
RESEARCH ARTICLE

Framework for an optical sensor system for monitoring of soil
nitrogen and tailoring soil pH

Deepti Lourembam1
• Shakuntala Laskar1

• Subra Mukherjee1

Received: 21 February 2017 / Accepted: 18 October 2017 / Published online: 3 November 2017

� The Optical Society of India 2017

Abstract Soil nutrients play an important role in the

growth of the plant and any imbalance in soil fertility

affects the crop productivity as well as poses severe envi-

ronmental hazards. This work aims to develop a framework

for a simple and cost effective method for monitoring the

amount of nitrogen present in soil. This is done by studying

and analysing the unique spectral characteristic of soil

nitrogen content obtained by illuminating the soil with an

appropriate NIR source. Experiments were carried out for

several soil samples containing varying amount of nitrogen

and their reflectance and absorbance were obtained using a

simple NIR sensor. Based on the analyses of the sensor

outputs for varying amount of soil nitrogen content, two

algorithms named SRA and SCR were developed which

yielded success rate of 95 and 96% respectively, when

tested with several new datasets. The experimental results

validated the satisfactory performance of the developed

framework. Besides, another important aspect which

affects the nutrient uptake by plants, is the soil pH value.

So, an experiment was conducted to study the effects of

linearly polarized laser light on soil pH. The soil samples

were exclusively again subjected to linearly polarized light

from a He–Ne laser source of 632.8 nm. A significant

change was observed in the soil pH value. Several soil

samples initially neutral changed to slightly acidic when

subjected to linearly polarized light for about an hour. Also

a predictive model was developed based on the spectral

characteristics curve of soil nitrogen content and the

coefficient of determination between the predicted and the

measured values of absorbance was found to be 0.9828

which validates the accuracy of the system. This method

for nitrogen monitoring and pH tailoring proposed in this

paper is very simple and cost effective and it has the

potential to form the basis of an in situ soil nutrient sensing

instrument for application in smart farming techniques.

Keywords Soil � Precision agriculture � Nitrogen � Urea �
Ammonia � NIR (near infrared)

Introduction

Soil is a complex system and a natural resource which

consist of heterogeneous mixture of minerals, gases and

organic matter. It supports life and hence it is responsible

for plant growth and survival. A series of process steps are

involved in maintaining this system. Due to the mentioned

reasons, addressing soil quality is of utmost importance.

There are several indicators of soil quality which is broadly

classified into physical, chemical and biological indicators.

A combined response is preferred while collecting infor-

mation from these indicators. Some notable chemical

indicators include the level of soil nitrate and pH. Most of

these indicators give a brief idea about the correct func-

tioning of the soil ecosystem and a status about the nutrient

availability and level of contaminants. A right balance of

nutrient along with key features like ideal pH can accel-

erate the crop production keeping the soil fertility intact.

Soil pH is an indicator of the alkalinity or acidity of the

soil. Most plants grow well in pH close to the neutral value

even though some grow well in acidic or alkaline medium.

A right amount of pH plays a massive role in maintaining

the soil ecosystem as well as nutrient availability to plants.

For example when the soil pH is low, nitrogen,
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phosphorous and potassium are tied up to the soil and

becomes unavailable to the plants. Other nutrients like

calcium and magnesium may be absent or deficient. The

decomposition of organic matter by soil organisms slows

down in soil with low pH. Soil fertility is a primary factor

which determines the crop yield. Soil quality and fertility

depletion are some of the serious issues to be analysed.

There are about 17 plant nutrients essential for the growth

of a plant out of which Nitrogen, Phosphorous and Potas-

sium are the macronutrients. This paper is more focused on

Nitrogen and its importance. A right balance of all these

nutrients is necessary for plant growth. Nitrogen is avail-

able to the plants in various forms. In general, ammonium

(NH4
?) and nitrates (NO3

-) are the chemical forms of

nitrogen that the plant takes up. Ammonium releases

hydrogen ion into the soil for every intake by plants thus

making the soil acidic overtime by lowering the pH. The

opposite is for anions like nitrates which decrease the

hydroxide ions in the medium or the surrounding envi-

ronment of the soil. Provided the advantages of ammonia

in plant growth, too much of it can hinder its growth. When

plants takes up excess ammonium and stores it, cell dam-

age can occur. Symptoms of ammonium toxicity include

upward or downward curling of lower leaves depending on

plant species and yellowing between the veins of older

leaves which can progress to cell death. In addition to this,

presence of excess chemical in soil and its run-off leads to

ground water pollution and disruption in the whole

ecosystem. Hence there is a need to develop simple yet

reliable systems to detect the right amount of nutrients for

improving crop yield and also, considering the risk it poses

to the environment. The technology employed in the field

of agriculture has been evolving since there has been a rise

in demand for food productivity over the following years.

To increase crop yield fertilizers containing predominantly

nitrate (N), phosphate (P) and potassium (K) are essential.

One of the conventional ways of amending nutrient needs

in agricultural field is the use of chemical fertilizers.

However, accumulation of these chemicals have an adverse

effect on the soil ecosystem. Hence there is a need to

develop novel ways where only the right amount of fer-

tilizers can be applied. Precision agriculture uses infor-

mation technologies to segment a field into smaller units

and determine each individual characteristics. In this way,

the producer can apply production inputs at localized areas

and precise quantity needed for maximum economic yield.

The concept behind precision agriculture is that production

inputs should be applied only as needed and where it is

needed. A key in soil testing for formulated fertilization is

to determine the amount of soil nutrients followed by

recommendation of nutrient needs and site-specific fertil-

ization. Integrated crop management systems have been

designed to study spatial and temporal behaviour of NPK.

Continuous monitoring of these along with proper pH,

temperature and humidity is leading to automation in

agricultural areas to improve crop productivity. A lot of

development is seen wherein sensor prototype models have

been developed so as to integrate it further into standard

systems. In [1], a distributed polymer optical fiber sensing

of moisture and pH in soils has been designed which is

made feasible for e-agriculture. The system operates in the

visible region of the spectrum. The principle used is

monitoring of spatial differences around the root systems

along the length of the fiber. The above approach helps in

imaging soil behaviour and potentially the effect of plant

roots. Colorimetric based sensor systems are also common.

In [2], fiber optic based sensor was designed in order to

detect the NPK nutrients of the soil. A colorimetric mea-

surement of aqueous solution of soil has been carried out. It

works on the principle of absorption of colour by soil.

Similar work was reported where an optical sensor for

analysis of soil nutrients by using LED light sources was

presented. The sensor could detect the colour changes

caused by chemical reaction between soil nutrients in the

sample and colour developing reagents [3]. Studying the

property of reflectance is a popular approach while devel-

oping optical based sensor systems. Near infrared diffused

reflectance spectroscopy was employed to build up a

portable system showing absorption peaks at 850 nm and

940 nm. It was also established from experimentation that

with increase in the amount of chemical in the soil, greater

intensity of light was absorbed [4]. In [5], an optical fibre

ammonia sensor probe was developed. A bent optical fibre

with dual coatings of poly methyl methacrylate (PMMA)

and chloro-phenol red (CPR) was used to test for moni-

toring trace amount of ammonia. The sensor was found to

be sensitive. It was also reversible and it has a response

time of 25 min. It can be used for air quality monitoring. In

[6], a highly selective optical fibre ammonia sensor was

reported. It used a broadband optical source, optical fibre

for transmission and a miniature ultraviolet/visible spec-

trometer for detection. The concentration level noted was

between 0 and 2 ppm. Repeatability of the sensor was also

verified through experimentation. The sensor so developed

offered high sensitivity at low cost. Absorption spec-

troscopy was used in UV region for the ammonia sensing

and also to check the cross sensitivity with oxygen and

carbon dioxide gas in this region. An open path optical

technique was used to analyse the absorption lines of

ammonia as different gas react at different wavelengths. It

was also found that at the wavelength range of 200 nm to

230 nm there was no cross-sensitivity resulting from car-

bon dioxide and oxygen. In order to derive information of a

single soil nutrient existing systems like spectroscopy

should be combined with newer techniques. One such

system was reported in [7] where a MEMS light source was
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used in conjunction with reflectance spectroscopy for

characterization of soil composition. It was proved to be

advantageous in terms of cost, size and portability. The

coefficient of determination of total nitrogen and organic

matter was found to be 0.8324 and 0.8833. Several works

has been carried out in predicting the various soil

requirements in the near IR region. In [8], NIR spec-

troscopy described to be used in predicting the soil attri-

butes. The goals of this study was to analyse the potential

of NIR spectroscopy to estimate soil nitrogen content (N),

phosphorus content (P), potassium content (K), organic

matter content (OM), and pH and to combine these pre-

dictions with geographic information systems (GIS). Dif-

ferent soil types were considered in order to detect added

nitrate to soil both in laboratory as well as in situ. Fourier

transform infrared attenuated total reflectance method was

employed. It gave a coefficient of determination (R2) as

high as 0.98 for field experiments and 0.99 for laboratory

experiments. Study on nitrate level is important since

presence of abundant nitrate and soil can cause nitrate

leaching posing a threat to ground water as well as drinking

water supplies [9]. In another work presented in [10], near

infrared spectroscopy used to study the detection methods

for soil organic matter along with nitrogen, phosphorous

and Potassium .54 samples were randomly divided into 40

prediction sets and 14 validation sets. Principle component

analysis and LS-SVM was used to build up the prediction

model with the coefficient of determination 0.87 for soil

organic matter, 0.7206 for soil available nitrogen and

0.6858 for available potassium. Despite emerging and

diverse applications of spectrophotometers, its use in the

field is of great challenge due to its bulky nature. In [11], a

portable soil nitrogen detecting system was designed. The

developed model uses six LEDs which corresponds to six

nitrogen sensitive wavebands (940, 1050, 1100, 1200,

1300, and 1550) and six photo-detectors.Nitrogen absor-

bance is highest near wavelength 1200 and 1300 nm. The

device was calibrated Partial Least Square Regression

(PLSR) analysis which gave a calibration coefficient of

determination (R2) of 0.875 and a Validation (R2) of 0.803.

Given the basic requirements of soil nutrients and its

detection using sensors in various ways one of the factor to

be considered is the environmental pollution. The use of

fertilizers has enhanced crop yield in many ways but over-

utilization of it can lead to degradation in the product

quality. Amending the soil pH requires some form of

chemical. For example lime is required in case of acidic

soil whereas gypsum for alkaline. A lot of attention has

been given wherein effects of polarization. In [12], a set-up

was introduced in order to mend the soil pH level by using

a circularly polarized light. Certain samples of acidic and

alkaline soil were exposed to 85 W source for 1 h. It was

found that circularly polarized light has the ability to

significantly increase the pH of sandy loam acidic soil

while it had no appreciable effect on the alkaline soil. This

can be base for non-chemical means of managing soil

acidity. It is expected that when the circularly polarized

light strikes the soil samples, the electrons and ion cores

will oscillate in response to the light’s electric field vector

which is rotating and this could enhance the polarizability

of the ions leading to the overall effect on the pH of the soil

samples. In [13], the effect of circularly polarized light was

made to study the electrical conductivity of aqueous solu-

tions of soil nutrients and the process was found to be

exothermic. It was also concluded that circularly polarized

light significantly lowered the electrical conductivity. In

[14], the sensor technologies which can be used in preci-

sion farming were introduced. Ideally sensor devices are

fitted with a global positioning system to allow for soil data

to be captured on-the-go and instantaneously converted

into distribution maps. This will help in real-time moni-

toring and intervention of soil nutrient. In [15], two dif-

ferent samples taken from different fields were considered.

The study was carried out for soil nutrient, texture and

diffused reflectance between 250 and 2500 nm. The raw

data was analysed to find the relationship between soil

properties and reflectance data and also, the sources in the

variability of the reflectance data. Reflectance spectroscopy

have gained popularity in assessing soil macronutrients and

other soil properties like pH of the soil. A similar work was

reported in [16] where optical diffuse reflectance spec-

troscopy was used in order to predict soil pH, organic

matter and macronutrients content. Through several

experimentation and pre-processing methods, correlations

between the measured soil properties and the spectra was

established. Principle component analysis was carried out.

It was concluded that the method so used was ideal for soil

pH and OM content of unknown soil samples with coeffi-

cient of determination 0.92 and 0.85. In [17], nitrogen

Fig. 1 Grid sampling figure

182 J Opt (June 2018) 47(2):180–194

123



transformation in acid soils was studied in relation to pH

changes. The transformation of nitrogen to other forms is

different in acidic soil than alkaline and neutral soil. The

aim of this work was to determine which application of

fertilizer and lime material does not form toxic quantities

of nitrite nitrogen and when the losses by denitrification are

the lowest in the examined acid soils. Changes of available

nitrogen forms were examined by the method of short-term

incubation experiments. Remote sensing is used in order to

study the chemical attributes of the soil. The application of

fertilizers is, without a doubt, one of the greatest costs

involved in agricultural production, and therefore, deter-

mining the best possible cost–benefit ratio for this type of

input is very important. In this respect, it has been shown to

be a valuable source of information in soil fertility vari-

ability management, especially after the establishment of

precision agriculture [18]. One of the areas where precision

agriculture has been commercially applied is in managing

the variability in soil fertility. Technologies like variable

rate applicators, variable rate irrigation, precision irrigation

as well as dairy farm effluent irrigation sums up to sus-

tainable management of agriculture. The variable rate

modification units are programmed in such a way that

different soil management zones are assigned for a par-

ticular unit. Similarly, fertigation, that is the application of

nutrients in irrigation water to plants has evolved with

irrigation technology which is more time and cost efficient

than two separate operations applying water and nutrients.

The practice of a single rate of N fertilizer applied across a

whole crop may result in insufficient or excessive N fer-

tilizer rates in certain positions because of the spatial

variability of soil mineral N and potential yield within any

unit. A more accurate estimate of plant N requirements is

therefore required for economic and environmental sus-

tainability [19]. The ability to use remote sensing data to

determine fertilization needs of plants based on the nutrient

content of crops and soils helps in increasing yields and

improve the quality of harvested seeds and fruits, which is

important for improving the crop profitability [20]. Soil

productivity, spatial and temporal variability in crop is

mainly influenced by both intrinsic and extrinsic factors.

Precision farming is mainly used to optimize fertilizer use

efficiency to improve crop production and quality [21].

Any plant nutrient can be available to the plant in many

forms. Not all forms are equal and different forms have

different significance. For Nitrogen, the common forms are

ammonia, nitrate and urea. Many commercial forms are a

mixture of the three. In [22], optimization of nutrient needs

for greater productivity was described. It stressed on the

importance of balancing the different soil nutrients as

focusing attention on a single nutrient can take a toll on the

other minor yet important nutrients. The near infrared

spectral technology is the measuring technique which

makes use of near infrared light to illuminate the sample,

and then analyses the reflected light carrying the material

information about the components of the sample. Through

extensive literature survey, we can conclude that there has

been a lot of research where optical methods and concepts

are being implemented so as to develop effective sensor

systems. Newer technologies are being combined with

existing ones to create more compact and cost-effective

systems. Simple components like LEDs are used to build

portable systems which aims to replicate the existing sys-

tems. This will be advantageous in terms of size and cost.

The conventional laboratory analysis is time-consuming

and expensive. The use of spectrophotometer in the field

directly is still a challenge. Moreover, considering the

environmental factors and the degradation of soil quality

over the following years, there should be alternatives to

amend the fertilizer needs and requirements for specific

plants and soil types. Studies are being carried out to

amend soil pH without the use of chemicals.

Therefore, a novel technique for detection of soil

nutrients is of ardent need. In this paper, an overview of an

experimental set-up is presented in the interest of building

Fig. 2 Pre-processing steps

Fig. 3 Block diagram of experimental set-up

Fig. 4 Set-up for measuring the reflectance ratio of soil using laser

source
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a cost effective optical soil sensor that is focused on esti-

mating the nitrogen and tailoring the soil pH as per need.

Experimental details

Several experiments were carried out for monitoring soil

ammonia using a He–Ne laser source of wavelength

632.8 nm and a near infrared source of 850 nm. The same

experiment was carried out for studying the effect of

polarized light on pH of the soil sample using the same

laser source of 632.8 nm. For monitoring soil nitrogen,

experiments were carried out using the same 850 nm NIR

source and analysed with urea as the source.

Materials and methods

Soil samples were collected from the turmeric and coconut

fields at a temperature of 23 �C and relative humidity of

65%. Grid sampling was used to collect the samples. In

each site, 5 samples were collected (one at the centre and

four in each corner) at the depths of 15–30 cm (Fig. 1).

The samples were air-dried for around a week. It was then

grinded and sieved through a 2 mm sieve (Fig. 2). It was

found to be clay-silty loam. The samples were mixed with

distilled water to form an aqueous solution of the soil.

Diffused reflectance was employed to obtain the reflec-

tance ratio. An NIR source and a red source was chosen in

the initial stages of the experimentation.

Monitoring soil pH and ammonia using red light

source (He–Ne laser)

Polarization of light have been used effectively in various

works and it can be defined as vibrations of light waves in a

single plane. Linear polarization is a type of polarization in

which the direction of electric field vector points in one

fixed direction with varying magnitude whereas circularly

polarized light wave possesses constant amplitude where

the tip of the rotating electric field vector describes a circle.

Soil pH is an indication of acidity or alkalinity of soils

and it is an indication of the amount of hydrogen ions

present in the soil. As the amount of hydrogen ions in the

soil increases, the soil pH decreases thus becoming more

acidic in nature. Soil pH plays a key role and forms an

important factor to be considered for soil nutrient man-

agement system. Soil pH governs many plant soil chemical

reactions particularly the availability of micronutrients and

toxic ions [23].

Factors such as organic matter decomposition, nitrogen

fertilizer source, climatic conditions and also land man-

agement practices affects the soil pH. Variation in soil pH

had been demonstrated by using circularly polarized light

in [12]. However, in the current work, an attempt was made

to study the effect of linearly polarized light on soil pH.

The experimental set-up for controlling the soil pH without

adding chemical fertilizers is shown in Fig. 3. It consists of

a 632.8 nm He–Ne laser source, polarizer, beam expander

and finally the soil sample mixed with distilled water.

Fig. 5 Diagram for measuring reflectance using IR source

Fig. 6 Soil samples Fig. 7 Set-up for tailoring pH using polarizer
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The pH change was measured using a pH paper and

cross.-checked with litmus paper. The beam expander was

used to help in alignment of the light from the source to the

sample. Misalignments can lead to back-reflectance and

hence loss of optical power. The laser source used is

coherent in nature. The polarized light changes the pH of

the sample. The experiment was carried out using the same

source for checking reflectance of soil. Figure 4 shows the

set-up.

The source is kept horizontal w.r.t. the sample. A photo

detector is used to pick up the reflected light signal.

Monitoring of soil ammonia using IR LED

Figure 5 shows a schematic diagram for measuring the

reflectance ratio of soil. It consists of an IR LED source

and a detector along with the sample. The circuit is kept

very close to the soil sample since it will measure the

reflectance ratio of the soil. The source is kept vertically

w.r.t. the sample.

The Reflectance ratio which is the ratio of the output

voltage to the input gives information about the absorption

ratio since the two parameters are inversely proportional to

each other. Several experiments were carried out in pres-

ence and absence of ammonia source. Input voltage was

measured using a detector.

The reflected energy from the soil surface was noted and

read as voltage change.

The reflectance ratio, R is given by

R ¼ Output Volatge

Input Voltage
ð1Þ

The corrected reflectance ratio,

R0 ¼ R

R0
ð2Þ

R0 is the empty beaker reflectance. This can be used to

calculate the absorbance of a particular sample which is

given by:

A ¼ log
1

R0 ð3Þ

Experimental procedure of the proposed set up

The experiment was carried out in a dark room at room

temperature. The apparatus was set up in an optical bench.

Aqueous solution of the sample were made by taking about

Table 1 Reflectance ratio of

soil when illuminated with He–

Ne laser source

Samples Reflectance rate

Sample 1 0.68

Sample 2 0.61

Sample 3 0.65

Table 2 Effect of polarized light on neutral soil samples

Soil sample Soil pH Mean

Exp 1 Exp 2

Unpolarized sample 7 7 7

Polarized sample 6.5 6.7 6.6

Table 3 Response of samples to IR source

Amount of chemical (mL) Absorbance

5 0.126

10 0.146

15 0.176

20 0.208

25 0.245

30 0.320

35 0.368

40 0.400

45 0.427

50 0.470

Fig. 8 Set-up for measuring reflectance ratio of soil using IR LED

Fig. 9 Response in He–Ne laser source
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50 g of soil and mixed with 10 mL distilled water. The

container used was beaker which weighed around 100 g.

Initially the reflectance ratio of the beaker was calculated.

Distilled water was used in order to maintain the neutral

nature of the sample taken. Figure 6 shows the soil samples

taken. In addition to this various combinations of urea in

soil were made and response to the same 850 nm was

studied, analysed and compared with the experiments on

ammonia. A database was formed from the raw data so

collected. Statistical analysis was carried out as well as

system parameters like accuracy, error, precision,

repeatability, reproducibility were verified and found to be

satisfactory. Also based on results two algorithms namely

SRA and SCR (discussed in next section) were developed

where the success rate was 95% and 96% respectively.

Fig. 10 a Absorbance versus Amount of chemical. b Trend observed in some experiments
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For the experiment of tailoring the pH of a soil sample

by using a polarizer, it can be rotated in any angle. For this

particular experiment it was kept around 0–30�. The source
and the sample to be measured was kept at a distance

around 40 cm. The pH of the sample was tested before

subjecting it to the polarized light and it was found to be

neutral by a standard pH paper indicator. The sample was

exposed for about 1 h and it was observed that the sample

was changed to slightly acidic which was confirmed by a

standard pH paper. The source used here is a 632.8 nm He–

Ne laser source which is coherent in nature.

Figure 7 shows the set-up for tailoring pH using a

polarizer. The next experiment was carried out for calcu-

lating the reflectance ratio of soil when subjected to a

coherent source like laser as well as a non-coherent source

like the IR LED. A 5 V supply was used to light up the

LED. The results were compared and analysed. The next

step is the addition of ammonia or nitrogen source to the

soil so as to check the changes observed in the reflectance

ratio as well as the absorbance. Different concentrations of

ammonia were added to the soil and the response was

recorded. The source of ammonia used was ammonium

hydroxide. The experiment was carried for several samples

from the same sample itself and the response was noted

after every 10 min. Figure 8 shows the experimental set-up

for monitoring soil ammonia using NIR source.

Results and discussion

The response of the samples taken to the He–Ne laser

source is shown in Fig. 9 and the values corresponding to

the above response is tabulated in Table 1.

Another experiment was set up in order to study the

effect of polarization on the pH of the samples taken.

A He–Ne laser source of 632.8 nm was used. From

Table 2, it can be seen that the samples which was previ-

ously neutral was changed to slightly acidic. As the sample

is subjected to linearly polarized light for a duration of

about 1 h, the molecular vibration of sample increases

which leads to decrease tendency to form hydrogen bonds.

As a result of this there is an observable reduction in soil

pH.

Different crops have different soil pH requirement. For

example, Assam tea (a type of tea plant grown in a North-

Eastern state of India) grows well in acidic soil. So, the

findings listed in Table 2 can serve as a very important cue

for tailoring soil pH as per the needs of the crop and

therefore be of significance to site specific crop manage-

ment practices.

In both the cases the reflectance from the samples were

found to be almost constant. But an IR LED was preferred

over a laser source because of the alignment w.r.t. the soil

sample. The detector collects the reflected light at a much

better rate since it is kept very near to the soil surface. For a

horizontal alignment picking up of reflected optical signals

is difficult. After extensive experimentation it was found

that with increase in the amount of chemical in soil, the

absorbance increases and hence reflectance decreases.

Figure 8 shows the response of the sensor system to vari-

able amount of chemical. Different amounts of chemical

was added to the soil sample taken and the response was

analysed. Table 3 corresponds to the normalized absor-

bance values. Figure 10a shows that how mean absorbance

varies with variable amount of chemical added to the

sample and Fig. 10b shows the trend observed in some set

of experiments. Table 4 gives the correlation values

between various samples.

The experiment was conducted several times in order to

establish the repeatability of the sensor system. It can be

seen from Fig. 11a that for all the experiments under

consideration, the value was found to be almost coinciding

and Fig. 11b shows the trend observed in some

experiments.

The system was also found to be stable when tested with

the 850 nm source. We tested the reflectivity of samples

consisting of variable amount of chemical while keeping

the amount of soil as well as water same for all the

experiments. A total of ten different amount of chemical

was taken. It was found that for a particular amount, the

response was stable with minimum random points. The test

results were satisfactory. Figure 12 shows the scatterplot of

ten sets of experimental data tested.

Stability can be proved through the cross-correlation

values between various samples listed above. It showed

that the value was stable particularly from sample 1 to

sample 14 as shown in Fig. 13. Several experiments were

carried out in order to establish a trend followed when

variable amount of urea was added in known amount of

Table 4 Correlation between various experiments

Experiment Correlation

(Experiment 1, Experiment 2) 0.996743

(Experiment 1, Experiment 3) 0.996557

(Experiment 1, Experiment 4) 0.997751

(Experiment 1, Experiment 5) 0.998015

(Experiment 1, Experiment 6) 0.998664

(Experiment 1, Experiment 7) 0.995482

(Experiment 1, Experiment 8) 0.995004

(Experiment 1, Experiment 9) 0.996762

(Experiment 1, Experiment 10) 0.995781

(Experiment 1, Experiment 11) 0.995402

(Experiment 1, Experiment 12) 0.998139

(Experiment 1, Experiment 13) 0.998874
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soil. The results showed that with increase in the amount of

chemical added, the reflectance decreases. In other words,

the absorbance of the soil increases. The above experi-

ments yield a satisfactory result which can be seen from the

graphs shown below as shown in Fig. 14.

The experiment was repeated for various combinations

of urea in soil. Every combination from the whole set was

repeated several times in order to establish reproducibility

of the system. Table 5 and Fig. 15 corresponds to experi-

mental values and response of one set of combination

repeated 5 times. Urea was added in the soil sample taken

from the turmeric field. For 10 grams of soil, the amount of

urea was varied from 1 to 5 g. An aqueous solution was

made using 5 mL distilled water and the response was

noted. The graph below depicts the repeatability of the

system as shown in Fig. 15.

Fig. 11 a Repeatability of the Sensor System. b Trend observed in some experiments
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The repeatability of the system can be verified from the

auto-correlation of the different experiments of the same

combination. For example, for variable amount of urea in

10 g soil, the auto-correlation between the experiments of

the same combination was found in Table 6.

Cross-correlation can also be performed to establish the

reproducibility of the system. Table 7 represents the cross-

correlation between various samples.

Seven different combinations of urea in soil were made.

One set of combination was repeated several times and the

average was taken. The response of the first two values out

of the five combination of all the datasets were combined

and categorized as low nitrogen content. The next value

was combined and categorized as medium and the last two

values as high. Based on the ratio of urea in soil, the

threshold for low content was between 10 and 20%

whereas for medium it was 30% and for high it was 40 and

50% as represented in Fig. 16 and Table 8.

The reproducibility of a system is a useful indicator of

the precision of the system. With relevance to this work, it

is the degree of agreement between the results of experi-

ments conducted for different sets of combinations. It

measures the ability of a system to replicate the measure-

ment for the entire study. Another parameter that aids to

the study of sensor systems is the success rate. It describes

the percentage of success for a number of attempts carried

out in an experiment. It can be represented mathematically

by:

Success rate ¼ True positives

Total number of attempts

Based on the analyses of the sensor output obtained by

repeated experiments, the two algorithms developed were.

Soil reflectivity based algorithm 1 (SRA)

The first algorithm can be stated as:

• Take a known amount of soil (x)

• Add unknown amount of chemical or Urea (y)

• Obtain the reflectance data (z)

• Initialize the standardized values as low ? L, med-

ium ? M and high ? H

• If |(L-z)|\ |(M-z)| & |(H-z)| then output is low else if

|(M-z)|\ |(L-z)|& |(H-z)| then is medium else if |(H-

z)|\ |(M-z) |&|(L-z)|, then its high.

Figure 17 shows the soil reflectivity based algorithm 1.

Soil–chemical ratio based algorithm 2 (SCR)

In this approach, the raw data in the data base were com-

pared with the values obtained from the standard fitted

graph. The algorithm was verified with the 40 g standard

Fig. 12 Stability of the sensor system

Fig. 13 Stability based on

correlation coefficient
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graph. Figure 18 shows the soil chemical ratio based

algorithm 2.

The second algorithm:

• Take a known amount of soil (x)

• Add unknown amount of chemical or Urea (y)

• Obtain the reflectance data (z)

• Compare the reflectance data with the values obtained

from the standard fitted graph.

• Obtain the amount of urea from the fitted graph say y1

• If 0.1 B (y1 7 x) B 0.2 then output will be displayed

as LOW else if 0.3 B (y1 7 x) then it is MEDIUM

else if 0.4 B (y1 7 x) B 0.5, then output will be

displayed as HIGH

Test analysis was carried out in order to check the

validity of the algorithms so developed. It yielded a success

rate of 95 and 96%. The correlation coefficient became a

powerful tool in this work. Another such representation

through correlation coefficient is the comparison of the two

sources as shown in Fig. 19.

The system was found to be stable when tested with both

the sources of nitrogen, i.e., urea as well as ammonium

hydroxide. The plot of correlation coefficients shown in

Fig. 14 Trend observed for urea in soil

Fig. 15 Repeatability established for urea in soil

Table 5 Response of the system for variable urea amount in 10 g soil

Urea (g) Soil (g) Voltage (mV)

expl exp2 exp3 exp4 exp5

1 10 126.5 120.8 124.6 122.7 134.6

2 10 118.9 104.6 110.5 107.5 124.5

3 10 102.7 98.4 92.6 95.5 110.2

4 10 94.5 86.2 89.5 87.8 85.6

5 10 80.6 70.5 78.6 74.5 75.9
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Fig. 19 verifies the repeatability of the sensor system with

the two sources of nitrogen where the blue line indicates

the value for Urea and the red line for Ammonium

hydroxide. A similar trend was observed in both cases.

Hence, precision of the system was validated.

The predictive model based on regression analysis

Regression analysis was performed and a prediction model

was developed. The coefficient of determination between

the predicted and the measured value was found to be

0.9828 (Fig. 20).

The maximum absolute error of absorbance was found

to be 0.028 as shown in Table 9.

Conclusion

Although a lot of research work has been carried out in

order to develop on-the-go sensors, real-time implemen-

tation for detection/monitoring of a particular type of

macronutrient is still a road-block to the developing sen-

sors and existing systems. In the present work, simple

experiments were carried out in order to form a base for

developing a more compact integrated sensors used for

detecting the soil nutrients as well as tailoring of soil pH. In

the first experiment, the pH of the soil sample was tailored

using a polarizer which gives a base for managing the soil

alkalinity and acidity without the use of any chemical

agent. Several experiments were carried out with laser as

well as near infrared source. Factors such as stability and

repeatability of the sensor system was verified through

experimentation. It was also found that with increase in the

amount of chemical present in soil, the absorbance

increases and reflectance decreases. Based on this analysis,

two algorithms were developed which yielded a success

Table 6 Autocorrelation between samples (repeatability)

Experiments Correlation coefficient, r

Correlation (Exp 1, Exp 2) 0.9783

Correlation (Exp 1, Exp 3) 0.9796

Correlation (Exp 1, Exp 4) 0.9888

Correlation (Exp 1, Exp 5) 0.9802

Correlation (Exp 2, Exp 3) 0.9601

Correlation (Exp 2, Exp 4) 0.9904

Correlation (Exp 2, Exp 5) 0.9725

Correlation (Exp 3, Exp 4) 0.9894

Correlation (Exp 3, Exp 5) 0.9447

Correlation (Exp 4, Exp 5) 0.9686

Table 7 Cross-correlation between the samples

Experiments Correlation coefficient, r

Correlation (Sample l, Sample 2) 0.998

Correlation (Sample l, Sample 3) 0.998

Corrclation (Sample l, Sample 4) 0.997

Correlation (Sample 1, Sample 5) 0.995

Correlation (Sample l, Sample 6) 0.997

Correlation (Sample l, Sample 7) 0.994

Correlation (Sample 2, Sample 3) 0.995

Correlation (Sample 2, Sample 4) 0.995

Correlation (Sample 2, Sample 5) 0.992

Correlation (Sample 2, Sample 6) 0.994

Correlation (Sample 2, Sample 7) 0.996

Correlation (Sample 3, Sample 4) 0.999

Correlation (Sample 3, Sample 5) 0.999

Correlation (Sample 3, Sample 6) 0.999

Correlation (Sample 3, Sample 7) 0.995

Correlation (Sample 4, Sample 5) 0.999

Correlation (Sample 4, Sample 7) 0.997

Correlation (Sample 5, Sample 6) 0.998

Correlation (Sample 5, Sample 7) 0.993

Correlation (Sample 6, Sample 7) 0.992

Fig. 16 Reflectivity versus

percentage of urea
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rate of 95 and 96% respectively. The experimental results

and the statistical analysis obtained, validates the satis-

factory performance of the developed system.

We further intend to study the effect of temperature and

soil pH on nitrogen availability in future work which can

be then integrated with the developed nitrogen sensing

framework presented in this paper, and thereafter a stan-

dard portable instrument can be designed for soil pH tai-

loring and nitrogen monitoring. Such an instrument would

be of great significance to the farmers as well as for the

environment as it would aid in application of accurate

amount of nitrogen fertilizer to soil thereby reducing the

Table 8 Relation between

samples
Urea (%) Voltage (mV)

Sample l Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Sample 7

10 125.84 139.4 138.8 137.4 102.6 141.75 144.4

20 113.2 123.05 124.8 124.1 92.9 128.8 123.6

30 99.88 111.2 109.15 108.4 81.05 110.8 112.05

40 88.72 99.2 94.9 97.5 71.14 95 94.65

50 76.03 85.05 84.4 87.55 65.11 82.8 83.4

Fig. 17 Soil reflectivity based algorithm 1

Fig. 18 Soil–chemical ratio based algorithm 2
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cost of soil fertility maintenance and also protecting pol-

lution of ground and surface waters.
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18. A.M. Genú, J.A.M. Demattê, Prediction of soil chemical attri-

butes using optical remote sensing. Acta Sci. Agron. DOI:10.

4025/actasciagron.v33i4.7975

19. C. Hedley, The role of precision agriculture for improved nutrient

management on farms (2014). doi:10.1002/jsfa.6734

(wileyonlinelibrary.com)

Fig. 19 Precision of the developed system

Fig. 20 Relationship between measured and predicted values of

absorbance

Table 9 Prediction results for absorbance corresponding to nitrogen

inputs

Sample Measured

value

Predicted

value

Absolute error Relative error

1 0.124 0.105981818 - 0.018018182 - 0.145307918

2 0.149 0.14609697 - 0.00290303 - 0.019483425

3 0.17 0.186212121 0.016212121 0.095365419

4 0.218 0.226327273 0.008327273 0.038198499

5 0.238 0.266442424 0.028442424 0.119505984

6 0.313 0.306557576 - 0.006442424 - 0.020582825

7 0.372 0.346672727 - 0.025327273 - 0.068084066

8 0.395 0.386787879 - 0.008212121 - 0.02079018

9 0.429 0.42690303 - 0.00209697 - 0.004888041

10 0.457 0.467018182 0.010018182 0.021921623

J Opt (June 2018) 47(2):180–194 193

123

https://doi.org/10.1088/09570233/18/7/052
https://doi.org/10.1088/09570233/18/7/052
https://doi.org/10.1016/j.ijleo.2014.08.048
https://doi.org/10.4236/jst.2011.12005
https://doi.org/10.4236/jst.2011.12005
https://doi.org/10.4156/jdcta.vol7.issue1.80
https://doi.org/10.1016/j.biosystemseng.2006.05.011
https://doi.org/10.1016/j.biosystemseng.2006.05.011
https://doi.org/10.4025/actasciagron.v33i4.7975
https://doi.org/10.4025/actasciagron.v33i4.7975
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