 5%

Table- 8: Correlation betweensoil physico-chemical properties and available nutrient content ofKalyanpurBlock

	
	    N
	    P
	    K
	   Zn
	   Mn
	    Fe
	   Cu
	   B

	pH
	-0.693**
	0.820**
	-0.624**
	-0.602**
	-0.831**
	-0.652**
	-0.817**
	0.690**

	EC
	0.499*
	0.758**
	0.561**
	0.673**
	0.837**
	0.575**
	0.673**
	-0.608**

	OC
	0.694**
	0.644**
	0.356
	0.564**
	0.721**
	0.499*
	0.697**
	-0.429

	Sand
	-0.512*
	-0.536*
	0.586**
	-0.343
	-0.533*
	-0.514*
	-0.528*
	0.328

	Clay
	0.563**
	0.474*
	0.563
	0.311
	0.543*
	0.540*
	0.653**
	-0.441


** Significance at 1%                                                                                 * Significance at 5%
Table- 9: Correlation betweensoil physico-chemical properties and available nutrient content  of WarisnagarBlock
	
	    N
	    P
	     K
	    Zn
	   Mn
	     Fe
	    Cu
	      B

	pH
	-0.887
	-0.545*
	-0.742**
	-0.792**
	-0.870**
	-0.795**
	-0.644**
	0.902**

	EC
	0.684**
	0.792**
	0.765**
	0.797**
	0.656**
	0.860**
	0.469**
	-0.454*

	OC
	0.720**
	0.623**
	0.732**
	0.840**
	0.978**
	0.846**
	0.768**
	0.720**

	Sand
	-0.315
	-0.142
	0.037
	-0.097
	-0.203
	0.032
	0.040
	0.255

	Clay
	-0.226
	0.352
	-0.016
	0.126
	0.164
	0.152
	0.188
	0.306


** Significance at 1%                                                                                  * Significance at 5%

Table- 10: Correlation between soil physico-chemical properties and available nutrient content of MainBlock
	
	N
	P
	K
	Zn
	Mn
	Fe
	Cu
	B

	pH
	-0.944**
	-0.884**
	-0.872**
	-0.497*
	-0.522*
	-0.540*
	-0.835**
	0.714**

	EC
	0.455**
	0.448**
	0.391
	0.005
	0.151
	0.409
	0.446*
	-0.407

	OC
	0.823**
	0.801**
	0.769**
	0.521*
	0.448*
	0.353
	0.813**
	-0.416

	Sand
	-0.448*
	-0.470*
	-0.383
	-0.206
	0.091
	-0.191
	-0.478
	0.094

	Clay
	0.385
	0.278
	0.239
	-0.281
	-0.256
	0.342
	0.292
	-0.381


** Significance at 1%                                                                                  * Significance at 5%



4. Conclusion: 
The present investigation revealed that most of the soils under five blocks of Samastipur were neutral to alkaline in reaction, sandy loam in texture, and medium to high in organic carbon content, and available nitrogen was deficient. The soils were medium to high in available phosphorus and potassium status content. The soils understudy were medium to high in available iron, copper, manganese, zinc and boron.There was a significant negative correlation between available soil pH and contents of available N, P, K, and cationic micronutrients. All the available plant nutrients studied showed a significant positive correlation with organic carbon content and electrical conductivity of soils.
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