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Abstract
Soil serves as the basis for plant growth and is essential for agricultural 
output. Soil testing is decisive in modern agriculture for assessing fertility, 
nutrient status, and crop suitability. In the current study an attempt has been 
made to ascertain currents spatial variability of soils from seven different 
villages of Ghiror Block three different soil samples of each village were 
gathered from 0-15 cm depth section, and it was examined using the help of 
standard laboratory techniques. Therefore, the effectiveness of the material 
showed that the pH values were found in the-neutral to alkaline (Mean=7.98), 
electrical conductivity of the soils was salinity-free (Mean=0.44 dS m-1) and 
aadditionally, the soils' carbon content quality was low (mean = 0.27 per cent). 
having a mean score of 299.45 kg per ha, the amount of  available potassium 
was noted to be relatively more, followed by available phosphorus with  
a mean score of 36.09 kg per ha, and usable nitrogen with a mean of 132.10 
kg per ha. Similarly, the nutrient index values of the Ghiror block were high 
for nitrogen, phosphorus, potassium and low for sulphur. These outcomes 
indicate that maintaining a balanced fertilization program that accounts for 
crop demand, soil availability, efficiency of fertilizers, and the contribution  
of animal manure enhances yield and promotes soil health.
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Introduction
Soil is the principal nutrient repository for crops. 
Nutrients such as macronutrients and micronutrients 
are important for plants in promoting growth, 
architecture, and different cycles.1 Comparing 
various nutrients nitrogen is one of the major 
primary nutrients in plant proteins, nucleic acids, and 
chlorophyll. Phosphorus helps in the development 
of roots and is a stabilizing agent in the soil.2 While 
potassium is crucial for improving leaf quality, 
enzyme operation, abdominal control, ionic balance, 
and disease resistance.3 This is because Indian 
agricultural soils have become low in fertility due 
to one-season cultivation techniques throughout 
the years. Another essential attribute that requires 
an appraisal and a clear systematic decision is 
the regenerative capability of the soil because of 
the excessively intensive use of plant nutrients-
macronutrients and micronutrients in every crop 
growing season. This could be due to cropping 
systems, frequency of manure and fertilizer 
application and other cultivation operations among 
others. Regarding this, fertility appraisal of the soil as 
well as the suggestion given on the kind of fertilizer 
to use are factors that affect the crops.4 Every farm 
is perfect if it can be checked and assessed based 
on the quality of the soil on every farm. Nutrient 
requirements of crops, and the physical/chemical 
status of the soils such as pH, organic matter status, 
nitrogen-mineralization, total-nitrogen, and cation 
exchange capacity of the soils may be used to 
explain the utility of chemical fertilizers in the farming 
systems. Sustainable agriculture issues include: the 
burning of cones like fuel wood and charcoal through 
improved production methods leads to air and water 
pollution, pesticide residue in food, soil acidity, water 
resources pollution, and land degradation.4,5 There 
is a need to determine the characteristics of soils at 
micro and macro scale and arrangement to establish 
how they pose a threat to the land and physical 
resources. These include fertility mapping, estimation 
of textural fractions as well and determination of the 
management zones for the area containing the land 
regions for agricultural management6,7 have the 
contention that diagnostic tools such as the soil test 
are instrumental in the plant nutrient information. 
Technologies in geographical information systems 
(GIS) assist in the speedy, efficient and less 
costly identification of the soil's terrain dynamics. 
Furthermore, while developing thematic soil fertility 

maps, it is recommended to use the Geographical 
Positioning System for the soil sampling8. In 
Andhra Pradesh, an experiment was conducted to 
assess soil fertility in Madanapalle block of Chittor 
district,9 geospatial soil variability in Dhemaji district 
of Assam,10 and soil fertility in Depalpur block of 
Indore district of Madhya Pradesh.11 Hence, it has 
great importance in agriculture for the subsequent 
checking of the nutrient status in the different places/
villages. Georeferenced maps may also be useful 
in gathering successive nutrition data by returning 
to with GPS. Using GIS technology, the present 
investigation evaluates the soil physico-chemical 
content's distribution across space in Uttar Pradesh's 
Mainpuri District.

Materials and Methods
Current Study Area
The current trial was conducted in the seven villages 
that together make up the Ghiror Block of the 
Mainpuri district (Fig. 1). The study area is situated 
in Eastern Uttar Pradesh which experienced a semi-
arid climate. In the study area, therefore, there are 
several soil kinds, for example; the medium black 
and deep clay loamy soils. It has been observed, 
that the source of the town’s income is within the 
agricultural sector. The area is famous for the 
cropping of rice and wheat where the farmers use 
the cropping system. These include: kharif crops viz 
groundnuts, paddy and maize, rabi crops: wheat, 
mustard and gram, Zaid crops: mung-bean, urd 
bean and onions.

Soil Sampling, Processing and Analysis
Thirty-two soil samples were collected from eight 
villages as shown in Figure 2. A spade was employed 
for gatherings of soil samples. First, there was a 
clearing of rocks, garbage and twigs from the region. 
Subsequently, to a depth of 0 to 15 cm, V-structured 
trenches were done and the earth’s horizons are 
represented further. In each field, samples of soil 
were collected in a zigzag fashion. Miscellaneous 
soil samples were prepared through crushing, air 
drying and then sieving the samples through a 2 mm 
filter. A 500 g sample of dirt was taken for the analysis 
after which the sample was sieved before being 
placed in a plastic bag and stored in the laboratory. 
Some of the realizations are the soil’s physical 
and chemical characteristics. The bulk density and 
particle density were determined by a pycnometer,12 
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porosity volume was calculated by employing the 
values of the bulk and particle densities, the water 
holding capacity was estimated by using the keen 
box technique,13 organic carbon was measured 
using the wet oxidation method,15 while electrical 
conductivity was assessed using a digital EC meter  
and pH was quantified using an electrode pH 
meter,14 the available nitrogen was analyses by 
alkaline potassium permanganate method as well 
as Kjeltech semi-automatic nitrogen analyzer,16 the 
available phosphorus was carried out using olsen 
method,17 The available potassium was assayed, 
using a flammable photometer with normal neutral 

ammonium acetate as an extractant,18 the levels of 
exchangeable calcium and magnesium versanate 
titration method,19 the available sulphur was also 
analyzed using the turbimetric method by means 
of a spectrophotometer based on the standarad 
method,20 the micronutrients were analyzed using 
atomic absorption spectrophotometer applying 
the DTPA method,21 and the accessible boron 
concentration was measured using the hot water 
plate method. The analysis soil physicochemical 
properties of soil was conducted in soil science and 
agriculture chemistry at Banaras Hindu University, 
Varanasi, Uttar Pradesh.

Fig. 1: Study area
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Nutrient Index Evaluation 
The soil nutrient index was computed and obtained 
from the percentage distribution of the data obtained 
from the soil test results. The nutrient index was 
categorized as low, moderate and high,22 compared 
to the nutritional index value of <1.5 for low, 1.5 to 
2.5 for medium, and >2.5 for high.23 The following 
equation

Statistical Analysis
Descriptive analysis was conducted on all the 
observational data that were recorded from all the 
subjects. The extent of the relationship between the 
given parameters, variations or dispersion of all the 
parameters in the soils, mean value of each block's 
soils were classified as having a low, moderate, 
or high nutritional rating. All the parameters in 
the soils, range of all the parameters in the soils, 
average variation of all the parameters in the soils, 
standard error of all the parameters in the soils and 
coefficient of variation of all the parameters in the 
soils were calculated. The coefficient of variation 
was calculated by using the following formula: The 
statistical parameters were calculated with the help 
of Microsoft excel 2016 and correlation by SPSS 
21.1.

As for the value of the second variable, to find out 
the corelation-coefficient the following formula was 
applied.24

Where r is a correlation coefficient and SP (xy) is 
the sum of the variables x and y.
SS (x) = x variable's total of all square 
SS (y) = y variable's total of the square. 

Results and Discussions
Status of Physico-Chemical Properties
Table 1 represents the soil physical and chemical 
status of the studied region; the variation of soil bulk 
and particle density is 1.13-1.54 mg m-3 and 2.33-
2.78 mg m-3, respectively, with a mean of 1.29 mg 
m-3 and 2.49 mg m-3; and the WHC of soil varied 
from 32.75-48.75 per cent, with an average value 
of 41.24 per cent. Fine texture soil has a higher 
variability of soil parameters such as bulk density 
(CV=6.68 per cent), particle density (CV=3.68 per 
cent), and WHC (CV=9.14 per cent). Similar findings 
were in the soils of Pantnagar, Uttarakhand by 
Pandey.25 Farmers' field surface soils have a pH 
range of 7.45 to 9.9. Out of thirty-two soil samples, 
46.88 percent of the earth had an alkaline reaction, 
while 53.12 per cent were somewhat alkaline. The 
electrical conductivity of the studied area ranges 
from 0.12-0.64 dS m-1. Most samples have low 

Fig. 2: Sampling site map
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organic carbon. It ranges from 0.13-0.47 per cent 
with a mean of 0.27 per cent. All the soil samples are 
low range (100 per cent) in organic carbon content.26 
The variability of soil parameters viz., pH (CV=5.43 
per cent), electrical conductivity (CV=42.49 per cent) 
and organic carbon (CV=40.66 per cent), there are 

low application organic residues, climatic conditions, 
and low microbial activity in the study area. Similar 
findings were also presented in Prayagraj, Uttar 
Pradesh.27 The distributions of physico-chemical 
spatial variability are shown in Fig. 3.

Table 1: Statistical evaluation of soil physical and chemical characteristics 
of the study area 

Parameters, Range Mean SD C.V. (%)

B.D. (g cm-3) 1.16-1.54 1.29 0.08 6.68
P.D. (g cm-3) 2.33-2.78 2.49 0.09 3.68
Porosity (%) 39.75-55.75 53.02 3.8 7.17
W.H.C. (%) 32.75-48.75 41.24 3.77 9.14
Soil reaction (pH) 7.45-9.90 7.98 0.43 5.43
E.C. (dS m-1) 0.12-0.64 0.44 0.11 42.49
Organic-C (%) 0.13-0.47 0.27 0.1 40.66
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Status of Primary and Secondary Nutrients
Table 2 presents a comprehensive statistical analysis 
of soil nutrient properties, including Nitrogen, 
phosphorus, Potassium, and Sulfur. Nitrogen levels 
range from 50.17 to 213.24 kg per ha, with an 
average of 132.10 kg per ha, due to the low level of 
carbon from organic sources. The average variation 
is 43.45, with a CV of 32.89 per cent. According to the 
overall evaluation, 100 per cent of the soil samples 
have available nitrogen contents that fall into the 
low range due to low organic carbon in soil.26 Similar 
findings regarding the amount of nitrogen that was 
available in the soils of Varanasi, Uttar Pradesh, 
India.27 Phosphorus levels range from 15.46 to 
59.09 kg per ha, with a mean of 36.09 kg per ha. 
The average variation is 9.92, and the CV is 27.48 
per cent. In terms of available phosphorus content, 
the overall assessment indicates that 15.62 per cent 
of soils come under medium range and 84.38 per 
cent of soils fall into the high category. Similar results 
were also reported,29 in the soils of Tonk district of 
Rajasthan. The range value of potassium is 206.12 
to 460.75 kg per ha, with an average value of 245.99 

kg per ha. The average variation is 71.35, and the CV 
is 23.82 per cent. Based on an overall assessment, 
the available potassium content of 59.37 per cent of 
the soil samples falls into the medium category, while 
40.63 per cent of the samples fall into the high range. 
Similar findings were noted by different investigator30 
in the soils of Uttar Pradesh's Bundelkhand region. 
Sulphur concentration levels range from 7.54 to 
54.32 kg per ha, with a mean of 23.73 kg per ha. The 
average variation is 9.13, and the CV is 38.47 per 
cent. According to the overall evaluation, 3.12 per 
cent of soil samples fall into the low category, 28.12 
per cent fall into the medium category, and 68.75 
per cent fall into the high category. These results 
are consistent with earlier researchers.31 Magnesium 
concentration ranges from 0.80 to 2.60 meq/100 g, 
with a mean value of 1.71 meq/100 g. The average 
variation is 0.43, and the CV is 25.05 per cent. It 
was discovered that every sample had enough 
exchangeable calcium in the Ghiror Block. The 
results prescribed by other scientists32 for the soils in 
the Madanapalle Block of Chittor are consistent with 
these findings. Finally, calcium concentration ranges 

Fig. 3: Regional variation maps of BD, PD, WHC, pH, EC and OC in the study area

Table 2: Statistical data of available macronutrients in soils of study area

Parameters Range Mean S.D. C.V. (%)

Avail-N. (kg. ha-1) 50.17-213.24 132.1 43.45 32.89
Avail-P. (kg. ha-1) 15.46-59.09 36.09 9.92 27.48
Avail-K. (kg. ha-1) 206.12-460.75 299.45 71.35 23.82
Avail-Mg. (meq/100 g) 2.20-5.60 3.62 0.83 23.05
Avail-Ca. (meq/100 g) 0.80-2.60 1.71 0.43 25.05
Avail-S. (kg. ha-1) 7.54-54.32 23.73 9.13 38.47
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from 2.20 to 5.60 meq/100 g, with a mean value 
of 3.62 meq/100 g. The average variation is 0.83, 
and the CV is 23.05 per cent. 3.12 per cent of soil 
samples had insufficient exchangeable magnesium, 
while 96.88 per cent of samples had enough. Similar 

findings were noted by earlier investigators,33 who 
found that the Uttara Kannada district's soils had 
an exchangeable magnesium content ranging from 
0.82 to 1.21 meq/100 g. The distributions of primary 
and secondary spatial variability are shown in Fig 4. 

Fig. 4: Regional variation maps of avail N, P, K, Ca, Mg and S in study area
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Status of Micronutrients
Table 3 presents a comprehensive statistical 
analysis of soil nutrient properties, including iron, 
manganese, copper and boron. Iron concentration 
ranges from 0.18 to 2.03 mg per kg, with a mean  
of 0.71 mg per kg. The average variation is 0.40, with 
a CV of 56.86 per cent. Of the soil samples, 31.25 
per cent had an iron deficiency, 37.5 per cent had a 
Fe surplus, and 31.25 per cent had a high level of 
iron. These results are consistent with other findings 
of researcher.34 Manganese concentration ranges 
from 2.54 to 20.29 mg per kg, with a mean of 9.17 
mg per kg. The average variation is 4.95; with a CV 
of 93.53 per cent. 19.37 per cent of samples had 
a deficiency in Mn, whereas 71.87 per cent of soil 
samples had high Mn content. Copper concentration 
ranges from 2.87 to 20.29 mg per kg, with a mean 
of 9.83 mg per kg. The average variation is 4.95, 
with a CV of 50.37 per cent, it was discovered that 
100 per cent of the soil samples had an adequate 
amount of copper. These outcomes are consistent 
with the research conducted in the Vikas Khand 

tehsil of Varanasi, Eastern Uttar Pradesh, by a 
group of scientists.35 Zinc concentration ranges 
from 0.72 to 2.56 mg per kg, with a mean of 1.47 
mg per kg. The average variation is 0.44, with a CV 
of 30.39 per cent. Of the soil samples, 28.12 per 
cent had insufficient Zn content, while 65.62 per 
cent had sufficient Zn content. Similar findings about 
the condition of micronutrients in the soils of Azad 
Jammu and Kashmir's Bhimber district were noted 
by early researchers.36 Boron concentration ranges 
from 0.26 to 4.21 mg per kg, with a mean of 1.54 mg 
per kg. The average variation is 0.96, with a CV of 
62.62 per cent. 3.12 per cent of soil samples have 
insufficient available boron content, while 96.87 per 
cent of soil samples have sufficient available boron 
content.36 The distributions of micronutrient spatial 
variability are shown in Fig 5.

Nutrient Index Value
The nutrient index value (NIV) for available nutrients 
i.e. N, P, K, S, Ca, Mg, Fe, Mn, Cu, Zn and B in Ghiror 
block of Mainpuri district were given below in Fig. 6. 

Table 3: Statistical data of available micronutrients in soils of study area

Parameters Range Mean S.D. C.V. (%)

Avail-Fe. (mg per kg) 0.18-2.03 0.71 0.40 56.86
Avail-Mn. (mg per kg) 2.54-32.64 9.80 9.17 93.53
Avail-Zn. (mg per kg) 2.87-20.29 9.83 4.95 50.37
Avail-Cu. (mg per kg) 0.72-2.56 1.47 0.44 30.39
Avail-Bo. (mg per kg) 0.26-4.21 1.54 0.96 62.62
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Fig. 5: Regional variation maps of Fe, Mn, Cu, Zn and Bo in study area

Fig. 6: Showing nutrient index values of study area

Association between Physico-Chemical 
Properties of Soil 
The data related to association study are given in 
Figure 7. The soil's pH was found to have a negative 
association with nitrogen (r=-0.135), porosity  
(r =-0.082), and OC (r =-0.211*) of the soil. There 
is a strong negative association (-0.870**) between 
bulk density and soil porosity.37 Porosity is highly 
positively correlated with water holding capacity 
(r=1.000**).38 water holding capacity exhibits a weak 
positive association (r=0.436*) with particle density 
and a strong negative association (r=-0.870**) with 
bulk density.39 WHC is highly positively correlated 
with porosity (r=1.000**). The relationship between 
EC and pH is inverse (r=-0.206). Particle density and 
EC have a marginally positive association(r=0.155), 

EC exhibits a weak positive association with OC 
(r=0.011), and there is a strong positive association 
(r =0.818**) between OC and N and a negative 
association (r =-0.178) between OC and Cation 
Exchange Capacity (CEC).28 There is a weak 
positive association (r=0.209) between CEC and 
pH, and a negative association (r=-0.081) between 
CEC and OC and EC. N has an extremely strong 
positive association (r =0.818**) with OC. N and P 
have a strong positive association (r =0.368*). And 
additionally, phosphorus and organic carbon have a 
positive association (r = 0.209).40 Potassium exhibits 
a positive association (r=0.165) with nitrogen and a 
not-significant negative association(r=-0.136) with 
phosphorus. The available sulphur in these soils 
has a negative association(r=-0.021) with pH. It 
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also exhibits a negative, non-significant association 
(r=-0.269) with organic carbon and a non-significant 
association(r=0.192) with calcium and magnesium. 
Boron has a weekly negative association(r=-0.087) 

with pH, and all cationic micronutrients have a 
negative association pH. However, Boron exhibits 
a weekly positive association iron (r=0.260) and a 
negative association Copper, Manganese, and Zinc.

Fig. 7: The relation (r=0.01,0.05) between soil physico-chemical properties of study area

Principal Component Analysis
The physico-chemical properties were analyzed for 
20 factors , and the two PCA explained the variation 
of 21.4 per cent (PC1) and 15.1 (PC2) respectively. 
The first two principal components (PCs) 36.48 
per cent variability have eigenvalues greater than 
1.5. The results of PCA are summarized in Table 4. 
The PD, porosity, WHC, EC, CEC, TDS, Ca, Mg, S 

and all micronutrient are positive relation on PC1,  
while BD, pH, OC, P and K are negative relation on 
PC1. The BD, PD, porosity, WHC, EC, TDS, Ca, 
Mg, S and all micronutrient are positive relation 
on PC2, while pH, CEC, Ca, Mg, S and Mn are 
negative relation on PC2. The PCA biplot showing 
four quadrant (Figure 8).

Table 4: variance (per cent), Eigenvalues, cumulative variance 
(per cent) and matrix factor loading of soil parameters

Parameters PCA1 PCA2

Eigenvalue 4.29 3.02
Variance (%) 21.43 15.08
Cumulative (%) 21.43 36.51
BD -0.704 0.048
PD 0.431 0.273
Porosity 0.845 0.084
WHC 0.845 0.084
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PH -0.279 -0.393
EC 0.644 0.020
OC -0.097 0.712
CEC 0.037 -0.357
TDS 0.647 0.022
N 0.005 0.797
P -0.032 0.507
K -0.476 0.150
Ca 0.295 -0.434
Mg 0.389 -0.407
S 0.557 -0.388
Zn 0.261 0.195
Fe 0.227 0.619
Mn 0.279 -0.086
Cu 0.280 0.534
Bo 0.442 -0.028

Fig. 8: PCA biplot showing soil physico-chemical properties

Conclusion
The results reveal that the endless use of synthetic 
chemicals has led to a decline in soil quality, 
impacting small crops. The soil in Ghiror Block is 
naturally alkaline and not affected by crop salinity. 
However, concerns about soil fertility include 
low nitrogen and organic carbon content. While 
available micronutrients are not deficient in soil, it 
is particularly good for soil fertility. Understanding 
soil nutrient status is crucial for farmers to reinforce 
agricultural productiveness and food security. 

Enhancing agricultural efficiency, maintaining food 
support, long-term viability and soil health are all 
dependent on maintaining soil health. The current 
investigation aids Uttar Pradesh farmers in making 
informed fertilizer decisions, reducing soil risks, and 
increasing long-term agricultural profitability through 
physico-chemical analysis of soil in Mainpuri district.
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