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Out of 27020 experiments available in the information
system, raw data for 13278 experiments  is available
which can be analysed and  for 13742 experiments
only analysed results are available. From the raw data,
provision for on-line analysis of data generated from
randomized complete block designs for single factor
and two factor experiments, factorial experiments with
extra treatments conducted using randomized complete
block designs and split plot designs are incorporated
in the system. Some screen shots are:

User can access the information system by clicking the
link Field Exp Inf System available at the Institute’s
website http://www.iasri.res.in or  http://iasri.res.in:8081/
afeis. The home page of the Information System is

There is a provision of generation of online reports.
Some screen shots of search reports and experiment
information are
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For on-line data entry, data validation and data approval,
necessary trainings have been imparted to the regional
staff of IASRI. For on-line data entry by scientists
conducting experiments, trainings and seminars have
been delivered at G.K.V.K., University of Agriculture,
Bangaluru, Central Potato Research Institute, Shimla at
Krishna Godavari Zone of ANGRAU at Regional
Agricultural Research Station, Guntur.

Experimental Designs for Agricultural, Animal,
Agro-forestry and Fisheries Research

Designs for mixture experiments in agriculture

In some mixture experiments, the response depends
not only on the proportion of the mixture components
present in the mixture but also on the processing
conditions which are called as process variables. Thus
the process variables are factors in an experiment that
do not form any portion of the mixture but whose levels
when changed could affect the blending properties of
the ingredients.

The mixture experiments with process variables, related
to time of application of Nitrogen, under the project
Agricultural Field Experiments Information System
(AFEIS) have been studied. In these experiments the
process variables are generally the methods of
application of nitrogen, methods of application of K

2
O

(Murate of Potash), levels of farm yard manure, levels
of irrigation, cultural practices such as tillage, etc. In
most of these mixture experiments, the number of runs
is small. Analysis of these experiments is being
performed as per usual processing of Randomized
Complete Block Design. These experiments, if viewed
as mixture experiments with change in treatment
structure and appropriate model may provide optimum
level of mixture components for maximizing the yield.

The designs for experiments with mixtures with process
variables have been constructed by using the method
of Prescot (2000; Comm. Statist. - Theory Methods,
29, 2229–2253).

The methodology of projection has also been used for
construction of the designs for experiments with
mixtures with process variables using response surface
designs with orthogonal blocking. The orthogonal blocks
are taken as the levels of the process variable. Some
of the designs for mixture experiments have been
constructed using the projection method from the
response surface designs given in Technical Report by

Parsad et al. (2004; Designs for fitting response
surfaces in agricultural experiments, IASRI, New Delhi).
The designs obtained by projection preserve the
property of the orthogonal blocking.

A SAS code for constructing the designs for mixture
experiments by projecting the response surface
designs into the constrained mixture region has been
developed.

Experimental designs for agricultural research
involving sequences of treatments

In many agricultural experiments and veterinary
medicinal trials, it is often required to measure the effect
of response from two or more factors over varying
periods of time. For example, two or more types of
fertilizers, fertilizer and pesticide spray, fertilizer and
irrigation, feed and medicine, two or more types of feeds
etc. may have to be given simultaneously to a unit over
periods. Under this situation, factorial experiments
involving sequences of treatments would be more
beneficial than running separate experiments for each
factor. Hence, a class of designs involving sequences
of treatments with two or more interacting factors
balanced for first order residual effects of the treatment
combinations has been constructed. These designs are
found to be variance balanced. A list of the parameters
of these designs along with the variance of contrasts
pertaining to direct as well as residual effects of
treatments has been prepared for number of treatment
combinations less than 50, number of periods less than
50 and number of experimental units less than 100.

When a sequence of treatments is applied to each
experimental unit over varying periods of time using a
design involving sequences of treatments, the presence
of residual effects of treatments to the succeeding
periods is quite possible. A treatment with a large direct
effect would generally have a large residual effect. Under
this situation, a model with residual effects proportional
to direct effects would be appropriate. The advantage of
this model is that it reduces the number of parameters to
be estimated.The performance of some series of efficient
designs involving sequences of treatments has been
studied under this model. SAS codes have been written
to compute the variance of contrasts pertaining to direct
effects of treatments for different values of the
proportionality parameter λ in balanced designs, pre-
period designs and extra-period designs.
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In some experimental situations, designs with factorial
structure involving sequences of treatments are
required. Efficiency of a series of designs involving
sequences of treatment combinations arising from two
non-interacting factors has been calculated as
compared to a single factor design involving same
number of periods and units. The designs were found
to be quite efficient with efficiency more than 85%.

When experimental units are subjected to sequences
of treatments in different periods over different sessions
such that conditions are altered from one session to
other, nested or split plot type change over designs
are suitable. Within each session, carry over effects
are assumed to be present and as sessions are well-
spaced over time, carry over effect from one session
to other are less likely to occur. A class of nested
designs involving sequences of treatments has been
obtained for such experimental situations.

A class of three-period designs involving sequences of
treatments balanced for first order residual effects has
been obtained for comparing test treatments with a
control treatment. The variances of treatment contrasts
pertaining to test versus test as well as test versus
control comparisons were calculated. The designs were
found to be variance balanced for test versus test
comparisons and test versus control comparisons.

A class of designs involving sequences of treatments
has been obtained for comparing prime number of test
treatments versus a control treatment. These designs
are found to be partially balanced following varying
circular association scheme for the test treatments.

Programme 2: FORECASTING AND REMOTE
SENSING TECHNIQUES AND STATISTICAL
APPLICATIONS OF GIS IN AGRICULTURAL SYSTEMS
Neural network based forecast modeling in crops
In this study, weather based neural network models
(using multilayer perceptron (MLP) and radial basis
function (RBF) architectures) and weather indices (WI)
based regression models were developed/ modified for
forecasting yield of rice, wheat and sugarcane for
different agroclimatic zones of Uttar Pradesh. Forecasts
have been obtained for subsequent years not included
in model development. Mean Absolute Percentage
Error (MAPE) of various models for different zones for
various crops are presented in Table 2.1.

Table 2.1:  Mean Absolute Percentage Error (MAPE)
of yield forecast

Zone Crop MLP RBF WI

Central Plain Zone Rice 7.9 10.0 6.4
Wheat 10.9 21.2 9.2
Sugarcane 11.4 15.9 7.0

Eastern Plain Zone Rice 6.4 16.1 21.6
Wheat 13.3 11.5 12.2
Sugarcane 6.5 9.0 10.5

Bundelkhand Rice 10.8 21.8 19.4

Neural network and regression models were developed
/ modified for forecasting different characters relating
to pests / disease (for different crops at various centres)
such as Alternaria blight and powdery mildew (mustard),
American boll worm, Pink boll worm, Bacterial blight &
Whitefly (cotton) and Helicoverpa armigera (pigeon
pea). Forecasts have been obtained for subsequent
years not included in model development for each case.
Mean Absolute Percentage Error (MAPE)  for few
centres in mustard crop are presented in Table 2.2.

Table 2.2: Mean Absolute Percentage Error (MAPE) of
forecast for different characters in mustard crop

Location (Disease) Character Variety   MLP RBF WI

Behrampur Y1 Varuna 11.3 19.5 22.3
(Alterneria Blight Binoy 10.2 12.0 12.4
on leaf) Y2 Varuna 12.5 10.1 9.7

Binoy 9.6 9.9 9.7
Y3 Varuna 36.0 54.3 61.9

Binoy 36.5 45.8 61.0

S.K. Nagar Y1 Varuna 11.0 12.5 20.2
(Powdery mildew) GM2 8.0 18.0 21.7

Y2 Varuna 7.9 14.5 12.8
GM2 7.9 15.5 13.8

Y3 Varuna 26.5 49.0 35.1
GM2 10.7 46.2 74.6

Y
1
= Age at first appearance of disease,

Y
2
= Age at peak severity of diseases

Y
3
= maximum severity of diseases

Weather based models for forecasting potato yield
in Uttar Pradesh

The weather data on maximum temperature, minimum
temperature, morning & evening relative humidity from
40th to 3rd standard meteorological weeks (smw)
available during the period 1971-2002 were utilised for
construction of weather indices which were used for
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development of regression models (RM) and complex
polynomials (CP) using Group Method of Data Handling
technique.  The models were developed at district as
well as at zone levels (by pooling the data of various
districts within the respective zones). The performance
of the models has been judged on the basis of co-
efficient of determination and predicted residual sum
of squares (PRESS). In most of the cases, the
coefficient of determination of models were highly
significant  with reasonably low value of PRESS
indicating very good  fitting of the models. Using these
models, the forecasts were computed at district-level.
The district-level forecasts were combined by taking
appropriate weights to obtain forecasts at agro-climatic
zone/state level.  The percent deviations of forecasts
for the year 2002-03 (not included in model
development) from the observed ones were less than
10% in most of the cases.   The forecast from weather
indices based regression models are better than the
complex polynomials in most of the situations. The
observed and forecast values obtained by fitting
appropriate models for some selected districts, one from
each zone are presented in the Figure. 2.1. Using this
approach, it is feasible to obtain reliable forecasts three/
four weeks before harvest.

variables namely, maximum and minimum temperature,
relative humidity (morning) and rainfall for the periods
23 th to 38th standard meteorological weeks (smw)  and
for sugarcane crop fortnightly weather data during 10th

to 39th smw for the period 1971-2002 were used. The
performance of the models has been judged on the
basis of co-efficient of determination and predicted
residual sum of squares (PRESS statistic). The R2

values of the fitted models for various districts using
different  approaches  were found highly significant.
Based on values of  PRESS statistic, the performance
of forecast models developed through discriminant
function technique is found better than other
approaches.  Crop yield forecasts for the years 2002-
03 and 2003-04 were obtained.

Visioning, Policy Analysis and Gender (V-PAGe) -
Sub Programme II : Technology Forecasting  ( NAIP
Funded )

Detailed statistical analysis for rice on modeling aspects
such as area under HYVs, irrigated area, productivity,
import/export status etc. for India and other competing
countries was attempted. National and Zone level
projections of area, production and productivity of rice
were obtained using various models (Gompertz model
found best) and comparison with other existing results
has been done. Classification of districts at state and
national levels based on productivity of rice has been
done and districts in different categories were identified.
Based on above analysis and the document received
from CRRI, Cuttack, questionnaires were prepared for
conducting survey to collect the information for
forecasting technological needs for rice in India.
Separate questionnaires were prepared for experts
& planners, State Departments of Agriculture and
farmers.

The scientists associated in the project were trained
on “Technology Foresight Methodologies in Agricultural
Innovation System” at Centre for Studies in Science
Policy, Jawaharlal Nehru University, New Delhi.

A workshop was organized on “Forecasting future
technological needs for rice in India” at Central
Rice Research Institute, Cuttack during 28-29 July
2008.

Detailed statistical analysis for rice on modeling aspects
pertaining to classification of districts based on
productivity revealed that, if technological needs for

Use of discriminant function and principal
component techniques for weather based crop
yield forecast
Models for forecasting rice and sugarcane yield  were
developed at district level for Uttar Pradesh using
discriminant function technique, principal component
analysis  and weather indices based approaches. For
development of rice yield forecast models weekly data
available during the years 1970 to 2002 on weather

 Figure 2.1
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districts which fall under low productivity group are
fulfilled then an increase of  7% in rice production can
be achieved. A document based on workshop/meeting
for forecasting technological needs in rice and wheat
crop was prepared. Implications of Information and
Communication Technology (ICT) on agriculture were
studied from various perspectives. The patent analysis
of ICT related technologies for Asian countries revealed
that number of patents in this field up to 1990 was quite
low in Asia. Further, patent citation results revealed that
93.48% of total citation belonged to South Korea and
Taiwan.  India had very low citation ratio. There is wide
gap in innovation quality among different Asian
countries. Comparison of innovation configuration in
ICT among Asian countries indicates that scientists and
researchers in India focus on latest scientific
developments and fundamental innovations.
Conversely, Taiwan and South Korea are focused
towards applied innovations. Bibliometric analysis
shows that there is change in research priorities in ICT
from specific domain to generic domain. Figure 2.2
shows percentage of ICT publications from European
Federation of Information Technology in Agriculture
(EFITA) conferences pertaining to agricultural
applications across different domains. It was observed
that ICT is increasingly being used for extension
services while its use is declining for basic research
over the years. This analysis also indicates that over
the time, Management Information System (MIS) has
evolved in the form of Decision Support System (DSS).
Bibliometric analysis for technology forecasting in the
segment Genetics and Plant Breeding of agriculture
revealed that India is not far behind any of the
developed countries like USA and Japan.

Stochastic process modeling and forecasting
through discrete nonlinear time series approach
Genetic Algorithm (GA) has been employed for fitting
the Self Exciting Threshold Autoregressive (SETAR)
nonlinear time-series model. The model comprises
several linear autoregressive models and a switch
mechanism, which switches according to the
comparison of the delay output and the threshold value.
One heartening feature of this model is that it is capable
of describing “cyclical” time-series data. Recently
developed optimization technique, viz. Real-coded GA
is a stochastic search and optimization procedure
motivated by the principles of genetics and natural
selection. The three operators, viz. Selection, crossover,
and mutation make GA an important tool for
optimization. As an illustration, the methodology is
applied to describe All-India lac export annual data for
the period 1901-2001 and the data from 2002 to 2008
is used for validation of the fitted model. The fitness
(objective) function used is the Normalized Akaike
information criterion. The GA parameters, viz.
population size, crossover probability, and mutation
probability for minimization are 100, 0.9, 0.01 with
number of generations as 100. The proposed algorithm
enables us to select SETAR (2; 1, 1) model, when delay
parameter d =1, p

1
 =1 and p

2 
= 1. The optimal threshold

value comes out as 10500 metric tonnes, which is the
30th percentile of the data. A mechanistic interpretation
of the  fitted  SETAR  model  is  as follows: In the upper
regime, i.e. X

t-1
> 10500, X

t 
- X

t-1
 tends to be negative,

implying decrease in the lac export. In the lower regime,
i.e. X

t-1
 ≤10500, X

t 
- X

t-1
 tends to be marginally positive,

implying slow increase in lac export. This phenomenon
leads to cyclicity, which is in agreement with observed
lac export data. It is shown that the SETAR model fitted,
using GA technique, is superior to other competing
models.

Wavelet frequency domain methodology is employed
for analyzing the monthly rainfall data of India during
the years 1879 to 2006, available at the website of the
Indian Institute of Tropical Meteorology, Pune. The trend
in the monsoon rainfall data for the four months, i.e.
June till September is estimated by computing the Haar
and Daubechies (D4) wavelets for levels 5 and 6 using
S–PLUS wavelet toolkit software package. As the level
increases, the declining trend present in the data set is
clearly depicted. This important feature, however, could
not be captured by Box Jenkins Autoregressive
Integrated Moving Average (ARIMA) methodology. For

Figure 2.2. Research publications (%) of ICT based technologies
in agriculture
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testing H
0
: Trend = 0 against H

1
: Trend ≠ 0, under the

normality assumption, size and power of the test is
computed by using bootstrap technique.  It is found
that the Haar wavelet performed slightly better than
the Daubechies (D4) wavelet. When the errors are not
normally distributed and exhibit some form of
dependency, the distribution of test statistic is unknown.
It is, therefore, necessary to generate empirical critical
values. This is done by means of a simulation
experiment. Under H

0
, for different values of long

memory parameter and under the assumption of
t-distributed errors, critical values are generated for both
the wavelets. It is concluded that, for both the wavelets
and levels, the test is significant at 5% level, implying
thereby presence of declining trend. This conclusion
that Indian monsoon rainfall time-series data has a
declining linear trend is a matter of serious concern
and may have serious implications from “Global
warming” point of view. The rainfall data under
consideration follow a long memory process. The fitted
values for the time-series data are obtained by adding
trend component and long memory process. Superiority
of wavelet approach over ARIMA approach is
demonstrated.

Remote sensing based methodology for collecting
Agricultural Statistics in North-East hilly region”
(Funded by Space Applications Center, Ahmedabad,
Department of Space, Govt. of India)

An integrated methodology for area estimation of
multiple crops which includes paddy, maize, potato,
ginger, pineapple, cashew nut and vegetables as a
group was developed based on ground survey, remote
sensing satellite data and GIS. Four districts of
Meghalaya State namely East Garo Hills, West Garo
Hills, East Khasi Hills and Ri-Bhoi are covered under
this study. Estimates of area under various crops are
obtained on the basis of data collected during the
previous year survey. For the current year, it is decided
to  conduct the survey in two seasons as all the crops
are not covered in one season. For the first season
survey, spatial stratification is done by overlaying
cropped area layer which was extracted from land use/
land cover maps and was categorized as low, medium
and high on the basis of cropped area and digital
elevation model (DEM). Sixty villages/habitats were
selected from each district by proportional allocation.
Five farmers were selected from each of these selected
villages/ habitats for data collection. Modified the
schedules for primary data collection and prepared the

instruction manual. Imparted the training to the officials
of State Government and primary workers in all the four
districts. Survey has been conducted in four
districts(East Garo Hills, West Garo Hills, East Khasi
Hills and Ri-Bhoj). Supervision of data collection work
done during the survey and scruitinized the filled in
schedules. Estimates of area under paddy, ginger,
maize, pineapple, potato cashew nut and vegetables
were obtained. For the following season survey, thirty
new villages were selected and thirty villages out of
sixty selected villages in the earlier season survey were
retained.

Programme 3: DEVELOPMENT OF TECHNIQUES
FOR PLANNING AND EXECUTION OF SURVEYS
AND ANALYSIS OF DATA INCLUDING ECONOMIC
PROBLEMS OF CURRENT INTEREST

Visioning, Policy Analysis and Gender (V-PAGe)
(Sub-Prog. III): Policy Analysis & Market Intelligence
(NAIP Project)

Per capita monthly consumption expenditure and the
production pattern of major food commodities was
analyzed for major producing states of the country. The
wholesale price of important markets for major
vegetables, fruits, cereals, pulses and oilseeds were
subjected to time series analysis. The data was de-
seasonalized and detrended for analysis. Seasonal
indices of fruits and vegetables were computed to
examine the extent of seasonality in the prices. The
instability in the prices of major vegetables, fruits,
cereals and pulses was studied using different
measures like intra-year price rise, average seasonal
price variation, and co-efficient of variation. The extent
of market integration was also analyzed for major
wholesale fruits and vegetables markets of the country.
The supply analysis of mustard, groundnut, tur and
gram was also completed. The supply constraints of
rice and major pulses in the country were also studied
based on secondary information.

An econometric study of women empowerment
through dairying in selected districts of Haryana

The analysis of secondary data pertaining to the various
agricultural and dairy attributes of the selected districts
was completed. Based on data collected from Karnal
block, it was observed  that about 90% of women spent
more than 60% of their time in dairy and crop sector
put together. However in Indri block, it was slightly
higher. The time spent in dairying in Karnal district by
women was 36.8%, in dairy it was 29.6% & household
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activities took around 33.6% of their time. The same
pattern emerged for Indri district. The empowerment
index was categorized in four categories. The maximum
number of households seemed to be moderately
empowered.  Two major constraints observed were lack
of easy availability of loan for purchase of animals, their
feed and equipments and lack of proper communication
with the extension workers. Similarly, lack of basic
knowledge, training facilities at village and block levels
and knowledge of cooperative societies and milk
processing units were also observed as constraints.

An econometric analysis of groundwater markets
in Indo-Gangetic plain of India

The groundwater irrigated area statistics and
groundwater volumetric statistics were analyzed to
study the groundwater development in agro-climatic
regions & sub-regions of Indo-Gangetic Plain. Used the
area statistics to study the growth in the groundwater
irrigation in Trans and Upper Gangetic plain regions
and sub-regions. The volumetric statistics is used to
examine percentage of groundwater development and
proportion of over exploited, critical and safe blocks in
all the regions and sub-regions. The secondary data
on source-wise irrigated area was updated for all the
regions.

The analysis of volumetric statistics on groundwater
revealed that groundwater development, defined as
Annual recharge Groundwater

(Annual ground water withdraw/Annual Recharge) ×100

based on the data published in ‘Dynamic Groundwater
Resources of India 2004 by Central Groundwater
Board, Govt. of India was 75 per cent in Indo-gangetic
plains as a whole during March 2004. The agro-climatic
region-wise analysis showed that groundwater
development was 134, 74, 51 and 51 per cent in the
trans, upper, middle and lower-gangetic plains,
respectively.  The district-wise analysis revealed that
of the total districts of Indo-gangetic plains, 17 and 22
percent districts were in over-exploited and dark
categories, respectively. However, region-wise and
district-wise analysis showed that there were 66 and
16 per cent of the total districts in over-exploited and
dark categories in trans-gangetic plains followed by 3
and 48 percent in upper-gangetic plains, respectively.

Impact assessment of fisheries research in India

The primary data on different aspects of aquaculture
from 120 selected fish farmers of Punjab state for the

agricultural year 2007-08 were collected. Tabular
analysis was performed to study the socio-economic
status of sampled framers and benefit-cost analysis was
performed. Frontier production function to assess the
farm specific technical efficiency was fitted. The
determinants of Technical Efficiency by fitting the
multiple regression model were identified. Finally, the
constraints to the aquaculture in Punjab were also
identified.

The socio-economic analysis of the fish farmers from
Punjab revealed that the majority of the farmers were
having the pond size of less than 2.5 hectares with an
average size being 1.4 ha. The net benefit-cost ratio
was 0.62 on large farms indicating that the return per
rupee of investment was impressive on large farms
whereas it was 0.31 for small category of farms.  It was
found that among all the variables included in Frontier
Production Function viz. stocking density, labour,
fertilizers and feed, only stocking density and feed were
significant, indicating that one percent increase in
stocking density would result in a change in output by
0.24 percent. It was observed that about 96 percent of
the difference between the observed and the frontier
output was mainly due to the inefficient use of resources
which are under the control of fish farmers. The farmers’
perception about the constraints to the aquaculture in
Punjab revealed that high cost of feed, low dissolved
oxygen, poor availability of electricity, inadequate seed
supply and poor quality of seed were the major
constraints.

Although the farms are technically sound to some
extent, the economic efficiency is low. There is a
tremendous chance to increase technical, allocative
and economic efficiencies of Punjab fish farmers.  The
aquaculture in Punjab is profitable, but it is wrought
with certain constraints. Hence, there is still some scope
to increase the profitability in general and of small and
medium category of farmers in particular by improving
the technical efficiency and mitigating the constraints
to the extent possible.

Estimation of extent of farming practices, resources
and activities with energy use

Weighted correlation coefficients for the characteristics
(i) total irrigated area, (ii) land possessed under
cultivation (iii) land use under dairy and (iv) total land
possessed during the two visits/seasons have been
worked out for each district and over the state in respect
of the 20 major States. Minimum Variance Linear
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Unbiased Estimators (MVLUEs) for estimating different
parameters e.g. extent of farming practices, resources
and activities with energy use at District/State level have
been finalized. MVLUEs for estimating seasonal
variation and average of farming practices and
resources over kharif and rabi seasons have also been
developed. A computer program has been prepared
for working out the MVLUEs of the parameters under
study. The program was tested with real time data
obtained from NSSO. Subsequently the MVLUEs of
parameters for the characteristics, viz. Land used under
dairy, Land under cultivation and allied agriculture, total
land possessed by the households and land area under
irrigation have been obtained.

Study to investigate the causes of variation between
official and trade estimates of cotton production
(Funded by Ministry of Agriculture, Department of
Agriculture & Cooperation, DES, New Delhi)

The study was undertaken in two states namely,
Maharashtra and Andhra Pradesh (A.P.). A total of ten
districts, five each from Maharashtra and A.P. were
selected for carrying out field survey. Data collection
work pertaining to Crop Cutting Experiments on cotton
was completed in both the states with the co-operation
of concerned State Governments. Supervision of data
collection was done at regular intervals in both the
states. Scrutiny of filled-in schedules, data entry, and
scrutiny of entered data and data analysis of all the ten
selected districts have been completed. The progress
of the project was presented in a Review Meeting.  As
a follow-up action to the review meeting of the project,
a meeting involving all trade organizations, traders
associations, ginning/pressing mills representatives,
representatives from Ministry of Textiles, Ministry of
Agriculture and IASRI and members of Cotton Advisory
Board was held at Mumbai. In the meeting, presentation
of the project was made highlighting the progress of
the study so far, salient findings, proposed solutions
and the difficulties faced in getting the trade data as
well as in obtaining the documents related to the
methodology being followed to get the trade estimates.
The documents related to trade methodology being
followed by trade organizations for obtaining the trade
estimates and clarification sought on the methodology
have been received from Office of the Textile
Commissioner, Mumbai. Planning for trade data
collection was done and the details of two ginning/
pressing mills per district for all the selected districts
have been obtained from both the State Govts. The

schedule for trade data collection was designed,
modified and finalized. Technical discussions were held
with mill owners of selected ginny pressing mills of
Aurangabad district, a representative of Maharashtra
State Cotton Corporation, a progressive farmer, a legal
advisor of the mill owners and managers of the mills
on 27 March 2009 and with officers of Maharashtra
State Cotton Corporation to understand the flow of trade
data from ginning/pressing mills in arriving at final figure
of trade estimate of cotton production.

The study has revealed that the official estimates are
based on scientific methodology. The methodology is
objective, scientific and verifiable and sampling design
is proper but various problems have been observed in
actual implementation of the Crop Estimation Surveys
Scheme through Crop Cutting Experiments for Cotton.
The analysis of the secondary data revealed that the
sampling design and estimation procedure for
estimation of cotton production is correctly being
followed in Andhra Pradesh while it is not being correctly
followed in Maharashtra state. The methodology for
obtaining trade estimates by trade organizations is not
scientific. The final figures of the trade estimates are
obtained on the basis of discussion between various
trade agencies under the umbrella of Cotton Advisory
Board (CAB). Average weight of cotton bale varies from
150 to 172 kg in the selected districts of states under
study as against standard weight of 170kg. The
percentage of submission of returns by the ginning and
pressing units has been found to be 16% in
Maharashtra and 9% in Andhra Pradesh in the year
2007-08 which are being used in arriving at final figure
of the CAB estimates. The estimates of cotton
production obtained based on market arrival data
support that the official estimates seem to be closer to
the actual production than the CAB estimates.

Pilot study to develop sampling methodology for
estimation of production of mushroom

At present, the data on production of mushroom is being
collected by the State Government Departments on
complete enumeration basis. For this, the enumerator
is required to go for the data collection of each and
every picking which is time consuming, costly and
cumbersome. So, there is a possibility of non-sampling
errors creeping in the estimates of production of
mushroom crop. Sample survey based approach is,
therefore, desirable for framing the estimates of
production of mushroom. Accordingly, this study  was
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undertaken in the Sonepat district of Haryana state as
Haryana is the third leading state in the production of
mushroom crop. Primary data was collected in Sonepat district
of Haryana State pertaining to Button Mushroom (Agaricus
bisporus) crop from November 2007 to April 2008.

The sampling design adopted for data collection was
stratified two-stage random sampling with blocks/ group
of blocks as strata, mushroom-growing villages as
primary sampling unit and mushroom growing
cultivators as the ultimate unit of selection. The
productivity of mushroom was maximum 383.62 q/ha
with 5.17% standard error in Rai followed by 325.44
qtl/ha with 9.62% standard error in Sonepat and 312.34
q/ha with 4.76% standard error in Ganaur. Pooled over
all the strata, the estimate of productivity of mushroom
in Sonepat district was to the tune of 328.78 q/ha with
a standard error of 4.63%.

The estimate of productivity (kg/tray) was observed
highest in Rai (4.63 kg/tray with 4.31 percent standard
error) and the lowest in Sonepat (4.35 kg/ha with 1.98
percent standard error). The productivity in Gannaur
was observed as 4.50 kg/tray with 1.38% standard
error. The productivity of mushroom for the entire
Sonepat district was estimated to be 4.46 kg/tray with
1.21% standard error.

As reported by District Horticulture Office, Sonepat, the
production of mushroom in the Sonepat district on the
basis of complete enumeration approach was to the
tune of 2063 MT with 416810 trays. The productivity of
mushroom was observed as 4.94 kg/tray  on the basis
on complete enumeration approach while the same as
estimated through sample survey based approach was
4.46 kg/tray with 1.2% of standard error. The
magnitudes of standard errors as well as the closeness
of the two figures pointed towards the fact that the
random sample survey based approach appears to be
suitable for estimating the production of mushroom.

The estimate of wet compost used in mushroom
cultivation was observed to be of the tune of 269.8 q/
ha with 6.50% standard error. Estimate of spawn used
in cultivation of mushroom crop was of the order of
20.61 q/ha with 4.52% standard error. in Sonepat district
pooled over all the strata.

Recommendations

● Sample survey based approach appears to be
appropriate for developing estimate of production
of mushroom.

● For validation upscaling some more studies needed
to be carried out before the developed methodology
can be recommended for adoption.

● Mushrooms are grown in sheds/beds. Therefore,
reporting the estimates of different parameters on
the basis of area (quintal per ha) is a better way of
reporting than reporting made on the basis of kg
per tray as there is no practice for cultivating
mushrooms in trays in the district.

● The area under mushroom may be calculated as
the total area in hectare of the beds used in a shed
for cultivating mushroom crop.

Pilot study on small area crop estimation approach
for crop yield estimates at the Gram Panchayat level

Data entry and subsequently, analysis of data were
carried out as per the already developed estimation
procedure. For this purpose, two type of estimators i.e.
ratio and regression type estimators were considered
for estimation of crop yield at Gram Panchayat level.
The results were satisfactory i.e. the standard errors
were within acceptable limit in most of the cases.

Small area estimation for zero-inflated data

Survey data often contain large proportion of zero
values (for example, Agricultural and environmental
surveys etc.) than would be expected under standard
model assumptions. Presence of excess zeros in the
data (i.e., zero-inflated data) makes the model
assumptions invalid. Consequently, problems with
inference are liable to occur by ignoring this feature of
the data. Small Area Estimation (SAE) under a linear
mixed model may not be efficient for zero-inflated data.
A SAE method for zero-inflated data that account for
excess zeros in the data has been proposed. In
particular, a mixture model based approach has been
adopted to SAE for zero inflated data. For comparing
the performance of proposed estimator of small area
means under a mixture model, three alternative
estimators under the linear mixed  effects model have
been identified. These are the empirical best linear
unbiased prediction, Pseudo-empirical best linear
unbiased prediction and Jiang-Lahiri empirical best
predictor estimator. The first estimator is model
dependent and sensitive to model, however, second
and third are model-assisted estimators for small area
means. Limited model-based simulation is carried out
to contrast the performance of developed estimator with
three alternative linear mixed effects model based small
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area estimators. The results obtained so far through
mixture model perform better in terms of relative biases
and relative root mean squared errors when data
contains a large proportion of zero values.

Study on status and projection estimates of
agricultural implements and machinery

Data relating to different items of agricultural machinery
and implements from different publications/literature
e.g. Livestock Censuses have been compiled. Data
pertaining to area and production of various food grain
crops and average food grain productivity for different
states have also been obtained.  For Madhya Pradesh
state, district-wise mechanization indicators, as ratio
of mechanical power to the total power (comprising of
power from animate and inanimate sources) have been
worked out and stratified into different groups. Group-
wise correlations between mechanization indicators
with the average food grain productivity have been
obtained.

Assessment of post harvest losses of crops/
commodities
The data analysis has been completed for all 120
selected districts for all the selected major crops/
commodities. The results obtained after data analysis
have been validated. The results were discussed at
length in a meeting with former DDG (Engg.) and ADG
(Engg.) held at IASRI on 13 January 2009. As a follow-
up action of the meeting with former DDG (Engg.), the
required schedule was designed and sent to CIPHET,
Ludhiana for its onward dispatch to the concerned
places. The final results of the study were presented in
an ICAR Expert Committee meeting on 19 March 2009.

Programme 4: MODELING AND SIMULATION
TECHNIQUES IN BIOLOGICAL SYSTEMS

A Statistical study of rainfall distribution and rainfall
based crop insurance
Method of moments, and Method of maximum likelihood
were used for estimation of parameters  of Generalized
Lambda   Distributions (GLD).  Ver. 1.0.3  of the GLDEX
package, in R software ( Ver. 2.8.1) was used for
estimating parameters of unimodal GLD by Starship
method as well as Discretized nonparametric method.
Further, for assessing goodness of fit, several methods,
like the Resample Kolmogorov-Smirnov test, are
included in the package. Rainfall data  of   Assam  and
Meghalaya meteorological subdivision   for the period
1871-2006  were used to illustrate these  techniques.

For given data, the performance of  the Starship method
is the best. From monthly rainfall data sets at
Meteorological Subdivision level, It is observed that the
rainfall distribution is heavy-tailed or belongs to a
mixture of long-tailed probability density function.  The
estimation of extreme value index  is carried out by
Hill’s nonparametric density estimation method. Under
this method the parameter which controls extreme
values of the underlying rainfall data  is estimated by
minimizing mean square error of the Hill’s estimator.
Steps for carrying out the computations are finalized
and the computer program is developed. Trend in yield
was examined for all the districts. Significant linear trend
was present in the yield series of Akola, Parbhani and
Kheda districts except for Jhansi  district. Relationship
between rainfall minima  of various durations such as
1-week total rainfall , 2-week total rainfall etc. upto 13-
week  total rainfall and yield (and trend adjusted yield)
was examined. Based on the scattergram of
observations suitable models were tried. No model
could describe the relationship significantly. Similarly,
relationship between rainfall maxima of various
durations and  yield (and trend adjusted yield) was
examined. Based on the fitted models surplus / excess
rainfall thresholds  (above which yield is expected to
be below median) were obtained for Jhansi, Akola and
Kheda districts. Quadratic regression model for Jhansi
and  linear models for Akola and Kheda fitted well to
duration (I,2,3,…,n weeks) and corresponding threshold
values. Base values of surplus rain  obtained from these
models can be used for crop insurance programmes.

Computational analysis of SNPs at functional
elements of rice genome

Genomic information on all the 12 chromosomes of
Oryza sativa has been collected from TIGR site.
Sequence information on different functional elements,
viz., exons, introns, UTRs, mRNA, proteins, promoter
regions, 1K nucleotides of upstream has been collected.
The collected information has been processed in a way
suitable for extraction through web interface.  The
genomic coordinates of functional elements have been
obtained and stored in database. Necessary scripts are
written in perl for the extraction of coordinates of
functional elements. A web page has been developed
for Agricultural Bioinformatics Lab (ABL) wherein links
are provided to bioinformatic tools, Local BLAST, etc.
BioPerl and .cgi scripts are written for sequence
alignment and filtering of BLAST report. SNPs along
with their flanking sequences are collected and
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processed in a format suitable for populating database.
Online local BLAST has been developed to locate and
quantify blocks of similarity between query sequence
and database sequences.  Local BLAST includes
blastp, blastn, blastx, tblastn, and tblastx programmes
to align protein vs protein, nucleotide vs nucleotide,
translated nucleotide vs protein, protein vs translated
nucleotide, translated nucleotide vs translated
nucleotide sequences respectively. A database on
functional elements of rice genome has been populated.
Programmes are being written to extract information
on functional elements through web interface.  Web
page on Agricultural Bioinformatics Lab (ABL) has been
updated with genomic sequence analysis tools. More
online computational facilities for genomic data analysis
are being provided in the ABL page. Programmes are
being written to obtain genomic coordinates of Single
Nucleotide Polymorphisms (SNPs).

Empirical investigations on estimation of genetic
correlation

Computer program is prepared to simulate half- sib data
with sire effects as gamma and errors as normal
distributions. The data under half-sib model was
simulated for different combinations of low, moderate
and high genetic correlation, phenotypic correlations,
heritabilities of the two traits and for different family sizes
and structures. These  simulated samples were
analysed to obtain the estimates of genetic correlations
along with their bias, standard error and mean square
error. The observed, estimated, predicted and bootstrap
standard errors of genetic correlation are obtained for
various combinations of population values of genetic
correlation, phenotypic correlation and heritabilities of
the two traits. It has been observed that the estimates
of genetic correlations are biased in general and the
bias decreased considerably with increase in sample
size. The bias increases considerably with increase in
heritabilities of the two correlated traits. The estimates
of genetic correlation are highly overestimated from
samples drawn from populations with negative genetic
correlation and their bias is quite high as compared to
positive genetic correlation. The bootstrap estimates
of standard error of genetic correlation are in general
lower than the estimated standard error and the
difference in the two decreases and reduces to zero
with increase in sample size in most of the cases. The
probabilities of inadmissible estimates are also obtained
for various combinations of population genetic
parameters and sample sizes and these probabilities

in general decrease with increase in sample size. In
general there is decline in probabilities of inadmissible
estimates with increase in heritabilities of the two traits
for a given genetic correlation and sample size.

Programme 5: DEVELOPMENT OF INFORMATICS
IN AGRICULTURAL RESEARCH

National Information System on Agricultural
Education Network in India (NISAGENET II)
(AP Cess Fund Scheme of ICAR)

The Project was designed, developed and made
operational at http://www.iasri.res.in/Nisagenet/  during
2005-07. It contains data with regard to academics,
infrastructural facilities, budget provisions, manpower
employed, personal information of the faculty members
and the research and development activities of the
organizations imparting agricultural education in India.
For Country/State/University/College level reporting, the
NISAGENET has been maintained at the Central server
located at IASRI, New Delhi. For data management
the system is operational at the Local Servers of all the
participating organizations where facility has been
provided for data entry/updating and uploading of data
to Central Server for data integration at country level.
The software of the Administrative module for
management of the activities at the Central Server has
been strengthened by adding newly established
universities into the system for implementation of the
data management application software at the local
server of the respective universities. For upkeep and
maintenance of NISAGENET at the Local Servers of
the participating organizations, technical support
through e-mail, telecommunication and visits by the
concerned staff has been provided.

Statistical Package for Animal Breeding 2.1
(SPAB 2.1)

Computer programs were developed for application of
Sanders correction, calculation of repeatability upto 10
locations, skillings and Mack’s nonparametric test,
simulation of data for parent-offspring (heritability
model), half-sib (heritability model), full-sib (heritability
model), parent-offspring (genetic correlation model),
and half-sib (genetic correlation model), bootstrap
studies for data of half sib (heritability model), full sib
(heritability model) and half sib  (genetic correlation
model). Care has been taken to keep processing
procedure very simple and useful for animal breeding
scientists.
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Strengthening, refining and implementation of
expert system on wheat crop management

The crop protection part of the expert system has been
strengthened by adding one sub module for nematode
identification. Information has been collected for
strengthening the Cultural Practices and Harvest
Module. New rules, interfaces and heuristics have been
developed. A major change in the database has also
been done to accommodate new knowledge. The
database for the Hindi Module of Expert System has
been designed using SQL server that accepts
UNICODE for the support of Hindi language.  The
system displays varieties through State and Zone Map
with the Hindi Interface.

Web solutions for Partially Balanced Incomplete
Block (PBIB) designs
Methods of construction of a series of cubic PBIB(3)
designs with parameters v=s3, b= b*3, r=r*3, k=k*3, λ

1
 =

r*2λ*, λ
2
 = r*λ*2, λ

3
 =λ*3 and a series of rectangular

designs with parameters v=v′v″, b= b′b′′, r=r′r′’, k=k′k′′,
λ

1
 =r′λ′′, λ

2
 = r′′λ′, λ

3
 =λ′ λ′′ have been compiled from

literature and computer modules have been developed
for online generation and randomization of these
designs. Design and development of module for online
analysis for block designs have been completed. This
module analyzes the data generated from complete/
incomplete block designs having equal/unequal
replications as well as block sizes. This module provides
ANOVA(s), treatment means, CD(s) and comparison
of treatment means. In case of PBIB designs, various
associates for all the treatments are also displayed.

Knowledge data warehouse for agricultural
research
The data mart related to crops were redesigned and
three techniques of future projections i.e. growth
models, trend models and auto-regressive models have
been incorporated in on-line DSS. Apart from this,
derived parameters have also been included in this data
mart. Multidimensional model of the census data related
to household amenities has been designed and data
of some states have been published. On-line Analytical
Processing (OLAP) cubes for the Census data (2001)
have been prepared for all states and published.
Further, new web site (K-Mart) of the project has been
designed (Figure. 5.1). Thematic maps of productivity
of various crops were digitized based on historical data
using GIS software (Figure. 5.2). Attempts have also
made to calculate crop diversification index at state

level. Further, data mart of crops, livestock and fisheries
sectors has also been updated.

Decision support system for manpower planning -
PERMISnet

Data from online PERMISnet database has been
merged with database structure of PERMISnet-II. Alpha
testing of the system has been done with data from
three institutes. System has been implemented at IASRI
for Beta testing. User Manual has been  printed and
linked with the system. Few graphical reports are also
available. New reports on manpower planning e.g.
personnel in caste category, training details and abroad
visit have also been developed. Regular backup of
PERMISnet is being taken. Coordination with nodal
officers and solution to the problems faced by them

Figure 5.1. Home page of Knowledge Management System

Figure 5.2. Thematic map of Wheat Crop
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and various queries from PERMISnet database is
continuing.

Intranet solutions for PG School IARI

Green Book of PG School, IARI has been made online
from where various chapters and syllabi of various
disciplines can be downloaded in PDF and Doc format.
The e-Green Book is also linked through the project
website. IASRI Virtual Learning Environment has been
developed and deployed using Moodle. All the courses
of the discipline of Agricultural Statistics and Computer
Applications of PG School, IARI are added in the
system. The system can be accessed through http://
elearning.iasri.res.in by faculty, instructors and
students. Designing of database schema for other
Intranet Solutions viz., Student Management, Faculty
Management and PG School Administration
Management has been completed. The home page of
the Management System for PG School, IARI is given
in Figure 5.3.

CIMMYT data have shown that Support Vector
Machines gives better accuracy of classification in
comparison to ANN both with or without discretization
of data. Comparing the classification accuracies for
discretization based SVM with simple SVM, it has been
shown that discretization based SVM performs better
than simple SVM.

An e-Learning solution for agricultural education
using MOODLE (Modular Object Oriented Dynamic
Learning Environment) was initiated to design and
develop a framework for eLearning courses, develop
multimedia enabled e-course content, design, integrate
and deploy the eLearning solution and impart training
on content creation through eLearning system. The
course material collection for the following two courses,
Elementary Statistical Methods, AS-101, Discipline of
Agricultural Statistics and Computer Fundamentals and
programming, CA-101, Discipline of Computer
Application under PG School, IARI has been completed.
The Plug-in for Equation Editor has been installed and
integrated with MOODLE for working with equations.
The lesson contents, Quiz’s and Power Point
Presentations of the initial lessons of both the courses
have been finalized and digitized. The digitized contents
have been integrated in MOODLE. A workshop entitled
“Sensitization Workshop on content management for
eLearning systems using MOODLE” was organized at
IASRI on 30 January 2009. The eLearning site http:/
elearnagri.iasri.res.in/ has been launched in the
workshop and its home page is given as in Figure 5.4.

Figure 5.4. Home page of eLearning Agri: eLearning for Agriculture
Education

Figure 5.3. Management System for the PG School,
IARI, New Delhi

Machine learning approach for data mining
Exploratory data analysis of two datasets Haryana
Farmer’s Data and CIMMYT Data was completed. Data
Cleaning and Data Preparation was also completed for
both datasets and as its part, both the datasets were
discretized. Machine Learning techniques namely,
Artificial Neural Network (ANN) – Multi Layer Perceptron
(MLP) model, and Support Vector Machines (SVM)
have been used for Classification of CIMMYT data and
Rough Set based Technique for classification have
been used for Haryana Farmer’s Data. The results for
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Figure 5.6. Home Page of PAYBITAX Package Version 2.0

A site containing lesson on ‘Descriptive Statistics’
was prepared and deployed on “http://elearnagri.
iasri.res.in”. A screen shot is given in Figure 5.5.

A package ‘PAYBITAX Package Ver 1.0’ was
developed for preparing pay bills, pay slips, maintaining
GPF accounts and generating different reports, income
tax statements and Form-16, writing PBR and
generating arrear bills etc. for ICAR Institutions
employees.  The package was released on 2 July 2008
on the Institute’s day. It was implemented in 9
organizations of ICAR. After the implementation of the
6th Pay Commission, a modified version of the package
‘PAYBITAX Package Ver. 2.0’ was developed which
had some additional facilities like e-mailing pay-slip and
generating new arrear bills. Necessary training for
installation and its use was imparted to the concerned
officers. This modified version was implemented in
7 organizations of ICAR.

The Home Page of the package is as given in
Figure 5.6.

Figure 5.5. e-lesson on “Descriptive Statistics”

Keeping in view the decision taken in the 211th Govern-
ing Body Meeting of ICAR held on
13 October 2008 in New Delhi, a Project Information &
Management System of ICAR (PIMS-ICAR) is under
development. This computerized system will help in
taking decisions to check duplication in research
projects. Requirement Analysis has been completed
on the basis of existing RPF-I, II, and III proformas.
The designing of the database is completed according
to requirement analysis. The development of user
interface(s) is in progress for the online project data
entry.




