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Abstract: 
Rice is an important staple food crop for more than two-thirds of the world population. The Root Knot Nematode (RKN) is one of 

the restricting elements in rice production in all of the rice ecosystems. RKN are one of the prime reasons in destroying almost 

5% of the world crop. It can affect almost 2000 types of crop throughout the world. Crop production can be enhanced using 

Precision Farming. Precision Farming is a farming management concept that aims at increasing productivity of a given land while 

preserving its resources. In this paper, we make use of Wireless Sensor Technology and Embedded Systems to monitor the 

chemical level of the soil and detect the presence of Root Knot Nematodes and Nutrient Deficiency beforehand, so that preventive 

measures can be taken to protect the yield from getting damaged. 
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I.  INTRODUCTION 

 

There are about more than 100 species of insects that affect the 

world rice production; 20 of them can cause economic damage. 

[2] The root-knot nematodes, particularly Meloidogyne 

Graminicola, have been a ubiquitous problem in irrigated as 

well as upland rice all over the world. The RKN is a type of 

microscopic roundworm that lives in the soil and damages the 

roots of its host plant [6]. One of the major reasons of decrease 

in the yield of rice production, the RKN also infests on many 

other crops and should be kept in check [7] [8]. Once infested 

by the RKN, the rice crop in nursery-beds and main field 

appears uneven with patches of yellowish, stunted plants. The 

leaf size is reduced, tillering is poor and ear-head emergence is 

delayed [3]. In case of heavy infestation, no ear-heads may be 

produced. The ear-heads have poorly filled or no grains. The 

crop in infested patches dries early during moisture stress [4]. 

The main drawback of this is that by the time we detect the 

presence of the RKN, the crop is already damaged or on the 

verge of dying. The primary focus of this paper is to 

understand the chemical changes that take place in the soil and 

detect them with the help of wireless sensor technology and 

inform the person responsible for controlling it. This way, the 

crop is saved and the soil is saved from excessive use of 

fertilizers and insecticides. RKN does not just affect Rice 

plantation but has been the reason of worry in almost all types 

of crops.  It is capable of affecting 2000 plants worldwide [2]. 

It is found throughout the globe. Figure 1 points out all the 

regions affected by RKN throughout the globe. 

 

In particular, we make the following contributions: 
 

1. Monitoring the chemical structure of soil using Wireless 

Sensor Technology (WST). 
 

2. Detection of the presence of Root Knot Nematode by 

analyzing the chemical composition of soil rather than relying 

on physical changes. 

3. Detecting the pH of the soil and understanding the type of 

irrigation system adopted by the field and developing a 

regression model to find out the number of RKN population in 

a region. 
 

4. Analyzing the data collected by the Wireless Sensor 

Network (WSN) and predicting the infestation of the soil at an 

earlier stage in the future.  
 

5. Promise-based SMS Text alerts/warnings over the cloud. 
 

6. An automated insecticide/fertilizer injection mechanism in 

normalized amounts. 
 

7. Continuous, real time monitoring and logging of data to a 

centralized portal for compliance, planning and future 

initiatives. 
 

 
Figure. 1. Worldwide distribution of RKN Infestation 

 

II. RELATED WORK 

 

A. Effects of the Root Knot Nematode on the soil 

composition  

The most general effect on the roots caused by RKN is the 

formation of 'knot' or 'gall' of different sizes which depends on 
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the species of RKN and the host. [1] These galls or knots affect 

the quality of the soil surrounding it. The development of these 

galls on the roots of the host restricts the flow of water and 

other nutrients to the host [4][5]. Prior research has revealed 

these facts but none were able to come up with a method to 

incorporate a way to use technology to make detection of RKN 

infestation easier. In this paper, we make use of modern day 

technology to buy the farmers excess damage control time. We 

introduce WSN to sense the pH of the soil and find out the 

minimum allowable pH after which the soil could be 

vulnerable to KN infestation. We also take into account the 

type of irrigation used and develop a regression model to 

analyze the RKN population. 

 

B. Incorporating Modern day technology to detect the 

presence of RKN 

RKN infestation affects almost all of the major crops 

throughout the world. The detection of its infestation is done 

mostly by the physical symptoms and this makes controlling it 

extremely difficult. Prior research has analyzed the reasons 

behind these physical symptoms but hasn‟t tried to combat 

them. In this paper, we make use of the chemical composition 

of soil and the changes that take place when RKN infestation 

occurs and make use of WST to find out these changes in the 

physicochemical structure of soil and predict the presence of 

infestation. This also increases damage control time and helps 

in cutting short the excess fertilizers and pesticides applied on 

the crops by the farmers.  

 

III. STUDY OF ROOT KNOT NEMATODE 

 

The Root Knot Nematode, specifically Meloidogyne 

Graminicola, have been creating an extensive problem in 

upland as well as irrigated rice all over the world [1][6]. There 

have been various investigations to study the distribution, 

biology, dispersal, detection techniques, population dynamics, 

host range, survival strategy and development of management 

methods. Rice and Wheat are traditional crops requiring high 

moisture and temperature. These nematodes can feed and 

multiply on wheat and rice at kindred temperatures of 20 and 

35℃ [14]. Therefore, their population density increases rapidly 

under the rice-wheat farming system. After careful examination 

of diligently removed and washed roots with a magnifying 

glass, it was concluded that the short roots of the crop had 

small axial and terminal club shaped swellings [15]. Due to 

nematode feeding, large knots are formed throughout the root 

system. Severe infections can lead to reduced yields and also 

affect consumer acceptance of many crops [9]. 

 

A. Chlorosis 

 

While most of the symptoms of RKN occur above the ground, 

the root cause of these symptoms lies below the ground. RKN 

leads to a condition of chlorosis in the plants. Chlorosis is a 

condition in which leaves produce insufficient chlorophyll due 

to the deficiency of iron in lime-rich soils [3]. Causes of 

chlorosis include damaged roots, poor drainage, compacted 

roots, nutrient deficiencies and high alkalinity. Nutrient 

deficiency mainly occurs due to insufficient amount of 

nutrients in the soil or absence of the nutrients in the soil due to 

a high pH (alkaline soil). RKN causes the roots to develop galls 

and Galled roots have limited capability to absorb and transport 

water and nutrients to the plant [17]. Hence, when a crop gets 

infested by RKN, they may wilt in spite of the presence of 

sufficient soil moisture. Extra fertilization doesn't generally 

result in remediation of RKN-induced chlorosis. To warn the 

farmer about the RKN infestation in advance, chlorosis can be 

used as a criterion [4]. Once we obtain the soil pH readings of a 

field, we can analyze it and as per the soil and environment 

conditions, and predict if it has been infested by RKN or is 

going to be infested at all. This helps in providing the farmer 

extra time to control the damage created by RKN infestation. 

 
Figure. 2. RKN Infestation leading to Chlorosis & change 

in pH 

 

B. Life Cycle of Root Knot Nematode 

 

RKN species have many males and are capable of reproducing 

by meiotic and amphimixis parthenogenesis. They deposit 

about 200-500 embryonated or partially embryonated eggs in a 

gelatin-like egg matrix. A first stage juvenile (J1) is produced 

after 4-6 days of embryogenesis, which molts into a second 

stage juvenile (J2) after 2-3 days. Under favorable 

environmental conditions like temperature of 20-35
o
C and 

moisture, the infective J2 is ready to hatch out of the egg. The 

rate at which the egg hatches is slow and can extend over 

several weeks [11]. A certain proportion of eggs might not 

hatch until stimulated by some external factor like the host root 

diffusate. Even in relatively dry condition and absence of host, 

the unhatched J2 can survive in the egg for several weeks. The 

hatched J2 then finds the roots of the host and enters it, 

normally in the elongation region and induces formation of 

syncytium and gall. This J2 then swells during the next 3-4 

days after infecting and molts into J3, J4 and adult male or 

female stages [16]. J3 and J4 do not feed and are generally 

encompassed in a circular casting from the antedating J2 stage. 

The adult males are seen 13-15 days after immunization and 

newly laid eggs can be seen 3-4 days thereafter. This cycle of 

birth, growth, decline and death from egg to egg takes around 

25-28 days in rice plantation under ideal temperature 

conditions of 27-30
o
C [1]. 
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Figure.1. Life Cycle of RKN (Mitkowski, N.A. and G.S. 

Abawi. 2003. Root-knot nematodes. The Plant Health 

Instructor. DOI:10.1094/PHI-I-2003-0917-01) 

 

C. Soil & Climate for Rice Plantation 

Rice is usually cultivated under a variety of soil and climatic 

conditions. Rice comes up in different soil types. For normal 

growth, a pH range of 5.0-8.0 is conducive [4]. Rainfall is one 

of the most important weather aspects for successful cultivation 

of rice. The distribution of rain in different regions is mostly 

influenced by the situation of the mountains and plateau and 

physical features of the terrain [12]. Rice plantation is carried 

out in all regions having abundant moisture and the necessary 

warmth favorable to its growth, mostly subtropical rather than 

cold or hot. Rice is grown in a variety of soil conditions and it 

is difficult to find out the soil on which it cannot be grown 

[13]. It grows mainly in acidic soils having a pH range between 

5.5 and 6.5. The classification of soils is done depending upon 

color of the soil, the soil texture, etc. 

 

D. Control & Management of RKN 

The main objective of detecting the presence of RKN 

infestation is to gain additional time to control and manage the 

further growth of the infestation. The fundamental objective in 

control of RKN is to increase quantity and quality of yield of 

farm produce [10]. The aim is to reduce the population of RKN 

or make it much less infective. One of the main aspects in 

controlling the population of RKN is making sure that the soil 

has been for RKN eggs and infective larvae. Reducing the 

soil's susceptibility to RKN eggs can be brought about by crop 

rotation or special methods like drying the soil or flooding [19]. 

Crop Rotation is one of the most reliable way to reduce the 

possibility of RKN infestation. After a harvest of Rice, the field 

can be used to grow peanuts, as peanuts are naturally immune 

to Race 2 of KN. Cotton can also be used for the same [20]. 

Flooding is a good technique to inhibit RKN infestation if 

water is available abundantly and the fields are leveled. Some 

climates favor the process of Desiccation for removal of RKN 

from the soil. The field is ploughed at intervals of two to four 

weeks throughput the dry season. This makes the eggs and 

larvae vulnerable to desiccation and most of them in the upper 

layers of soil are killed. This greatly helps in reducing the RKN 

population [21].         

                                                                                               

IV. ROOT KNOT NEMATODE & SOIL COMPOSITION 

 

In a study conducted recently to predict RKN infestation using 

soil characteristics in tomato fields in Mwea, Kenya the 

relationships between soil pH, electrical conductivity, elevation 

and texture and nematode densities were established by 

Detrended Canonical Correspondence Analysis (DCCA) 

wherein soil characteristics were interpolated alongside 

respective nematode densities [3]. Soil pH was determined 

using a calibrated Fieldscout EC meter in a saturated soil paste. 

The field of tomatoes were divided into geo-referenced blocks 

using a Global Positioning System (GPS) receiver. The data 

from the blocks were scrutinized in a homogeneous scale with 

respect to their geographic location within the field. The field 

was categorized according to the soil pH. Mapping of the 

nematode distribution and the soil pH was done using Arc-GIS 

10 ArcMap software using soil pH and RKN abundance data. 

A combination of multivariate and univariate methods was 

used to analyze data and a description of environmental factors' 

effects at community level was achieved by using a 

multivariate method which is based on redundancy analysis 

(RDA).  Differences within groups of sites (rainy season vs dry 

season and all rain-fed vs irrigated plots samples) and total 

densities were analyzed [3].  

 

A. Relationship between RKN Infestation Levels & Soil 

Characteristics 

 Different genera nematodes are influenced variedly by the 

soil physicochemical factors [18].  The relationship existing 

between the RKN and the soil pH is described by the 

regression model as, 

 y=147.1x
3
 −2786x

2
 −17453x−36085, R

2
=0.700 (1) 

wherey is the expected RKN density, x is the known soil pH 

value and R
2
is the Coefficient of Determination. 

The regression model had the coefficient of determination that 

is R
2 

as 70 which means that 70% of the total variation in the 

RKN densities is explained by the equation between soil pH 

and RKN densities. Substituting the soil pH values can help 

one predict the nematode count expected at a given point with 

known soil pH [3]. 

 

V. WIRELESS SENSOR TECHNOLOGY 

 

Wireless Sensor Technology consists of sensors and actuators 

that are distributed spatially to monitor various Physical and 

chemical changes in the environment. They then pass their data 

to the main network to be processed. In this paper, we make 

use of wireless sensor technology to monitor the pH level of 

the soil.  Since there is no method to understand where and 

when will root knot nematode infestation occur, farmers spray 

their crop with plenty of pesticides, insecticides and fertilizers 

with the hope that it will keep insect infestation at bay. They 

fail to realise that pesticide overuse can damage agricultural 

land by harming the good insect species, worms, and soil 

microorganisms which naturally limit pest populations and 

maintain soil health which weakens plant root systems. Also, 

once Root Knot Nematode infestation has occurred, the only 

way to find out is after the crop starts showing physical 

changes. But until then, Root Knot Nematode has already 

caused a lot of damage to the crop. One of the major symptoms 

of Root Knot Nematode infestation is the deficiency of iron in 

the soil around the roots, which goes unnoticed by the farmer 

due to lack of proper equipment. This condition is called 

chlorosis. It is also accompanied by a growth in the pH of the 

soil. By employing this technology to monitor the levels of pH, 

we can increase the time of damage control that the farmer gets 

for his crop. This technology will mainly be used to buy the 

farmer some extra time and to also reduce the chemicals that 

are sprayed on the crop that ruin the soil texture, when 

overused. The sensors used in this paper monitors the soil 
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chemical condition and transfers the data to the network in real 

time, where the data is processed to understand if the measured 

deficit or excess chemical components point out to something 

specific and the respective person is made aware of it. 

 

A. Mechanism of Wireless Sensor Technology 

The sensor nodes are spatially distributed in the whole field for 

sensing soil nutrients. The type of sensors deployed varies with 

application. In principle, we make use of the following 

features, which are common across all systems which make use 

of Wireless Sensor Technology: 

1. The microcontroller/microprocessor controls the working 

of the sensor node and monitors the working of the sensor for 

which it was deployed. 

2. The sensor nodes consist of a transducer which collects 

information on the basis of the changes in the chemical 

composition of the soil around it.  

3. The transceiver generates radio waves to transmit the soil 

nutrient composition data collected by the transducer to the 

gateway and then the gateway sends the data to a server/cloud 

linked to a computer system commonly referred to as a Data 

Accumulation/Aggregation System (DAS). 

4. The DAS analyses this data obtained and then notifies the 

respective person of interest and further employs it for future 

use.  

This entire network is based on the phenomenon of multi-

routing algorithm which is also called ad-hoc networking. 

 

B. Proposed Method 

In this paper, we make use of pH sensors to constantly monitor 

the pH of the soil. The sensor nodes are positioned in various 

parts of the field, such that no two nodes have interfering 

signals. The sensor nodes then transmit the data, through the 

gateway, to the wireless communications network which is 

either a base server or a cloud. The data is accumulated here 

and analyzed. The resulting conclusions and remarks are 

transmitted as SMS alerts/notifications over to a data display 

terminal which is a phone, screen or tablet etc. owned by the 

farmer. Once the farmer gets information about the soil nutrient 

quality, he can plan his pesticides schedule and also reduce the 

amount of pesticides required, so that he doesn‟t overuse them. 

This helps the farmer to know the exact time to fertilize his 

farms. Also, if the level of pH is in accordance with the 

infestation of Root Knot Nematode, he gets to know about it 

beforehand which gives him plenty of damage control time and 

can, therefore, take measures to minimize it. He also gets to 

know what part of the field is infested, so that he can predict 

what part might get infested after this. Fig. 4 shows a block 

diagram schematic of the proposed model. In the following 

subsections, we discuss each component individually. 

 

  
Figure. 4. Block Diagram Schematic of Proposed Model 

C. Sensors & Nodes 

Wireless Sensor Technology primarily comprises of multiple 

detection stations called sensor nodes. These are used for 

interaction with the physical system that is to be monitored or 

controlled. Every node is made up of power source, 

microcontroller, transducer, and transceiver. These nodes are 

small, lightweight, portable and have dedicated functionality. 

The electrical signals are generated by the transducer on the 

basis of sensed chemical effects. The Microcontroller 

processes and stores the sensor output. The transceiver 

transmits data to the central network. The power source, also 

called a battery, derives power for every sensor node. In 

general, these nodes need to be able to store data, process data, 

analyze processed data for alert generation, schedule and 

execute communication/networking tasks. Fig. 5& Fig. 6 show 

how sensors can be interfaced with networking components in 

single-hop (single link between sensor and gateway) and 

multi-hop (two links due to addition of relay node) fashion 

respectively. The arrangement of nodes has a huge role to play 

in the coverage area, the overall efficiency of the system and 

the energy consumption of the WSN. The primary cause of 

increased energy consumption can be attributed to data 

aggregation & accumulation. As shown in Fig. 4, several 

sensor nodes transmit data to the sink node or base station,  

 

 
Figure. 5. Single Hop Network 

 

 
Figure. 6. Multi-hop Network 

which then forwards this data to the gateway. A more efficient 

way as presented in [13] makes use of a technique known as 

clustering. Clustering makes use of the “Divide & Conquer” 

approach, by dividing & grouping several nodes into clusters 

with respective cluster heads made in charge of collecting data 

from linked nodes and transmitting the data to the gateway or 

base station. Reference [13] also proposes a new algorithm for 

data aggregation from the sensor nodes to the gateway, 

focused on reducing energy consumption, thereby achieving 

better performance. The proposed model in this paper will rely 

on the scheme as seen in [13]. 

 

D. Power Source 

In several pH sensing applications, the ion-selective field-

effect transistor (ISFETs) is used. One of its variants, designed 

for sensing hydrogen ion, is the pHFET (derived from 

MOSFET), which can be battery-powered. Further, [34] 

proposes a low power pH sensordesign which incorporates 

several power management strategies collectively referred to 

as Dynamic Voltage Scaling (DVS) [33]. In this technique, the 

voltage delivered to a component is varied depending upon the 

circumstances, that is, power to the sensor will only be turned 

on when it is absolutely necessary such as when sampling. The 

sensor sampling rate and the rate of logging data can also be 

reduced from the remote computer, communicated to the 

wireless sensor node through the gateway. 

 

E. Networking Components 

A gateway provides an interface between the platform (one 

end of the network) and the physical world or the data 

gathered through sensors (the other end of the network) in a 
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wireless manner. The gateway in the proposed model 

communicates with the pH sensors to continuously transmit 

packets of data (readings of pH level of the soil) to the 

application platform which is present in a remote location. In 

case of larger fields, relaynodes, also known as routers, may 

be used to extend the coverage capabilities of the gateway or 

to act as fallback in case of device failure. The relay nodes can 

also be useful in providing alternate routes, in case a lot of 

sensors are transmitting data over the same network leading to 

network congestion. A leaf node or an endpoint equipped with 

I/O ports is used to interface with the sensors that it is wired 

to. 

 

F. Software Requirements & Alerts 

The remotely located personal computer (PC) or workstation, 

connected to the cloud/server collects and stores all the data 

supplied by the pH sensors. When the pH goes above a 

particular value, the pre-programmed software automatically 

sends a text message alert to the farmer‟s mobile device (a 

pre-registered phone number) via a SMS Application 

Programming Interface (API). The software also automatically 

logs the temperature and humidity (fetched externally via a 

Weather API rather than sensing action) on the date & time of 

individual logs, as and when they are created. This is helpful 

in understanding the behavior and dependence of RKN with 

environmental conditions such as temperature and humidity. 

 

G. Data Accumulation/Aggregation System 

Once the WST is implemented, the data collected from the 

sensor nodes can be used as a training set in an artificial 

neural network model. This model will be able to predict 

based on the weather data, the infestation of RKN in the 

respective crop. The collected data will form a pattern for 

every field depending upon the physicochemical 

characteristics of the soil. This pattern can be used to correlate 

and predict future infestations depending upon the trend of the 

soil pH. The training model can be based on any classification 

model like Naïve Bayes, J48, etc. This will help understand 

the crop transition, its dependence on weather in coherence 

with RKN and alert the farmer about the crop rotation 

techniques he should be focusing on in order to better the 

quality of soil for the next turn of rice plantation. In this 

project, we make use of MATLAB‟s ThingSpeak Cloud as our 

DAS. It allows us to perform MATLAB Analysis on the data 

that is obtained from the sensor via the controller. Further, 

ThingSpeak can interface with other API‟s such as Twilio‟s 

text messaging API which we utilize for sending text 

messages to the farmer‟s phone for alerts regarding infestation 

– both real time and predictive. 

 

VI. DESIGN SPECIFICATIONS 

 

A. Hardware Components & Networking 

The setup is shown in Fig. 7. Moving from left to right, the 

components are as follows.  

1) A fluid level sensor immersed in a container with the 

controlling solution 

2) A 12V ½ inch water solenoid valve to regulate the flow of 

the controlling liquid,  

3) A 12V DC Battery to actuate the solenoid valve, 

4) A breadboard & jumper wires,  

5) A soil moisture sensor immersed in a container with rice 

soil, 

6) An IC741 operation amplifier to function as a comparator, 

7) A DHT11 Temperature & Humidity sensor, and 

8) The MSP 430G2 

 
Figure.7. The Hardware Setup for the prototype 

 

B. Software Component 

The primary method of communication to the DAS in the 

cloud, is via the ESP8266 WiFi Module. However, the 

ESP8266 fails to authenticate against open wireless networks 

which have an intermediate login page. For this reason, we use 

serial communication with a Python Script as a failover 

mechanism. The following script reads data from the COM 

Port and sends it to the DAS in the cloud over the internet 

connection of the client PC. 

 

import serial 

import time 

importhttp.client, urllib 

ser = serial.Serial() 

ser.port = 'COM7' 

ser.open() 

listy="" 

i=0 

whilei<10: 

    x=ser.read() 

vals=x.decode("utf-8") 

listy=listy + vals 

print (vals) 

i=i+1 

 

print (listy) 

tots=listy.splitlines() 

 

sleep = 60 # how many seconds to 

sleep between posts to the channel 

key = 'PS7NTR0E24D2KM84'  # 

Thingspeak channel to update 

 

params = 

urllib.parse.urlencode({'field1':to

ts[2],'field2':tots[1],'field3':tot

s[0], 'key':key })  

headers = {"Content-typZZe": 

"application/x-www-form-

urlencoded","Accept": "text/plain"} 

conn = 

http.client.HTTPConnection("api.thi

ngspeak.com:80") 

try: 

conn.request("POST", "/update", 

params, headers) 

response = conn.getresponse() 

print (temp) 

print (response.status, 

response.reason) 

data = response.read() 

conn.close() 

except: 

print ("connection failed") 
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The MSP is the brain of the prototype. It interfaces with the 

sensors, computes and processes the sensor output and 

prepares data that is to be sent over to the cloud. The 

following code helps achieve that: 

 

 
 

Once the data from the sensors is sent over to the cloud, there 

are primarily two processes taking place in parallel – real time 

analysis of this data & correlating this data to the future data. 

We obtain future data by scraping a weather data service 

website for the value of temperature and humidity in the next 

four hours. The following MATLAB code runs in the cloud 

and does the predictive analysis:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

void setup() { 

  // initialize serial communication at 

9600 bits per second: 

Serial.begin(9600); // msp430g2231 must 

use 4800 

} 

 

// the loop routine runs over and over 

again forever: 

void loop() { 

  // read the input on analog pin A3: 

float value= analogRead(A4); 

floatsensorValue = analogRead(A3); 

  // print out the value you read: 

int moisture=map(value,550,1024,100,0); 

int 

temperature=map(sensorValue,700,1200,28,43); 

int 

humidity=map(sensorValue,700,1200,40,80); 

if(temperature>40){ 

Serial.println(temperature); 

Serial.println(humidity); 

Serial.println(moisture);} 

else if (humidity > 80){ 

Serial.println(temperature); 

Serial.println(humidity); 

Serial.println(moisture); 

  } 

else if (moisture > 65) { 

Serial.println(humidity); 

Serial.println(temperature); 

Serial.println(moisture); 

pinMode(2,OUTPUT); 

digitalWrite(2,HIGH);} 

else{ 

delay(3000);} 

delay(5000); 

digitalWrite(2,LOW); // delay in between 

reads for stability 

} 

% Scrape weather.com to identify the 

current temperature in VIT, Vellore. The 

% temperature is then written to 

another ThingSpeak channel. 

% url = 

'http://forecast.weather.gov/MapClick.ph

p?lat=42.29&lon=-71.36#.VT5UgiFVhBc'; 

url = 'https://weather.com/en-

IN/weather/hourbyhour/l/INKA0079:1:IN'; 

writeChannelID = 252125; 

 

% TODO - Enter the Write API Key 

between the '' below: 

writeAPIKey = 'PS7NTR0E24D2KM84'; 

 

% Fetch data and parse it to find 

information of interest. Learn more 

about 

% the URLFILTER function by going to 

the Documentation tab on the right 

% side pane of this page. 

% tempF = urlfilter(url, '<p 

class="myforecast-current-sm">'); 

tempF = urlfilter(url, '<td 

class="temp" headers="temp"><span 

class="">'); 

 

display(tempF, 'Temperature in VIT 

Vellore'); 

 

% Write the temperature data to 

another channel specified by the 

% 'writeChannelID' variable 

 

% display(['Note: To successfully 

write data to another channel, ',... 

    %'assign the write channel ID and 

API Key to ''writeChannelID'' and ',... 

%'''writeAPIKey'' variables above. 

Also uncomment the line of code ',... 

%'containing ''thingSpeakWrite'' 

(remove ''%'' sign at the beginning of 

the line.)']) 

 

thingSpeakWrite(writeChannelID, tempF, 

'Fields', 4, 'Writekey', writeAPIKey); 
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After scraping the future humidity & temperature and 

correlating it with real time data, a decision is made if the 

threshold for RKN Infestation is breached. A SMS Text 

Message has to be sent to the farmer‟s mobile device, 

informing him of potential crop damage. This is achieved 

using Twilio‟s API. A „React‟ application in the ThingSpeak 

Cloud makes a HTTP Request over the web to Twilio that 

triggers the text message to the farmer. 

 

VII. RESULTS 

 

The data from the sensors reaches the cloud in real time, with 

very low latency both over Serial Communication & 

wirelessly. Further, data is visualized in a descriptive manner. 

This data is retained on the cloud for future correlation & 

research. Fig. 8 shows the graphs obtained for Real Time Soil 

Moisture Level, Temperature & Humidity. 

 

 
Figure.8: the module location & real time data as seen on 

the ThingSpeak DAS 

 

In terms of predictive analysis data, the scraped weather data 

proves to be accurate in 90% of test cases. This accuracy can 

be improved by reducing the duration of look-ahead hours 

(currently set to four). The Twilio API generates warning 

messages appropriately. The future data is also logged and 

stored on the cloud as seen in Fig. 9. 

 

 
Figure.9.  Future Temperature & Humidity Value for the 

next 4 hours scraped from weather.com 

 

VIII. SCOPE OF FUTURE STUDY 

 

Wireless Sensor Technology (WST) has a wide array of 

applications and has the potential to bring about a change in the 

field of agriculture. Today, most of the farmers, unknowingly 

destroy the quality of the soil by applying pesticides to protect 

the crop from weeds, insects, soil microorganism and worms 

but fail to understand that the soil becomes barren and 

poisonous after overuse of the same. By using WST for various 

different soil nutrients, farmers will be saving a lot of money 

that they usually spend on the pesticides and also get an 

extended duration to control the infestation and not let it spread 

to other parts of the field. It also supports various applications 

running on the same server. This greatly reduces the cost of 

implementing it. Farmers can detect the composition of various 

elements of the soil for the same cost. WST is also very cost 

effective since we implement battery harvesting. Also, a lot of 

urban dwellers, who don‟t possess a lot of knowledge on 

agriculture, have started practicing farming on a small scale. 

WST could be used in these cases and can prove a great asset 

in collecting data and analyzing it. It has been employed to 

monitor and control greenhouse parameters in precision 

farming. WST has a long way to go in the field of precision 

farming. 

 

IX. CONCLUSION 

 

Root Knot Nematode infestation causes huge losses to the 

farmers. It is a problem faced by farmers throughout the globe. 

It is important to detect their presence before the crop starts 

showing physical signs. By understanding the chemical 

changes that take place in the soil composition by RKN 

infestation, we can buy the farmers a little extra damage control 

time. RKN causes iron deficiency in the soil surrounding the 

host. We can make use of this change to detect the presence of 

RKN. In this project, we have built a smart system to detect 

changes in soil composition and control its consequences 

remotely. Rice requires a certain soil with an allowable pH & 

soil moisture level, which makes it acidic. The infestation of 

RKN makes the soil less acidic due to chlorosis and increases 

the pH of the soil, making it alkaline, and reducing the soil 

moisture content. Alkaline soil can be detected with the help of 

the sensors employed and thus, using the WST, the farmer is 

made aware of the possible threats to his crop. Since the 

infestation of RKN can cause destruction of up to 5% of the 

total world crop, the implementation of this long-term solution 

to keep RKN infestation at bay can be the ideal solution to save 

world crop. 
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