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Abstract

Agriculture plays an essential role in the economies of developing
countries such as India and contributes significantly to the gross domestic
product (GDP). The escalation in population has led to an upsurge in food
demand. Numerous challenges such as the selection of crops, fertilizers,
and pesticides without considering the various parameters like types
of soil, water requirement, temperature conditions, and profitability analysis
of crops for a particular region may lead to degradation in the quality
of crop, yield and profitability. With the advancement of Computational
technologies, researchers are working on recommending crops according
to soil condition, water requirement, and market profitability along with fertilizers
recommendation, disease identification, and pesticide recommendation.
Through this research, we propose a machine learning-based crop and
fertilizer recommendation algorithm called AgriRec. We have utilized
soil properties, water level, farm size, and minimum support price of crop
and design a machine learning model which predicts crops for different seasons.
Further, we propose another mechanism that processes the properties/
details of soil, crop, and fertilizer to envisage a combination of fertilizer(s)
for a given pair of soil and crop. Our algorithm is tested for 5000 land samples
of Guijarat region with 24 different crop and it successfully recommends
crops with 95.85% accuracy and fertilizer with 92.11% accuracy with 4
times better performance as compared to existing benchmark recommendation
approaches.

Introduction

Agriculture is the backbone of every countries
economy. Traditionally, farmers learn from
experiences and feedback from other farmers, but
often they are unable to grow crops successfully
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and can lead to a loss of income. In order to
fulfill the food needs of any country, we need to
change the conventional way of farming, which
does not tell exactly what the soil properties are,
what the exact water requirement for is given crop,
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how much profit they can earn from the crops and
which crops and fertilizers are best suited to the
given land." Technology is just like a breakthrough
in agricultural research and development. Various
technologies such as digital image processing,
machine learning, deep learning and big data are
very useful in agricultural research.? Nowadays,
we have various types of data collection and
analysis techniques available such as digital
image processing, recommendation systems and
machine learning algorithms.®** There is indeed
a broad application of recommendation system
technology like e-commerce, health care, movie
recommendation, etc.® Also, Machine learning is
a computational technology that generates a model
that can learn on its own and use the model to
predict new things.5¢ Machine learning is rapidly
evolving technology and could be implemented
year by year in a range of applications, such as
medicine,”® e-commerce,* robotics and automation,®
agriculture,® climatology,’® etc. Machine Learning
can able to increase the efficiency and accuracy
of recommendation systems. Digital Image
Processing is a technique which can capture,
regenerate and interpret agricultural data such
as images of land, crops to identify various crop
diseases, measure soil minerals, calculate total area
covered by crops etc.' With the availability of these
technologies; the growth of the agriculture sector
could be improved by recommending suitable crops,
fertilizers and pesticides.®

Before 20" century, very few studies were performed
on the use of technology in agriculture. With the
advent of technology such as data mining, big data
and machine learning, many researchers have started
working in agriculture to solve current problems."¢
the implementation of modern technologies will
help to manage large data efficiently and process
that data in order to optimize crop yield, to identify
| specify crops and recommends fertilizers.! From
our study, we have identified three major problems in
conventional agriculture: 1) Problem in the selection
of suitable crops which maximize the yield and profit;
2) Problem in the selection of fertilizer based on
crop and soil conditions, with its exact proportions;
3) Problem in the identification of crop diseases and
prescription for its treatment.

Many researchers are working on issues related to
conventional agriculture systems and are developing

algorithms. Selecting the most appropriate crop for
a given land depends on various factors/criteria
such as soil conditions, weather, climate conditions,
availability of water, land area, market demand etc.
Authors are predicts corn crop yield using a neural
network and also evaluate the effect of climate
change on crop yield."”? Recommending crops to
farmers based on market analysis using an apriori
algorithm is presented.™ Another demand-based
algorithm using a logistic regression technique
is proposed.™ Improving crop productivity using
various classifiers such as support vector machine
(SVM), decision tree and logistic regression
given.'” In our study, we have found that most
of the researchers are focusing on soil properties
and types to recommend crops. However, There are
other variables too that we need to remember like
soil type, soil properties, water and temperature
need, land area, market value of crop when
forecasting crop yields for a given land in order
to increase crop productivity.

Moreover, all the nutrients that we consume from
food come from the soil of the land. To grow healthy
crops, we ensure that all necessary minerals are
available in the soil. Sometime the soil quality
may compromise due to a variety of reasons and
we need to apply minerals externally to the soil
in the form of fertilizers. The selection of suitable
fertilizers depends on the soil condition and the
crop to be cultivated. Researchers developed a
classification-based algorithm that analyses soil
fertility and recommends soil-based fertilizers."®
Further, the job of farming is very difficult and there
is a need for continuous monitoring of plant growth
because there could be some organisms (pests and
diseases) that can degrade crop growth. Different
crops have different types of pests and diseases.
Daily treatment of crops is required to protect crops
from diseases and pests. Authors suggest crop
treatment by identifying disease and measuring the
similarity between the disease and the treatment
provided for it."”” Classification techniques such
as support vector machine (SVM), decision tree
and logistic regression are used to classify pests
in crops and to propose treatment solutions.®
The researchers built a simple ontological approach
to the detection and treatment of pests in crops.™®
Support vector machine (SVM) to classify diseases
and to propose solution is given.'®
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Despite of all these contribution given by various
researchers, there may still be a need for some
more advanced mechanism(s) to automate the
farming process and support farmers by reducing
their efforts, growing crop yields and maximizing
their profit by using multiple criteria for crop
recommendation. From above survey, one may
observe that the techniques of machine learning,
deep learning, and digital image processing have
not been effectively utilized to predict fertilizer and
pesticides. Machine learning has made significant
progress in various areas of life, and agriculture
is no exception. It has revolutionized farming
by providing intelligent recommendations for efficient
use of resources while improving crop yield. Hence,
in our research we are developing agriculture
recommendation system using machine learning.
Objective of our system is to improve crop yield,
improve quality of crops, utilize less resource and
increase farmer’s profit. In our previous research
we had developed crop recommendation algorithm
and land recommendation algorithm using soil
properties.?® And by continuing our research in
field of crop recommendation through this research
paper, we are proposing a novel machine learning
based recommendation approach called AgriRec,
in which we have proposed the idea of automating
the farming process by recommending a crop for both
seasons (kharif (autumn) and rabi (spring)) along
with the necessary fertilizers with their proportions
based on multi-criteria. For that we have utilized
type of soil, soil properties, water condition and
crop water requirement, land area and market value
of crop using machine learning base recommendation
systems. In the next section, we're discussing our
AgriRec algorithm with all its components and
a detailed explanation of each of them.

Agrirec Algorithm

Technology is constantly being modified and the
implementation of advanced technology in major
sectors of the economy is a milestone for all

research. We have built a machine learning based
recommendation system algorithm named AgriRec
that will automate the process of crop and fertilizer
selection. AgriRec algorithm comprises two parts: 1)
Multi-criteria based Crop Recommendation System
(multi-criteria CRS), 2) Fertilizer Recommendation
System (FRS). In our proposed algorithm, we
have included multiple criteria which can impact
quality and quantity of crops. Such criteria are
soil properties such as soil types, pH, electrical
conductivity (EC), organic carbon (OC), nitrogen
(N), phosphorous (P), Sulphur (S), zinc (Zn), boron
(B), iron (Fe), manganese (Mn) and copper (Cu), soil
type, land area, water level, market value of crop
for generating crop and fertilizer recommendation.
We have obtained soil type and soil property, land
area information from the Indian Government
Soil Health Card website (https:/soilhealth.dac.
gov.in/). Information about market value of crops
called minimum support price (MSP) are obtained
from government of India farmers’ portal (https:/
farmer.gov.in/mspstatements.aspx). The thorough
description of each parameter is given in Table 1.

The sample soil health card is shown in Table 2 and
Table 3, which provides descriptions of the owner
of the land with the size of the farm and the current
values of the soil type, and soil properties. We
have utilized these data for our multi-criteria based
crop recommendation system (multi-criteria CRS).
The crop recommendation system algorithm (Phase
1 of AgriRec) discussed here is the extension
of our crop recommendation system (CRS) algorithm
which we has been proposed in our paper entitled
as “A state-of-the-art survey on recommendation
system and prospective extensions”.?® CRS is the
crop recommendation algorithm that utilized soil
properties to recommend crops. Along with soil
properties, Multi-criteria CRS includes land area,
minimum support price and water level parameters
given as per Table 1.
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Table 1: Description of Different Parameters

Properties Description

Soil Types Different land have Different types of soil such as black
soil, medium black soil, sandy loam, alluvial soil etc.
which could impact on selection of crops according to
soil types.

pH value Most soils have pH values ranging from 3.5 to 10 for
higher rainfall areas ranging from 5 to 7 and dryer
areas ranging from 6.5 to 9.

EC Electrical conductivity is the soil properties which give

the material the ability to transmit electrical charges
and are expressed on mS / m and dS / m.

Organic Carbon (OC)

Soil organic carbon is a carbon part of the soil that is
thought to range from 051 per cent to 0.75
percentage.

Nitrogen (N)

N contains all sources of nitrogen, such as organic and
inorganic. Measured by Kg / H.

Phosphorus (P)

Phosphorus plays a crucial role in the preservation and
distribution of energy which is helpful for growth of the
crop. The optimal range of values is between 23 and
57 kg / ha.

Potassium (K)

It is important for the crop reproduction process. It's
ideal range is between 145-337 kg / ha.

Sulphur (S)

It is important for the formation of chlorophyll and the
building of amino acid blocks. The optimal value is
greater than 10 ppm.

Zinc (Zn)

It is an essential component of the different enzymes
responsible for several reactions in crops. It's ideal
value is more than 0.6ppm.

Boron (B)

It is present in the soil in many forms, such as water
and acidic type, and is important for the growth of large
crops. It's ideal value is more than 0.5 ppm.

Iron (Fe)

Iron is required to produce chlorophyll with an ideal
value of more than 4.5 ppm.

Manganese (Mn)

It plays a key role in physiological processes, in
particular photosynthesis. Its value is more than 2.0
ppm.

Copper (Cu)

Copper (Cu) is one of the important plant
micronutrients required. Needed for many plant
activities and for the production of chlorophyll and
seeds.

Land Area

Different crops required Different Minimum Land Area
to cultivate. This parameter shows Farm Size in Hector.
Which have been utilized to calculate crop yield and
crop profit.

Water Level

Different Land have Different Water level. This Criteria
suggest crop according to its required water level.
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Table 2 : Soil health card owner's detail

Department of Agriculture,
Cooperation & Farmers Welfare
Ministry of Agriculture and Farmers Welfare
Government of India
Department of Agriculture, Gujarat State

[

Soil Health Card

Soil Health Card Number - GJ/2016-17/40201584/1

Validity - From: To:

Farmer’s Details

Farmer Name XXXXX
Father's/Husband Name

Address HXXXXX

Mobile No. 97 13-XXXX-XX
Gender KXXXXX
Category XXXXX

Soil Sample Details

Date of Sample Collection 11-11-2016

Survey No., Khasra No./ Dag No. 6,622

Farm Size 0.75 Hectares

Geo Position (GPS) Latitude
21.607166°N
Longitude
70.770370°E

In phase 2 of our AgriRec, we have collected
Fertilizer data with its content from https://agricoop.
nic.in/en for our Fertilizer Recommendation
System (FRS). Here, fertilizers are categorizes
into seven different categories. List of Fertilizers,
which contains nitrogen, are included in straight
nitrogenous fertilizers, N.P Complex Fertilizers,
N.P.K. Complex Fertilizers and Fortified Fertilizers.
Straight Phosphate Fertilizers, N. P. Complex
Fertilizers and N.P.K. Complex Fertilizers includes
Phosphorus. Fertilizers with Potassium are given
in Straight Potassic Fertilizers and N.P.K. Complex
Fertilizers. Micronutrients Fertilizers and Fortified
Fertilizers include property such as Zinc, Copper,
Manganese, and Boron.

The entire block diagram of AgriRec Algorithm
is shown in Fig 1. This includes the multi-criteria
Crop Recommendation System (multi-criteria CRS)
and the Fertilizer Recommendation System (FRS).
In our AgriRec algorithm we have considered land
size in hector and crop yield in quintal. We calculate
the profit in Indian rupee. In phase 1 of AgriRec
algorithm, we recommend the list of crops along
with expected profit for both seasons kharif(autumn)
and rabi(spring) based on existing land properties,
soil types, land area, water level and MSP specified
in Table 1. In the second part, we recommend
the combination of fertilizers with proportion per
hectare based on crop and soil quality. The input
of our algorithm are three matrices: 1) Land Matrix
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2) Crop Property Matrix and 3) Fertilizer Matrix,
which we collected from Government of India
websites as stated above and explained in Table
1 to 3. Land Matrix contains the Real Soil Health
Parameter Land Values, Land area. Crop Property

Matrix Contains the required Property Values for
Crops along with minimum support price (MSP),
expected crop yield per hector and Fertilizer Matrix
contains Fertilizers with percent content properties.

Table 3: Land property detail

Soil Test Results
District Agriculture Office, JUNAGADH , GUJARAT
Soil Type: Medium black soil
Sr.No. | Parameter ;I;GSt Unit Rating Normed
alue Level
1 pH 8.1 Moderately | 7 Neytral
alkaline

2 EC 0.33 dS/m | Normal 0-2dS/m
3 Qrganic Carbaon 0.18 | % VeryLow | 0.51-0.75%

(OC)
4 Available Nitrogen _ kg/ha

(N)

Available 23-57
5 Phosphorus (P) 21 kg, | Law kg/ha

Available Potassium . 145 - 337
6 (K) 163 kg/ha | Medium kg/ha
7 f\sv;':lilable Sulphur 21 ppm Sufficient > 10 ppm
8 Available Zinc (Zn) 1.72 ppm Sufficient > 0.6 ppm
9 Available Boron (B) 0.55 ppm Sufficient > 0.5 ppm
10 Available Iron (Fe) 1.58 ppm Deficient > 4.5 ppm

Available .
11 Manganese(MN) 131 ppm Sufficient > 2.0 ppm
12 gl?;lable Copper 1.64 ppm Sufficient > 0.2 ppm

In the Multi-Criteria Crop Recommendation System
(multi-criteria CRS) phase, we have developed
a ranking based machine learning algorithm using
multiple parameters such as soil type, soil property,
land area, water level, MSP. We have utilized land
properties, water level of the region and required

crop properties to generate ranking of crops for both
seasons (spring and autumn). To calculate profit,
we have considered the area of the farm
and minimum support price of crop. The detail
description of the Multi-Criteria CRS algorithm
is given in Table 4.
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{ AgriRec: A Multi-Criteria Based Crop and Fertilizer Recommendation System for Agriculture J

Crop Recommendation

/ Fertilizer Recommendation \

System (FRS)

Svstem (CRS]
Crop Property Machine Learning
MatrixwithMSP | [ | Algorithm
Land(L) with Soil CRS Model
Card Data .
List of Crop C
Kharif(autumn) and
Rabi(spring) for
Land(L) with Profit

% Deficit Land(L) Properties for
Given Crop C Using Formula 1

Land(L) with Soil
Card Data

h 4

List of Deficit Minerals for
Land(L)

FRS Model I Fertilizers with Its
Content Matrix

List of Fertilizer with its
proportion for land(L)

b 4

Fig. 1: Block Diagram of AgriRec

In the second phase of AgriRec, Fertilizer
Recommendation System (FRS), all the three
matrices discussed earlier are used. Output
of this phase is combination of fertilizers along with
proportions for given land L and recommended crop
C. Algorithm finds deficit properties for given land
to cultivate recommended crops using Equation
1. To find which properties are deficit and amount
of percentage for deficit properties, we have used
formula given in Equation 1. Where L, represent ith
property of Land L. Prc is upper range of Property
i for crop ¢, Prc, is lower range of property i for crop
c and prl, is actual value of ith property for land L as
per Soil Card data.

% Deficit for L=(avg(prc-pr, )- pr,)/avg(prc - prc,)
x100 (1)

After calculating a list of deficit properties for land
L, we have created an FRS model and trained the
model using Fertilizer Matrix to find top-N fertilizers
which are having match content percentage of
given properties. After finding a combination of
fertilizers our model will calculate the quantity of each
fertilizer. The detail of the FRS algorithm is given in
Table 5. In the next section, we will elaborate results
and discussion.

Table 4: Multi-criteria crop recommendation system

Algorithm Multi-Criteria CRS: Crop Recommendation System

Computer Rank:
For All L in Land Matrix do

For All C in Crop Property, Crop Price Matrix do
For All K in Land Properties, Land Type, Land Area, Water Level do
If L(i,k) is in range of C(j,2k-1) and C(j,2k)

Rank(i,j)=rank(i,j)+1
End if
End for
End for

Sort Rank of each Land in Descending Order

End for
Display Top-N Crop:
For all L in Land Matrix do
For all C in Crop do
Display (L;,C;, Profit;j,Rank))
End for Crop.
End for Land Matrix.
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Table 5: Fertilizer recommendation system

Algorithm FRS: Fertilizer Recommendation System

Procedure Recommendation_Fertilizer (Input: I, c, F, Output: f)

I: land from a set L
c: crop froma set C
f: fertilizer from a set F

Generate Deficit
Index 1=0

For Each Prl in Property of Land L and Each Prc in Property of Crop C Do

If Pri[l] Is <Prc[l]_Lower Then

Absolute_Deficit [I] <- |Avg (Prc_Lower, Prc_Upper) - Pri[l]|
Percentage_Deficit [I] <= Absolute_Deficit [I] X [100 / Avg (Prc_Lower, Prc_Upper)]

Else
Absolute_Deficit [I] <- False
End If
Increment |
End For
Count <- |
Find the optimum fertilizers for a given deficit
for each i in count do
if Absolute_deficit [i] is NOT equal to FALSE then

RecommendedFetrtilier [i] <- nearest Fertilizer (Percentage_deficit [i], F);
Display i (property), Absolute_deficit [i], Percentage_deficit [i], RecommendedFertilier [i]

end if
end for

Results and Discussion

We have implemented our AgriRec algorithm in
R-Programming. R programming is non-structured
statistical programming language can perform
large-scale computing efficiently. The datasets that
we have used here contains 5000 land samples
collected from different region of Gujarat, India.
As Part of our research single criteria soil property
based crop recommendation system (CRS) with
experimental study has already discussed in our
previous paper.?’ Our AgriRec algorithm successfully
recommends a list of Top-N crops for kharif(autumn)
and rabi(spring) season with its expected profit and
a combination of fertilizers including their quantity.

Table 6 shows sample list of recommended top-3
Crops for kharif (autumn) season and top-3 crops for
rabi (spring) season with profit for two sample Land.
Here, its survey number as shown below identifies
each Land. From the result obtained in Table 6,
we can say that crop yield and profit are dependent
on soil types, soil properties of land, water level,
land area and MSP. For different size of land with
same parameter value profit obtain for the same
crop is also different. Selection of appropriate crop
to maximize yield and profit not only depends on the
soil property and soil types but, it is also depends
on area of cultivation as well as current market
value of crop.
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Table 6 : List of recommended crop for land

Land Top-3 season wise Recommended Crops with Profit
Kharif(autumn) Rabi(spring)
Crop Profit Crop Profit
(Rs./hector) (Rs./hector)
GJ/2018-19/109 Gwar 34500 Tomato 139000
XX250/5 Bhindi 19400 Tobacco 101500
Soyabean 19179 wheat 18652
GJ/2017-18/5 Groundnut 47825 Jeera 78510
10XX00/1 Paddy 24000 Wheat 18652
Pigeon pea 7949 raya 11000

Second phase of our algorithm called FRS;
recommend a combination of fertilizers with
proportion for each land. Table 7 shows the
result of our Fertilizer Recommendation (FRS)
method. From the output we can conclude that our
algorithm successfully recommends list of crops

with combination of fertilizers with its proportion per
hector of land in order to maximize crop yield and
increase the profit of farmers. Use of fertilizer is
depending on farm size and crop to be cultivated.
Different farm size with same crop may have different
proportion of fertilizers.

Table 7: Fertilizer combination for sample land L

Fertilizer Recommendations for Land GJ/2017-18/510XX00/1

Kharif (Autumn)  Fertilizer Proportion Rabi Fertilizer Proportion
Crop combination (Spring) combination
Crop
Groundnut Urea Ammonium 237 kg/ Jeera Urea (46% N) 250 kg/
Nitrate Liquid hector hector
Ammonium 22 kg/ - -
Phosphate hector
Sulphate
(20-20-0)
Paddy Ammonium 25 kg/ Wheat Neem Coated 300 kg/
Sulphate Urea hector Urea hector
(coated) 190 kg/ Ammonium 56 kg/
hector Sulphate hector
Piegon pea Ammonium 25 kg/ Raya Urea (coated) 295 kg/
Sulphate hector hector

We have evaluated our AgriRec system with
parameters such as standard deviation and standard
error, accuracy, precision, recall, F1-measure
and execution time. Also, we have compared our

algorithm with machine learning model such as
support vector machine (SVM), artificial neural
network (ANN), random forest. The comparative
graph of standard deviation, standard error,
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accuracy, precision, recall, F1-Measure for multi-
criteria CRS and FRS are shown in Figure 2, Figure
3, Figure 4 and Table 8 Respectively. Standard
deviation calculates the amount of percentage
results of our method deviates from actual results.
From the standard deviation graph in Figure 2, we
can conclude that our AgriRec system deviates 4.3%
for multi-criteria CRS and 6% for FRS as compared
to actual data. Similarly, we have also evaluated
our methods using standard error parameters,
which measure error rate multi-criteria CRS and

FRS algorithms. Graph of standard error is shown
in Figure 3 from which we can conclude that our
AgriRec system gives error 4.15% for multi-criteria
CRS and error 7.89% for FRS. Graph of accuracy
is also shown in Figure 4. Henceforth, AgriRec
algorithm successfully recommends crops and
fertilizers for given Land with accuracy of 95.85%
for multi-criteria CRS and 92.11% for FRS algorithm
which shows considerable improvements over
benchmark algorithms
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Table 8 : Confusion matrix parameters

CRS SVM RF ANN
Precision 92% 76% 83% 60%
Recall 88% 66% 80% 62%
F1-Measure 89.9% 70% 83% 60%

Along with the accuracy of AgriRec, we have
also checked the performance of our system with
increasing sample size. For that, we have measured
execution time by increasing the sample size.

We have measured the performance of our
ranking base machine learning multi-criteria crop
recommendation system (multi-criteria CRS) with
increasing sample size and compared it with crop
recommendation without machine learning. From
Figure 5, we have noticed that without machine
learning and with the increasing size of sample land,
execution time also increases. But with a machine
learning model, an increase in a sample size of land
can achieve some amount of parallelism. Therefore,
the execution of our multi-criteria CRS machine
learning-based crop recommendation system cannot
depend on sample size.

30.00
© 20.00
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£ 10.00
= 5.
0.00 28 04 0.46 0.62 078
1000 2000 3000 4000 5000
——multi-criteria CRS-without ML
——multi-criteria CRS-with ML
Fig. 5: Performance of Multi-criteria CRS
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Fig. 6 : Performance of FRS
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Similarly, we have measured performance
of our fertilizer recommendation system (FRS) with
sample size explained earlier and selected crop
for cultivation for both the cases with our machine
learning based FRS and without it. As per the
graph shown in Figure 6, we have found that with
increasing the sample size will tend to increase
processing time for fertilizer recommendation without
our FRS machine learning model. When we apply
our machine learning based FRS algorithm time
required to recommend fertilizers has been reduced.
In most of the cases, increasing size of data always
leads to reduction in performance of algorithm and
increase computational time. Despite that, from the
above results we can say that our AgriRec algorithm
performs much better compared to traditional way
of recommending crops and fertilizers.

Conclusion and Future Perspective

Machine learning has vast potential to revolutionize
the agriculture sector. Crop recommendation
systems can help farmers to optimize crop yield,
minimize waste, and reduce resource usage. Many
recent research which we have discussed in our
introduction section shows improvements in current
agriculture sector by adopting machine learning
technology. However, adoption still presents several
challenges. The availability and quality of data, cost,
and technical skills are obstacles that need to be
addressed for widespread adoption. Hence, through
this research, we allows farmers to increase crop
yields and in turn, income. It also benefits the ety
by enhancing the country's economy. Through this
research, we automate the process of crop selection
and fertilization for farming. Our Machine Learning

recommendation system viz. AgriRec is capable
of recommending crops and fertilizers for individual
soil with a high accuracy of 95.85% to recommend
crops and 92.11% to recommend fertilizers.
Moreover, the algorithm outperforms in terms
of execution time with an average of 4 times
faster compared to traditional crops and fertilizer
recommendation methods. Hence, we conclude that
our algorithm achieve recognizable improvements
as compared to other benchmark algorithms for
recommending crops and fertilizers. Also, we have
succeed in some way to automate the farming
process. For that, we acknowledge the government
of India to make soil health card data, which we have
utilized during our research. Despite the success
of machine learning in crop recommendation
systems, very few studies have been conducted on
diseases identification in recommended crops and
suggesting pest control techniques for predicted
crops along with fertilizers. Therefore, in future we
wish to work on third phase of our system which is
pest control prediction.
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