Variation in Soil Properties Across Tehsils and Elevation Gradients in Mirzapur District, Uttar Pradesh, India


Abstract 
[bookmark: _GoBack]The present study was undertaken with the objective to test whether the average soil characteristic contents (pH, EC, OC, N, P, K, S, Fe, Zn, Mn and B) in the soil are same for all four tehsils of Mirzapur district as well as for different elevation ranges. Soil is a key element of agriculture. Soil plays a major role in determining the sustainable productivity of an agro-ecosystem. Crop production is greatly influenced by the soil characteristics such as pH, Electrical Conductivity (EC), Organic Carbon (OC), Nitrogen, Phosphorus and other nutrients. These characteristics are related to soil fertility and agricultural productivity of a particular place. The demand for increasing crop production requires a thorough knowledge of the soil properties that are regulated by soil nutrients. It is found that in both the cases average soil characteristics vary significantly among all tehsils as well as among all elevation ranges. It shows variability among the distribution of soil characteristics between all tehsils and elevation ranges.
Keywords: Elevation, Critical region, Hypothesis, Level of significance 
Results and Discussion ……………

1. Introduction

	Soil is a mixture of minerals, organic matter, gases, liquids and organisms that together sustain life. Soil acts as an engineering medium, a home for soil organisms, a recycling system for nutrients  and organic wastes, a regulator of water quality and a medium for plant growth, making it a critically important supplier of ecosystem services. Since soil has a tremendous variety of available organisms and habitats, it comprises most of the Earth's genetic diversity. Yi et al. (2012) statistically analyzed the average contents of available Fe, Mn, Cu and Zn in cultivated soil of Xichang City (China). Liu (2017) studied the changes that took place in soil after mining and reclamation. 
 The soil characteristics vary from place to place depending upon the environment in which they are formed. Thus, resulting in different plant growths as the amount of nutrients and pH requirement differs from place to place. Gosling and Shepherd (2005) and Celik (2005) examined the effects of changes in land-use type on soil properties with the help of ANOVA. In soil data analysis, several authors like Sarwar et al. (2007), Yadav and Meena (2009), Kumar and Babel (2011), Kumari et al. (2014), Mishra and Kumar (2020,2023) and others have widely utilized these statistical methods in different sample studies to illustrate their results more precisely
 The present study was undertaken with the objective to test whether the average soil characteristic contents (pH, EC, OC, N, P, K, S, Fe, Zn, Mn and B) in the soil are same for all four tehsils of Mirzapur district as well as for different elevation ranges. 
2. Materials and Methods
2. 1. Description of the study area
	 The study area for the present work is Mirzapur district of Uttar Pradesh (UP) which is situated between latitude 23.52º to 23.32º and longitude 82.72º to 83.33º. It covers an area of 4521 sq. km. Mirzapur is divided into 4 tehsils, 12 blocks and 973 gram sabhas consisting of 1698 villages. Agro-climatically it comes under ACZ-9 (Vindhyan Zone) and Agro-ecologically under two major situations: Indo-Gangetic plain (30-40% area) and Vindhyan region (rest area).
The soil is generally red and the terrain is generally rocky in the district. The district has 4, 50,169 hectares geographical area. The study is confined to four tehsils of Mirzapur district namely Mirzapur (Sadar), Marihan, Lalganj and Chunar, having 12 blocks namely Sikhar, Narayanpur, Jamalpur, Kon, Majhwa, Nagar, Rajgarh, Chinnoway, Marhian, Lalganj, Halia and Pahari.
[image: Image result for map of mirzapur district]
Figure 1 : Map of Mirzapur district

2.2. Source of the data 
	Secondary data on important soil characteristics viz. pH, Electrical Conductivity, Organic Carbon, Nitrogen, Phosphorus, Carbon, Potassium, Zinc, Boron, Iron, Magnesium and Sulphur was obtained from the “Regional Soil Testing Laboratory, Varanasi, Government of Uttar Pradesh and AICRP (All India Coordinated Research Projects), Varanasi Centre sponsored by Ministry of Agriculture, Government of India”. Soil data obtained are related to the farmers of sampled villages of twelve blocks under four tehsils in Mirzapur district.

2.3. Statistical techniques used
 Analysis of Variance (ANOVA)
	It is a collection of statistical models and their associated procedures (such as "variation" among and between groups) used to analyze the differences among group means. In the ANOVA procedure, the observed variance in a particular variable is partitioned into components attributable to different sources of variation. ANOVA is useful for comparing three or more means for statistical significance.
For the present study, ANOVA was used to test whether the average soil characteristic contents in the soil are same for all four tehsils of Mirzapur district as well as for different elevation ranges by using MS Excel. 
a) Hypothesis
  H0:μ1= μ2=………..= μk
  H1: At least two µi’s differ significantly.
Test Statistic: 
	The value of test statistic (Fcal) is calculated using the Table 1.

Table 1: One way ANOVA
	Source of variation
	Degrees of freedom
	Sum of Squares
	Mean Squares
	F-cal

	Assignable factors
	k-1
	SSA
	MSA
	
MSA/MSE

	Error factors
	n-k
	SSE
	MSE
	

	Total
	n-1
	TSS
	
	






 , ,


 ,

c) Critical Region
We reject H0 at α level of significance if Fcal> F (k-1, n-k, α), otherwise accept H0.
3. Results and Discussion
3.1	ANOVA of soil characteristic contents for all tehsils of Mirzapur district 
Analysis of variance (ANOVA) has been used for comparing the average soil characteristic (pH, EC, OC, N, P, K, S, Mn, Zn, Fe, Cu and B) contents of soil in all four tehsils of Mirzapur. To compare these, we have formed the following hypotheses:
	H0: Average soil characteristic content (either of pH, EC, OC, N, P, K, S, Mn, Zn, Fe, Cu and B) is equal for all four tehsils (Chunar, Mirzapur, Marhihan, Lalganj).
	We have tested H0 against its two-sided alternative. The results for different soil characteristic contents are presented in ANOVA Tables 2 to 3.
Table 2 ANOVA for comparison of pH in different tehsils
	Source of Variation
	SS
	Df
	MS
	F
	p-value
	F crit

	Between Tehsils
	93.37321
	3
	31.1244
	48.97552
	8.91E-29
	2.617447

	Within Tehsils
	451.2117
	710
	0.635509
	
	
	

	Total
	544.5849
	713
	
	
	
	


Table 3: ANOVA for comparison of EC in different tehsils
	Source of Variation
	SS
	Df
	MS
	F
	p-value
	F crit

	Between Tehsils
	0.23656
	3
	0.078853
	11.6768
	1.78E-07
	2.617447

	Within Tehsils
	4.794629
	710
	0.006753
	
	
	

	Total
	5.03119
	713
	
	
	
	


Table 4: ANOVA for comparison of OC in different tehsils
	Source of Variation
	SS
	Df
	MS
	F
	p-value
	F crit

	Between Tehsils
	1.947523
	3
	0.649174
	14.17895
	5.54E-09
	2.617447

	Within Tehsils
	32.50689
	710
	0.045784
	
	
	

	Total
	34.45442
	713
	
	
	
	


Table 5: ANOVA for comparison of Nitrogen in different tehsils
	Source of Variation
	SS
	Df
	MS
	F
	p-value
	F crit

	Between Tehsils
	35557.03
	3
	11852.34
	13.51395
	1.39E-08
	2.617447

	Within Tehsils
	622701.9
	710
	877.0449
	
	
	

	Total
	658258.9
	713
	
	
	
	


Table 6: ANOVA for comparison of Phosphorus in different tehsils
	Source of Variation
	SS
	Df
	MS
	F
	p-value
	F crit

	Between Tehsils
	9622.616
	3
	3207.539
	6.722351
	0.000178
	2.617447

	Within Tehsils
	338773.2
	710
	477.1453
	
	
	

	Total
	348395.8
	713
	
	
	
	


Table 7:  ANOVA for comparison of Potassium in different tehsils
	Source of Variation
	SS
	Df
	MS
	F
	p-value
	F crit

	Between Tehsils
	446448.6
	3
	148816.2
	6.671272
	0.000191
	2.617447

	Within Tehsils
	15837986
	710
	22307.02
	
	
	

	Total
	16284435
	713
	
	
	
	


Table 8: ANOVA for comparison of Sulphur in different tehsils
	Source of Variation
	SS
	Df
	MS
	F
	p-value
	F crit

	Between Tehsils
	7667.428
	3
	2555.809
	35.39424
	2.52E-21
	2.617447

	Within Tehsils
	51268.93
	710
	72.20976
	
	
	

	Total
	58936.36
	713
	
	
	
	


Table 9: ANOVA for comparison of Iron in different tehsils
	Source of Variation
	SS
	Df
	MS
	F
	p-value
	F crit

	Between Tehsils
	99336.22
	3
	33112.07
	21.52133
	2.38E-13
	2.617447

	Within Tehsils
	1092385
	710
	1538.57
	
	
	

	Total
	1191721
	713
	
	
	
	


Table 10: ANOVA for comparison of Copper in different tehsils
	Source of Variation
	SS
	Df
	MS
	F
	p-value
	F crit

	Between Tehsils
	53.4065
	3
	17.80217
	23.19985
	2.46E-14
	2.617447

	Within Tehsils
	544.8113
	710
	0.76734
	
	
	

	Total
	598.2178
	713
	
	
	
	


Table 11: ANOVA for comparison of Manganese in different tehsils
	Source of Variation
	SS
	Df
	MS
	F
	p-value
	F crit

	Between Tehsils
	9330.619
	3
	3110.206
	28.87918
	1.26E-17
	2.617447

	Within Tehsils
	76465.01
	710
	107.6972
	
	
	

	Total
	85795.63
	713
	
	
	
	


Table 12: ANOVA for comparison of Zinc in different tehsils
	Source of Variation
	SS
	Df
	MS
	F
	p-value
	F crit

	Between Tehsils
	119.4547
	3
	39.81822
	52.91789
	7.08E-31
	2.617447

	Within Tehsils
	534.2416
	710
	0.752453
	
	
	

	Total
	653.6963
	713
	
	
	
	


Table 13: ANOVA for comparison of Boron in different tehsils
	Source of Variation
	SS
	Df
	MS
	F
	p-value
	F crit

	Between Tehsils
	3.032017
	3
	1.010672
	12.81086
	3.69E-08
	2.617447

	Within Tehsils
	56.01319
	710
	0.078892
	
	
	

	Total
	59.04521
	713
	
	
	
	




In each of the above tables Fcal> F (3, 710, 0.01) and the p value is smaller than 0.01 (level of significance), hence it is concluded that there is significant difference in the average soil characteristic contents in all the four tehsils of Mirzapur. For each one of the soil characteristic contents viz. pH, EC, OC, N, P, K, S, Mn, Zn, Fe, Cu and B, results are similar. It signifies a difference in the crop production across the tehsils due to variability in the soil characteristics.
3.2 ANOVA of soil characteristic contents for different elevation ranges
	ANOVA (Analysis of variance) was also carried out to compare the average soil characteristic (pH, EC, OC, N, P, K, S, Mn, Zn, Fe, Cu and B) contents of soil at different elevation ranges. The elevation range was divided into six groups viz. (1-117) meters above sea level (masl), (118-236) masl, (237-359) masl, (360-478) masl, (479-597) masl and (598-714) masl. To compare these, we have formed the following hypotheses:
H0: Average soil characteristic content (either of pH, EC, OC, N, P, K, S, Mn, Zn, Fe, Cu and B) is equal for all six elevation ranges. We have tested H0 against its two-sided alternative. The results for different soil characteristic contents are presented in ANOVA Tables 14 to 15
Table 14: ANOVA for comparison of pH  in different elevation ranges
	Source of Variation
	SS
	Df
	MS
	F
	p-value
	F crit

	Between elevation range
	76.86117
	5
	15.37223
	23.26917
	1.11E-21
	2.226756

	Within elevation range
	467.7237
	708
	0.660627
	
	
	

	Total
	544.5849
	713
	
	
	
	


Table 15: ANOVA for comparison of EC in different elevation ranges
	 Source of Variation
	SS
	Df
	MS
	F
	p-value
	F crit

	Between elevation range
	0.138752
	5
	0.02775
	4.015844
	0.001338
	2.226756

	Within elevation range
	4.892438
	708
	0.00691
	
	
	

	Total
	5.03119
	713
	
	
	
	


Table 16: ANOVA for comparison of OC in different elevation ranges
	Source of Variation
	SS
	Df
	MS
	F
	p-value
	F crit

	Between elevation range
	1.737419
	5
	0.347484
	7.519595
	6.84E-07
	2.226756

	Within elevation range
	32.717
	708
	0.04621
	
	
	

	Total
	34.45442
	713
	
	
	
	


Table 17: ANOVA for comparison of Nitrogen in different elevation ranges
	Source of Variation
	SS
	Df
	MS
	F
	p-value
	F crit

	Between elevation range
	26648.43
	5
	5329.686
	5.974279
	2.01E-05
	2.226756

	Within elevation range
	631610.5
	708
	892.1052
	
	
	

	Total
	658258.9
	713
	
	
	
	


Table 18: ANOVA for comparison of Phosphorus in different elevation ranges
	 Source of Variation
	SS
	Df
	MS
	F
	p-value
	F crit

	Between elevation range
	12258.54
	5
	2451.709
	5.163991
	0.000116
	2.226756

	Within elevation range
	336137.3
	708
	474.7702
	
	
	

	Total
	348395.8
	713
	
	
	
	


Table 19: ANOVA for comparison of Potassium in different elevation ranges
	 Source of Variation
	SS
	Df
	MS
	F
	p-value
	F crit

	Between elevation range
	599921
	5
	119984.2
	5.548145
	5.06E-05
	2.226756

	Within elevation range
	15311208
	708
	21626
	
	
	

	Total
	15911129
	713
	
	
	
	


Table 20: ANOVA for comparison of Sulphur in different elevation ranges
	 Source of Variation
	SS
	Df
	MS
	F
	p-value
	F crit

	Between elevation range
	1495.572
	5
	299.1145
	3.686808
	0.002664
	2.226756

	Within elevation range
	57440.76
	708
	81.13102
	
	
	

	Total
	58936.33
	713
	
	
	
	


Table 21: ANOVA for comparison of Iron in different elevation ranges
	 Source of Variation
	SS
	Df
	MS
	F
	p-value
	F crit

	Between elevation range
	96321.33
	5
	19264.27
	12.45119
	1.34E-11
	2.226756

	Within elevation range
	1095406
	708
	1547.183
	
	
	

	Total
	1191727
	713
	
	
	
	


Table 22: ANOVA for comparison of Copper in different elevation ranges
	Source of Variation
	SS
	Df
	MS
	F
	p-value
	F crit

	Between elevation range
	28.97219
	5
	5.794438
	7.206841
	1.36E-06
	2.226756

	Within elevation range
	569.2456
	708
	0.804019
	
	
	

	Total
	598.2178
	713
	
	
	
	


Table 23: ANOVA for comparison of Manganese in different elevation ranges
	 Source of Variation
	SS
	Df
	MS
	F
	p-value
	F crit

	Between elevation range
	10573.6
	5
	2114.72
	19.90403
	1.35E-18
	2.226756

	Within elevation range
	75222.03
	708
	106.2458
	
	
	

	Total
	85795.63
	713
	
	
	
	


Table 24: ANOVA for comparison of Zinc in different elevation ranges
	 Source of Variation
	SS
	df
	MS
	F
	p-value
	F crit

	Between elevation range
	64.35238
	5
	12.87048
	15.46177
	1.89E-14
	2.226756

	Within elevation range
	589.3439
	708
	0.832407
	
	
	

	Total
	653.6963
	713
	
	
	
	


Table 25: ANOVA for comparison of Boron in different elevation ranges
	 Source of Variation
	SS
	df
	MS
	F
	p-value
	F crit

	Between elevation range
	3.7797
	5
	0.75594
	9.684258
	5.85E-09
	2.226756

	Within elevation range
	55.26551
	708
	0.078059
	
	
	

	Total
	59.04521
	713
	
	
	
	


	
In each of the above tables Fcal> F (5, 708, 0.01) and the p value is smaller than 0.01 (level of significance), therefore, it is concluded that there is significant difference in the average soil characteristic contents at different elevation ranges. It means there is variability in the distribution of soil characteristics at different elevation ranges of the district.
Conclusion
It is concluded that average soil characteristics vary significantly among all tehsils as well as among all elevation ranges. It shows variability among the distribution of soil characteristics between all tehsils and elevation ranges. The results of this study may help the farmers in taking appropriate measures and decisions for different tehsils and different elevation ranges keeping in view the distribution of soil characteristics. The findings also provide a scientific basis for policymakers and farmers to adopt precision agriculture techniques, tailored fertilization and conservation practices based on local soil conditions.
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