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Abstract: Farming is the main occupation in India and the climate of a particular place becomes an important factor.
Also every region has a different type of soil. The Quality of soil decides the type of crop that is a best fit for it. But
soil lacks many important nutrients at some places so though there is land, still no plantation can take place. So one
needs to not only keep a check on parameters like pH & moisture content of soil but also overall temperature and
humidity of the place. Till date, individuals are taking above measurements manually and also keeping a periodic
check on them. In India, from every state around 9 to 10 lakhs of soil samples are sent for testing in laboratories
located in the vicinity. But often due to abundance of soil samples and less number of soil testing labs with very
limited man power, the farmers have to wait long to get crop recommendations for their field. Plus the farmers now-
a-days take 2 to 3 different type of crops in a year. So they need to have proper knowledge and guidance related to
the above in addition to which fertilizers are required to be sprayed for supplying additional nutrients in order to get
maximum yield. This paper presents a review of the different approaches of soil nutrient testing while deciding the
flow of work to be done in developing an integrated electronic system to analyze soil nutrients.

Keywords: Soil Nutrients, Traditional Approaches, Micro Nutrients, Macro Nutrients.

I. INTRODUCTION
India is an agricultural country. Since in India, farming is the main occupation ,so the quality of soil, its viability
becomes a very important parameter while deciding the crops that would give a lot of yield. Till date soil testing is done by
exposing it to chemicals.

Soil Testing is thus an essential process that needs to be carried out to know the attributes of soil and get an idea about
type of fertilizers required to overcome the inherent deficiency of nutrients present in any soil sample. Soil testing process is
thus a scientific process. Soil testing began in India in 1955 by setting up 16 soil testing laboratories. Now the count has
increased a lot. Government of India too lends a whole hearted support to this initiative. But no full proof electronic system is
made for this till date. Even now, the soil sample is taken by farmers to soil testing labs where it is exposed to chemicals to test
its nutrients. This process is very time consuming and may be error prone. Also the results obtained may vary according to
climatic conditions too. In total there are 12 parameters that have to be specifically looked after viz pH, Salinity, Organic
Carbon, Nitrogen, Phosphorous, Potassium, Sulphur, Zinc, Boron, Iron, Manganese & Copper. The composition and
appropriate percentage of these parameters is required to have a high yield . The climatic conditions also contribute a lot to
the selection of crop in a particular place. If the soil at a particular place lacks the required nutrients , they can be additionally
supplied through fertilizers . But to have a analysis of all of this a very precise soil test is a must. No full proof electronic
system is made for design & Analysis of soil nutrients. During the course of my research work, an integrated electronic
system would be designed to analyse the soil nutrients, its overall viability and suggest which crop is the best fit for which
type of soil. However, prior to that a detailed analysis of existing systems and different approaches used till date has to be
carried out. This research paper highlights above 2 aspects.

II. TRADITIONAL METHODS OF SOIL TEST
Soil testing is often performed by commercial local labs that that test the soil sample by exposing it to different
chemicals. The advantage is that the man power employed in these local labs is aware about attributes of soil taken from the
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nearby area and so they perform precise chemical tests. Based upon the result, the technicians then recommend appropriate
fertilizers to overcome deficiency of nutrients in the soil.

Traditional methods of soil tests include exposing the soil to various chemical tests. There are 3 categories of plant
nutrients :

1. Major nutrients: nitrogen (N), phosphorus (P), and potassium (K)

2. Secondary nutrients: sulfur, calcium, magnesium

3. Minor nutrients: iron, manganese, copper, zinc, boron, molybdenum, chlorine, etc.

4. For instance, the amount of phosphorous available in soil is mostly measured by chemical extraction method.
Different countries follow different standard methods. Based on soil testing results, the composition and dosage of
fertilizer for the specific land is recommended for both agricultural and horticultural industries.

5. Devices used in National Soil Testing Lab for measuring different parameters are as under

Soil testing in progress

Figure 1: Soil Testing by Traditional Methods

A. Atomic Absorption Spectrometer :
This device is used to identify & quantify soil micronutrients /heavy metals like manganese, copper, iron, zinc, lead,

etc. here 1 gm soil is mixed with various solutions (mostly acids) & then exposed to the meter. The result on the screen

displays the name and amount of micronutrients present in the test soil sample
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Figure 2: Atomic Absorption Spectrometer

B. UV Spectrometer:
This device uses the calorimetric technique to determine phosphorous, sulphur , boron.
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Figure 3: UV Spectrometer
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C. Flame Photometer

This device is used to determine amount of potassium, calcium, sodium, lithium

D. Other analysers
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Figure 5: Nitrogen Analyser
gures 8 4 Figure 6: Oxygen Analyser

E. The soil Health Card initiative of Government of India

Soil Health Card Scheme is launched by the Government of India on 19 February 2015. Under the scheme, the
government issues soil health cards to farmers. These cards give information about the nutrients present in a particular type
of soil based on test results performed by chemical exposure to soil samples and then the experts recommend supply of
additional nutrients through fertilisers required for the individual farms thus helping farmers to improve productivity. The
result and suggestion will be displayed on the cards. Thus, the Soil Health Card would provide every farmer soil nutrient
status of his land and advice him accordingly on the dosage of fertilizers and essential soil amendments to be made for

good soil health. Soil Health Card Scheme is thus very helpful for the farmers of the country.
& Soil Health Card

ples. callection and testing - 2,72.19,794 3 o Toruetfor printing and disiribution of SHCs  12.41,50:630

| [



https://en.wikipedia.org/wiki/Government_of_India

Anagha V. Choudhri et al. /ESP IJ[SHMS 1(1), 1-8, 2023

7 Soil Health Dashboard ‘
ess of portal entries
al

M  Success Stories

[ omecicome ]
" o
oratory o
2

Figure 7: Soil Health Card dashboard

Then, upon clicking on the soil health dashboard, one needs to select state, district, sub district, village so as to get an
idea about the soil quality & nutrient contents in it. All the results published on the dashboard are obtained after doing
chemical treatments on the soil.
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Figure 8: Pictorial representation of soil nutrients on Soil Health Card dashboard
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III. REVIEW OF LITERATURE RELATED TO SOIL TEST

One of the approaches to identify nutrients present in soil and determine soil pH is through image processing and
artificial neural network. . For this Soil Test Kit [1] (STK) is used. The method is called Rapid Soil Testing (RST) and is
recommended by the Bureau of Soils and Water Management. The parameters like (1) pH, (2) Nitrogen, (3) Phosphorus, (4)
Potassium, (5) Zinc, (6) Calcium, and (7) Magnesium can be determined by this method. There are 5 phases in the
composition of the system viz soil testing, image capturing, image processing, training system for neural network and result.
Artificial Neural Network is used to sped up the performance of image processing phase so as to get precise result. The entire
system is base3d up upon the captured images. Out of the data extracted from the captured images 70% is utilised for
training, 15% for testing and the remaining 15% for validation of outputs obtained. Neural network toolbox of MATLAB is
used for this. The quality of soil, amount of nutrients in it and the pH are displayed as results. The results were found to be
accurate when compared with other traditional methods. Also a mobile app can be developed to display these results. OpenCV
library can also be alternatively used for the image processing phase while a tool called Eclipse can be used for Android
development stage[34].

Yet another way of analyzing pH and presence of nutrients like nitrogen, phosphorous & potassium is by developing
a device that can use colorimetry technique. Here recommendation of deficient nutrients can be given through the use of
chemicals available in the Soil Test Kit [2]. In this method, color references were considered by doing color reaction trials of
various reactants. Then using TCS3471 color sensor and LDR color sensor the RGB values were extracted. For testing
nutrients present in soil 3 samples were taken for each wheras for testing pH level of soil 10 trials were done. 0.05 values
were chosen as benchmark to get precise results. Finally, there was a comparison done between the value of pH & other soil
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nutrients computed by this method with the traditional manual methods. It was observed that values obtained by both the
methods were almost same.

In order to estimate soil moisture content, a fringing field capacitive moisture sensor was also fabricated and
implemented through PCB technology [3]. Then its performance evaluation was carried out using 4 different soil samples
taken for 4 different farms located far away from each other. The results obtained were compared with the standard
gravimetric method to estimate moisture content in the soil.

In order to investigate environmental conditions, wireless Sensor Networks can be utilised. This in turn can be
carried out using a set of spatially distributed sensors. by cooperatively exchanging data between nodes till the Gateway node
is reached. [19]. Soil parameters like temperature & humidity can also be measured using wireless sensor networks [4]. For
this special sensors were designed that could be placed underground to get precise readings. Using the soil measurements
collected by them a network was created. The network was created using low power autonomous nodes. Further using
Internet of things and cloud service communication protocol spatial distribution maps of soil parameters at two different
levels below ground was generated [6]. Probabilistic Communication protocol was applied to the proposed hierarchical
wireless sensor network so as to get low duty cycle thereby ensuring an appreciable life time for soil monitoring applications.
The measured values of the soil parameters taken from underground electrodes were then delivered to the nodes above the
ground. The nodes above ground level are referred to as relay nodes. The underground nodes used their radios to transmit
values to relay nodes. From here then the data is forwarded to to base nodes by those relays that are capable of long range
communication. The base node is ultimately connected to the workstation. In this way the workstation gets value of the
various soil parameters. Not only temperature and humidity, other soil nutrients like nitrogen, phosphorous, potassium
could also be measured & their data too could be put on cloud [37]. Thus by using sensor network technology the farmers
are able to have a better understanding about the soil on which they will cultivate, its qualities, its deficiencies, etc. This in
turn helps the farmers to decide the type of crop they wish to harvest and the preventive steps to be taken at appropriate
time to avail maximum yield. This ensures time saving, labour saving, money saving and making optimum use of available
resources[28] since all the values related to all the mentioned components get displayed on their mobile phone [14]

For measuring nitogen, phosphorous & potassium content in soil, a detection system based on optical sensor i.e an
optical transducer is developed [16] [17]. The system essentially comprises of two LEDs acting as light sources with a
photodiode as a detector. A signal conditioning circuit is also included. The complete assembly is placed in a transparent
container made of PET (Polyethylene Terephthalate) [16]. The electrodes of the optical transducer thus designed are placed in
the soil under test. The Nitrogen, Phosphorous & Potassium content present in the soil sample is estimated by amount of light
absorbed by each nutrient. [17]. These are also referred to as Color Sensors & can very aptly measure the NPK values in a
given soil sample [5].

Several articles related to case studies for determining soil nutrients are also cited. To decide the cropping sequence of
rice and wheat in a farm, a slightly different approach was tried out in California [7]. Wet oxidation method was used for
determining organic carbon in soil wheras soil nitrogen, potassium and phosphorous were determined by exposing the soil
sample to various chemical tests. From the tests carried out it was studied how soil potassium (K) balances affect soil K
indices. Also which is the best soil test indicator of plant K was investigated along with it’s availability and the relationship
between plant and soil K indices [9]. Similarly, in Haryana, India many Field Based Investigations were carried out. With the
help of Satellite Image Processing, the Vegetation Index for Rice was estimated. After the case study, it was suggested that in
order to improve the rate of crop productivity, diversified triple based alternative cropping systems can be very effectively
utilised resulting in increase in net return income in this area [11]. In South Kashmir, India too soil samples from 3 sites were
randomly selected and it was observed that there was a wide distribution of nutrients because of its complex land use . soil
texture variations and organic carbon content was found to be high. Available macronutrient (N, P, K and S) and the DTPA-
extractable nutrient (Zn, Cu, Mn and Fe) content in soils were medium to high in range in all the pasture lands of south
Kashmir [12].

Last but not the least, Machine Learning approach can also be used to estimate the nutrients present in soil. To find
amount of deficiency of the nutrients in the soil, linear regression algorithm can be used. From the results obtained after
applying this algorithm the farmers will get to know the type of plants that are best suited for their field [38]. The farmers
then plant crops in their fields accordingly. They follow the instructions given by the experts for the type and dosage of
fertiliser which is made available to them at an affordable cost. This method is also referred to as prepared capsule technique
for detection of soil nutrients. Results obtained about the content of N,P,K can be compared with the color chart. Then system
will check the amount of the N, P, K in the soil and if deficiency is found, then the system itself will dispense the required
amount of nutrient[20]. Also Machine Learning Algorithms like K-Nearest Neighbours Algorithm, K-means Clustering can be
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deployed and development of API (Application Programming Interface)can be done to analyse the soil nutrients and even a
bot can be made to predict the level of nutrients to be added for higher yield[39].

IV. PROPOSED METHODOLOGY
After extensive literature survey, a methodological approach for designing an integrated electronic system that would
analyse the soil nutrients, its overall viability and would also suggest which crop is the best fit for which type of soil by
checking the attributes of the soil would be as under:

*  To design an electronic system for analysing soil attributes, the required database for designing such a system
would be taken from soil testing institute.

*  Arandom soil sample from 4-8 corners of field would be taken

*  Anadvanced system integrating different type of sensors & other required processors/ controllers will be designed.

*  The soil under test will be placed in the system and will be analysed.

Visit to soil testing lab

‘ Understanding their methodelgy. |

‘ Collection of soil samples for test |

| Checking the soil sample bv actual implementation of NPK sensor ‘

[ study of various other attributes of the soil sample |

‘ Design anintegrated system to carry out detailed analysis_of the samples ‘

Compare the results obtained from the system with results obtained by

traditional chemical testing of soil

!

Carry out necessary improvisations/ modifications if required |

‘ Publish results obtained by the system ‘

Figure 9: Flowchart showing overall procedure of soil testing

Table 1: Soil Health Card Data for Nagpur District

Health Card Data

District Nagpur-Narkhed | Nagpur-Narkhed | Nagpur-Narkhed | Nagpur-Narkhed | Nagpur-Narkhed | Nagpur-Narkhed | Magpur-Narkhed | Nagpur-Narkhed | Nagpur-Narkhed | Nagpur-Narkhed | Nagpur-Narkhed |

village Agra Ambada Ambala Arambhi Babulkheda Banor Baradpavni Belona Bhaiwadi Bharsingi Dewali

pH 6.8 8.35 7.87 7.66 7.76 7 737 7.99 8.46 056 7.81

salinity / Electrical

Conductivity 0.3 037 0.25 035 0.23 0.28 036 037 0.23 057 0.23

[Organic Carbon 0.62 0.12 0.73 042 0.77 023 083 042 0.25 45.26 0.57

Nitrogen 431.78 B84.41 470.15 234 539.45 159.28 577.98 294.2 176.8 375 401.27

Phosphor 86.18 2224 35.39 53.09 22.31 250,61 45.4 165.73. 24.62 45.89 284.97

Potassium 241.37 305 1048.05 598.89 299.97 707.21 1253.68 558.03 219.7 47.56 519.59

Sulphur 9.9 - 0.27 7.2 6.7 9.7 9.1 8.2 13 12.45 7.6

|zink 0.29 197 0.42 038 0.28 039 0.68 03 0.48 32.56 0.23

Boron 0.15 1.09 0.94 0.09 0.08 135 017 171 0.19 45.28 141

Iron 2.91 19.94 136 395 11 2.82 0.48 1.26 129 47.56 1.39
5.87 44.99 0.9 6.99 2.66 5.83 7.09 7.39 7.87 85.52 4.98

[Copper 0.69 7.41 0.88 . 1.03 . . . 45.96 0.61

crop1

crop2

Crop3.

Cropa.

V. EXPECTED OUTCOME
The proposed system when designed would aptly analyze the quality of soil presented to it & give a detailed analysis related
to

The overall quality of soil,

The nutrients in it,

Its viability and

It would also suggest the best suited crop to produce a maximum yield.
The results would be compared with those obtained by traditional methods
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