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Introduction 
 

Spatial distribution patterns of soil properties, 

techniques such as conventional statistics and 

geo-statistics were widely applied (Saldana et 

al., 1998, McGrath and Zhang, 2003, 

Sepaskhah et al., 2005, Liu et al., 2006), and 

based on the theory of a regionalized variable 

(Matheron1963), geo-statistics provides 

advanced tools to quantify the spatial features 

of soil parameters and allows for spatial 

interpolation to be conducted. The research 
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The Knowledge of spatial-variability is critical for site specific nutrient management in 

soil fertility. Soil sample (149) were gotten from surface from 10 selected sites for 

preparing precise digital maps using point, line and polygon tools of the GIS (TNTmips 

2010) software. Soil spatial variability typically defines variation in soil properties in 

surface soil such as fertility, pH, EC, soil organic carbon (OC), free CaCO3, mineralizable 

N,P2O5, K2O and S. In this study 149 soil samples were collected from the Rajendra 

Agricultural University, Pusa Farm, and based on the score of nutrients, corresponding 

thematic maps were drawn up. The thematic soil maps clearly revealed the distribution of 

different physico-chemical characteristics and available nutrients status which were 

assigned appropriate classes - low, medium and high or sufficient /deficient. The 

maximum spatial distribution of soil pH 8.0 to 8.5 (41.84%), soil EC 0.5 to 1 dS m
-1

 

(49.31%), organic carbon 0.50 to 0.75% (60.43%), mineralizable soil nitrogen< 250 kg ha
-

1
 ( 86.27%) , available phosphorus 25 to 50 kg ha

-1 
(71.06%), potassium 125 to 300 kg ha

-1
 

(87.71%), available S < 13 mg kg
-1 

(80.48%) and  Free CaCO3 20-30% (55.2 %). Under 

multi major nutrient deficient soils, low in nitrogen and potassium were in 36.74% area 

and low phosphorus and potassium were in 19.78% area.  Nutrient Index calculated for the 

major nutrients N, P and K were 1.416, 1.893 and 1.678, respectively. Productivity Index 

(PI) was estimated on the basis of soil texture available N, P2O5 and K2O showed spatial 

distribution of 90.27 % area with low PI, 9.57% area with medium PI and 0.15 % with 

high PI. 
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benefits of the geographic information 

systems (GIS) approach were illustrated by 

many ecological and agricultural studies 

(Bradshaw and Muller 1998, Wang et al., 

2006). 

 
A better understanding of the spatial 

variability of soil nutrients in this region 

critical for refining farm management 

practices and for enhancing sustainable land 

use (McGrath and Zhang, 2003). Soil testing 

provides information on the nutrient 

availability in soils, on this basis an effective 

fertilizer recommendations are generated for 

optimize crop yield.  

 
Soil fertility maps are intended to illustrate 

nutrient requirements based on soil fertility 

status (and adverse soil conditions which need 

improvement) to achieve better crop yield. 

Clearly, a soil fertility map for a specific 

region can be highly useful in directing 

growers, manufacturers and planners 

(associated with fertilizer marketing and 

distribution) to assess the requirements of 

various fertilizers in a season/year and to 

create forecasts for increased demand based 

on crop trend and intensity. 

 
The goal of this work was to study the spatial 

variability of soil nutrients and to explore how 

soil nutrients are influenced by natural 

environmental factors and anthropogenic land 

use of the agricultural soils of Rajendra 

Agricultural University, Pusa Farm.  

 
This objective was achieved by using geo-

statistical methods and GIS to find soil 

reaction (pH), Soil Electrical Conductivity 

(EC, dS/m), Organic Carbon (%), 

Mineralizable Soil Nitrogen (kg ha
-1

) 

Available Phosphorus (kg ha
-1

) Available 

Potassium (kg ha
-1

) Available Sulphur (mg 

kg
-1

) Soil free CaCo3 (%) spatial distribution 

characteristics. 

Materials and Methods 
 

The study area comprising of Samastipur of 

Rajendra Agricultural University, The entire 

area of pusa farm 485 ha. The area is U 

shaped South-West lap of river BurhiGandak 

at an altitude of 52.0m.Pusa comes under the 

North-West alluvial plain (Zone-1) of Bihar. 

Ps usa Farm lies between 25
0 

58’54” N to 25º 

59’ 28.91’’N latitude and 85
0
 40’25”E to 85º 

41’ 27.88’’ E longitude and depicted on 

survey of India’s topo-sheet number72G9 of 

scale 1:50,000. 

 

The soil of the study area is young alluvium 

and calcareous with patches of salt affected 

soil having different amount of free CaCO3 

content which varies between 5-40% or more. 

Calcium carbonate is present in a soft 

precipitated amorphous form, presumably of 

the size of silt (0.02 to 0.002 mm) and below. 

The range of pH in the surface soils were 

recorded from 7.8 to 9.2. 

 

Map obtained from Google Earth has geo-

referenced in GIS setting by using six 

identified locations under Pusa farm 

boundary. The exact latitude and longitude 

WF5were embedded and saved in image. The 

Digital boundary of Farm was opened in 

Geometry and Re-projected to change output 

projection in meter. For this purpose UTM 

zone 45N(CM 87E) projection selected and 

processed. Than after Digitalization was done 

by using of GIS software’s point, line and 

polygon tools. Pusa Farm’s 200 x 200 m grid 

map was compiled using the GIS program and 

farm was divided into 164 grids as shown in 

Map1. 
 

The results of available nutrient were 

tabulated with Unique ID in Microsft 

Excel.csv (Comma Separated Value) format 

and linked to the soil sampling GPS co-

ordinate points by import action of the GIS 

software. 
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All 149 Surface soil samples (0-15 cm depth) 

were collected from the grid cell at random, 

and were air dried in shade and grounded to 

pass through a 2 mm sieve and held 

separately a4 9long with the proper labels in 

polythene bags. The exact position of the 

sample was reported using a handheld GPS 

receiver. All processed soil samples were 

analyzed for estimation of various soil 

parameter viz., pH, Electrical Conductivity 

(EC), Soil Organic Carbon (OC), free CaCO3, 

available N, P2O5, K2O and Sulphur. Soil pH 

was determined by potentiometric method in 

1:2 soil-water suspension and Electrical 

conductivity was determined by using 

Conductivity Bridge in 1:2 soil-water extract, 

it is expressed as dSm
-1

.Walkely and Black’s 

wet oxidation method was used to determine 

the organic carbon content from finely ground 

soil and Available nitrogen was estimated by 

alkaline KMnO4 method described by 

Jackson. The amount of available phosphorus 

was estimated by using sodium bicarbonate 

(0.5 M) at pH 8.5 (Olsen’s reagent) and 

Spectrophotometer at wavelength of 660 nm. 

Available potassium in soil was extracted by 

neutral normal ammonium acetate and 

estimation was by flame photometry. Free 

CaCO3 were determined by Rapid titration 

method using N HCl and N NaOH. Available 

sulphur was extracted by 0.15% CaCl2.2H20 

(Turbidimetric method). 

 

The thematic maps thus prepared on the 

criteria described by Singh et al., 2006 and 

this map was classified into different classes’ 

viz., high, medium and low or deficient/ 

sufficient. TNTmips 2010 with spatial analyst 

function of Arc GIS software was used to 

prepare soil fertility maps. Interpolation 

method employed was spline.  

 

Interpolation had been handled by minimum 

curvature method which provided a geo-

statistic layer containing and after minimum 

curvature the fitting classes. The extent of 

area in low, medium and high category of 

nutrients was estimated on the basis of 

standard ratings. 

 

Multi Major Nutrient Deficiency Map  

 

Thematic map has been prepared in 

interpretation of the major nutrient (N,P,K) 

deficient area in the farm for well 

management and advanced productivity. The 

available major nutrient content were 

classified into high, medium and low and 

grouped together. In such a way combination 

of 27 groups formed. Some of the groups had 

no value and so discarded.  

 

The combination of at least low in two major 

nutrients were considered as deficiency 

sample and assigned a value from 1 to 4. The 

remaining combinations were assigned a 

value of 5. 

 

Productivity Index (PI) estimated on the basis 

of soil texture, available N, P2O5and K2O 

showed spatial distribution with low, medium 

and high PI (Riquier et al., 1970). 

 

Productivity Index (PI) = T. N. P2O5. K2O 

 

Where  

 

T= Rating for soil texture taken as 100 for the 

texture suitable for growing various crop i.e 

Loamy, 80 for medium texture and 60 for 

coarse texture. 

 

N = Rating for available N, high N soils = 1, 

medium N soils = 0.8 and low N soils = 0.6. 

 

P2O5 = Rating for available P, high P2O5 soils 

= 1, medium P2O5 soils = 0.8 and low P2O5 

soils = 0.6. 

 

K2O = Rating for available K, high K2O soils 

= 1, medium K2O soils = 0.8 and low K2O 

soils = 0.6. 
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Results and Discussion 

 

The table 1 shows mean, range, standard 

deviation (SD) and coefficient of variation 

(CV) and thematic map of soil chemical 

properties and nutrient status of 149 samples 

collected in the working area. 

 

Hydrogen ions activity (pH) 

 

The soil pH value in the study area varies 

from 7.1 to 9.2 that show a neutral to highly 

alkaline soil pH with a mean and SD value of 

8.2 and ± 0.53, respectively. The thematic soil 

reaction map (as shown in Map:2) clearly 

indicates its spatial distribution showing an 

area 41.84% with soil pH 8.0 to 8.5 followed 

by an area 33.01% with pH > 8.5 and an area 

25.15% with pH <8.5. The spatial distribution 

of soil pH 8.0 to 8.5 was observed in lowland 

and pH > 8.5 was observed in medium and 

upland region of the research area. Similar 

results were reported by Pandey (2012), 

NekeeSweta (2014) and Rupali (2014). 

 

Electrical conductivity (EC) 

 

The soil EC value in the study area varies 

from 0.14 to 2.75 dS m
-1

 with mean and SD 

value of 0.81 and ± 0.45, respectively. The 

thematic map of EC (As shown in Map: 3) 

clearly indicated its spatial distribution 

showing an area 49.31% with EC 0.5 to 1.0 

dS m
-1

 followed by an area 41.72% with EC > 

1.0dS m
-1

 and area 8.97% with EC < 0.5 dS 

m
-1

.The spatial distribution of soil EC 0.5 to 1 

dS m
-1

 were observed in lowland, medium 

upland and Similar results was also reported 

by Pandey (2012), NekeeSweta (2014) and 

Rupali (2014). 

 

Organic Carbon Content 

 

The organic carbon content of Samastipur 

district’s soil is very low it varies from 0.17 to 

0.91 % with a mean and SD value 0.53 and ± 

0.61, respectively. The thematic map of soil 

organic carbon (as shown in Map: 4) clearly 

indicates its spatial distribution, showing an 

area 60.43% with organic carbon % 0.50 to 

0.75 followed by an area 38.40% with organic 

carbon % < 0.5% and an area 1.17% with 

organic carbon % > 0.75. The organic carbon 

content in Indian soils is low (0.5 to 0.75 %) 

it may be due to poor management practices 

such as lack of addition of crop residues and 

organic manures or due to the country’s 

intensive cropping system. The results shows 

that Pusa farms having calcareous soils that 

contain medium range of organic carbon. 

 

Available nitrogen 

 

The mineralizable soil nitrogen status of the 

alluvial soils ranged from low to medium 89.6 

to 298.0 kg ha
-1

 with mean and SD value of 

230.6 and ± 42.9 respectively. The thematic 

map of soil mineralizable nitrogen (as shown 

in Map 5) clearly indicate its spatial 

distribution, showing an area 86.27% with 

available nitrogen content < 250 kg ha
-1

 

followed by area 13.73 % with available 

nitrogen 250-500 kg ha
-1

. The prevailing high 

temperature in the region is responsible for 

rapid burning of organic matter, resulting in 

low organic carbon content of this soil. Since 

organic matter contents are an indicator of 

available nitrogen status, thus the soils of this 

region are predominantly low in available 

nitrogen content. 

 

Available phosphorus 

 

The available phosphorus status of the 

alluvial soils ranged from low to 

medium11.78 to 20.79 kg ha
-1 

with majority 

of samples were low in phosphorus content 

and mean and SD value of 38.12 and ± 26.24, 

respectively. The thematic map of soil 

available phosphorus (as shown in Map 6) 

clearly indicated its spatial distribution, 

showing an area 71.06% with available 
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phosphorus content 25 to 50 kg ha
-1

 followed 

by an area 20.43% with available phosphorus 

content< 25 kg ha
-1

 and area 8.5% with 

available phosphorus content >50 kg ha
-1

. 

This low available phosphorus content 

agricultural field in research area was 

supplemented by applying phosphorous rich 

fertilizers accordingly for crops. 

 

Table.1 Mean, range, standard deviation (SD) and coefficient of variation (CV) of thematic map 

of soil chemical properties and nutrient status 

 
 pH     EC 

(dS/m) 

O.C(%) 2Available  

N(kg/ha) 

Available 

P2O5(kg/ha) 

Available  

K2O(kg/ha) 

CaCo3     

(%) 

S(mg 

kg
-1

) 

Mean 8.2 0.80 0.53 230.61 38.12 156.11 29.23 9.11 

Range 7.1-

9.2 

0.12-

0.75 

0.17-

0.91 

80.60-298 11.78-

207.89 

60.11-420 12.5-

45 

0.09-

40.85 

S.D 0.53 0.45 0.16 42.99 26.24 61.88 5.90 9.98 

C.V 0.064 0.56 0.30 0.18 0.68 0.39 0.20 1.09 

 

Map.1 Grid map (200m X 200m) of Pusa farm 

 

 
 

Map.2 Thematic map of Hydrogen ions activity (pH) 
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Map.3 Thematic map of soil Electrical conductivity (EC) 

 
 

 
 

Map.4 Thematic map of soil organic carbon content 

 
 

 
 

Map.5 Thematic map of soil available nitrogen 
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Map.6 Thematic map of soil available phosphorus 

 
 

 
 

Map.7 Thematic map of soil available potassium 

 
 

 
 

Map.8 Thematic map of soil available sulphur 
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Map.9 Thematic map of soil Free CaCO3 

 
 

 
 

Map.10 Thematic map of Multi major nutrient deficient area 

 
 

 
 

Map.11 Thematic map of Productivity Index (PI) 

 
 

 
 

Available potassium 
 

The available potassium status of the alluvial 

soils ranged from low to medium 60.48 to 420 

kg ha
-1

 with mean value of 156.11 kg ha
-1

. 

The thematic soil available potassium map (as 

shown in Map 7) clearly indicate its spatial 

distribution, showing largest area 87.71% 

with available potassium 125 to 300 kg ha
-1

 

followed by 14.94% area with < 125 kg ha
-1

 

available potassium and 0.31% area with > 

300 kg ha
-1

 available potassium. 
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Available sulphur 

 

The available sulphur status of the alluvial 

soils ranged from low to high0.09 - 40.85 mg 

kg
-1

with mean and SD value9.11 and ± 9.98 

respectively. The thematic map of available 

sulphur (as shown in Map 8) clearly indicates 

its spatial distribution, showing an area 

80.48% with available sulphur content < 13 

mg kg
-1

 followed by area 15.16% with 

available Sulphur content 13-20 mg kg
-1

and 

area 4.36% with available Sulphur content 

>20 mg kg
-1

. The spatial distribution of 

available sulphur < 13 mg kg
-1

was found in 

all parts of the study area. 

 

Free calcium carbonate (CaCO3) 

 

The value of Free CaCO3 ranged from 12.5 to 

43.5% with mean and SD value 29.19 and ± 

6.82, respectively. The thematic map of soil 

Free CaCO3 (as shown in Map 9.) clearly 

indicates its spatial distribution, showing an 

area 55.2 % with Free CaCO3 20-30% 

followed by area 44.2% with Free CaCO3> 

30% and area 0.45% with Free CaCO3< 20%. 

 

Multi major nutrient deficient area 

 

The thematic map of Multi major nutrient 

deficient area and its spatial distribution in the 

RAU, Pusa Farm were prepared (Map 10.). 

Multi major nutrient deficient soils (nitrogen, 

phosphorus and potassium) were in 40.94% 

area located at lowland, medium upland and 

some part of upland area followed by 36.74% 

area with low nitrogen and potassium 

distributed in most of the upland area and in 

small patches of medium upland and lowland 

area. 19.78% area with low phosphorus and 

potassium were scattered in lowland and 

medium upland area. The distribution of 

2.45% area with low nitrogen and 

phosphorus. Maps of geo-referenced soil 

sampling sites were generated using TNTmips 

2010Individual nutrient (P and K) maps were 

prepared and integrated to derive the multi-

macro nutrient (P and K) in the GIS 

environment. 

 

Productivity Index (PI) 
 

It was estimated on the basis of soil texture, 

available N, P2O5 and K2O showed spatial 

distribution of 90.27 % area with low PI, 

9.57% area with medium PI and 0.15% area 

with high Productivity index. The thematic 

map (Map 11) of Productivity Index revealed 

its spatial distribution area in the RAU, Pusa 

Farm. The productivity class for each soil unit 

was determined according to the PI values 

and attributes were assigned after generation 

of maps in TNTmips. The Zone with values 

of PI < 40 were rated as low productivity 

class, 41-60 as medium, 61-80 as high and 

>80 as very high. 

 

The nutrient index, i.e., a single index 

(weighted average) showing an area’s overall 

fertility status, was calculated (Parker et al., 

1954)for the major nutrients i.e., nitrogen, 

phosphorus and potassium were 1.416, 1.893 

and 1.678, respectively, indicating over all 

low nitrogen status, while phosphorus and 

potassium were in medium range in the study 

area. 
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