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Abstract: 13 

Application of fertilizers based on available soil nutrients for targeted yield i. e., the soil14 

test crop response (STCR) approach enhances the fertilizer use efficiency besides15 

optimizing the yield and reducing the cost of fertilizers. A case study was taken at the16 

Honnavalli micro-watershed of Hassan district, Karnataka to prepare digital maps for17 

the site-specific fertilizer recommendation for the major crops; paddy and maize. 18 

ArcGIS platform provides location-specific real-time thematic maps for the nutrient19 

recommendations. This was based on the analysis of 105 grid soil samples collected by 20 

using a GPS tool for the targeted yield of 5.0 t ha–1 and 9.0 t ha–1 in paddy and maize21 

respectively, through the STCR approach. The initial available N, P, and K status were22 

categorized into different ranges separately for paddy and maize and the site-specific 23 
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NPK recommendation was mapped in ArcGIS based on the different soil test ranges. 24 

The map shows that, the recommended dose of N fertilizer for paddy is 148, 111, 82, 54, 25 

26, -8, -67 and -108 kg ha–1   for the soil available N status < 200, 200-250, 250-280, 280-26 

325, 325-375, 375-425, 425-500 and > 500 kg ha–1, respectively. Similarly, for maize is 27 

290, 286, 283, 281, 279, 276, 268 and 259 kg ha–1 for < 250, 250-275, 275-300, 300-325, 28 

325-350, 350-400, 400-500 and > 500 kg ha–1, respectively. The recommended P and K 29 

fertilizer for both paddy and maize were also mapped. Therefore, the study has 30 

implications on reducing consumption of fertilizers (24-45% for N; 12-15% for P and 8-31 

32% for K), thereby reducing the cost of cultivation for small and marginal farmers of 32 

India besides achieving higher nutrient use efficiency. 33 

Keywords: geographical information system; geographical positioning system; ArcGIS, 34 

mapping, micro-watershed, site-specific fertilizer recommendation, STCR approach. 35 

Abbreviations:  Nitrogen (N), Phosphorus (P), and Potassium (K) 36 

Introduction 37 

The share of India in global degraded land area is about 10%1. It was largely impelled by 38 

anthropogenic misuse of soil via non-scientific, indiscriminate, and non-sustainable intensive 39 

usage of agricultural inputs such as fertilizers2. Consequently, the poor nutrient use efficiency 40 

(30-60%) was reported in major cereal crops at the national and global level besides 41 

increasing cost on import of fertilizers3. Hence, there is a need for the adaption of wise 42 

practices for fertilizer applications and other operations. To achieve higher nutrient use 43 

efficiency, and better crop yield, the approach of fertilizer recommendation should consider 44 

crop needs and existing soil nutrient pool4. The desired balance of nutrients in the soil can be 45 

created by soil test-based fertilizer recommendations which also ensure an increase in the 46 

efficiency of fertilizer use5.  47 
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Among the various approaches of fertilizer recommendations, the target yield-based 48 

concept (STCR approach) is used for fertilizer recommendation and mapping. This approach 49 

of fertilizer prescription is more scientific, fully quantitative, and highly situation-specific 50 

(soil-crop-agro-climatic condition)6. The yield target can be lowered or increased based on 51 

the economic resources of the farmers and the availability of fertilizers. Such fertilizer 52 

adjustment equation for obtaining specific yield targets of crops provides the real balance 53 

between the soil available and fertilizer nutrients7. Since fertilizer is a costly input, the soil 54 

test-based fertilizer application by considering the specific crops target yield and soil test 55 

values reduces the total amount of fertilizer applied and economizes its usage by avoiding 56 

wastage due to over and under application8. 57 

In this background, site-specific agriculture/farming consisting of remote sensing, 58 

Global Positioning System (GPS), and Geographical Information System (GIS) can be of 59 

great use for the assessment and management of soil fertility9-11. As expressed by many 60 

authors, GIS is a powerful set of tools for collecting, storing, transforming, and displaying 61 

spatial data from the real world. This can be used in producing a soil fertility map of an area, 62 

which will help in formulating balanced fertilizer recommendation12,13. Therefore, to 63 

understand the soil spatial and temporal variability, physico-chemical properties, and geo-64 

statistics for specific application, remote sensing and GIS are the best tools14. These tools 65 

help the farmers to identify the right input at the right amount, which not only avoids wastage 66 

of inputs but also reduces the pollution due to excessive use of inputs. Further, the concept of 67 

grid-based fertility assessment and fertilizer recommendation will be helpful to supply the 68 

nutrients as per the crop demand to improve crop growth and yield. With this background, we 69 

considered the important crops of the region, since paddy occupied an area of 81.5 ha and 70 

maize; 33.5 ha under Honnavalli micro-watershed of Karnataka state. These two crops are 71 

largely grown with a wider range of fertilizer levels and nutrient use efficiency15. Hence an 72 
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attempt was made to delineate the soil fertility status and fertilizer recommendation mapping 73 

with an aim of providing balanced nutrition through soil test-based fertilizer 74 

recommendation, using geographic information system (GIS) techniques coupled with the 75 

STCR approach for sustainable crop production in the study area. 76 

Material and methods 77 

Study area 78 

The Honnavalli micro-watershed (4B4B3T2c, which comes under Nidnur sub-watershed) is 79 

located in Alur taluk of Hassan district, Karnataka state (India) is delineated and implemented 80 

by the Karnataka Watershed Development Project- II (SUJALA-III). The project has a total 81 

geographical area of 420 ha and lies between 12°56'4.176" to 12°56'58.234" North latitude 82 

and 75°54'1.635" to 75°54'55.337" East longitude at 953 m  above MSL15,16. This watershed 83 

belongs to the Argo-climatic zone No. VII of Karnataka (Southern Transition Zone) and 84 

covers 14 taluks of 5 districts with an area of 1.22 million ha. The average minimum and 85 

maximum temperature of this area vary between 18.20°C and 29.12°C, respectively. The 86 

climate is hot, moist, sub-humid and the annual rainfall ranges from 612-1054 mm. The soils 87 

in the micro-watershed are majorly Alfisols and Inceptisols in some parts. 88 

Methodology of mapping  89 

Preliminary traverse of the entire watershed was carried out with the help of cadastral map 90 

(1:4000 scale), satellite imagery (the merged data of Cartosat-1 (PAN), and Resourcesat-2 91 

(LISS IV)) and Survey of India toposheets. The field boundaries and survey numbers given 92 

on the cadastral sheet were located on the ground by following permanent features like roads, 93 

cart tracks, canals, streams, tanks, etc., and wherever changes were noticed were incorporated 94 

on the cadastral map. The GARMIN, Oregon 650 GPS (GeoVISTA Company, Hyderabad-95 

500082, Telangana, India) handheld receiver was used to collect the information regarding the 96 
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geographical location of the ground truth sites. We collected 105 composite surface (0-15 97 

cm) soil samples during the second fortnight of May, 2019 on 400 m grid intervals. The 98 

collected soil samples were processed, passed through a 2 mm sieve, and analyzed for 99 

available N, P2O5, and K2O, and organic carbon as per the procedures17-20. According to the 100 

collected data from different locations, point feature showing the position of samples in MS 101 

excel format were prepared and linked with the spatial data by join option in Arc Map. The 102 

spatial and the non-spatial database developed are integrated for the generation of spatial 103 

distribution maps. 104 

A base file consisting of data for X and Y coordinate in respect of sampling site location 105 

was created. A shape file (vector data) showing the outline of the Honnavalli micro-106 

watershed area was created in Arc View 3.1. The database file was opened in the project 107 

window and X-field X-coordinates and in Y-field Y-coordinates were selected. The Z field 108 

was used for different nutrients. The Honnavalli micro-watershed shape file was also opened 109 

and from the “Surface menu” of Arc View spatial analyst “Interpolate grid option” was 110 

selected. On the output “grid specification dialogue”, the output grid extends chosen was the 111 

same as Honnavalli micro-watershed. Then map was reclassified based on ratings of 112 

respective nutrients. After the map was prepared, it was clipped to the study area shape and 113 

final mapping was carried out and exported as .jpeg or .pdf. format. By interpolation of point 114 

data soil spatial variability maps were prepared. Initially, the geo-referenced soil test results 115 

for available nitrogen (N), available phosphorus (P2O5), and available potassium (K2O) were 116 

plotted using ARC/Info software (https://handwiki.org/wiki/Software:ArcInfo). The 117 

interpolation technique used was ordinary kriging. The fertilizer recommendations developed 118 

using fertilizer adjustment equations from STCR were displayed in the form of a spatial 119 

fertilizer recommendation map by linking the information with soil fertility maps. The 120 
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fertilizer recommendation maps for different management zones in terms of N, P, and K were 121 

derived by the kriging interpolation method in GIS21.  122 

Fertilizer adjustment equations 123 

The fertilizer recommendations were developed using fertilizer equations of STCR and 124 

displayed in the form of a spatial fertilizer recommendation map by linking the information 125 

with soil fertility maps. The fertilizer recommendation maps for different management zones 126 

in terms of N, P, and K were derived by the kriging interpolation method in the GIS 127 

environment22. The fertilizer adjustment equations developed by All India Co-ordinated 128 

Research Project on STCR, University of Agricultural Sciences, Bengaluru for Southern 129 

Transitional Zone (zone-VII) were utilized for fertilizer recommendations6. 130 

STCR fertilizer adjustment equations 131 

Fertilizer adjustment equations for the paddy (5.0 t ha-1) 132 

F.N = 5.343807 T – 0.690865 SN (KMnO4-N) – 0.00125 OM 133 

F.P2O5 = 1.89835 T – 0.660225 SP2O5 (Brays P2O5) – 0.0017 OM 134 

F.K2O = 4.055729 T – 1.023547 SK2O (NH4OAC K2O) – 0.00328 OM 135 

Fertilizer adjustment equations for maize (9.0 t ha–1)  136 

F.N = 3.45 T – 0.093 SN (KMnO4-N)   137 

F.P2O5 = 2.00 T – 0.31 SP2O5 (Brays P2O5) 138 

F.K2O = 1.04 T – 0.046 SK2O (NH4OAC K2O) 139 

Where, FN, FP2O5, and FK2O are fertilizers N, P2O5, and K2O in kg ha–1, respectively; T is 140 

the yield target in t ha–1; SN, SP2O5, and SK2O, respectively, are available nutrients; alkaline 141 

KMnO4-N, Brays P2O5, and NH4OAC- K2O in kg ha–1 and OM is organic matter supplied 142 

through farm yard manure (FYM). 143 
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Results and Discussion 144 

For site-specific nutrient management, ranges were derived and thematic maps prepared for 145 

the Honnavalli micro-watershed. These maps were prepared by using spatial variability of 146 

available soil N, P, and K and it was used to establish fertilizer recommendations for paddy 147 

and maize. The study area was classified into different fertility zones by considering the soil 148 

test value of the major available nutrients. The actual N, P, and K fertilizer nutrient 149 

recommendations were derived using the fertilizer prescription equations based on the 150 

targeted yield approach for the Hassan district. 151 

Fertilizer recommendation map for paddy 152 

The NPK fertilizer recommendations for paddy grown in various delineated zones of 153 

N, P, and K were given based on the STCR equations. These equations consider the nutrient 154 

requirement for targeted yield as well as the nutrient status of fertilizer resources and soil 155 

native nutrients. The general recommendation of NPK dose for paddy is 100-50-50 (N-P2O5-156 

K2O kg ha–1) as per University of Agricultural Sciences, Bangalore Recommendations, 2019 157 

(https://agriculturalextensionhome.files.wordpress.com/2020/06/uaspopkannada.pdf). The 158 

spatial variability of available N, P, and K status in the Honnavalli micro-watershed and their 159 

respective fertilizer recommendations for paddy are presented in Table 1. 160 

Nitrogen recommendations for paddy 161 

The soil tested value of available N in the Honnavalli micro-watershed was divided into eight 162 

ranges for thematic mapping of the study area. The result depicts that the maximum 136 ha 163 

(32%) area falls under 200-250 kg ha–1, followed by 56 ha (13%) under > 500 kg ha–1, 52 ha 164 

(12%) with a range of 280-325 kg ha–1, 44 ha (11%) between 325-375 kg ha–1, 44 ha (10%)  165 

comes under < 200 kg ha–1, 32 ha (08%) ranges between 250-280 kg ha–1, 32 ha (08%) with 166 

https://agriculturalextensionhome.files.wordpress.com/2020/06/uaspopkannada.pdf
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375-425 kg ha–1, and remaining 24 ha (06%) area ranges between 425-500 kg ha–1. The study 167 

recommended the fertilizer N using STCR targeted yield approach @ 148, 111, 82, 54, 26, -8, 168 

-67 and -108 kg ha–1 (Fig. 1) for the areas of soil test value of available N ranges < 200, 200-169 

250, 250-280, 280-325, 325-375, 375-425, 425-500 and > 500 kg ha–1, respectively. The 170 

studied methodology and implications are in line with the findings of Raddy et al.21 171 

Similarly, Ammal et al.23 and Verma et al.24 reported that maximum N uptake by rice grain, 172 

straw, and total N uptake was recorded with N application using the STCR approach.  173 

Phosphorous recommendations for paddy 174 

The soil tested value of available P was divided into five ranges for thematic mapping of the 175 

study area. The result depicts that the maximum area of 136 ha (32%) falls under 5-10 kg ha–176 

1, followed by 116 ha (28%)  between 10-15 kg ha–1, 84 ha (20%)  with <5 kg ha–1, 44 ha 177 

(11%) belongs to >20 kg ha–1 and remaining area of 40 ha (10%)  between 15-20 kg ha–1. 178 

Using STCR targeted yield approach we recommended the fertilizer dosage for P at 91, 88, 179 

85, 82, and 46 kg ha–1 (Fig. 2) for the areas of soil test value of available P ranges < 5, 5-10, 180 

10-15, 15-20 and > 20 kg ha–1, respectively. Raddy et al.21, Singh et al.25 and Basavaraj et 181 

al.6 reported similar results. 182 

Potassium recommendations for paddy 183 

The soil test value of available K was divided into seven ranges for thematic mapping of the 184 

study area. The result depicts that the maximum 116 ha (28%) area was under <100 kg ha–1, 185 

followed by 80 ha (19%) under > 300 kg ha–1, 60 ha (14%)  with a range of 140-180 kg ha–1, 186 

56 ha (13%) between 100-140 kg ha–1, 48 ha (11%) comes under 100-140 kg ha–1, 32 ha 187 

(08%) between 225-250 kg ha–1 and remaining 28 ha (07%) area between 200-225 kg ha–1. 188 

Using STCR targeted yield approach we recommended the fertilizer dosage for K @ 143, 90, 189 
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70, 32, -20, -43 and -90 kg ha–1 (Fig. 3) for the areas of soil test value of available K ranges < 190 

100, 100-140, 140-180, 180-200, 200-225, 225-250 and > 300 kg ha–1, respectively. A 191 

similar approach was followed by Raddy et al.21 The results suggested that we can 192 

considerably save the application of fertilizers to paddy; N by 45%, P by 12%, and K by 32% 193 

over the blanket method of application in the study area. These results conform to the 194 

findings of Biradar26 that there was an increase in grain yield of paddy and wheat due to site-195 

specific nutrient management over the blanket application with improved use efficiency of 196 

about 24%. Basavaraj et al.6 reported that besides saving the fertilizers, this STCR targeted 197 

yield approach produced a higher yield of paddy (4.16 t ha–1) as compared to blanket 198 

application practice (3.90 t ha–1). Ammal et al.23 observed that balanced and need-based 199 

fertilizers application as per the crop demand might have increased the growth and 200 

development of the crop which ultimately enhanced the yield under STCR.  201 

Fertilizer recommendations for maize 202 

The general recommendation of NPK fertilizers dose for Maize was 100-50-25 (N-P2O5-K2O 203 

kg ha–1) in rainfed condition according to University of Agricultural Sciences, Bangalore 204 

Recommendations, 2019 205 

(https://agriculturalextensionhome.files.wordpress.com/2020/06/uaspopkannada.pdf). The 206 

spatial variability of available N, P, and K status in Honnavalli micro-watershed and their 207 

respective fertilizer recommendations for maize are presented in Table 2. 208 

Nitrogen recommendations for maize 209 

The soil tested value of available N in the Honnavalli micro-watershed was divided into eight 210 

ranges for thematic mapping of the study area. The result depicts that the maximum 180 ha 211 

(43%) area falls under < 250 kg ha–1, followed by 52 ha (12%) under > 500 kg ha–1, 44 ha 212 

https://agriculturalextensionhome.files.wordpress.com/2020/06/uaspopkannada.pdf
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(10%) with a range of 400-500 kg ha–1, 32 ha (08%) between 250-275 kg ha–1, 32 ha (08%) 213 

between 300-325 kg ha–1, 32 ha (08%) between 350-400 kg ha–1, 24 ha (06%) with 325-350 214 

kg ha–1, and remaining 20 ha (05%) area  between 275-300 kg ha–1. Using STCR targeted 215 

yield approach we recommended the fertilizer dosage for N @ 290, 286, 283, 281, 279, 276, 216 

268 and 259 kg ha–1 (Fig. 4) for the areas of soil test value of available N ranges < 250, 250-217 

275, 275-300, 300-325, 325-350, 350-400, 400-500 and > 500 kg ha–1, respectively. Hence it 218 

has resulted that 24% of N fertilizer can be saved through the STCR approach as compared to 219 

the blanket application. Kumar et al.27 reported similar results. Basavaraj et al.6 noticed that  220 

this approach of fertilizer application improved the yield (77.97 q ha-1) in maize compared to 221 

the blanket application (66.77 q ha-1) by fulfilling the real demand of crop and soil.  222 

Phosphorus recommendations for maize 223 

The soil test value of available P in the micro-watershed was divided into six ranges for 224 

thematic mapping of the study area. The result depicts that the maximum area of 132 ha 225 

(31%) falls under 5-10 kg ha–1, followed by 116 ha (28%) between 10-15 kg ha–1, 84 ha 226 

(20%) with < 5 kg ha–1, 40 ha (10%) belongs to 15-20 kg ha–1, 32 ha (08%) belongs to > 50 227 

kg ha–1 and remaining minimum area of 16 ha (04%) between 20-50 kg ha–1. Using STCR 228 

targeted yield approach the recommended fertilizer dosages for P are @ 179, 177, 175, 173, 229 

166, and 152 kg ha–1 for the areas of soil test value of available P ranges <5, 5-10, 10-15, 15-230 

20, 20- 50 and >50 kg ha–1, respectively (Fig. 5). Hence it results that 12% of P fertilizer can 231 

be saved through the STCR approach as compared to the existing blanket application. Dhillon 232 

et al.28 and Arvind Verma et al.29 also found that significantly higher grain yield per cob due 233 

to site-specific application of nutrients. Singh et al.30 and Srijaya et al.31 reported that this 234 

approach helped in achieving more than 80% yield in different crops.  Khurana et al.7 also 235 

studied this approach to reduce a load of excessive nutrients on the environment. 236 
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Potassium recommendations for maize 237 

The micro-watershed was divided into seven ranges for thematic mapping of the study area 238 

based on the soil test value of available K. The result depicts that the maximum 112 ha (27%) 239 

area falls under < 100 kg ha–1, followed by 80 ha (19%)  under > 300 kg ha–1, 64 ha (15%) 240 

with a range of 100-140 kg ha–1, 60 ha (14%) between 140-180 kg ha–1, 44 ha (10%) comes 241 

under 180-200 kg ha–1, 32 ha (08%) between 250-300 kg ha–1 and the remaining 28 ha (07%) 242 

area between 200-250 kg ha–1. Using STCR targeted yield approach we recommended the 243 

fertilizer dosage for K @ 90, 88, 85, 84, 83, 81 and 78 kg ha–1 for the areas of soil test value 244 

of available K ranges < 100, 100-140, 140-180, 180-200, 200-250, 250-300 and > 300 kg ha–245 

1, respectively (Fig. 6). Hence it has resulted that 8% of K fertilizer can be saved through the 246 

STCR approach as compared to the blanket application. Likewise, Biradar32 obtained higher 247 

grain yield (9.77 t ha–1) of maize and growth attributing characters with the application of 248 

nutrient by site specific nutrient management (SSNM) through fertilizers for a targeted yield 249 

of 10 t ha–1. Further, he reported that the magnitude of increase in maize grain yield in SSNM 250 

over RDF and farmers fertilizer practice was 28.6%. 251 

Conclusion 252 

Soil test-based application of plant nutrients approach ensures their application in proportion 253 

to the magnitude of the deficiency and the correction of nutrient imbalances in the soil helps 254 

to harness the synergistic effects of balanced fertilization. The generated fertilizer 255 

recommendation maps using ArcGIS platform would help farmers and researchers for 256 

précised management of nutrients (N, P & K). The results of the study also provide the site-257 

specific nutrient recommendations for both paddy and maize in Honnavalli micro-watershed 258 

and have great implications on saving of fertilizers; N: 45%, P: 15%, and K: 32% for paddy 259 

and N: 24%, P: 12%, and K: 8% for maize. Therefore, this approach could reduce the 260 
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excessive use of fertilizers thereby reducing the cost of inputs for the small and marginal 261 

farmers. The  results of the study could also be replicated to the other parts of the country 262 

with similar soil and climatic characteristics for maintaining crop yield, soil health, and 263 

nutrient balance. 264 

Author Contributions: Conceptualization,methodology and data recording, B.B and J.H.M; 265 

Statistical Analysis, data interpretation, writing and editing, H.M.H and M.S.S. The 266 

manuscript has been read and agreed upon by all the authors to the published version of the 267 

manuscript.  268 

Acknowledgments: Authors would like to thank researchers of the Department of 269 

Agronomy, University of Agricultural Science, Bangalore, Karnataka. Also acknowledge the 270 

kind support of Karnataka Watershed Development Project- II (SUJALA-III). 271 

Conflicts of interest: authors declare that they have no conflict of interest. 272 

References 273 

1. IFPRI, Global Food Policy Report, International Food Policy Research Institute, NW 274 

Washington, DC 20006-1002, USA, 2011. 275 

2. Nellemann, C., MacDevette, M., Manders, T., Eickhout, B., Svihus, B., Prins, A. G. 276 

and Kaltenborn, B. P., Environmental Food Crisis- The Environment’s Role in 277 

Averting Future Food Crisis. A UNEP Rapid Response Assessment. United Nations 278 

Environment Programme, 2009. GRID-Arendal.www.grida.no. 279 

3. Halli, H. M., Angadi, S. S. and Patil, R. H., Water and nutrient use efficiency in 280 

agriculture and the role of cereals-A review. J. Farm Sci.,2016, 29(3), 299–306. 281 

4. Johnston, A. M., Khurana, H. S., Majumdar, K. and Satyanarayana, T., Site specific 282 

nutrient management-concept, current research and future challenges in Indian 283 

agriculture. J. Indian Soc. Soil Sci., 2009, 57(1), 1–10. 284 



Unedite
d ve

rsi
on publish

ed onlin
e on 03/3/2023

5. Getahun, D. A., Feyisa, L. D. and Girma, D., Soil test-based crop response 285 

phosphorus calibration study on bread wheat in Degem District of North Shewa Zone, 286 

Oromia. Int. J. Econ. Energy and Environ., 2020, 5(1), 1–5. doi: 287 

10.11648/j.ijeee.20200501.11. 288 

6. Basavaraj, P. K., Prakash, S. S., Mohamed Saqeebulla, H., Dey, P. and Subbarao, A., 289 

STCR targeted approach of fertilizer recommendation for different crops and soils of 290 

Karnataka. AICRP on STCR, University of Agricultural Sciences, Bengaluru, 291 

Karnataka (India), 2017. 292 

7. Khurana, H. S., Singh, B., Dobermann, A., Phillips, S. B., Sidhu, A. S. and Singh, Y., 293 

Site specific nutrient management performance in a rice-wheat cropping system. 294 

Better Crops, 2008, 92(4), 26–28. 295 

8. Bera, R., Seal, A., Bhattacharyya, P., Das, T. H., Sarkar, D. and Kangjoo, K., 296 

Targeted yield concept and a framework of fertilizer recommendation in irrigated rice 297 

domains of subtropical Indian. J. Zhejiang Univ. Sci. B., 2006, 7, 963–968. doi: 298 

https://doi.org/10.1631/jzus.2006.B0963. 299 

9. Semay, G. B., Ward, A. D., Lyon, J. G., Fausey, N. R. and Nokes, S. E., Manipulation 300 

of high spatial resolution aircraft remote sensing data for use in site specific farming. 301 

Transaction ASAF, 1998, 41, 489–494. 302 

10. Aurbacher, J. and Dabbert, S., Integrating GIS-based field data and farm modeling in 303 

a watershed to assess the cost of erosion control measures: An example from 304 

southwest Germany. J. Soil Water Conserv., 2009, 64(5), 350–362. doi: 305 

https://doi.org/10.2489/jswc.64.5.350. 306 

11. Setia, R., Verma, V. and Sharma, P., Soil Informatics for Evaluating and Mapping 307 

Soil Productivity Index in an Intensively Cultivated Area of Punjab, India. J. Geogr. 308 

Inf. Syst., 2012, 4(1), 71–76. doi: 10.4236/jgis.2012.41010. 309 

https://doi.org/10.1631/jzus.2006.B0963
https://doi.org/10.2489/jswc.64.5.350
http://dx.doi.org/10.4236/jgis.2012.41010


Unedite
d ve

rsi
on publish

ed onlin
e on 03/3/2023

12. Qiang, Z., Zhiping, Y., Li, Y., Chen, D., Zhang, J. and Chen, M., Spatial variability of 310 

soil nutrients and GIS-based nutrient management in Yongji County, China. Int. J. 311 

Geogr. Inf. Sci., 2010, 24(7), 965–981. doi:10.1080/13658810903257954. 312 

13. Xie, Y. W., Yang, J. Y., Du, S. L., A GIS-based fertilizer decision support system for 313 

farmers in Northeast China: a case study at Tong-le village. Nutr. Cycl. 314 

Agroecosystems, 2012, 93, 323–336. doi: https://doi.org/10.1007/s10705-012-9519-8. 315 

14. Dasog, G. S., Patil, P. L., Mini, V., Mathews, D., Harikrishna, B. L., Anegundi, K. M. 316 

and Tejaswini, N. B., Monitoring nutrient status of a pilot site in coastal agro 317 

ecosystem of Karnataka using GIS technique. J. Indian Soc. Coast Agric. Res., 2006, 318 

24(1):44–47. 319 

15. Biradar, B., Jayadeva H. M., Channakeshava S., Geetha K. N., Manjanagouda S. S., 320 

Pavan, A. S. and Prakash, K. N., Assessment of soil fertility through GIS techniques 321 

and thematic mapping in micro watershed of Hassan, Karnataka. J. Pharmacogn. 322 

Phytochem., 2020, 9(4), 3218–3228. 323 

16. Biradar, B., Jayadeva, H. M., Shivaraj, S. and Geetha K. N., GIS-Based Assessment 324 

and Thematic Mapping of Micro-Nutrient (DTPA-Extractable, Fe, Zn, Cu and Mn) 325 

status in Honnavalli Micro – Watershed of Hassan District of Karnataka. Mysore J. 326 

Agric. Sci., 2020, 54(4), 45–51. 327 

17. Walkley, A. and Black, I. A., An Examination of Degtjareff method for determining 328 

soil organic matter and a proposed modification of the chromic acid titration method. 329 

Soil Sci., 1934, 37, 29–38. http://dx.doi.org/10.1097/00010694-19340100000003 330 

18. Subbiah, S. V. and Asija, G. L., A rapid procedure for the estimation of available 331 

nitrogen in soils. Curr. Sci., 1956, 25, 259–261. 332 

https://doi.org/10.1007/s10705-012-9519-8


Unedite
d ve

rsi
on publish

ed onlin
e on 03/3/2023

19. Olsen, S. R., Cole, C. V., Watanabe, F. S. and Dean, L. A., Estimation of available 333 

phosphorus in soils by extraction with sodium bicarbonate. USDA, Washington, DC: 334 

1954, Circular, 939, p. 19.  335 

20. Jackson, M. L., Soil chemical analysis, Prentice Hall of India Pvt. Ltd., 1973, New 336 

Delhi, 498. 337 

21. Raddy, G., Lalitha, B. S. and Jayadeva, H. M., Spatial Fertilizer Recommendation 338 

Mapping Based on Soil Test Crop Response Equations for Important Crops Using 339 

GIS and GPS. Commun. Soil Sci. Plant Anal., 2021, 52(1), 58–75, 340 

DOI:10.1080/00103624.2020.1849259. 341 

22. Siska, P. P. and Hung, I. K., Assessment of kriging accuracy in the GIS environment. 342 

In 21st Annual ESRI International Conference, San Diego, CA., 2001. 343 

23. Ammal, U. B., Coumaravel, K., Sankar, R. and Dey, P., Fertilizer prescriptions under 344 

STCR-IPNS for Rice-Rice Cropping Sequence on An Inceptisol (Typic Ustropept). 345 

Indian J. Agric. Res., 2019, 53, 698–702. 346 

24. Verma, M., Singh, Y. V., Ajay Babu Verma, S., Meena, R. and Sahi, S. K., Soil test 347 

crop response based gradient experiment on rice (Oryza sativa L.) to NPK fertilizers 348 

in alluvial soil. Indian J. Agric. Allied Sci., 2015, 1, 51–53. 349 

25. Singh, V. K., Tiwari, R., Sharma, S. K., Dwivedi, B. S., Tiwari, K. N. and M. S. Gill, 350 

Economic viability of rice-rice cropping as influenced by site specific nutrient 351 

management. Better Crops, 2009, 93(2):6–9. 352 

26. Biradar, D. P., Aladakatti, Y. R. and Basavanneppa, M. A., Enhancing the 353 

productivity and economic returns of field crops with balanced nutrient application 354 

through site specific nutrient management approach. Proc. Agro-Informatics and 355 

Precision Agric. India, 2012, 146–51. 356 



Unedite
d ve

rsi
on publish

ed onlin
e on 03/3/2023

27. Kumar, A., Gupta, B. R. and Pathak, R. K.,  Effect of site-specific nutrient 357 

management on yield and quality composition of maize. Ind. J. Agril. Biochem., 358 

2006, 19(2), 63–66. 359 

28. Dhillon, N. S., Brar, B. S., Benipal, D. S. and Mavi, M. S., Economics of various soil 360 

test-based fertilization approaches for different crops. Crop Res., 2006, 32(3), 377–361 

381. 362 

29. Verma, A., Nepalia, V. and Kanthaliya, P. C., Effect of integrated nutrient supply on 363 

growth, yield and nutrient uptake by maize (Zea mays), wheat (Triticum aestivum) 364 

cropping system. Indian J. Agron., 2006, 51(1), 3–6. 365 

30. Singh, V. K., Gautam, P., Nanda, G., Dhaliwal, S. S., Pramanick, B., Meena, S. S., 366 

Alsanie, W. F., Gaber, A., Sayed, S. and Hossain, A., Soil Test Based Fertilizer 367 

Application Improves Productivity, Profitability and Nutrient Use Efficiency of Rice 368 

(Oryza sativa L.) under Direct Seeded Condition. Agronomy, 2021, 11, p. 1756. 369 

https://doi.org/10.3390/agronomy 11091756. 370 

31. Srijaya, T., Madhavi, A., Prabhakar Reddy, T., Surendra Babu, P., Bharath T. and 371 

Pradip D., Fertilizer prescription equation demonstration for targeted yield of rice in 372 

farmer fields of Telangana state. Chem. Sci. Rev. & Lett., 2020, 9(36), 916–921.0 373 

32. Biradar, A., Maximization of maize productivity through targeted yield approach. M. 374 

Sc. (Agri.) Thesis, 2012.  University of Agricultural Sciences, Bengaluru, Karnataka, 375 

India. 376 

 377 

 378 

 379 

 380 

 381 

https://doi.org/10.3390/agronomy%2011091756


Unedite
d ve

rsi
on publish

ed onlin
e on 03/3/2023

Figures 382 

 383 

Figure 1. Spatial nitrogen fertilizer recommendation map for paddy in Honnavalli micro- 384 

watershed (Prepared by using Arc GIS platform) 385 

 386 

 387 

Figure 2. Spatial phosphorus fertilizer recommendation map for paddy in Honnavalli micro-388 

watershed (Prepared by using Arc GIS platform) 389 



Unedite
d ve

rsi
on publish

ed onlin
e on 03/3/2023

 390 

Figure 3. Spatial potassium fertilizer recommendation map for paddy in Honnavalli micro-391 

watershed (Prepared by using Arc GIS platform) 392 

 393 

 394 

Figure 4. Spatial nitrogen fertilizer recommendation map for maize in Honnavalli micro-395 

watershed (Prepared by using Arc GIS platform) 396 
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 397 

Figure 5. Spatial phosphorus fertilizer recommendation map for maize in Honnavalli micro-398 

watershed (Prepared by using Arc GIS platform) 399 

 400 

 401 

Figure 6. Spatial potassium fertilizer recommendation map for maize in Honnavalli micro-402 

watershed (Prepared by using Arc GIS platform) 403 

 404 

 405 
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Table 1. Soil test-based fertilizer recommendation for Paddy in Honnavalli micro-watershed 406 

Nitrogen Phosphorus Potassium 

Soil range 

(kg ha–1) 
Area  Recommended 

N fertilizer  

(kg ha–1) 

Soil 

range 

(kg ha–1) 

Area  Recommended 

P fertilizer  

(kg ha–1) 

Soil range 

(kg ha–1) 

Area  Recommended 

K fertilizer  

(kg ha–1) 
 (ha)  (%) (ha) (%) (ha) (%) 

< 200 44 10 148 < 5 84 20 91 < 100 116 28 143 

200-250 136 32 111 5-10 136 32 88 100-140 56 13 90 

250-280 32 08 82 10-15 116 28 85 140-180 60 14 70 

280-325 52 12 54 15-20 40 10 82 180-200 48 11 32 

325-375 44 11 26 > 20 44 11 46 200-225 28 07 -20 

375-425 32 08 -8 - - - - 225-250 32 08 -43 

425-500 24 06 -67 - - - - > 300 80  19 -90 

> 500 56 13 -108 - - - - - - - - 

 407 

 408 

 409 

  410 

 411 
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Table 2. Soil test-based fertilizer recommendation for Maize in Honnavalli micro-watershed 413 

Nitrogen Phosphorus Potassium 

Soil range 

(kg ha–1) 

Area  Recommended 

N fertilizer  

(kg ha–1) 

Soil 

range 

(kg ha–1) 

Area  Recommended P 

fertilizer  

(kg ha–1) 

Soil range 

(kg ha–1) 

Area  Recommended 

K fertilizer  

(kg ha–1) 
 (ha)  (%) (ha) (%) (ha) (%) 

< 250 180 43 290 < 5 84 20 179 < 100 112 27 90 

250-275 32 08 286 5-10 132 31 177 100-140 64 15 88 

275-300 20 05 283 10-15 116 28 175 140-180 60 14 85 

300-325 36 08 281 15-20 40 09 173 180-200 44 10 84 

325-350 24 06 279 20-50 16 04 166 200-250 28 07 83 

350-400 32 08 276 > 50 32      08            152 250-300 32 08 81 

400-500 44 10 268 - - - - > 300 80 19 78 

> 500 52 12 259 - - - - - - - - 
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