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Abstract

Rapeseed-mustard grown areain India has been classified into five major agro-ecological zones. The basic climatic
conditionstargeted for devel oping the resource efficient varietiesare rainfed and irrigated. Approximately 30% of total
rapeseed-mustard cultivated areain the country israinfed. In situations of erratic climatic conditions, itisimperativefor
thefarmers to be well informed about the availabl e technol ogies suitable for their regions. In India, rapeseed-mustard
researchers have developed many improved varieties performing well in both rainfed & irrigated conditions. However,
information about these varieties is scattered and in several forms. The challenge was to organize the information
electronically so that the farmers of the country could be benefited from thisinformation. For this purpose, aweb based
expert system for rapeseed-mustard crop variety sel ection was devel oped by applying knowledge engineering approaches
with scientific knowledge base in backend. The system suggests the varieties of farmer’s/advisors's choice based on
agro-climatic conditions. The system carries detail ed information about 160 notified varietiesthat have been stored inits
knowledge base. Theimportant feature implemented in thisexpert systemisthat itisbilingual and availablein English

and Hindi languages making it easily understandable by farmers of the major rapeseed-mustrad grown states.
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I ntroduction

Indiaisthethird largest producer of oil seedsworldwide.
Oilseeds cultivated areain Indiais about 27 mha, out of
which 72 % area is under rainfed condition. Out of the
nine oilseed crops cultivated in India, Soybean (Glycine
max (L.) Merill ), Rapeseed-Mustard (Brassica species),
Groundnut(Arachis hypogaea L.) and Sunflower
(HelienthusannusL.) arethemajor cropsand collectively
contributeto morethan 85% of thetotd oilseed cultivated
area. Rapeseed-mustard is the second most important
oilseed crop from production, as well as, domestic
consumption point of view and comprises of about 25%
of the total oilseed cultivated area (Anonymous, 2014).
The rapeseed-mustard grown area in India has been
classified into V major agro-ecological zones based on
their climatic conditions. In India, about 55% of the net
sown areaisrainfed (NRAA, 2012). Morethan 27% area
of total rapeseed-mustard isunder rainfed condition which
of highrisk of importance. Rapeseed-mustard crop being
an economically important oilseed crop, continuous
efforts have been made by researchers since along time
to develop resource efficient varietiesfor different agro-
ecological conditions. Rapeseed-mustard crops
comprises of traditionally grown indigenous species of

rapseed and mustard. Theindigenous species of rapeseed
includes, Brown Sarson (Brassica campestrissyn. B. rapa
var.. Brown Sarson); Gobhi Sarson (B. napusssp. oleifera
DCvar. annua); taramira(Erucasativa/ vesicariaMill.);
Toria(B. campestrissyn. B. rapavar. Toria); Yellow Sarson
(B. campestris syn. B. rapa var.. Yellow Sarson). The
species of mustard includes Indian mustard [B. juncea
(L.) Czernj & Cosson); black mustard (B. nigra); Ethiopian
mustard or Karanrai (B. carinata A. Braun). Asaresult
till 2015, morethan 160improved varieties of these species,
suitable for different zones, have been developed by
researchersunder All IndiaCoordinated Research Project
on Rapeseed-Mustard (AICRP-RM) and are notified by
the Government of India and State governments
(Chauhanet al., 2006; 2012, AICRP-RM 2015). Although,
the information related to most of these varieties have
been documented, however it is scattered and in severa
forms. Organization of this scattered information and
making it accessibleto the end usersisamajor challenge.
Availability of the information to the intended users
(farmer, extension personnel, student and researchers)
supports in selection of varieties for their specific
purposes. Variety selectionisthemost important decision
a farmer make each year for any crop. This needs



agricultural specidization and technical awarenessamong
farmers or extension personnels to help the farmers in
selecting suitable variety. Thetraditional system to equip
farmerswith latest scientific information and technological
progresses is either not trustworthy or highly expensive
or may not available at the time of farmers’ decision
making. In order to alleviatethis problem, expert systems
wereidentified asapowerful tool with extensive potential
inagriculture (Hasan et al., 2014; Ganesan, 2007).

In the era of digital technology, World Wide Web has
played an important role in development of tools to
augment human decision-making ability (Daryal et al.,
2012). Web based expert system for rapeseed-mustard
variety selection can assist the farmers and extension
personnels by providing varietal information according
to their climatic conditions. The expert system is an
intelligent computer program that uses knowledge based
and inference procedures to solve problems that are
difficult enough to require human expertise for their
solution (Kumar et al., 2008; Andrew, 2014 ).

Related Work

Asthe expert system (ES) isacomputer program which
captures the knowledge of a human expert on a given
problem, and usesthisknowledgeto solve problemsina
fashion similar to that of an expert. The system can assist
expert during problem-solving, or act in place of the expert
in situationswhere the expertiseislacking (John Durkin,
1990). A number of stand-alone and web based expert
systems have been developed for solving general and
domain specific problemsin agriculture. Expert systems
for diseasediagnosis(Yiaouriset al., 1996; Mansingh et
al.,2007; Boydetal., 1994; Thomsonetal., 1998; Li etal.,
2002; Prasad et al.,2002; Mahamanet al., 2002, 2003; Duan
etal., 2003; Zetian et al ., 2005; Gutie' rrez-Estradaet al .,
2005; Gonzalez et al. ,2006; Prasad et al., 2006; Khan et
al., 2008; Kumar et al., 2008; Petil et al., 2009; Lai et al.,
2010; Li et al., 2002; Ahmed Rafea, 2010; Ravishankar et
al., 2012; Kolheet al., 2011; Sarmaet al. 2008; Pertot et
al., 2012; Suhartono et al., 2013; Kaliuday et al., 2014)
and System for selecting crop variety (Joseph, 1995;
Zhang et al.,1992; Ole et al., 1997; Allan et al., 2001;
Edreeset al., 2003; Millard et al., 2009; Xiangliangetal.,
2009; Yan-fangLiuetal., 2013; Idam etal., 2012; Erlinet
al., 2014; Koonsanit et al., 2011; Ani Dath et al., 2016)
have been developed for crop variety selection. Grove
(2000) mentioned several factors that make the internet
an ideal base for expert system delivery in contrast to
stand-alone platform. These are; instant availability of
internet; acommon multimediainterface provided by web
browsers; inherent portability of web based applications
and availability of several web based KBS development
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tools. In order to devel op an expert systemin agriculture,
knowledge has to be extracted from human expert or
domain expert. This knowledge isthen converted into a
computer program. While developing it, engineer must
perform task of extracting theknowledge from the domain
expert, so that it can produce knowledge base. The
knowledge is then represented in the form of IF-THEN
rules. Inthisdirection muchwork has been done, however
no study has utilized this new approach for selecting
climate resilient varieties of rapeseed-mustard crop.
Therefore, this study was conducted with major focus
on the design, implementation and application of web
based variety selection system for rapeseed Mustard.
The system developed in the study was named as
RM Select and it was devel oped at | CAR-Directorate of
Rapeseed-Mustard Research, Bharatpur, the premier
ingtitute engaged in development and co-ordination of
rapeseed-mustard research in India. RMSelect is a
prototype system devel oped for rapeseed-mustard crop,
but the system can be implemented for any agricultural
crop especially oilseed cropsasan aid in farmer decision
making for selection of appropriate variety of their need.
For development of web-based system, we chose the
robust open source technology LAMP (Linux-Apache-
MySQL-PHP), the system which is bi-lingual was
recommended to use an essential tool for rapeseed-
mustard variety selectionin India.

Materialsand M ethods

The design of an agricultural expert system (ES) hasto
take into account two possible requirements: 1) the
completeness of the information held in the knowledge
base, and 2) ease of usefor theintended users. Information
in the knowledge base has to be as comprehensive and
detailed as possible to allow for all conceivable queries.
A key factor in the success of any ESisthe quality and
quantity of knowledge provided by the experts (David,
1987). There are several methodologies devised for
development of expert system, and out of them, rule-
based knowledge representation appears to be better
adapted to expert systems (Lio, 2005). System design
and development usually proceeds through several
phases of asoftware development life cycle (SDLC) that
includes: feasibility study (problem identification);
requirementsanalysis(users requirements); systemdesign;
testing; implementation and evaluation (Kumar, 2015).

The main components of an ES are: @) knowledge base,
b) inference engine, ¢) user interface, d) Knowledge
engineering. The Fig. 1 below shows the system design
architecture. The knowledge base is a core component
of the expert system for which knowledge was acquired
from the experts. Building a knowledge base with the
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help of an expert asatrusted source of informationisthe
most important thing in the expert system so that the
result will be correct and valid. In this case, severa
methods were conducted, such as direct interviews with
some experts of the rapeseed-mustard (Breeder,
Agronomist, Extension personnel, etc.); examination of
published document about rapeseed-mustard; and
surveysof farmersto formulate rulesfor identification of
a variety based on desired condition/characteristics
(Kumar et al., 2012). All these criteria were devel oped
during a regquirement analysis by knowledge engineers
and subject matter specialists.

Descriptive

language
interaction

Evaluation

—
New Data Questions
User

Interface

KNOWLEDGEBASE

Inference Engine

s
Solutions

Rules

Knowledge Engineering |

Rule definition

Fig 1: System Design architecture.

The inference engine is guided by the logical reasoning
and inference mechanism. One of the advantages of rule-
based expert systems is that inference engine and
knowledge base are separate. Knowledge base is a
repository of information andisexterna toinferenceengine
and can be modified easily without changing inference
enginewhichimplement backward and forward reasoning
mechanism (Rajendra, 2007). After receiving the query
through the user interface, the inference engine looks for
the best possible solution of the problem and givesit back
tothesameinterface. Knowledgerepresentation formalizes
and organizes the knowledge in form of rulesto develop
rule-based system. Therulesarein the form of “IF.. then
ELSE". The“IF" part mainly containsthe conditionslike
location, sowing condition, sowing time, yield disease
resistance, other quality parameters, etc.

There are many approaches for representing knowledge
into the knowledge base (Sarma et al., 2008). For
developing this system, we have chosen the knowledge
representation with simple |Fand THEN rules (Ani Dath
et al., 2016). Theserulesare normally in the form given
below:

If[zone] = “ Zone-111" and

[state] =" Rajasthan” and

[district]=" Bharatpur” and

[Sowing Condition] =" rainfed” and
[sowing time] =" timely” and

[ maturity] =" medium”

Then [suitable variety] = “ V1 ORV2..."

Since, unlike the other crops, the produce of rapeseed-
mustard growers' are purchased by the agencies
considering several factors such as seed size, il contact,
etc., depending on their local market. Therefore, itisnot
surethat the farmerswill get morereturnif they produce
more using highyielding varieties. Therefore, system has
been designed to include farmer’s preference before
drawing final conclusion by the machine in selecting
variety according to their situation.

As the target users are farmers, extension persons,
students and researchers, therefore, for user friendliness;
the system has been developed in Multilanguage mode
(presently in Hindi & English). To overcomewith platform
dependence, the system uses most appropriate Unicode
Transformation Format 8-bit (UTF-8) Unicode character
set for encoding the variety information in different
language. UTF-8 encodes each Unicode character as a
variable number of 1 to 4 octets, where the number of
octets depends on the integer value assigned to the
Unicode character. Itisan efficient encoding of Unicode
documentsthat use mostly US-ASCI| charactersbecause
it represents each character in the range U+0000 through
U+007F asasingleoctet. UTF-8 isthe default encoding
for XML and has become the dominant character set on
the Web (http://www.utf-8.com/).

An open source platform consists of LAMP (Linux,
Apache, MySQL and PHP/Perl/Python) has been
deployed with the standard web based client/server
architecture to design and implement the system (Lee
and Brent, 2002; Kumar et al. 2012; 2013 ).The system
hasan exclusive variety selection modulewith ascientific
knowledge basein the background. The modul e suggests
avariety of farmer’s/ user’s choice based on location and
desired characteristics like sowing condition, yield, oil
content, seed size, response to disease and insects.



Resultsand Discussion
System design and oper ation

Theweb based system devel oped for sel ecting rapeseed-
mustard variety used widely adopted methodology of
expert system development that is rule-based knowledge
representation. The expert system derivesitsanswers by
running the knowledge base through an I nference Engine.
Forward chaining inference mechanism is used; this
method involves checking the condition part of arule
(using IF-THEN) to determinewhether it istrueor false.
If the condition istrue, then the action part of theruleis
true. This procedure continues until a solution is found
or adead end isreached. Forward chaining iscommonly
referred to asdata-driven reasoning; it beginswith known
facts and an attempt to moves towards the desired goal
(Akande Ruth et al., 2015). The process of knowledge
acquisition was done by interviewing experts of the
rapeseed-mustard (Breeder, Agronomist, Extension
personnel, Farmers, etc.,). The system consists of
information on 20 attributes of more than 160 rapeseed-
mustard varieties so far notified by the government
agenciestill 2015. (Chauhan et al., 2006; 2012; AICRP-
RM, 2015). Tablel isthecrop wisedistribution of varieties
in knowledge base.

Tablel: Cropwisedistribution of varieties

S.No. Condition % of Varieties
1 Indian mustard 60.0
2 Toria 125
3 Yellow sarson 94
4, Gobhi sarson 69
5 Taramira 38
6. Brawon sarson 31
7. Karanrai 25
8 Black mustard 06

Expert system conceivethe query and deliver thedesired
result. All notified varietiesdeveloped for different agro-
ecological zones have been classified in three climatic
conditionsviz varietiesfor rainfed, irrigated and suitable
for both irrigated and rainfed conditions. Table 2, shows
the percentage of varietiesgrown under different climatic
conditions.

Table2: Varietiesunder different climatic conditions

S.No. Condition % of Varieties
1 Rainfed 0
2 Irrigated 20
3 Rainfed & irrigated 2
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Asthecropisgeneraly cultivated in Rabi (September to
March) season in India, therefore the temperature at the
time of sowing and maturity, playsavery important role.
Therefore all varieties are also sub-classified as early,
timely and late sown varieties. The percentage of varieties
classified according to sowing conditions are shown in
table 3.

Table3: Percentage of varieties sown under different
climatic conditions

Condition % of Varieties
Early 0
Timely &0
Late 10

Three-tier approach of selecting varieties

The RMSelect uses three-tier approach in selecting
desired variety. At tier level -1, the system provides options
for choosing area and specific condition of growing the
crop. At tier-11, the system suggests the number of
varieties notified for the specific situation. Unlike other
expert systemsdevel oped for variety selection, RM Select
selectsthe variety based on knowledge base considering
al thevarietiesfor aspecific condition. RM Select, at the
final level, offers the option of farmer preference for
selecting more suitable variety such as head-to-head
comparison of selected varieties, variety isin seed chain
ornotand convenience of availability of seed. Therefore,
farmer/ extension person can take decision of selecting
the variety easily. Fig.2 depicts the three-tier approach
RM Select uses in selecting the appropriate variety.

Tier-l1 g - Head- to- head comparison of
g recommended varieties

SELECTL  for location for specific conditions
E - Seed availability option
o
w

Varieties
recommended

for location for
specific conditions

Tier-Il /SELECT

Fig. 2: Three-tire approach for selecting variety
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Multi language support (MLYS)

To make the system user-friendly and actually useful for
farmers and extension personndls, it has been designed
with multi-language support facility. The multi language
support can be achieved using Machine Translation
(MT) and by Human Translation (HT). Both these
techniques have some advantage and disadvantage in
the domain of language trandation (Scoot Baas, 1999) .

In this application, there is no dynamic information
acquisition. The pre-defined scientific terminology for
describing characteristics of rapeseed-mustard varieties
have been used for selecting appropriate variety for a
specific condition. As the trandation made by language
expert may have more accuracy as compare to MT,
therefore the system uses pre-trand ation by human (PTH).
The knowledge base has been created by translating
characteristics of varieties form English to Hindi
languages, which iswidely spoken or easily understood
inthe major mustard growing states (Rajasthan, UP, MP,
Gujarat, Punjab, Bihar and West Bengal), where 90% of
rapeseed-mustard is produced in India. The advantage
of this PTH technique is the accuracy of translation and
ease of understanding local dialects. Over the several
advantage of PTH, it is slow and takes more space in
creating knowledge base by storing the information in
the database in separate column for different language.

System accessibility and user interface

Thesystemisavailable on thewebsite of DRMR and can
be accessed with URL http://www.drmr.res.in/rmsel ect/.
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Javascript, Hypertext Markup Language (HTML ), CSS
is used in conjunction with PHP to give aesthetically
pleasing web interface for users (Kumar et al., 2013,
Hustinawaty et al., 2014). User interface was devel oped
with a drop-down box with user options and prompts
users for selections at each stage in logical steps
sequence. After input of location and conditions, system
display the suitable varieties . The user then selects any
of the varieties from the shortlist and is directed to a
digital version of the variety information sheet. This
allows for more intensive and rapid interrogation of
variety characteristics and ultimately, better variety
selection (Ramburan et al ., 2010). Some of the bi-lingual
screenshots of RM Select for user interacting with system
are given below. System allows user to select their
location, crop and growing conditions using bi-lingual
interface (fig. 3)

After selecting thelocation, system providesthe number
of varietieswhich aremost suitableat farmer’s conditions.
System provides option to the farmers to compare the
varietieson severa attributes of their preferences(fig 4).

Details of the particular selected varieties can beviewed
by clicking on the name of variety or by clicking view
details icons. Availahility of seed may a so be obtained
through seed chain status (fig. 5).
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Evaluation of thesystem

The RM Select was evaluated to measure the attitude of
the farmers, students, extension personnel and
researchers who were the intended users of the system
toward the user acceptance of system. Awareness about
the system among the users was created through news
in newspaper, system URL mailed to concerned
stakeholders, leaflet publication, etc. The users were
requested to give the opinion on attributes, system
completeness, usability and user friendliness. Feedback
shows that users were satisfied with both design and
performance of the system.

Conclusion

Web based system developed under the name of
RMSelect is the modern tool for rapeseed-mustard
farmers, as well as, extension persons for selecting
appropriate variety according to their conditions. The
rapid development of internet technology has changed
theway of expert system development. It iseasy to access
the system viathe internet. The system is bi-lingual and
provides the information for both researchers/students
and farmers/extension person. Researchers can select the
genotypes for future study and farmers are able to select
the variety according their condition and information on
availability of seed. Therefore, RM Select can save the
resources of farmers also. There is sufficient inbuilt
flexibility in this system so that it can be adapted by
other crops. The feedback collected from the end-users
who analyzed the system shows that they were satisfied
with both design and performance of the system. For
more practical use, the system needs to be developed in
many regional languages and may be further updated to
accommodate new developed varietiesin future. Further
refinement and augmentation of the capabilities of the
application in response to user feedback isimportant to
enhance the quality of the software.
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