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SOIL FERTILITY ASSESSMENT AND MAPPING OF GAURADAHA MUNICIPALITY, JHAPA, NEPAL

ABSTRACT 
The study was conducted to determine the soil fertility status and prepare the soil map of Gauradaha municipality using tools like GIS and GPS. Altogether 101 samples were collected from 9 different wards of the municipality randomly using a soil auger from a depth of 0-20 cm. The location of the samples was recorded using MWater software. Soil texture, soil pH, available nitrogen, phosphorus (P2O5), and potassium (K2O) status of the samples were analyzed at the Agricultural Branch of Gauradaha municipality in coordination with the Agriculture Knowledge Center (AKC), Jhapa, following standard procedures. The soil map of observed parameters was prepared through the ArcGIS 10.8.2 software. The obtained data displayed that the maximum soil samples were sandy loam in texture, whereas only a few samples were found to be loamy. The soil was acidic, with pH ranging from 5.3 to 6.8 with a mean of 5.99. Available nitrogen was entirely low throughout the municipality. The study showed that 44.55%, 35.64% and 19.80% of soil samples were low, medium and high in phosphorus content respectively, which implies maximum soil samples were low in phosphorus content. Also, 17.82%, 22.77% and 59.40% soil samples were low, medium and high in potassium content respectively which implies that potassium content in maximum soil samples was high. To improve the potentiality of crops for the studied area, future research strategies should be made based on its soil fertility status.
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[bookmark: _Toc178512774]INTRODUCTION:	Comment by Maher: The introduction is very short and needs sources.

Gauradaha Municipality, located in Jhapa district of Koshi Province, Nepal, faces challenges related to declining soil fertility due to intensive farming practices, excessive use of chemical fertilizers, and soil acidification. Soil fertility plays a crucial role in sustainable agriculture, as it affects nutrient availability, soil structure, and overall productivity. The integration of modern tools like GIS and GPS has enabled precise soil fertility assessment and mapping, providing vital information for effective land management. This study assessed the fertility status of Gauradaha’s soil and generated a digital soil map to guide appropriate agronomic interventions.

METHODOLOGY:
Study area:
The study was conducted in the Gauradaha municipality of Jhapa district, which lies in Koshi province of Nepal. 
Latitude: 26.56407° N  
Longitude: 87.71503° E
Altitude: 98 meters above sea level 
Area: 149.83 km2 (Total Municipality Area)
The geographical boundary and extent of the study area are shown in Figure 1.
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[bookmark: Fig1][bookmark: _Toc178515961]Figure 1: Map of study area, Gauradaha municipality, Jhapa, Nepal
Soil sampling and analysis:	Comment by Maher: Adding GPS points to the locations of the samples taken in this study

Soil samples (n=101) were collected using a soil auger from a depth of 0-20 cm across different wards. The location of each sample was recorded using MWater software. Analyzed parameters and the methods used for analysis are illustrated in Table 1. Sampling points taken throughout the study area are shown in Figure 2. Samples were analyzed at the Agricultural Branch of Gauradaha Municipality using the following methods:
 
[bookmark: table1][bookmark: _Toc177902103][bookmark: _Toc178068025][bookmark: _Toc178441461][bookmark: _Toc178509542]Table 1: Parameters and methods to be adopted for the laboratory analysis at the Agricultural Branch, Gauradaha municipality. 
	S.N.
	Parameters
	Methods

	1
2
3
4
5
	Soil texture
Soil pH
Nitrogen
Available P2O5
Available K2O
	Feel method	Comment by Maher: Traditional method is not approved

Digital pH meter
Kit Box Method
Kit Box Method
Kit Box Method
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[bookmark: Fig2][bookmark: _Toc178515963]Figure 2: Sampling location, Gauradaha, 2024/25

Data analysis and mapping:
Descriptive statistics (mean, standard deviation, coefficient of variation) were calculated using R-Studio. Soil fertility maps were generated using ArcGIS 10.8.2, employing kriging interpolation for spatial representation. Nutrient indices were calculated based on standard soil classification guidelines. Similarly, the nutrient index was also determined by the formula given by Ramamurthy and Bajaj (1969).

[bookmark: _Toc177902104][bookmark: _Toc178068026][bookmark: _Toc178441462][bookmark: _Toc178509543]Where, NL, NM, and NH indicate a number of samples falling in low, medium and high classes of nutrient status, respectively and NT means total number of samples analyzed for a given area. Similarly, interpretation was done as the value given by Ramamurthy shown on the Table 2. Quantitative analysis of the tested soil samples was rated using the criterion of classification given in Table 3. Different parameters for the statistical analysis of soil pH is presented in Table 4. Each parameters of nutrients, along with its value and index, is shown in Table 5. Table 6 shows the percentage distribution of various parameters of the sampled soil.
[bookmark: table2]Table 2: Rating chart of nutrient index
	S.N.
	Nutrient Index
	Value

	1
2
3
	High
Medium
Low
	>2.33
1.67-2.33
<1.67
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[bookmark: table3]Table 3: Rating chart of soil test data for Terai region of Nepal
	S.N.
	Soil Parameters
	Unit
	Very Low
	Low
	Medium
	High
	Very High

	1
2
3
4
	Soil pH
Total Nitrogen
Available P2O5
Available K2O
	pH Scale
%
Kg/ha
Kg/ha
	5.2-6.0
<0.03
<11
<55
	6.0-6.5
0.03-0.07
11-28
55-110
	6.5-7.0
0.07-0.15
28-56
110-280
	7.0-7.5
0.15-0.25
56-112
280-500
	7.5-8.3
>0.25
>112
>500




[bookmark: table4][bookmark: _Toc178513308]Table 4: Statistical analysis of soil pH
	Parameters
	Unit
	Value

	Minimum
Maximum
Mean
Standard Deviation (SD)
Standard Error (SE)
Coefficient of Variance (CV)
	-
-
-
-
-
%
	5.3
6.8
5.99
0.37
0.04
6.18
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[bookmark: table5]Table 5: Nutrient index 
	S. N
	Nutrients
	Value
	Index

	1
2
3
4
	Soil pH
Nitrogen
Phosphorus
Potassium
	1.19
1
1.75
2.42
	Low
Low
Medium
High




[bookmark: table6][bookmark: _Toc177579037][bookmark: _Toc178062649][bookmark: _Toc178436977][bookmark: _Toc178513312]Table 6: Percentage distribution of soil samples
	S. N
	Parameters
	Unit
	Low
	Medium
	High

	1
2
3
4
	Soil pH
Nitrogen
Phosphorus
Potassium
	%
%
%
%
	81.18
100
44.55
17.82
	18.81
0
35.64
22.77
	0
0
19.80
59.40



RESULTS AND DISCUSSION:
The soil fertility rank of Gauradaha municipality was assessed with respect to soil texture, soil reaction (pH) and primary nutrients i.e. nitrogen, phosphorus and potassium and the results acquired were presented and discussed in the following headings:

Soil texture:
The majority (78.21%) of soil samples were sandy loam in texture, while 21.78% were loamy as shown in the Figure 3. Sandy loam soil supports good drainage but requires careful nutrient management.
[image: ]
[bookmark: Fig3][bookmark: _Toc177579445][bookmark: _Toc178062632][bookmark: _Toc178324611][bookmark: _Toc178436937][bookmark: _Toc178513194]Figure 3: Soil texture status, Gauradaha, 2024/25

Soil pH:
 In Figure 4, Soil pH ranged from 5.3 to 6.8, with a mean of 5.99, indicating acidic conditions is detailed. Soil acidification is common in areas with intensive cropping and excessive use of ammonium-based fertilizers. Liming is recommended to restore optimal pH levels.
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[bookmark: Fig4][bookmark: _Toc177579447][bookmark: _Toc178062634][bookmark: _Toc178324613][bookmark: _Toc178436939][bookmark: _Toc178513196]Figure 4: Soil pH status, Gauradaha, 2024/25
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Total nitrogen:
Nitrogen levels were consistently low in all samples, indicating the need for regular organic amendments such as compost and nitrogen-fixing cover crops. Figure 5 exemplify the nitrogen status of Gauradaha municipality.
[image: ]
[bookmark: Fig5][bookmark: _Toc177579449][bookmark: _Toc178062636][bookmark: _Toc178324615][bookmark: _Toc178436941][bookmark: _Toc178513198]Figure 5: Nitrogen status, Gauradaha, 2024/25


Available phosphorus:
Phosphorus level of the study area is demonstrated in Figure 6 which varied as 44.55% of samples were low in phosphorus content, 35.64% were medium, and 19.80% were high. Phosphorus availability is affected by soil pH, organic matter content, and land-use practices.
[image: ]
[bookmark: Fig6][bookmark: _Toc177579451][bookmark: _Toc178062638][bookmark: _Toc178324617][bookmark: _Toc178436943][bookmark: _Toc178513200]Figure 6: Phosphorus status, Gauradaha, 2024/25


Available potassium:
Potassium levels were high in 59.40% of samples, medium in 22.77%, and low in 17.82% as shown in Figure 7. Potassium loss via leaching and runoff is a concern, highlighting the importance of efficient nutrient application practices.
[image: ]
[bookmark: Fig7][bookmark: _Toc177579453][bookmark: _Toc178062640][bookmark: _Toc178324619][bookmark: _Toc178436945][bookmark: _Toc178513202]Figure 7: Potassium status, Gauradaha, 2024/25


SUMMARY AND CONCLUSION:
This study highlights spatial variability in soil fertility across Gauradaha municipality, emphasizing the need for targeted soil management strategies. The findings suggest the adoption of integrated nutrient management practices, including organic amendments, pH regulation through liming, and site-specific fertilization based on GIS-based soil maps. The research provides valuable data for farmers, agricultural planners, and policymakers, supporting sustainable soil management in the region.
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