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Abstract 
 
Every year numerous land races, cultivars and improved elite breeding lines are exposed to pathogens at many 
locations across the country to select the best performing genotypes. A computer software package has been 
developed for a quick and efficient analysis of screening-set data on the reaction of genotypes to pathogens. The 
software is based on a database structure with visual basic (VB) script as a front end. This software contains four 
modules for analysing reactions of test genotypes across different locations by generating reports: frequency 
distribution table for disease scores with location severity index (LSI); LSI for each entry (genotype) in the 
screening-set; select locations by eliminating those with low LSI; and list promising entries based on entry-wise 
susceptibility index (SI) of genotypes across locations. User-friendly screen prompts are available for creating 
multiple screening-set data, details of genotypes, locations and diseases. Package output screen consists of different 
combo boxes to query for required information and command buttons to generate the four reports. There is another 
provision in the output screen that user can directly send the generated reports to either a document or spread sheet 
format. This software was validated with screening-sets data 2003 from all India coordinated rice improvement 
project on the reaction of genotypes to rice diseases. Apart from analysis of the reactions to pathogens, this software 
can be used to assess the data on reactions of genotypes to all abiotic or other biotic stresses.  
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The initiation of All India Co-ordinated Crop 
Improvement Research Projects (AICCIPs) by the 
Indian Council of Agricultural Research (ICAR) has 
resulted in a planned agricultural research and 
development in the country. ICAR is funding 18 such 
projects at the national level, covering most of the 
economically important crops (ICAR, 1992). A very 
large number of trials are organised and conducted at 
many locations each year in different crop commodities 
(Muralidharan and Siddiq, 1997). Such all India testing 
of promising breeding material (varieties, hybrids, 
composites, agronomic practices and other input use) 
helps in identifying the most stable, high-yielding or 
superior genotypes suited for different agroclimatic 
conditions and possessing the required level of 
resistance to the targeted pathogen(s). In the process, 
varieties are identified and released, not only for the 
zones or regions where they have been bred, but also 
for other regions as well. After finalising the technical 
programme in a workshop, the project co-ordinator 
organizes co-ordinated trials or experiments, and also 
supplies data books to different centres under each 
AICCIP. Data books ensure proper uniformity in 
reporting the results, which are then compiled, 
examined and processed through the statistical unit of 
the co-ordinating cell. Concerned coordinators at test 
locations give their input in report writing.  Annual 

reports are made using this information. Co-operating 
centres nominate their promising material either for the 
National Screening Nursery (NSN), if the number is 
large, or directly for Initial Evaluation Trial (IET). 
Evaluation of nominated elite breeding material or 
genotypes may be made in nursery on seedlings or in 
field on planted crop which are hence forth called as 
screening-set. Each test genotype is given either IET or 
some unique index number. Multilocation data is 
gathered on both plant performance and site 
characteristics in order to study the genotype x 
environment interactions. Efforts are made to 
understand plant responses to specific environmental 
attributes, and determine the levels and growth stages 
of tolerance to specific stresses. To facilitate a uniform 
methodology in data collection, a written handout is 
made available to all scientists conducting trials. 
Numerical scales and corresponding descriptors for 
evaluating various stress tolerance traits are 
summarised in this instructional handout. The scoring 
methodologies are jointly developed by the scientists 
(ICAR, 1992). Data from screening trials under co-
ordinated projects is often not perfect as disease 
pressure varies with locations. Therefore, the data are to 
be scrutinised thoroughly by statistical analyses. The 
time available between receipts of data at the project 
co-ordinating centre and workshop limit the level of 
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such analyses. A great deal of computer use now 
concentrates on automating data collection and 
analysis, agricultural information systems, database 
management and research ((Muralidharan and Siddiq, 
1997). This investigation reports on the development of 
an analytical computer software for quickly and 
efficiently assessing the reaction of rice genotypes to 
pathogens in METs. 

 
Materials and Methods 
Under the all India coordinated rice improvement 
project (AICRIP), every year, numerous genotypes are 
screened in METs for their reaction to six major 
pathogens affecting rice. They are blast (Magnoporthe 
grisea), sheath blight (Rhizoctonia solani), brown spot 
(Drecheslera oryzae), sheath rot (Acrocylindrium 
oryzae), bacterial leaf blight (Xanthomonas oryzae pv. 
oryzae), and tungro virus diseases. All the reactions of 
entries to pathogens are scored on a 0 to 9 decimal scale 
(Nagarajan and Muralidharan, 1995). The decimal scale 
for rice pathogens includes: 0 = no symptoms; 1 = 
small brown specks of pinhead size; 2 = about 1-2 mm 
in diameter; 3 = as in scale 2, but in significant 
numbers; 4 = 3-mm or longer infecting less than 2% of 
the leaf area; 5 = 2-10%; 6 = 11-25%; 7 = 26-50%; 8 = 
51-75%; and 9 = >75% (IRRI, 1996). The score data 
sets from such screening-sets evaluated at METs during 
kharif 2003 have been used for this investigation. 
Selection of locations with disease pressure, or 
genotypes that performed well across the locations 
becomes often a difficult task to perform with such 
massive data from screening-sets.  
 

A software in Microsoft Access with VB script 
as a front end was developed for evaluating the reaction 
of genotypes to pathogens. Several screening-sets can 
be analysed in one database. Using data from each of 
the screening-sets, a database was created by listing the 
scores recorded for all genotypes at each test location to 
different pathogens. Individual data fields were 
allocated for year, location, screening-sets, disease or 
pest, and score. Generally, three parameters are 
considered important in the evaluation of reaction to 
pathogens and pests (Muralidharan et al., 2003a; 
Muralidharan et al., 2003b). The first one is the 
experimental mean that indicates the location severity 
index (LSI). As India is a vast country with diverse 
environmental conditions, there is a wide range of 
rainfall, temperature and soil type influencing the level 
of biotic stress, for example a disease incidence, at a 
given test location. The LSI helps to select locations 
with varying intensities of overall disease incidence in 
the screening-set. The second is the susceptibility index 
(SI) that indicates the experimental mean or, the overall 
mean reaction of a particular test genotype across all 
locations. The SI can be used to select the best 

genotypes possessing a higher level of resistance. The 
third parameter is the frequency of genotypes falling 
into each of the decimal categories. Seven relational 
tables were designed in the database. One to One and 
One to Many relationships were created among tables. 
These tables and attributes are listed in the Table 1. 

 
 

 
Table 1. List of tables and attributes  
 
Name of the 
table 

Attributes 

Selected 
screening-set 

Screening-set code, disease (stress) 
code, location code, total entries, LSI 

Selected 
screening-set 
Detail 

Screening-set code, disease (stress) 
code, location code, entry no, score 
(text), score (number) 

Screening-set Screening-set code, screening-set  
name 

Location Location code, location name 
Disease 
(stress) 

Disease (stress) code, disease (stress) 
name 

IET (or 
index) No 

Screening-set code, entry number, iet 
(or unique index) number 

Frequency Screening-set code, disease (stress) 
code, location code, disease (stress) 
pressure (0-9), count 

 
Results and Discussion 
User interface was developed with forms engine of the 
database. Four levels were used in evaluating disease 
(stress) pressure across different locations: creating 
frequency distribution table for disease scores with LSI; 
calculating LSI for each entry (genotype) in the 
screening-set; eliminating locations with low LSI; and 
selecting promising entries based on entry-wise 
susceptibility index (SI) across locations. Additional 
information on the number of locations where each test 
entry showed consistent susceptible or resistant 
reactions can be generated by generating counts in 
susceptibility or resistant categories; and this can be 
used to further short list the selected best entries. If data 
from locations where the pathogen in test showed low 
levels of disease were included in the analysis, it would 
lead to poor assessment and selection as genotypes 
might have recorded low scores due to lack of disease 
stress rather than due to resistance. Therefore, based on 
the LSI generated for each test location, the data from 
locations, which showed severe disease pressures, were 
filtered for further analysis by eliminating low disease 
pressure locations from the above table. This filtrating 
was done by defining a level and selecting locations 
with disease pressure greater than a defined level; scope 
was provided to the user to assign any level on 0 to 9 
with two decimal placements. 
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Figure 1: Front Screens of user interface. Initially only Main Menu appears. If Forms item is chosen, then sub-
menus are obtained by selecting Entry, Pathogen or Location to add, edit or browse. Similarly, if Screening-set is 
chosen, then pull-down menu is obtained where data can be entered or modified on Screening-set, Pathogen, 
Location or Entry 
 
 

Generate Screening-set Report  
 

 

 Screening-set Code  

  Pathogen Code                     
 
 

Location Severity Index (LSI) By defining LSI level, locations with LSI below the  
specified level will be eliminated and the screens 
will be regenerated 

  Susceptibility Index (SI)   By defining SI level, data table with entries below  
the specified level will be eliminated and the  
screens will be regenerated 

 
 

Figure 2. User interface for assessing reaction of genotypes to pathogens.  By entering Screening code and 
pathogen code frequency or data table with location severityindex can be generated and sent to file in documet of 
spreadsheet format. Alternatively LSI level can be chosen to gnerate data table at locations where LSI is greater than 
chosen level and further by defining SI level, data on genotypes with SI less than the defined level can be generated. 
LSI ans SI level s can be repeatedly altered till selections of genotypes are made. 

Main Menu 
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Report (see Fig.2) 
Switch Board Items 
Exit 
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Entry (Genotype) 
Pathogen (disease) 
Location 
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Screening -Add / Browse 

Screening        
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No. of Entries  
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Frequency table with LSI 
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Location-wise scores and LSI To file 

To file 
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Such definition of disease pressure assumes greater 
importance as the decimal scale is not a simple 
arithmetic scale. Analysis of data from locations with 
high or moderate disease pressures indicate a more 
balance reaction of the test genotypes. After filtering 
locations using a defined level of disease pressure, the 
promising entries were further filtered for a second time 
by using SI estimates; once again a scope was provided 
for the user to assign any level of SI in 0 to 9 with two 
decimal placements. This final table was sorted out on 
entry numbers in an ascending order and local checks 
were included in the end along with these test entries. 
Entire process was designed in one form with combo 
boxes and command buttons to generate all these four 
reports. User Interface has been created with provision 
for eight screens to execute this program. Front screen 
(Fig. 1) has menu items as forms and reports each 
producing sub-screens. An additional facility switch 
board items is also provided for the authorized person 
to shuffle or change the main menu as per the need. By 
selecting forms option, user can enter or modify data in 
the tables shown in Table 1. By selecting reports option 
(Fig. 2), user can execute this program by choosing 
screening name, location and number of entries. There 
are several command buttons to execute all the four 
defined programs and corresponding reports. An 
additional provision has been made to enable the user to 
directly send these reports to a document or spreadsheet 
file by selecting command buttons, send report to file; 
examples include frequency table to file, entry-wise 
data with location-wise LSI to file etc.). This software 
was tested and validated with coordinated pathology 
data of screening nurseries conducted during 2003 
(DRR, 2003). This data included scores recorded for six 
diseases on genotypes tested in six screening nurseries: 
NSN 1 with 197 entries of Advanced variety trials, 
NSN 2 with 479 entries of Initial variety trials, NSNH 
with 57 entries of Advanced and Initial hill variety 
trials, NHSN with 66 entries of Advanced and Initial 
hybrid rice trials, DSN with 161 entries of donors and 
GSN with 197 germplasm accessions. This analysis was 
later successfully used at the annual group meeting to 
promote or drop entries for further testing in the all 
India coordinated program. The computer applications 
have been used to understand plant diseases (Waggoner 
et. al., 1969; Waggoner et. al., 1972). Software exists 
for a large number of applications in plant pathology. 
The statistical packages offer many types of analysis 
but training has been inadequate to quickly access and 
utilize them. Further the size of these programs limit 
their extensive use. Many plant pathologists become 
seriously interested in computer software as a research 
tool and a method to increase efficiency in data 
processing. Our software with executable file in a 
floppy  (1.44 MB) allows greater flexibility and can be 

used specifically for assessing the reaction of test 
genotypes to pathogens across various locations. User 
can update, add or modify database by adding any 
experiment details and assess genotypes for the reaction 
of disease pressure. User can check the analysis made 
and select best performing entries to pathogen attack 
according to chosen norms. It is very user friendly and 
is extremely quick in generating reports. It can be easily 
installed with Microsoft Access 97 or above versions. 
In general, using a decimal scale (0 to 9) and screening 
procedures, genotypes belonging to a wide range of 
crop species are routinely evaluated for their reaction to 
biotic and abiotic stresses. Apart from assessing the 
reaction of the screening-sets consisting of land races, 
cultivars and newly generated elite genotypes to 
pathogens, using our software, the reactions of 
genotypes to other biotic and abiotic stresses may also 
be effectively analyzed.  
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Table 2. Reports generated by the new software for assessing reaction of genotypes to pathogens  
 

Geno- 
type/ 

Leaf blast reaction at locations* 
 

Entry 
 No. ADT BPN CRR DRR GDL GGT GRO HZB LNV MCP MLN NLR PNP PTB RNR SI* >=5 >7 

1 4 1 6 1 1 0 7 4 0 0 5 3 0 4 4 2.67 2 1 
2 4 6 5 5 1 0 7 4 1 0 5 3 0 4 6 3.40 5 1 
3 5 5 6 0 1 0 6 4 1 0 5 3 0 4 6 3.07 6 0 
4 5 5 1 0 0 0 7 1 2 0 4 4 0 4 5 2.53 3 1 
5 6 1 5 0 0 0 7 4 1 3 5 3 0 4 6 3.00 4 1 
6 3 6 6 3 0 0 7 4 1 1 5 4 0 4 4 3.20 3 1 
7 3 9 6 0 0 1 7 4 1 3 6 7 6 5 6 4.27 5 3 
8 6 9 6 0 0 0 8 4 1 1 6 7 8 6 5 4.47 5 4 
9 4 8 6 0 0 0 6 1 1 3 5 6 4 4 6 3.60 5 1 
10 4 8 6 4 0 0 8 5 1 3 6 7 0 4 4 4.00 3 3 
11 3 9 6 7 0 0 7 4 3 1 6 6 0 4 6 4.13 4 3 
12 3 2 6 0 0 0 6 4 1 3 4 3 0 4 4 2.67 2 0 
13 2 8 6 7 0 0 6 5 3 0 6 2 0 4 4 3.53 4 2 
14 3 6 6 1 0 0 7 5 1 5 5 3 0 4 5 3.40 6 1 
15 3 9 6 0 0 0 6 5 4 3 5 2 0 4 7 3.60 4 2 
16 4 9 7 2 0 0 6 4 1 0 6 6 0 4 6 3.67 4 2 
17 4 8 6 0 0 0 6 4 3 3 5 4 0 4 5 3.47 4 1 
18 6 7 4 0 0 0 5 4 1 0 5 6 0 4 4 3.07 4 1 
19 3 9 6 7 0 0 5 5 3 1 7 7 0 4 4 4.07 3 4 
20 2 9 6 7 0 1 6 6 1 5 5 7 0 5 5 4.33 7 3 
Data on leaf blast reaction on rice genotypes in National hybrid screening nursery (NHSN) at 15 locations in multi-
environment tests, 2003-04; *SI = Susceptibility index; > = number of locations with score more than 5 or 7  
 
 

Table 3. Report on location severity index (LSI) and frequency distribution of leaf blast scores for NHSN 
entries 
 

 Location/Leaf blast score 0-9 

Score ADT BPN CRRI DRR GDL GGT GRO HZB LNV MCP MLN NLR PNP PTB RNR 
0      32 59 51  3 1 23    53    
1  9 2 3 4 14  9 28 14      2  
2 8 3 2 3 1    1 8    3  2  
3 19 2 2 3 1    1 10 21 2 20  10 2 
4 25 5 2 3  1  29 6  21 17 5 41 10 
5 9 5 5 5 1  9 17 2 8 26 9 3 5 21 
6 5 4 46      30 5 1  10 7 3 6 21 
7  4 7 16    21      4 7    9 
8  11        3 1       2 2    
9  23  1    1        1    2 
Total 66 66 66 66 66 66 64 66 56 66 63 66 66 66 65 
LSI 3.76 6.26 5.61 2.67 0.21 0.27 6.33 3.83 2.04 1.77 4.89 4.47 1.05 3.95 5.51 
 
As an example only reaction of 20 genotypes are given here; there are no limits for the number of genotypes or 
locations in the database; the last two columns indicate the count of test locations showing defined scores. (ADT = 
ADT = Aduthurai; BPN = Barapani; CRRI = Cuttack; DRR – Hyderabad; GDL = Gudalur; GGT = Ghaghraghat; 
GRO = Gerua Azo; HZB = Hazaribagh; LNV = Lonavala; MCP = Moncompu; MLN = Malan; NLR = Nellore; 
PNP= Ponnampet; PTB = Pattambi; RNR = Rajendranagar; LSI = Location severity index. 


