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Abstract: Cotton is an essential commercial crop. Unfortunately, this crop is affected by many pests
and diseases, which can cause considerable loss in yield. Climate has a strong correlation with the
occurrence of pests and diseases in crops. Currently, weather forecasting services are available to the
farmers, which help with weather-based planning of farm operations. Still, weather-based pest and
disease forewarning services are not available to all the farmers. Unfortunately, cotton cultivation
consumes about one-third of total pesticide consumption, which increases the cost of production
apart from polluting the environment. An information and communication technology (ICT) based
intelligent pest and disease forewarning system for cotton is an innovative system for providing
forewarning on pests and diseases. It aims at improving farm productivity through better crop
management. In this paper, the proposed method aims to predict the occurrence of pests and diseases
based on microclimatic parameters. This pest and disease forewarning information and appropriate
crop management practices will be disseminated to the farmers using electronic media through short
message service (SMS), the Internet, etc. In this way, both livelihood security and environmental
security are achieved. The proposed model shows a higher optimal performance then the two related
works in terms of the average root mean square error rate, average accuracy rate, average percentage
error rate, and prediction accuracy.

Keywords: pest and disease management; climate change impact; time-series algorithms;
sensor networks; information and communication technology

1. Introduction

Agriculture is primarily dependent on the weather. Often a strong correlation exists between climate
and the occurrence of pests and diseases in the crop. To find out what this correlation is, the continuous
monitoring of pests and disease incidence at regular intervals is essential. If this correlation is known,
forewarning on the incidence of pests and diseases with anticipated weather considers can be done [1].
At present, the India Meteorological Department prepares an agrometeorological advisory bulletin
twice a week and disseminates it to the farming community.

For this research, we are considering the pest and diseases of cotton crops. Cultivation of cotton
provides livelihood to more than 42 million people in India. In cotton, pests and diseases cause
vast losses, and these losses are aggravated by unfavorable soil and climatic conditions. At present,
the economic loss in a cotton yield ranges from 5% to 15% due to pests and diseases [2]. If no prevention
and control measures are taken, the loss may shoot up to 50%. Farmers rely on the heavy use of
insecticides to control these pests, but this can cause pesticide residue problems.
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As per a report by the Cotton Corporation of India [3], the total area for growing cotton in India
represented 27% of the global scope of cotton in 2001-2002, but production was only 12% of the
worldwide total. Technology-based precise farming paved the way to achieve this to 32% of the world
production. The growing area for cotton was reported to have increased from 10.8296 million ha to
12.5 million ha in 20162019, but the production rate decreased from 34.5 million bales to 33 million
bales in 2018-2019. To address this issue, information communication technology (ICT) proliferation
can be used in a better way to enhance the production level.

The major impediments to achieving higher productivity in tropical and subtropical agriculture
are the severe damage caused by pests, diseases, and weeds [4]. The loss estimated in India was about
200,000 million Indian rupees (INR) every year. Leathopper, i.e., Amrasca devastans, is a critical pest
of cotton in southern Tamilnadu, and the loss accounted for 390 kg ha~! [5,6]. The use of synthetic
pesticides in India has increased steadily because of the spreading use of new high yielding varieties
and their greater vulnerability to pests and diseases [7]. Synthetic pesticides sale jumped from 8000 tons
to 85,000 tons. In 1960, only about 6 million hectares received chemical pesticides, but by the early
1990s, around 100 million hectares were being treated [8].

The best way to avoid pest outbreaks is to curb the pests before they get a foothold in the crop
field. Pest forewarning is possible only if the pleasant weather conditions for insect infestation are
fully known [9]. Recent integrated pest management [10,11] studies suggest that weather conditions
play a critical role in pest and disease outbreaks. A sound pest and disease surveillance system is
essential for integrated pest management (IPM) in cotton so that timely plant protection measures can
be launched on a need basis to reduce the cost of cultivation and avoid contamination of the ecosystem.

Machine learning algorithms [12,13] have been adopted to predict pests and diseases. A deep
residual network in [14] was developed to categorize significant pests that affect cotton crop yield.
Forecasting models are treated as an essential module of the pest and disease management process.
Management practices need to be timed to coincide with phases in the pathogen life cycle [15].
An agriculture framework was developed for highlighting the relationship among the pests and
disease occurrence and weather parameters using IoT devices and unmanned aerial vehicles [16].
This framework was built using image processing techniques, linear regression, and a Bayesian network.

The following research gaps in pest and disease forewarning are identified from the extensive
literature survey, which need to be adequately addressed in order to expect precise results.

e Few pests and diseases forecast models have been developed, and the existing ones have
poor predictabilities.

e  Sensor technology has not been fully explored in disease prediction.

e  Very few intelligent diseases forecast models have been developed based on microclimate influence.

e  The available location-specific information on weather-related pest and disease incidence in rain
fed crops is scanty, scattered, and inadequate.

e The current forecast information does not reach the farmers in time.

Hence, this work is proposed to collect information on microclimate conditions and pests and
diseases that help to develop a microclimate-based pest and disease prediction system for cotton crop.
We also test the performance efficiency of the proposed work.

2. Materials and Methods
2.1. Material Used for Cotton Cultivation

We used a 2000 square meter farm field for experimentation. In the farm field, we cultivated
cotton crop during the cropping season rabi (September to February) in 2017-2019. The following
materials were used for cotton cultivation [17]. SVPR 2 variety cotton seed, vermicompost, azospirillum,
phosphobacteria, Azophost, and farmyard manure were used to prepare the farm field. Ridges and
furrows were made 10 m in length with appropriate spacing. Acid delinting was performed on the
cotton seeds using sulphuric acid. Trichoderma viride, carbendazim, biocontrol agents, and pungam
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leaf extract were used in the pretreatment and hardening of the seeds. For fertilizers, we used nitrogen,
phosphorus, and potassium (NPK) fertilizers with a micronutrient mixture. Pendimethalin was used
for weed management. To prevent early buds and squares, napthalene acetic acid was used.

2.1.1. Technology Used

The notable core areas of computer science such as wireless sensor networks (WSN), the Internet [16],
mobile technologies, and machine learning algorithms were used. The sensor networks were used
to collect the microclimatic parameters from the crop field. Time-series models help predict future
occurrences based on past data. Tools such as the Internet and mobile phones will be used to
disseminate the forewarning messages and recommend pest and disease management practices to the
farming community.

2.1.2. Area Used and Duration of the Study

In India, the study was carried out on a black soil farm located at Kovilpatti (9.17° N 77.87° E),
elevation 106 m, belonging to the district Thoothukudi with a total area of 49 Km?. It is situated
under the rainfed tract. The main cotton varieties grown are Gossypium arboreum and Gossypium
hirsutum. The weather usually is 27 °C with the wind speed at 8 km/h and a 65% humidity. The data
collection and sampling were carried out during the rabi season, which is from 1 October — 30 February,
during 2017-2019.

2.1.3. Phenological Study

The phenological sampling was carried out in the study area during the rabi season in 2017-2019
(from 1 October to cotton harvest in February). A total of 40 plants were selected and monitored.
During the three years of study (2005-2007), weekly visits to the farm area were carried out. The number
of visits increased to twice a week for flowering and boll development in the cotton crop.

2.1.4. Data Used

Microclimatic data (maximum temperature (MaxT), minimum temperature (MinT), morning relative
humidity (MRH), afternoon relative humidity (ARH), evening relative humidity (ERH), wind direction
(WD), rainfall (RF), wind speed (WS), sunshine hour (SSH), leaf wetness (LW), and leaf temperature
(LT)) for a two-year duration were recorded through sensor networks. The 2012-2018 historical weather
data from the India Meteorological Department website were used. We obtained a total of 59 datasets
of cotton pests taken from the NAIP website and the real data collected from the farm field. The sizes of
each dataset vary from 60 to 1164. The substantially sized datasets were used to perform the proposed
model’s training phase to guarantee accuracy and stability. Eight groups of datasets (DS1, DS2, DS3,
DS54, DS5, DS6, DS7, and DS8) were mostly used to determine the prediction accuracy of the proposed
system of the pest occurrence, and these details are tabulated in Table 1.

Table 1. Details of the dataset group of cotton.

Serial. No. Natureof theData DS1 DS2 DS3 DS4 DS5 DS6 DS7 DSS8

1 Pests and Disease 1212 1325 427 176 917 60 78 677
2 No Pests and Disease 761 842 635 574 682 120 183 476
3 Total size 1973 2167 1062 750 1599 180 261 1153

2.2. Methodology Used

In this work, we developed an intelligent pest and disease forewarning system. It was developed
by inferring the correlation of climatic factors and pest and disease occurrences. Figure 1 shows the
system architecture of the proposed approach.
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Figure 1. System architecture of the intelligent pest and disease forewarning model.
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The proposed system is an automated system based on the past microclimate data (rainfall,
temperature, relative humidity, soil moisture, sunshine hours, evaporation, wind direction, wind speed,
atmospheric pressure, leaf moisture, leaf temperature, etc.). It predicts the occurrence of pests and
diseases daily, thereby reducing productivity loss due to pests and diseases. We developed the entire
system as a layer-wise approach, which is illustrated in Figure 2.

To alert the farning community
via mobile and web application

To build location specific knowledge map to
forewaim occurrence of pests and disease

Application Layer

An efficient data forwarding mechanism to
accurately deliver micro climate changes

- - —

A reliable data logging technique to collect
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To encapsulate sensed data as frames using
ZigBee standard MAC protocels

(‘ross Layer

To focus on the development of motes

Physical Laver y

Figure 2. Layer-wise implementation approach.

The physical layer of the proposed model is responsible for the development of sensor motes
and their deployment. The system is based on a wireless sensor network consisting of sensor motes,
wireless routers, a data server, and the sink node. The sensor motes were statically deployed in the farm
field. The farm was deployed with one sensor to perceive the rainfall, temperature, sunshine hours,
evaporation, wind direction, wind speed, and atmospheric pressure. Nearly 25 sensor motes were
deployed in the farm field’s various places to measure relative humidity, soil moisture, leaf moisture,
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leaf temperature, etc. The number of sensor motes requirement was derived based on the farm field
area and the sensor motes’ coverage and connectivity. Figure 3 shows the model of sensor mote
installation in the farm field. We had access to MicaZ motes, sensor boards (MTS101), a processor radio
microcontroller (MPR2400CA), a mote interface board (MIB520), and programming boards (MIB510)
through Tiny OS and nesC programming language.

Wind speed & pressure sensors ﬁ
ey Temperature Sensor

Humidity Sensor

Soil Moisture Sensor

Figure 3. Sensor motes installation model.

The proposed model’s cross layer is responsible for encapsulating the data as frames, data logging,
and data forwarding. Moreover, the monitoring and forewarning system for cotton cultivation
mainly consists of the following processes: data acquisition, data transmission, data processing,
components controlling, and information dissemination through web mobile applications. The cross
layer takes care the abovementioned processes. The sensors deployed on the farm field would send the
perceived data to the base station (sink node) in a multihop fashion. The base station allows for data
aggregation of the sensor motes in a computer platform. Since all the components have full compliance
with the Institute of Electrical and Electronics Engineers (IEEE) standard 802.15.4, a multihop mesh
network was established and maintained in the farm field [18]. An MPR2400 board was used for
sensor-to-sensor and sensor-to-gateway communication. A typical data flow from the farm field to the
data processing station is shown in Figure 4. The base station routes the location-specific microclimatic
data to the forewarning center using General Packet Radio Service (GPRS) connectivity. This layer
ensures the collection of microclimatic data and forwarding the same for further developing a pest and
disease forewarning system for the cotton crop.
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Figure 4. Microclimatic data collection and forwarding.
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The proposed system’s application layer is the heart of microclimate-based pest and disease
management through a forewarning system for sustainable cotton production. Figure 5 specifies the
process of finding the location-based knowledge map to provide forewarning on the occurrence of pests
and disease. The primary aim of the system is to automate pest and disease prediction intelligently,
that is, the system is designed to be capable of forecasting the occurrence of pests and diseases accurately
without human intervention. The application layer includes the following processes. The entire process

is divided into five blocks.
Raw Micro Climatic Data
GenBank

Test Data streams

>

Interpretation of Pest/Disease with
Micro Climatic Parameters

Figure 5. Process of finding the location based knowledge map to predict the pests and disease.

Microclimate parameters of the cotton crop were collected using wireless sensors that have been
installed on the black soil farm of Kovilpatti. A popular energy-efficient protocol can be used to
collect instantaneous data from the field. The sensors also transmitted the data to the base station
continuously. Temperature, rainfall, relative humidity, solar radiation, wind speed, and soil moisture
are the parameters recorded in JavaScript Object Notation (JSON) file format. It gets converted to the
readable .txt file format. The processed data were then moved to the Hadoop Distributed File System
(HDEFS), and preprocessing sequences were performed on the microclimatic data. The dataset size is
managed by eliminating irrelevant data and duplicate records. The pest and disease occurrence data
were collected manually from the crop field at regular intervals. Missing data were simulated and filled
in the dataset. The major pests and diseases of cotton that affect the yield and the conducive weather
conditions for their occurrence are shown in Table 2. The data spread range for Thrips occurrence is
shown in Figure 6.

In this work, the outbreak of pests and diseases due to microclimate changes was studied.
The Kaa tool was used to perform the analytics. Decision-tree classification and case-based classification
approaches were adopted for data classification. Partitioning methods were used for data clustering.
We used the R tool for performing the prediction of pest and disease occurrence. From the microclimatic
data in the past years, we arrived at compiling the time-series data using R language.

Table 2. Pest and disease of cotton crop and conducive weather for the pest and disease occurrence.

Sl. No. Pest and Disease Name Conducive Weather Conditions for the Pest and Disease Occurrence

1 Thrips tabaci Cloudy weather, high temperature

2 Aphis gossypii Cloudy weather, high temperature

3 Amrasca devastans Cloudy weather, high temperature, moderate rain fall
4 Pempherulus affinis Hot weather, high humidity

5 Ramularia areola High humidity with low temperature
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Figure 6. Data spread range for the pest Thrips.

Further, the time-series data were decomposed into more detailed parameters based on seasonality,
day, trend, and time. A time-series plot was drawn to visualize the climate data using a line chart.
The microclimatic data changes have a seasonality-pattern that is always more or less similar, and we
could see that some parameter data have different values from year to year. Significance was calculated
for three p values (0.01, 0.05, and 0.1). The proposed system calculated the correlation between pest and
disease pressure for a given day and the weather parameter values from the previous one to two weeks.

Finally, the autoregressive integrated model (ARIMA) was used to predict pests and disease in
cotton crops once a week. Climate variables displaying the highest positive correlation coefficients and
pest disease occurrence for the previous weeks were chosen as estimators. ARIMA is a class of models
for predicting a time series. It includes long trend value, fluctuations of the series in periods of less
than one year and longer than one year, and random factors. A model is treated as an autoregressive
one if the series’s values are related to previous values of the variable. In this model, thrips tabaci
and ramularia areola are related to the climate conditions detected during the earlier days. A multiple
linear regression function is used in which the dependent variable is the observation in the time ¢,
and the independent variables are related to the dependent variable. Three parameters were tested in
the ARIMA (p, d, q) model. The first parameter p is the autoregressive parameter measuring the values’
independent effect with a specified delay. A first order autoregression means that each value in the
series is affected by the one preceding values. The second parameter d is differentiation; it is a number
of nonseasonal differences, and it defines the number of times that a time series was transformed by
calculating the differences between the sequence of values and its predecessors. The third parameter g
is a running mean value representing the number of lagged forecast errors.

An autocorrelation plot (ACP) on stationary time-series data was generated to create the ARIMA
model. From the ACP, we can find moving average parameters. The partial correlation coefficient value
was used to get the moving average parameter. The ARIMA model developed was tested with observed
data from the farm field compared with data predicted by the developed model. The above results
found that ARIMA (1, 0, 2) is the appropriate model to predict pest and disease occurrences based on
the microclimatic information. The forewarning results made available to the farming community
as e-agriculture products can assist in significant pest and disease management through appropriate
prevention and control measures. Moreover, important forewarning information can be disseminated
to the farming community through web and mobile-based technologies, such as short message service
and voice calls.

3. Results and Discussion

We created an intelligent pest and disease forewarning system to manage the pest and disease of
cotton crops based on the microclimatic conditions. This system is a novel one because it augments the
potency of sensor networks, learning models, and ICT to perform precise pest management. The early
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and accurate finding of plant diseases is used in preventing yield loss. Nine different machine learning
and deep learning systems based on plant disease and pest detection systems were developed [19].
These systems commonly used images (typical plant/leaves images, infected plant/leaves images)
as primary data. From among nine systems, we chose three different techniques, namely artificial
neural networks (ANN), long short-term memory (LSTM), and support vector machine (SVM), to test
the effectiveness of the proposed work.

An automatic disease diagnosis and the controlling system was proposed to identify the disease
infection on cotton leaves based on soil quality monitoring. The support vector machine approach [20]
recognized five common diseases that affect cotton leaves. It used an android application to send the
detected infection name and the recommended remedies to the farmers. The farmers then used Internet
of Things technologies to control both the motor for irrigation and the sprinkler to spray the pesticides.
Since SVM can handle multiple continuous and categorical variables, it is widely used and is the most
popular machine learning approach for the classification process. It splits the data into different classes
to find a maximum marginal hyperplane. It can represent the other classes in a multidimensional
hyper- or decision-plane in an iterative manner with minimized error, but it requires more time for
training, and hence it may not be apt for large datasets. Moreover, the performance will not be better if
the dataset has overlapping classes.

A plant disease recognition model was created in [21] using deep neural networks. A convolutional
neural network based plant disease identification system used in [22] is also available. The image
dataset was used as input to the model. It identified nearly thirteen different types of leaf diseases
that occur in the crop. The ANN was trained using the pest and disease analysis dataset. It has three
layers with a different count of neurons in each layer. In order to avoid overfitting, a dropout layer
was also used. The first layer is the input layer that used 512 neurons, and a Rectified Linear Unit
(RELU) was used as the activation function [23]. The RELU activation function (f(z)) is a half-rectified
one where f(z) = 0 when z < 0 and f(z) = z when z > 0. Then, the second layer of the ANN includes
256 neurons with the activation function Sigmoid. It also includes a dropout layer proportional to the
input layer. The third (intermediate) layer consists of 128 neurons with the same Sigmoid activation
function and is then followed by the dropout layer. The output layer is configured with two neurons,
with Softmax as the activation function. The activation functions tell the network how to judge when
a particular node weight has created a good fit. The selection of activation functions for different layers
was performed based on the trial and error method. Five epochs were used at each layer to facilitate
the learning of neurons.

The deep learning model LSTM in [12] is a particular class of recurrent neural networks that
outperforms in solving long-term dependency and time-series problems. The LSTM model was
designed to capture the relationship between the weather feature data that were used to predict pests
and diseases. The model contains a set of input gates for entering the current-cell input features;
the forget gate decides if and how much information should be forgotten for the last memory. The output
one controls the information outputting from the current cell. In LSTM, the climate pest temporal data
should be converted to three dimensions of tenser data. This architecture includes two subsystems
called LSTM layers and connection layers. The first one is used for capturing the temporal relationship
between the climate data and the outbreak of pests and diseases. The second subsystem is used to
reduce the output dimensions and then map the output vector to a final prediction decision.

The proposed method is compared with the other techniques in terms of prediction accuracy,
average root mean square error, average percentage error. We also approximately calculated the
anticipated revenue generation by implementing the proposed work. From Figure 7, it is clear that
the prediction accuracy is high when the dataset contains a greater number of pest and disease data.
This enabled the system to learn all possible conducive microclimatic combinations that create the
conditions for pests and cotton crop diseases.
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Figures 8 and 9 illustrate the RMSE and average error rate of the proposed intelligent pest and
disease forewarning system for cotton crop. The above error rate was derived by calculating the false
positive rate, correct negative rate, prediction rate, true positive value, and false negative values.
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Figure 8. Average percentage error rate.
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Agriculture 2020, 10, 641 10 of 12

From Figures 9 and 10, it is clear that the proposed system exhibits a more optimal performance
over other related works. After the basic model of the proposed work was developed, the other
parameters were adjusted to achieve higher performance. The model itself can update the learning
parameters in real time. The learning parameters were updated according to the current input data,
and the same can be used to predict the occurrences of other pests of the cotton crop. Figure 10 compares
the average accuracy rate of four works. From the result, it is clear that the proposed work outperforms
the other three works. The main reason for the performance enhancement is the life cycle of various
pests and diseases of cotton crop, which has the highest linear relationship with the microclimatic
factors seen in the data we collected in real time from the farm field.

1 T T T T T T
SVM summm
ANN s
0.95 | LSTM smmm A
Proposed Work* smmmm
09 |- -
2
14
g 085} 4
08 |- e
0.75 |- .
DS1 DS2 DS3 DS4 DS5 DSe6 DS7 Ds8
Data sets

Figure 10. Average accuracy rate.

We calculated the expected gain due to pest and disease forewarning service in the domain
districts due to pesticide usage. Data on reducing environmental pollution are extrapolated in Table 3.

Table 3. Anticipated receipts.

Average Area Gain Due to Gain Due to Expected Total Gain for
SI. No. Districts Under Cotton ! (ha) Saving in Pesticide Additional the District as a Whole
Usage 2 (INR) Yield 3 (INR) (INR/Season)
1 Tirunelveli 1310 2,580,700 6,340,400 8,921,100
2 Thoothukudi 4143 8,161,710 11,529,969 19,691,679
3 Virudhunagar 8603 16,947,910 29,146,964 46,094,874
4 Total 14,056 27,690,320 47,017,333 74,707,653

! Average area under rainfed crop in the last 5 years. 2 Assumptions: Saving in number of sprays: 2/ha; cost per spray:
approximately 985 INR/ha [24]. ® Gain due to timely application of fertilizers, crop boosters and ETL based pesticide
spray. Productivity: Tirunelveli district: 311 kg lint/ha; Thoothukudi district: 174 kg lint/ha; Virudhunagar district:
212 kg lint/ha. Data indicates average productivity of cotton in the last 4 years. Source: Season and crop report
2011-2012 from Tamilnadu Agri Tech web portal [25]. Assumptions: Additional yield: 13% of the actual yield;
price of lint: 121 INR/kg.

4. Conclusions

This paper presented an intelligent pest and disease online prediction system for cotton crops
based on microclimatic parameters. The WSN was deployed on a black soil farm to get real-time
microclimatic data, and the same data were then stored in the database. HDFS and Kaa tools were used
in data analytics. The proposed system predicts the occurrence of Thrips tabaci and Ramularia areola
using the time series ARIMA model. The predicted results were compared with actual pest and disease
occurrence in the farm field. Dynamic threshold was used in calculating the error. The presented
approach was implemented using Python programming and tested through the farm field’s real-time
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dataset. An application and an interactive voice response system were also developed to disseminate
timely advice and guideline to the farmers. The experimental result analyses confirm that the proposed
scheme shows an optimal detection rate and a minimal false alarm rate. The proposed approach was
compared with existing methods such as the ANN, SVM, and LSTM. The comparison found that
the proposed model outperforms the existing works in terms of accuracy rate, average root mean
square error, and average percentage error. We calculated the anticipated revenue with the proposed
system from the cotton production based on the gain due to savings in pesticide usage and gain
due to additional yield. Through the timely and judicious use of pesticides due to pest and disease
forewarning, service cost of cultivation was reduced, and pesticide residues were avoided. In this way,
livelihood security and environmental security are achieved.

In future works, we plan to get help from the self-help groups in the Thoothukudi, Tirunelveli,
and Virudhunagar districts to reach the regional farming community of those districts. We will
introduce the proposed work to the district level farmers through the district-wide agricultural officer
(Quality Control and information and Training) of Tamilnadu. The developed model will be presented
in the Smart India Hackathon (SIH) contest in order to reach the agriculture sector’s ministries,
managerial, government, private organizations, and academic personnel, as this would enable us
to connect with the farmers in our country more easily. The main goal for subsequent research will
be modeling the most adjusted multivariate multistep ARIMA models for the most common pests
such as Aphis gossypii, Amrasca devastans, and Pempherulus affinis. The proposed system’s graphical
user interface will be enhanced with augmented reality potential that aims to provide automatic crop
disease diagnosis with a visual inspection. It could benefit the users with little to no knowledge of the
plants that they are cultivating.
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