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ABSTRACT 
 

Monitoring soil nutrient levels such as nitrogen (N), phosphorus (P), and potassium (K) is 

essential to support fertilizer efficiency and sustainable agricultural land management. 

However, commonly used laboratory-based analytical methods are time-consuming and costly. 

Therefore, alternative approaches that are more practical and efficient are needed. This study 

aimed to develop an Artificial Neural Network (ANN)-based system for predicting soil nutrient 

levels using soil physical parameters, namely pH, temperature, moisture content, and 

electrical resistance, as input variables. Data were collected from red-yellow podzolic soil 

subjected to different fertilization treatments. After normalization, the data were trained using 

an ANN model with four input nodes, two hidden layers (each consisting of five nodes), and 

one output node, employing the backpropagation algorithm and evaluating 27 combinations of 

activation functions. The training results showed coefficients of determination (RĮ) of 0.9642 

for nitrogen, 1.0000 for phosphorus, and 0.9996 for potassium, with RMSE values of 0.0107, 

10.5386, and 0.016457 and RRMSE values of 8.5048%, 0.79786%, and 1.581111%, 

respectively. During validation, RĮ values of 0.7218 (nitrogen), 0.6479 (phosphorus), and 

0.6137 (potassium) were obtained. Nitrogen prediction exhibited good accuracy (RMSE 

0.0222; RRMSE 15.54%), potassium prediction showed moderate accuracy (RMSE 0.2963; 

RRMSE 28.46%), while phosphorus prediction resulted in relatively high errors (RMSE 

1066.77; RRMSE 80.98%), indicating the need for further model development. 
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2. MATERIALS AND METHODS 

2.1. Sample Preparation 
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2.2. Design of a Nutrient Level Prediction Tool 
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2.3. Artificial Neural Network (ANN) Model Development 

 

 

No Activation Function No Activation Function No Activation Function 

 Logsig-logsig-logsig  Logsig-logsig-purelin  Purelin-tansig-logsig 

 Logsig-logsig-tansig  Tansig-logsig-purelin  Purelin-tansig-tansig 

 Logsig-tansig-logsig  Tansig-tansig-purelin  Purelin-purelin-purelin 

 Logsig-tansig-tansig  Logsig-purelin-logsig  Purelin-purelin-tansig 

 Tansig-logsig-logsig  Logsig-purelin-tansig  Purelin-purelin-logsig 

 Tansig-tansig-logsig  Tansig-purelin-logsig  Purelin-tansig-purelin 

 Tansig-tansig-tansig  Tansig-purelin-tansig  Purelin-logsig-purelin 

 Tansig-logsig-tansig  Purelin-logsig-logsig  Logsig-purelin-purelin 

 Logsig-tansig-purelin  Purelin-logsig-tansig  Tansig-purelin-purelin 

 

2.4. Model Implementation in a Microcontroller 

 

2.5.1. Data Normalization 
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2.5.2. ANN Model Calibration 

 

2.5.3. Model Validation 
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3. RESULTS AND DISCUSSION 

3.1. Artificial Neural Network Model Training 
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No Activation Function 
R2 RMSE RRMSE (%) 

N P K N P K N P K 

 Logsig-logsig-logsig          

 Logsig-logsig-tansig          

 Logsig-tansig-logsig          

 Logsig-tansig-tansig          

 Tansig-logsig-logsig          

 Tansig-tansig-logsig          

 Tansig-tansig-tansig          

 Tansig-logsig-tansig          

 Logsig-tansig-purelin          

 Logsig-logsig-purelin          

 Tansig-logsig-purelin          

 Tansig-tansig-purelin          

 Logsig-purelin-logsig          

 Logsig-purelin-tansig          

 Tansig-purelin-logsig          

 Tansig-purelin-tansig          

 Purelin-logsig-logsig          

 Purelin-logsig-tansig          

 Purelin-tansig-logsig          

 Purelin-tansig-tansig          

 Purelin-purelin-purelin          

 Purelin-purelin-tansig          

 Purelin-purelin-logsig          

 Purelin-tansig-purelin          

 Purelin-logsig-purelin          

 Logsig-purelin-purelin          

 Tansig-purelin-purelin          
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y = 0.9587x + 0.0057
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3.2. Mathematical Equations for Artificial Neural Network Model Development 

 

 

a. Complete mathematical equation for nitrogen (N) output 
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b. Complete mathematical equation for phosphorus (P) output 
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푌 × 6185.03  

c. Complete mathematical equation for potassium (K) output 
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3.3. ANN Model Validation 
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y = 0.8774x + 0.0019

R² = 0.7219
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No 
Actual 

Value 

Predicted 

Value 
No 

Actual 

Value 

Predicted 

Value 
No 

Actual 

Value 

Predicted 

Value 
No 

Actual 

Value 

Predicted 

Value 

1 0.22 0.22 26 0.20 0.18 51 0.14 0.16 76 0.03 0.05 

2 0.22 0.22 27 0.20 0.20 52 0.14 0.17 77 0.08 0.08 

3 0.22 0.23 28 0.20 0.20 53 0.14 0.14 78 0.08 0.09 

4 0.22 0.22 29 0.08 0.08 54 0.14 0.14 79 0.08 0.07 

5 0.18 0.15 30 0.08 0.10 55 0.14 0.14 80 0.08 0.07 

6 0.18 0.18 31 0.08 0.08 56 0.14 0.14 81 0.22 0.22 

7 0.18 0.18 32 0.08 0.09 57 0.15 0.15 82 0.18 0.22 

8 0.18 0.18 33 0.10 0.10 58 0.15 0.14 83 0.27 0.26 

9 0.27 0.26 34 0.10 0.10 59 0.15 0.15 84 0.24 0.22 

10 0.27 0.26 35 0.10 0.10 60 0.15 0.15 85 0.20 0.16 

11 0.27 0.26 36 0.10 0.06 61 0.14 0.14 86 0.22 0.18 

12 0.27 0.27 37 0.06 0.06 62 0.14 0.14 87 0.20 0.21 

13 0.24 0.25 38 0.06 0.08 63 0.14 0.14 88 0.08 0.11 

14 0.24 0.24 39 0.06 0.06 64 0.14 0.10 89 0.10 0.18 

15 0.24 0.24 40 0.06 0.06 65 0.10 0.10 90 0.06 0.10 

16 0.24 0.22 41 0.10 0.11 66 0.10 0.11 91 0.10 0.04 

17 0.20 0.20 42 0.10 0.10 67 0.10 0.10 92 0.08 0.08 

18 0.20 0.20 43 0.10 0.10 68 0.10 0.10 93 0.14 0.08 

19 0.20 0.20 44 0.10 0.08 69 0.13 0.14 94 0.14 0.09 

20 0.20 0.23 45 0.08 0.08 70 0.13 0.13 95 0.15 0.09 

21 0.22 0.21 46 0.08 0.07 71 0.13 0.14 96 0.14 0.11 

22 0.22 0.22 47 0.08 0.07 72 0.13 0.11 97 0.10 0.12 

23 0.22 0.22 48 0.08 0.09 73 0.03 0.03 98 0.13 0.07 

24 0.22 0.21 49 0.14 0.15 74 0.03 0.04 99 0.03 0.10 

25 0.20 0.20 50 0.14 0.16 75 0.03 0.05 100 0.08 0.08 
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No 
Actual 

Value 

Predicted 

Value 
No 

Actual 

Value 

Predicted 

Value 
No 

Actual 

Value 

Predicted 

Value 
No 

Actual 

Value 

Predicted 

Value 

1 16.05 6.55 26 17.87 16.92 51 2166.79 2166.78 76 11.39 8.20 

2 16.05 0.07 27 17.87 19.62 52 2166.79 2166.76 77 36.52 0.00 

3 16.05 0.00 28 17.87 17.18 53 2310.67 2310.66 78 36.52 36.27 

4 16.05 20.71 29 19.29 0.00 54 2310.67 2310.60 79 36.52 36.14 

5 35.71 1.10 30 19.29 22.42 55 2310.67 2310.64 80 16.05 0.00 

6 35.71 35.64 31 19.29 15.14 56 2310.67 2310.67 81 35.71 0.00 

7 35.71 9.80 32 19.29 0.01 57 5286.59 5286.59 82 15.85 0.00 

8 35.71 5.28 33 18.68 15.46 58 5286.59 5286.59 83 12.00 16.14 

9 15.85 12.56 34 18.68 22.87 59 5286.59 5286.55 84 10.58 6154.96 

10 15.85 0.00 35 18.68 21.12 60 5286.59 5286.61 85 9.97 6184.42 

11 15.85 3.43 36 18.68 0.00 61 5056.91 5056.91 86 17.87 0.00 

12 15.85 4.34 37 12.00 19.43 62 5056.91 5056.90 87 19.29 506.79 

13 12.00 0.00 38 12.00 0.00 63 5056.91 5056.91 88 18.68 16.37 

14 12.00 15.66 39 12.00 15.88 64 5056.91 5056.93 89 12.00 550.69 

15 12.00 11.06 40 12.00 15.70 65 6185.03 6183.23 90 18.28 53.34 

16 12.00 14.24 41 18.28 15.25 66 6185.03 6179.58 91 18.68 0.00 

17 10.58 7.28 42 18.28 17.68 67 6185.03 6183.40 92 2166.79 44.65 

18 10.58 4.72 43 18.28 18.11 68 6185.03 6181.61 93 2310.67 0.00 

19 10.58 16.64 44 18.28 24.12 69 5090.69 5090.69 94 5286.59 6163.49 

20 10.58 14.93 45 18.68 18.78 70 5090.69 5090.69 95 5056.91 0.00 

21 9.97 8.20 46 18.68 4.72 71 5090.69 5090.67 96 6185.03 6185.03 

22 9.97 9.81 47 18.68 15.31 72 5090.69 5090.68 97 5090.69 6185.03 

23 9.97 19.57 48 18.68 15.18 73 11.39 12.67 98 11.39 0.02 

24 9.97 15.83 49 2166.79 2166.80 74 11.39 0.00 99 36.52 0.00 

25 17.87 14.07 50 2166.79 2166.50 75 11.39 12.97 100 16.05 0.00 

 

No 
Actual 

Value 

Predicted 

Value 
No 

Actual 

Value 

Predicted 

Value 
No 

Actual 

Value 

Predicted 

Value 
No 

Actual 

Value 

Predicted 

Value 

1 0.47 0.47 26 1.96 1.96 51 0.77 0.77 76 0.48 0.48 

2 0.47 0.47 27 1.96 1.96 52 0.77 0.77 77 0.49 0.50 

3 0.47 0.50 28 1.96 1.96 53 0.51 0.51 78 0.49 0.50 

4 0.47 0.47 29 1.99 1.99 54 0.51 0.51 79 0.49 0.50 

5 0.49 0.50 30 1.99 1.99 55 0.51 0.49 80 0.49 0.50 

6 0.49 0.50 31 1.99 1.99 56 0.51 0.50 81 0.47 2.12 

7 0.49 0.50 32 1.99 1.99 57 0.51 0.51 82 0.49 -0.06 

8 0.49 0.48 33 2.28 2.28 58 0.51 0.49 83 0.49 0.16 

9 0.49 0.50 34 2.28 2.28 59 0.51 0.51 84 0.50 0.34 

10 0.49 0.50 35 2.28 2.28 60 0.51 0.50 85 0.49 0.28 

11 0.49 0.50 36 2.28 2.28 61 0.51 0.51 86 0.47 0.46 

12 0.49 0.48 37 2.29 2.29 62 0.51 0.50 87 1.96 1.50 

13 0.50 0.48 38 2.29 2.29 63 0.51 0.51 88 1.99 1.76 

14 0.50 0.50 39 2.29 2.29 64 0.51 0.52 89 2.28 1.33 

15 0.50 0.50 40 2.29 2.29 65 0.59 0.59 90 2.29 1.68 

16 0.50 0.50 41 2.44 2.44 66 0.59 0.51 91 2.44 1.82 

17 0.49 0.50 42 2.44 2.44 67 0.59 0.50 92 2.46 1.80 

18 0.49 0.49 43 2.44 2.44 68 0.59 0.59 93 0.77 0.46 

19 0.49 0.49 44 2.44 2.44 69 0.63 0.63 94 0.51 0.86 

20 0.49 0.50 45 2.46 2.46 70 0.63 0.63 95 0.51 1.73 

21 0.47 0.50 46 2.46 2.46 71 0.63 0.63 96 0.51 0.93 

22 0.47 0.50 47 2.46 2.46 72 0.63 0.63 97 0.59 0.32 

23 0.47 0.50 48 2.46 2.46 73 0.48 0.48 98 0.63 1.74 

24 0.47 0.47 49 0.77 0.77 74 0.48 0.50 99 0.48 0.54 

25 1.96 1.96 50 0.77 0.77 75 0.48 0.50 100 0.49 0.46 
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4. CONCLUSIONS AND RECOMMENDATIONS 

4.1. Conclusions 
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4.2. Recommendations 

 

ACKNOWLEDGMENTS 

 

REFERENCES 

Acta 

Solum 1  

Jurnal Ilmiah Mahasiswa Pertanian 7 -  

Electronics 10  

Indonesian Journal of Electronics and Instrumentation Systems (IJEIS) 9  

e-Proceeding of Applied Science 8 -  

Hasil Sensus Pertanian 2023  

Jurnal Ilmu Pertanian Indonesia 27

 

Agriculture 11

 

https://doi.org/10.17969/jimfp.v7i4.22362
https://doi.org/10.3390/electronics10222761
https://doi.org/10.22146/ijeis.34132
https://sensus.bps.go.id/main/index/st2023
https://doi.org/10.18343/jipi.27.2.153
https://doi.org/10.3390/agriculture11060497


-  

 

 
 

Mitra Sains 10  

- - - - - -

Agriculture 10

 

Scientific Reports 13

- - -  

Journal of Theoretical 

and Applied Information Technology 97  

Jurnal Teknik Komputer AMIK BSI 8  

Jurnal Sains dan Edukasi Sains 6 -  

Ilmu tanah  

e-Proceeding of Engineering 8 -  

-

International Journal of 

Plant & Soil Science 35  

Prisma Fisika 7  

IEEE Access 12

 

Jurnal Sistem Komputer 11  

Allium cepa Jurnal Agrifor 12  

Geoderma 335

 

https://doi.org/10.3390/agriculture10040097
https://doi.org/10.1038/s41598-023-30846-y
https://doi.org/10.24246/juses.v6i1p34-43
https://doi.org/10.9734/ijpss/2023/v35i183487
https://doi.org/10.26418/pf.v7i2.33358
https://doi.org/10.1109/ACCESS.2024.3462434
https://doi.org/10.31937/sk.v11i2.1456
https://doi.org/10.31293/agrifor.v21i1.5795
https://doi.org/10.1016/j.geoderma.2018.08.003

