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I. 

PilEFACE 

I take pleasure in presenting this compendium of discussion papers and 
proceedings of the Tenth National Conference of AgricuJtw-al Research Statisticians 
held at Indian Veterinary Research Institute, Izatnagar from November 2-4, 1992. 
The main theme of the Conference was 'Current Statistical Research Problems in 
Agricultural Statistics and Computer Application' which was deliberated in four 
technical sessions. The deliberations in the Conference, inter-alia, have helped in 
identifying priority areas of research requiring concerted efforts on the part of the 
scientists. I hope this compendium will be well received by the scientific fraterni ty 
and help in the formulation of appropriate research studies in different fields of 
agricultural statistics and computer application during the last decade of this 
century. 

I express my indebtedness to Prof. V.L. Chopra, Director General, ICAR and 
Secretary, DARE for his keen interest in the Conference. We are grateful to 
Dr. P.N. Bhat, DDG (AS), ICAR, for inaugurating the Conference. His presence 
was a source of encouragement to all the agricultural scientists attending the 
Conference. Our grateful thanks are due to Dr. D.S. Balain, Director, IVRI, 
Izatnagar for hosting the Conference and chairing a technical session. Thanks are 
also due to Dr. Rajendra Singh, Head, Division of Livestock Economics and 
Statistics, IVRI and local organiser of the Conference for making excellent arrange
ments and co-chairing a technical and Plenary session. Our special thanks are due 
to Shri M.G. Sardana, former Director General, Central Statistical Organisation, 
New Delhi ; Dr. B.N. Tyagi, former Director of Agricultural Statistics, Lucknow; 
Dr. Aloke Dey, Professor, ISI, New Delhi; Dr A.K. Nigam, UGC Professor of 
Statistics and Honorary Director, Institute of Applied Statistics and Development 
Studies, Lucknow and Dr. P.N. Khanna, Joint Director, IVRI for chairing/ 
co-chairing different technical sessions and participation in the discussions. We are 
thankful to Discussion Openers, Rapporteurs and the participants who took active 
part in the deliberations and making the Conference a grand success. 

I would like to express my appreciation of the hard work put in by 
Shri T.B. Jain, Head, Coordination Cell in co-ordinating the work of the 
Conference. Thanks are also due to Shri P.P. Singh, Sh. O.P. Singh, 
Sh. J. Srinivasan and other officers and staff members of the Institute for their 
painstaking efforts for organizing the conference and to Shri Mahesh Chander, 
Smt. Rajni G upta and Shri Ishwar Dutt for providing help in typing/computerisation 
work. 

R .K . ·PANDEY 
Director 
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PROF. V.L. CHOPRA 
Secretary, Govt. of India 

Deptt. of Agricultural Research and Education 

(Ministry of Agriculjure) 

and 

Director General 
Indian Council of Agricultural Research 

Krishi Bhawan, New Delhi-110001 

MESSAGE 

I am extremely happy to know that the Tenth N ational Conference of 
Agricultural Research Statisticians is being held at the Indian Veterinary Research 
Institute, Izatnagar. Such Conferences provide the agricultural research statisticians 
very useful, effective and meaningful forum to exchange ideas among themselves 
regarding research problems and activities keeping in view the current and emerging 
needs and challenges of agricultural research and development in the country. This 
process greatly helps in accelerating the pace of development in agriculture and in 
planning for increased production. 

I hope that the Conference will have a critical look on the agricultural 
statistics research being carried out in the country in the ICAR System as well as 
agricultural universities and the need for its giving appropriate direction so ~hat the 
statistical support to the agricultural research can be adequate. 

I wish jhe Conference a great success. 

Qctober 23, 1992. 
V. L. CHOPRA 
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t WELCOME REMARKS 

D.S. Balain 
Director, IVRI, Izatnagar 

Dr. P.N. Bhat, Deputy Director General (Animal Sciences), Dr. S.K. Raheja, 
Director, IASRI, Dr. Rajinder Singh, distinguished delegates, ladies, gentlemen and 
students : 

I have great pleasure in extending a warm welcome to all of you for attending 
this important I Oth National Conference of Agricultural Research Statisticians at 
IVRI which perhaps occupies the pre-eminent position of being the first research 
institute established in our country. I am especially grateful to Dr P.N. Bbat, 
Dr. S.K. Raheja and other distinguished Statisticians and delegates who have very 
kindly agreed to be personally present on this scientifically important occasion. We 
rervently hope that all the participants would become more rich in knowledge and 
thought as a result of participation in the deliberations of this conference. In this 
way, we also expect that agricultural and veterinary science researches will be further 
strengthened and made more meaningful as a result of better cooperat ion and 
greater involvement of Statistics as well as statisticians in different disciplines. All 
the research workers invariably use statistics in their experimentation, though the 
extent, measures and methodologies differ. 

The use of statistics in agriculture and more particularly in animal sciences bas 
been slow but steady and sure. The models, procedures and experimental designs 
developed by mathematical statisticians find a remarkable isomorphism not only in 
physical sciences, but also in biological sciences and social sciences. 

At IVRI, we have a full-fledged Division dealing with livestock statistics. We 
also have a Computer Centre with good facilities. Both these cater to the needs of 
our scientists and postgraduate students. The Statisticians are in great demand 
particularly in animal genetics and breeding, animal nutrition, the social sciences, 
and other related disciplines. The penetration and purposeful use of statistical tech
niques has been rather slow in the clinical sciences globally as a whole. However, 
the trend is now changing all the world over and statistics is finding a great use 
particular!~ in studies related to disease resistance and the ¥enetics of pathogenic 
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conditions. Some preliminary statistical methods are now used in almost all clinical 
sciences, both in human as well as in Veterinary Medicine. 

There is a definite need for further investigation and research in statistics 
itself The data of the clinical veterinary sciences may not always be amenable to 
the known statistical methods, particularly in case of rarely-occuring but dangerous 
diseases . There is also a need to develop suitable statistical methods for dealing with 
the data obtained in the Social Sciences. Moreover, special techniques need to be 
developed for dealing more effectively with data of qualitative and categorical 
nature. Without any doubt, statistics has become a willing and helpful tool in the 
hands of scientists in almost all spheres of their activities and now it is all set to 
become more user-friendly than ever before. 

For considering such issues as well as those related with changes in statistical 
thinking and improvements in methodology of designing of experiments and 
analysing data, it is essential that conferences like the present one are held periodi
cally to review the progress already made and to think ahead for the future. I 
earnestly . hope that this conference will come upto these expectations and will 
promote a free exchange of ideas not only among Statisticians but also among all 
types of users of statistics. I woulct a lso like to take this opportun ity to request the 
users to make better and fuller use of the techniques already made available to us 
by the commendable work of Statisticians done so far. Furthermore, it is expected 
that all the users would be very willing and ready to provide the desired type of 
interaction, cooperation and involvement to the Sta tisticians in order to ensure 
more productive and fruitful achievements on their parts in their endeavours in 

future. 

With these few words, I again welcome all of you to this Conference and wish 
the deliberations here all success in this salubrious weather of Bareilly. 

t 

.. 

t ' 
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KEY - NOTE ADDRESS 

S.K. Raheja 
Director, !ASRI, New Delhi 

The Achievement and Audit Committee appointed by the Indian Council oi 
Agricul tura l Resea rch (ICAR) for assessing the research activities of the Indian 
Agricultura l Stati sti cs Research Institute (IASRI) for the five year period 1966-1971 
recommended inter-alia that the cooperation and collaboration between research 
statisticians of the Institute and those working in the ICAR Research Institutes, 
Nationa l R esearch Centres and Bureaux, Project Directorates and Agricultura l 
Universities and other Central and State Departments of Agriculture, Animal 
Husbandry, Forestry and Fisheries should be greatly improved upon . The Co mmit
tee suggested that peri odical meetings and conferences, at least one in each year, 
might be held with the object ive of providing opportunities to the stat isticians to 
exchange their ideas and views, discuss their current pro blems and fina lly make 
recommendations for taking further necessary action for solving these problems. In 
pursuance of this recommendation, the IASRI has been organisin g conferences 
of Agri cultural Research Statisticians a lmost regularly since 1974 and so fa r we 

have had nine such conferences . 

The firs t 3 conferences were held at IASRI in I 974, 1976 and 1978 respectively 
and the fourth conference was held at Himachal Pradesh Krishi Vishwavidyalaya, 
Pa lampur in 1979 The fifth Conference of Agricultural Research Statisticians was 
held at Lucknow in 1980 jointly with the annual conference of the Indian Society 
of Agricultura l Sta tistics, New Delhi and was organised by the Department of 
Agriculture, UP. In this conference, the technical sessions were related to current 
statistical research in agriculture, forestry, livestock and fisheries with respect to 
rura l development. The sixth conference was again held at IASRI in 1982. The 
seventh conference in ! 983 was held for the first time in the Southern region at the 
University ot' Agri cultural Sciences, Hebbal, Bangalore. In addition to 4 technical 
sessions, Prof P.K . Bose, Ex Pro Vice Chancellor of Calcu t ta University delivered a 
special lecture on " Imbalances in Relative Gro wth Rates in Agriculture-Causes and 
Reruedi<;s" , On~ of tne recommendations made in this Conference was to change the 
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name of the Agricultural Research Stati sticians' Conference to National Conference 
of Agricultural Research Statisticians. Also, as per the directive from the ICAR, its 
periodicity was changed to once in three years . Accordingly, the next Conference i.e. 
eighth in the series was held at Central Arid Zone Research Institute, Jodhpur in 
1986. The main theme of the Conference was "Priorities in Research and Education 
in Agricultural Statistics and Computer Applica tions" . Since the 8th Conference was 
held in the northern region of the country, the ninth one was held in the southern 
region at Tamil Nadu Agricultural University, Coimbatore during July 19-21, 1989. 
The main theme of the Conference was "Research Challenges in Agricultural 
Statistics and Computer application in agriculture". 

The tenth conference i.e., the present one i s being held in Jzatnagar at the 
prestigious campus of the Indian Veterinary Research Inst itute (IVRI). We express 
our gratitude to Dr DS Balain, Director for kindly agreeing to host the Conference. 
The main theme of this Conference is " Current Research Problems in Agricultural 
Statistics and Coruputer Application in Agriculture". Apart from Plenary Session, 
we have planned four Technica l Sessions viz , (i) Current Statist ical Research 
Problems in Crop Sciences and Agro Forestry; (ii) Current Statistical Research 
Problems in Animal Sciences and Fisheries ; (iii) Teaching of Agricultural Statistics; 
and (iv) Computer Application in Agriculture. 

These Conferences have been giving agricultural research statisticians very use
ful opportunities to exchange ideas among themselves regarding current statistical 
problems and solutions thereof. I hope this Conference would also be beneficial to 
the scienti sts and research workers who have gathered here from all over the country 
to discuss and deliberate upon research problems and priorities of research in Agri
cultural Statistics and Computer Application in Agriculture. An interaction between 
the experts would inter-alia help in the formulation of appropriate research studies in 
different fields of agricultural statistics and computer applications during the VIII 

Five Year Plan. 

Soon after the last conference, the summary of recommendations made at the 

ninth conference held at TNAU, Coimbatore in July, 1989 was prepared and sent to 
the concerned ICAR Institutes, National Research Centres and Bureaux, Project 
D irectorates and Agricultural Universities for taking necessary action. The statement 
of Action Taken on these recommendations has been prepared and distributed. 

In all , there were 45 recommendations requiring action Of these, action on 
about three-fourths (i e. 33 recommendations) has either been completed, pa rtially 
completed or already initiated, while action on the remaining 12 recommendations 
would be taken up during the VIII Plan. Out of the 45 recommendations, 12 per-

10 
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tained to the field of Crop Sciences and Agro-forestry and action has been taken on 
as many as 10 recommendations, while out of 10 recommendations in the field of 
Animal Sciences and Fisheries, action could be taken only on 5 recommendations. 
Action was taken on all the 7 recommendations made in the discipline of Computer 
Application in Agriculture, whereas out of 16 recommendations in the field of 
Research and Teaching-Coordination and Linkages, action was completed on 11 
recommendations. 

As you are aware, the IASRI is a premier Institute whose mandate is to pro
mote and conduct research, education and training in Agricultural Statistics and 
Computer Application in Agriculture for improving the planning and evaluation of 
agricultura l research and development in the country. To achieve these objectives, 
the Institute undertakes research activities covering different fields like experimental 
designs, sampling methods, statistical genetics, bio-statistics, forecasting techniques, 
statistical economics, computer software, data processing and allied topics. Impor
tant methodological research projects, both theoretical and applied, which lead to 
newer developments in agricultural statistics and computer applications or which 
bridge the gaps in the application of these techniques to problems of agricultural 
research are undertaken in these varying fields . 

I would now like to highlight some of the past achievements -as also the areas 
of current interest of the Institute and outline some of the research problems/chal
lenges that we need to take up in the future. 

Design of Experiments 

The main thrust of research in Design of Experiments is on the development of 
statistical designs and methodology for analysis of data relating to field and labora
tory experimentation in agriculture (including agro-forestry) and animal sciences and 
in developing and organising national information system on agricultural experi
ments as also designs to study appropriate stochastic models to assess yield and 
moisture stress relationship in dryland areas. 

Currently, considerable emphasis is being la id on studying optimality of 
desirns. The robustness of designs against missing data/model iiladequacies/outliers/ 
presence of trends in the observations, etc. is another important area of current 
interest. Optimal and robust designs to minimize the effect/disturbance on account 
of these problems need to be developed . In view of this, cataloguing of designs may 
be taken up ·on a regular and continuing basis. 

Another important area of research is to develop efficient designs for multiple 
responses. The problem is quite involved when all th~ responses are not recorded 
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on all the experimentai units and further the design also is an incomplete block 
design. For example, in the case of comparative evaluation of tree species, the 
responses could be measured in terms of fodder, fuel, timber and yield. Not all the 
tree species give the responses in terms of all these components and the response 
components may be different for different species. Efforts would be made to obtain 
efficient designs for such situations. 

The use of designs for making control vs test treatments comparison is very 
frequent, specially among plant breeders. Studies need to be undertaken to obtain 
efficient designs for making these comparisons for one-way and two-way elimination 
of heterogeneity. Efforts should also be made to obtain efficient designs when there 
are more than one control treatment. Research efforts should be directed to obtain 
efficient nested designs for making test treatment-control comparisons. 

Long-term and rotational experiments have been conducted for a number of 
year in the past. However, the ana lysis of data from such experiments has not 
received much attention so far. In view of the stress on research on fa rming systems 
rather than individual crops, these experiments require greater attention of the 
statistician for their lay-out and analysis of their data . For opt imum utilisation of 
the available land and other resources, intercropping and agro-forestry as well as 
fisheries research· have been receiving greater attention. Agro-fo restry involves 
several component crop/tree species and also involves the complexities of long-term 
experiments. Greater attention is, therefore, required in proper analys is of the 
experimental data as also for the development of new experimental designs in agro
forestry research. Fisheries research h as a greater rol e to p lay for providing food 
materi al, both in quanti ty and quality, to the growing needs of the population . Not 
much work has been done in the designing and anal ysis of experiments for fisheries 

research. This is another challenging field for the agricultural statisticians. 

Over the period, a large body of experimental da ta has accumulated at the 
research fa rms but only a small fraction of it has found its way in the literature in 
the form of reports and other research publications. Thus, there is a need for main
taining a computerised data base appropriate for the dissemination of the up-dated 

knowledge as also to provide basic data for developing statistical methodologies, etc. 

Sample Survey Methodology 

One of the most striking features of recent devel opments in statistics is the 
rapid growth of interest in sampling methodology coverin g both theory and practice. 
The need for sampling from different types of populatim~s has created a number of 
problems of basic research. Survey sampling has significantly helped in p roviding 
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estimates of important population characteristics for scientific planning, This 
involves basic and applied research in sample survey techniques and their applica
tions in agricul ture, animal husbandry, fishery, forestry and allied fields. Severa l 
methodological investigations have been carried out for evolving suitable sampling 
methodology for estimation of production of principal livestock products. The 
resulting methodology is the integrated technique for estimation of milk, wool, eggs 
and meat which is now being adopted in various states of the country. Sampling 
techniques have also been developed for estimation of cost of production of crops, 
fruits and vegetables. Recently, sample surveys have been undertaken for assess
ment of agricultural development p rogrammes, estimation of fruits and vegetables 
production in the country, study of constraints in transfer of new agricultural 

technology under field conditions, determining energy requirements of various crops 
from different inputs, estimation of post harvest food grain losses of wheat crop, 
study of comparative performance of mixed farmin g, estimation of losses due to 
diseases and pests in bovines, etc. 

Some of the problems that need attention for developing sample survey 
methodology are (i) forecasting/estimation of crop yield for field crops, perenial 
crops as well as forestry cover using data obtained by remote sensing technique, 
(ii) estimation of acreage and yield of crops in hilly areas, (ii i) measurement of 
impact of agro forestry and socia l forestry programmes on labour employment and 
income generation, etc. Other problems for study would include developing 
imp roved techniques for analysis of survey data particularly fo r studies based on 
~omplex surveys, non-sampling errors, surveys involving repeated measurements, 

small area estimation, est imation of post production losses in crops and livestock, 
determination of premium rates for crop insurance etc. Surveys for estimation of 
inland fish catch, its disposal and market ing and other related problems also need 
to be undertaken. Other important emerging areas are modelling for biological 
phenomenon like growth and culling pattern of poultry, thermodynamic considera
tion in energy utilisation, etc. 

Bio-statistics and Statistical Genetics 

In the past, several theoretical and applied cont ributions ha ve been made in 
this field to solve the problems of plant a nd animal breeding. These include develop
ml!nt of making designs for plan t breeding trials, optimum plans for genetic 
improvement of dairy herds, development of newer techniques of evaluati ng breeding 
worth of dairy bulls and modelling of the population dynamics of populat ions of 
finite size. The current st rategy i ~ to conduct research in the areas of animal 
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nutrition and epidemiology, physiological and pharmacological kinetics m animai 
research, ecology and pest control management. 

The future strategy of the research effort will be directed towards modelling of 
newer scientific phenomena in plant and animal breeding. Extensive computer 
oriented methods such as simulation and bootstrap techniques will be used to study 
the statistical properties of genetic parameter. Efforts will also be made to conduct 
research on the nutritional and ecological related problems, modelling of growth of 
different species in fisheries, role of spatial dependence among observations and 
monitoring the declining trend in plant genetic resources, etc. More specifically, 
emphasis in research studies will be on the use of bootstrap techniques, modelling 
non-linear response among performance traits of crossbred dairy cattle and growth 
studies of goats In addition to these, emphasis will also be laid on the preparation 
of reliable and accurate data base in dairy cattle because this is the backbone for 
developing efficient breeding strategies. The database containing full data on various 
traits like milk production, reproduction, diseases and veterinary practices for a large 
number of herds will be of great use for conducting epidemiological research 
relating to performance and disease. Finally, the newer areas of in depth research 
will be the development of statistical techniques for the all or none type traits, 
estimation of variance components in mixed models, RFLP (restricted fragment 
length polymorphism) and stability analysis. 

Forecasting Techniques 

Forecasting of crop production is one of the important aspects of the Agricul
tural Statistical System. A reliable estimate of crop production available well in 
advance of crop harvest is of considerable help in planning and formulation of 
policies concerning marketing and disposal of agricultural produce as also their 
import and export potential. The knowledge of incidence of crop pests and diseases 
and consequent losses is of vital importance for improving agricultural production. 
Forecast of attack of crop pests and diseases and their intensity is also very helpful 
in taking timely control measures. Studies have been carried out in the past to 
develop pre-harvest yield forecast models for apple, groundnut, jowar, tobacco, 
sugarcane and wheat. Statistical models were also developed for yield forecast of 
wheat crop with the help of time series data on weekly weather parameters such as 
temperature, relative humidity, rainfall, number of rainy days, sunshine hours, etc. 

The studies carried out so far relating to crop yield forecasting were based on 
ground truth data which involves collection of data from farmers' fields. As such, 
the data can be used on characters which can be measured easily without involving 
much expertise, cost and sophisticated instruments. Some characters contributing 
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significantly towards yield may not find place in the model due to these limitations. 
This calls for the necessity of including some other variables in the model alongwith 
ground truth data which can indirectly take care of such variables. The data 
obtained by remote sensing technique could supplement the ground truth informa

tion for improving the forecast models. 

There is a lso a scope for improving the yield forecast models by refining the 
statistical techniques used so far. The refinements consist of use of non-linear 
regression Marcov Chain approach, Bayesian approach and System D ynamics 
approach. Some new aspects like modelling for forecast of weed effect on yield, 
forecasting of flood effect on yield, forecasting level o;· abundance of fish, modell ing 
pest attack and outbreak of plant diseases using agro-meteorological parameters 
need to be taken up in future studies. 

Statistical Economics 

The main thrust of research in this field is on developing appropriate stochastic 
models and methods for quantificat ion of economic phenomena operating in agricul
tural sector. Studies were undertaken for the determinat ion of yield gap and 
identification of socio-economic constraints to higher yields in crop production. A 
perspective for foodgrain production on 2000 AD was also studi ed. Estimation 
procedure of two-equat ion acreage response models under crop substitution was 
developed and the role of supply prices for bringing about a change in the acreages 
of various crops was examined. Studies on farmers' behaviour towards risk in 
fertilizer use and inter-state dispari ty in the ins:itutiona l cred it in agriculture were 
a lso carried out. 

For perspective planning, stud ies on demand and supply of various agricultural 
products and input use will be underta ken. Other related investigations proposed 
include growth and variability in agricul tural production, impact of investments in 
agricultural infrastructure development on output and employment generation and 
future demand pattern and response to prices. Studies will also be undertaken on 
different aspects of marketing and trade of agricultural commodities. For handling 
the problems in the aforementioned areas, some of the existing analytical techniques 
like programming models (both deterministic and stochastic), econometric models 
(linear and non-linear), input-output models (both of static and dynamic types), 
decision theory, time series analysis and Bayesian econometrics will be utilized. 
Attempts will also be made to modify existing methodo 'ogies or to evolve new ones 
wherever necessary. 
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Computerisation and Software Development 

The main activities in th1:s field pertain to conduct ing of teaching and training 
programmes, providing advisory service to agri cultural scienti sts, research workers 
and students fro m various Institutes under the ICAR as well as of the Agricultural 
U niversities and other agricultural colleges and faculties affilia ted to general 
universities and also in developing computer software for agricultural research . 
Recently, the Institute has acqui red a Super Mini COSMOS-4 86 Computer System 
with 2 1 PC/ ATs, 38 PC/XTs and 58 dumb terminals. Computer laboratories 
equipped with PC/ATs, dumb terminals and p rinters have also been set up in each 
of the six divisions as well as in administrative wing of the Institute and have been 
linked with the Central Computer Laboratory in a Loca l Area Network (LAN) 
environment. This will greatly enhance the computing power fo r speedy analysis 
of data fo r various research programmes. User friendly software packages like SPSS, 
Image Processing Software, H arvard G raphi cs, LOTUS, dBASE IV,DOS, UNIX and 
a few others have also been made available. 

Problem oriented computer programmes and software have been developed 
and manuals have been brought ou t for <ISers of the system. Special mention may 
be made of software fo r construction of selection indices, quadratic programrr.ing 
techniques a nd cluster analysis. A Statistical Package for the Agricultural Research 
(SPAR I) for the statistical analys is of experimental research data in plant breeding 
a nd genetics has -been developed . User friendly software packages similar to 
SPAR I are a lso being developed for animal breeding data analysis. 

The future plan includes development of software for agricultural research data 
analysis, Expert Systems in agriculture, Decision Support Systems using artificial 
intell igence and knowledge base Management Information System for the ICAR and 
D ata Base Management System in agr:culture. Other areas of research in the field 
of computer applications will include use of systems modell ing a nd simulation, 
conduct of teaching and training programmes and rendering of EDP and consultancy 
services. 

The Institute has initiated action on a project entitled •·comp uter Network and 
Informatics" to link ICAR Institules/AICRPs/NIC/Bio-Informat ics. This would 
provide adequate facilities fo r establishing databases and information systems on 
land use sta tistics, crop management practices, water resource management, crop
production, fertil izers, livestock and fo restry statistics, etc. 

Apart from research, the Institute also conducts three degree courses, two a t 
the M.Sc. level in Agricultural Statistics and Comput er Application in Agriculture 
and one a t the Ph.D. level in As ricultural Statistics, In addit ion, Refresher Co~rs~ 
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in Agricultural Statistics, Senior Level Refresher Course for Statisticians and 
Agricultural Scientists and also short term users' courses on the Use of Computers in 
Agricultural Research are also being conducted on a regular basis. To meet the 
growing demands from various agencies for training to their staff, to new courses 
viz. Diploma in Statistical Computing and Certificate i~ Statistical Computing are 
being introduced next year. 

I have tried to summarise our recent accomplishments in the two areas of 
Agricultural Statistics and Computer Application and present a glimpse of our future 
programme of work. I have also outlined the newer areas for future studies in 
different fields . The scientists working in other ICAR Institutes and State A~ricul

tural Universites are also contributing to a great extent to the development of newer 
methodologies in statistics. The statisticians in IVRI and NDRI are engaged in 
training manpower as well as in undertaking research in various areas of Animal 
Breeding, Animal Diseases Control, Livestock Production, Research Optimisation in 
different types of animal species. Similarly, a number of studies relating to fisheries 
production and resource use surveys have been undertaken at CIFRI/CMFRI/CIFE 
and on horticultural crops at the Indian Institute of Horticulture Research, 
Bangalore. State Agricultural Universities are also engaged in research and teaching 
of statistics. The stat isticians assembled from various parts of the country would, 
during the course of this conference, provide a glimpse of their research work. 

For the development of Indian agriculture and for raising the income levels of 
people living in rural areas, the contribution of crops, livestock, forestry and fisheries 
sectors cannot be over emphasised . The products available from these sectors 
enhance the income of producers as well as provide improved die t to the population . 
Thus, better and improved techniques of research in Agricultura l ~Statistics in these 
areas are of paramount importance. We shall endeavour to meet the challenges 
and the problems posed to us by providing efficient statistical techniques for accele
rating growth of agriculture in the country. I am sure, with the blessings and 
guidance of our Hon'ble Minister, the D .G. and Dy. D .G., ICAR and other eminent 
scientists in different fields of agriculture, statisticians working in ICAR Research 
Institutes, Agricultural Universities and Central and State Governments Deptt. of 
Agriculture and related fields shall strive hard to fulfil the expectations of the 
government from the statisticians' community. 
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INAUGURAL ADDRESS 

P. N. Bhat 
Dy. Director General, J.C.A.R. 

Dr DS Balain, Dr SK Raheja, Dr Rajendra Singh, delegates, guests, ladies and 
gentlemen. 

It gives me immense pleasure to be here today to inaugurate the lOth National 
Conference of Agricultural Research Statisticians. I am glad to learn that since 1974, 
these conferences have been held at regular intervals and have provided a useful 
forum for exchange of experiences and ideas on different aspects of research metho
dologies and have also helped in modificatiotl of identifying research problems 
relating to various disciplines like crop and animal sciences, fisheries, agro-forestry 
etc. I am sure that the deliberations at this conference would focus on finding suit
able solutions to the yet unresolved methodological problems in the areas of research, 
training and computer application in agriculture. 

The Indian Veterinary Research Institute which is the premier National Insti
tute in the country dedicated to research and teaching in Veterinary Science has been 
rightly chosen as the venue of the conference and would provide the fillip for 
strengthening the research effort for developing important statistical methodologies 
in the field of animal science research. 

My ar~ociation with Statistics started from my student days over four decades 
ago and T nad the good fortune to learn from Prof. Vargil Anderson at Purdue. 
Since t' .:n I have been in touch with Statistics and its practitioners, the Statisticians. 
Of I? .¥, I have had close association with the Statisticians of the Indian Agricultural 
Sta tistics Research Institute under the Council and, as a result, I have realised the 
important role played by Agricultural Statisticians in sustaining and even enhancing 
the pace of agricultural research and development in the country. Today, I am 
happy to see the community of Agricultural Statisticians of the country all gathered 
under one roof to exchange ideas and deliberate on the current problems in different 
fields of agriculture with a view to finding out efficient and effective methods for their 
solution. The contribution of Agricultural Statisticians to the development of 
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Research, Education and Training in agriculture including animal sciences, fisheries, 

agro-forestry, etc. has been substantial but to my mind the same has not been given 
due credit in agricultural research scene. To some extent, the reason can be ti aced 
to the fact that Statistics has so far been utilized more as a supporting science. It 
is time that Agricultural Statisticians in addition to providing admirable secondary 
role took their pride of place among a ll other agricultural scientists. 

I would not like to venture on giving advice on what your research programmes 
for the n ext few years should be and how they should be carried out. But I would 
expect from you that besides carrying out certain basic studies for future use you 
will also find solutions to the problems relevant to our current research activities. 
Fortunately, in Agricultural Statistics, we have a discipline oriented Institute, which 
is the only one of its kind under the Indian Council of Agricultural Research. In 
addition, we have statisticians in almost all other ICAR Institutes. The State Agri
cultural Universities als0 have their Division/Department of Statistics to cater to the 
needs of research, education and training in their fields of study. The research 
activities of an agricultural statistician in a university or an !CAR Institute, will be 
mainly directed towards the specific crop or species of interest, but it will also have 
some application to the other crops and species and even to the other fields of 
research There is thus, a neecl for undertaking research as a cooperative effort on 
the part of agricultural statisticians in IASRI on the one hand and at the ICAR 
Institutes and State Agricultural Universities on other. I hope you will take this 
opportunity to establish a proper rapport at this conference and continue your 
collaborative research activities after returning to your place of work thereby increas
ing your productivity and also avoid the criticism that agric ultural statisticians are 
working in isolation. In fact, agricultural scientists in some of the fields like fisheries, 
horticulture, etc have the impression that they are no·t getting adequate support in 
their research from the statisticians. I fondly hope that by the time you a1e organis
ing the next conference, there will be no scope for any such feelings. 

While we expect a lot from agricultural statisticians, we are also aware that 
they require certain infrastructure. Computer is one such facility and I am glad to 
inform you that the Council bas been liberal in granting sanction for developing 
computerisation in all ICAR Institutes and State Agricultural Universities. With 
this set-up, agricultural statisticians should be in a position to develop databases and 
with the help of computer network, disseminate the information for project moni
toring and evaluation in an efficient manner. I am glad that this is being deliberated 
separately in one of the Technical Sessions . In fact, I am keenly interested in all 
the topics and aspects being discussed in different technical sessions and hope to be 
with you during the course of your discussions and deliberations which I hope would 
be of mutual benefit. The Council has sanctioned an Informatics network using 
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Nic Net System to iink ICAR-SAU system and provide global access to the sctendsts 
working within this system. 

While all of you are busy with your VITI Five Year Plan proposals based on 
the research programme and projects in the thrust areas, I would like to draw your 
attention to the newly emerging field of bio-technology Considerable work is being 
done in India and abroad in the field of bio-technology as applied to crop and 
animal sciences. IASRI has a World Bank Project on D evelopment of Information 
Technology as a tool in applied biotechnology research. 

I expect this Conference to deliberate on the need for modifying and updating 
research methodologies with a view to make Agricultural Research fool-proof to the 
extent possible by incorporating various new and unforeseen factors in research 
designs and evaluation studies. 

In the end, I take this opportunity to convey my best wishes to all the partici
pants of the c.:onference and hope that our deliberations will be very fruitful. 
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\ VOTE OF THANKS 

Rajendra Singh 
Head, L. E. S. Division , I VRI, l zatnagar 

Prof. P.N . Bhat, Dr. D.S. Balain, Dr. S.K. Raheja, Professors and Scientists 

from Agricultural Universities and ICAR Institutes, ladies and gentlemen. 

It is my pleasure and proud privilege to extend a hearty vote of thanks to our 
Deputy Director General (Animal Sciences) , Prof. P .N. Bhat for accepting our 
request to inaugurate the 1Oth National Conference of Agricultural Research Statis
tiCians . Sir, the days of seventies are flashing in my memory when you sat with 
us advising, supervising throughout the night for the timely preparation of EFC 
Memo to elevate the tiny Centra l Statistical Section of this Institute constituted in 
1957-58 to the Division of Livestock Economics and Statistics in 1975. We are 
delighted that the creator of this Division has kindly agreed to inaugurate the first 
function concerning Agricultural Statistics organised by this Division since the 
inception of this Institute. The history of this Division will never the complete 
without your reference. I myself and all the Statisticians and Economists of this 
Institute and CARl and members of the Organising Committee, express gratitude 
and sincere thanks to you. 

I am extremely gr-ateful to Dr. D .S. Bala in, Chairman, Organising Committee 
and Director, IVRI fo r making available a ll the fecilities of this Institute and over
seen the arrangements of the Conference. I thank him gratefully for his encourage
ment, guidance and support in organising the Conference, 

My sincere thanks are due to Dr. S.K. Raheja, Coordinator of the Conference 
and Director, IASRI, who has been the moving spirit behind the activities of this 
Conference. 

Profuse and hearty thanks are extended to our eminent guests Dr. M.G . 
Sardana, Former Director General, CSO, New Delhi, Dr. B.N. Tyagi, Former 
Director of Agriculture, U.P . and my teachers, Prof. Alok Dey, lSI, New Delhi and 
Dr. A.K Nigam, UGC Professor of Statistics, Lucknow, who have been kind enough 

21 



to respond our special invitation. Sir, we would be greatly benefitted by your 
presence in the Conference. 

I take this opportunity to thank !CAR and IASRI for their financial assistance 
for conducting the Conference. In this connection, I can not miss mentioning the 
name of Sh. T.B. Jain, Scientist (SG) and Head, Co-o.rdination Cell, IASRI, for his 
timely help and cooperation in holding this Conference. 

My thanks are due to the participants who have come from Agricultural 
Universities and !CAR Institutions, Bureau NRC's, Project Directorates and 
Coordinated Projects who, I personally feel are important components of the 
Conference. 

I would like to say a word of praise for Dr. V.K. Dwivedi, Dr. B. Singh, 
Sh. Satya Pal and my other colleagues in the Institute for their unstained co
operation and hard work for making all arrangements of the Conference on such a 
short notice. I also thank the members of various committee who lent their support 
in organising the Conference. I would like to express my sincere thanks to Incharge 
and staff of Engineering Section, Communication Centre, Guest House, Horticulture 
and Head, Extension Division for making arrangements for Lights, Mike and audio
visual aids, pandals, etc. 

I thank the student, volunteers who helped us in different arrangements. A 
large number of persons whose names might have not found place in the committees 
or in my vote of thanks, have contributed greatly for making arrangements for the 
Conference. To all those, I am grateful for their help. 

My special thanks are due to Press for giving wide coverage to the Conference 
and hope, the same will continue for the coming deliberations. 

Thanking you all once again for your kind cooperation. 
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SESSION ON 

ACTION TAKEN ON THE RECOMMENDATIONS MADE 
DURING THE LAST CONI•'ERENCE 

Chairman 

November 2, 1992 (Monday) 

12.00 DOOD to 1.00 P.M. 

Dr. S.K. Raheja, 
Director, IASRI 

Rapporteurs 1. Sh. T.B. Jain, IASRI 
2. Dr. Rajendra Singh, lVRI 
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Session on Action taken on the Recommendations made during 
the last Conference 

At the outset , Chairman welcomed the delegates attending the Conference 
(Li st given in the a nnexure). H e then requested Shri T .B. Ja in, Head , Coord ination 
Cell , IASRI to give a resume of the action taken on the recommend ations of the 9th 
National Conference of Agricultural Research Statisticians held at TNAU, Coimba
tore from July 19-21, 1989 Shri T .B. Jain informed the Group that there were forty
five recommendations requiring action. O f these, action on three-fo urths (i.e. 33 
recommendations) had either been completed or partially completed while action on 
the remaining twelve recommendations would be taken up during the VIII Plan. Out 
of 4 5 recommendati ons , I 2 perta in to the field of Crop Sciences and Agro-forestry 
and act ion has been taken on as many as 10 recommendations, while out of 10 
recommendations in th -:: field of Anima l Sciences and Fisheries, action could be 
taken o nly o n 5 recommend at ions. Action was taken o n a ll the 7 recommendations 
made in the discipline of Computer Application in Agriculture, whereas out of 16 
recommendations in the field of Research a nd Teaching. Coordination a nd Linkages, 

action was completed on II recommendations. Chairman desired that the rema ining 
12 recommendations wou ld be included in the Jist of recommendations to be made in 
this Conference. 

A detai led statement showing the action taken on the recommendations by 
the concerned Institutes/Universities and D epartments is given as under : 

Action taken on the recommendations made during the 9th National Conference of Agri
cultural Research Statisticians held at Tamil Nadu Agricultural University, Coimbatore 

from July 19-21, 1989 

A. AGRICULTURAL STATISTICS 

(i) Crop Sciences and Agro-forestry : 

A 1 Development of methodologies of crop forecasting and estimation of 
crop acreage and yield using remote sensing data obtained by remote 
sensing techniques for both micro aud macro level planning. 

(Action : JASRI) 
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IASRI, New Delhi 

A project on forecasting crop yield using remotely sensed data has 
been formulated and further follow up action is in progress. 

A 2 Development of appropriate statistical methodologies in relation to 
design and estimation problems in dryland agriculture and waterlmanage
ment. 

(Action : IASRI and CRIDA) 

CRIDA , Hyderabad 

A model to describe the change in yield due to increasing plant den
sity was developed Estimation procedure based upon the error 
structure derived from the model of individual plant yield was deve
loped. 

A 3 Determination of the extent of bias due to respondents, enumerators, 
call backs etc. in agricultural sample surveys. 

(Action : IASRI) 

IASRI, New Delhi. 

Research project was initiated by the Institute. 

A 4 Cataloguing of designs of various types including the new series being 
developed, for promoting the use of efficient designs, jointly by IASRI 
and SAUs. 

(Action: IASRI and SAUs) 

JIHR, Bangalore and IASRI, New Delhi. 

Three new designs, viz. exploded block design, serial block designs 
and FAN designs were compared with rotational designs for efficiency. 
A project has been formulated by IASRI for cataloguing new series 
of designs developed in the Institute. 

A 5 Development of soil test-crop response models for judicious use of 

fertilizers. 

(Action : IASRI, CRIDA and SAUs) 

IIHR, Bangalore; KKV, Dapoli ; MPA U, Rahuri and IASRI, New 
Delhi. 
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A new generalised approach for determining the optimum require
ment of fertilizers was developed. A project has been formulated and 
a model developed to study this aspect. A project on yield response 
to different levels of packages and practices for rice crop has been 
completed. 

A 6 Initiation of an AICRP in Statistics for developing statistical proce
dures for analysis of data from mixed and inter-cropping experiments; 
studies on the size and shape of plots for experimentation with different 
crops including agro-forestry and inter-cropping 

(Action: IASRI, CRIDA, ICAR and SAUs) 

JJHR, Bangalore; KKV, Dapoli and JASRI, New Delhi. 

New approaches for analysis of inter-cropping trials involving com
puter simulation of price spread were. attempted . Uniformity trials on 
size and shape of the plot for the rice crop and grasses are in progress. 
A study for the development of statistical procedures for analysis of 
data from mixed and inter-cropping experim ents is in progress. 

A 7 Development of suitable statistical models for stability analysis for 
dryland crops research. 

(Action : IASRI and CRIDA) 

CRIDA, Hyderabad and IASRJ, N ew Delhi. 

A preliminary exercise has been done to examine the rela tionship of 
weather parameters with yield of different crops. Studies on develop
ment of suitable statistical methodology on this aspect are in 
progress. 

A 8 Development of suitable experimental designs and methods of analysis of 
agro-forestry experiments. 

(Action : IASRI and CRIDA) 

IASRJ, New Delhi. 

Data on agro-forestry experiments have been collected from different 
centres and the methodology for their analysis is being developed. 

A 9 Development of suitable statistical methodologies using density estima
tion for determining appropriate premium rates for crop and livestock 
insurance. 

(Action : IASRI and SAUs) 

KKV, Dapoli. 
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For operating crop insurance scheme under homogeneous condit ions, 
yield data at tehsil and vi llage levels were analysed by using standard 
deviation and co-efficient of variation techniques. A project on 
measurement of risk in yield of dee crop was undertaken by using 
secondary data. 

A 10 Development of a more refined technique for estimation of crop losses 
due to pests and diseases particularly soil borne diseases. 

(Action : IASRI and SAUs} 

GAU, Anand and MPAU, Rahuri 

A study on crop losses due to soil borne d iseases under plant protec
tion group has been p lanned. Data have been collected to develop 
model to estimate crop losses 

Ui) Animal Sciences and Fisheries : 

A 11 Development of mixed model theory to handle the following situations : 

i) When there is certain relationship among the random effects (e.g. 
sires may be related); 

ii J When in a multi-trait analysis, the observations arc correlated and 
also when some traits are continuous and some are of categorical 
nature; 

iii) estimation of parameters free from selection effects; and 

iv) when in multi-trait BLUP model, the traits are non-linearly related 
and a lso when some traits are subject to inequality constraints. 

(Action : All ICAR Institutes and SAUs) 

(i) JVRI , I zatnagar 

Procedure for incorporating additive genetic rela tionships 
among sires for predicting breeding val ue under BLUP pro~:e

dure has been illustrated using small numerical example in a 
research paper. 

(ii) I V RI, Jzatnagar 

Variance covariance components among economic traits in 
buffa loes have been estimated by Maximum Likelihood (ML) 
Multitrait and Restricted Maximum Likelihood IR EML) multi
t rait p rocedures using triangular transformation of observation 
vector. 

, 



Estimate of covariance components obtained from muitl
trait-ML procedure were compatedwith single trait Henderson 
Method-3 and it was recommended to use REML
multitrait or ML-multitrait procedures for data which 
are subject to culling. Multitrait-ML procedure based on 
Canonical transformat ion of data has been used to estimate 
geneti c parameters in dairy cattle. 

(iii) I VRI, Izatnagar 

A paper entitled " Genetic Evaluation of Goat by Multi-trait 
BLUP procedure under an Animal Model" was presented by 
Dr. K.L. Raheja of IVRI at V International Conference on 
Goat held at New Delhi from March 2-8, 1992. In this paper a 
method alongwith a brief outline of multi-trait BLUP theory 
for estimating breeding value of an animal have been illustrat
ed using a small numerical example. This p aper would be 
published in post-proceeding of the conference. 

A 12 Development of improved techniques for small area estimation, analysis 
of categorical data, and for imputation of incomplete data in the field of 
survey sampling &s applied to livestock sector. For small area estima
tion a combination of data from sampled respondents and supervisory 
survey ched cs may be used . 

(Action : IASRI) 

IASRI, N ew Delhi. 

Resea rch proj ect was initiated in the Institute. 

A 13 Development of more realistic deterministic and stochastic fish popula
tion models by incorporating various aspects such as time delays, age
structure, etc . 

(Action : IASRI) 

IASRI, N ew Delhi. 

Scientists from the Institute and Tamil Nadu Veterinary and Animal 
Sciences University are collabora ting in a joint project entitled 
'Assessment of marin e fish stocks in Tamil Nadu section of Indian ex
clusive economic zone using stochast ic models in compa rison with 
convent ional models'. 

A 14 Development of sampling technique for estimation of total inland fish 
catch based on data from actual weighment and by enquiry. 

(Action : IASRI) 
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!ASRI, New Delhi. 

Research project was initiated in the Institute. 

A 15 Definition and estimation of area under wasteland and its utilization. 
(Action : IASRI) 

IASRI, New Delhi. 

Research project was initiated in the Institute. 

B. COMPUTER APPLICATIONS IN AGRICULTURE 

30 

B 1 Providing appropriate and adequate computing facilities including micro 
and personal computers, printers, graphics, etc. in various ICAR Insti
tutes and Agricultural Universities. A networking system may be deve
loped in the organisation like the IASRI to serve as central storage and 
dissemination body where a large powerful mainframe computer system 
may be provided. For ensuring uniformity and compatibility among 
these computer units, a Coordination Committee of experts in different 
areas may be constituted. 

(Action : IASRI and other ICAR Institutes and SAUs) 

JASRJ, New Delhi; GAU, Anand; CMFRI, Cochin; C!FT, Cochin and 
CIFA , Bhubaneshwar. 

The IASRI is acquiring appropriate and adequate computing facilities. 
A project on computer networking and informatics has been develop
ed under which it is proposed to set up 5 regional centres and about 
25 user centres all over the country. 

B 2 Development of programs and software packages for statistical applica
tions in various areas of agricultural research. A newsletter for exchange 
of programs and other developments may be brought out periodically 

(Action : IASRI and other ICAR Institutes and SAUs) 

IIHR, Bangalore; MPAU, Rahuri; CIFA, Bhubaneshwar; CMFRI, 
Cochin and IASRT, New Delhi. 

Scientists would be developing comprehensive packages to analyse 
data on PCs and other Machines . The proposal to bring out the 
newsletter for exchange of programmes and other developments is 
also under consideration. 
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B 3 Development of Expert Systems in different fields of agriculture and 
agricultural statistics. A beginning may be made with expert systems in 
of the areas of pest and disease surveillance, crop forecasting and choice 
cropping system including fertiliser use. 

(Action : IASRI) 

IASRI, New Delhi. 

This is a challenging area and scientists of the Institute are examining 
the possibilities of formulation of suitable projects. 

H 4 Development of appropriate databases as part of information technology 
for improved farm production. 

(Action: ICAR Institutes and SAUs) 

IASRI, New Delhi. 

Some data bases are a lready available at the Institute and suitable 
projects are being formulated to develop other data bases at the 
Institute. 

B 5 Training courses may be organised by IASRI in modelling and simula
tion techniques and other areas of computer application. 

(Action : TASRI and other !CAR Institutes and SAUs) 

l ASRT, New Delhi and TIHR, Bangalore. 

Training courses in computer application a re being regula rly organis
ed at IASRI during March and Sep tember every year. The Division 
of Computing Science at IASRI is exploring the possibility of formu
lating projects on modelling and simulat ion techniques in collabora- • 
tion with other Divisions. As soon as the Division is strengthened in 
terms of hardware, software and personnel such courses wil l be orga
nised. 

At IIHR, two Experts Information Systems for cultivation of grapes 
and mushrooms separately have been developed . 

B 6 Planning and conduct of suitable training programmes in the ne" 
programming languages, particularly, for use on PCs/micro com puters. 

(Action : IASRI) 

!A SRI, New Delhi. 



A proposal to conduct training programs in FORTRAN, BASIC and 

PASCAL etc. is under consideration. 

B 7 Convening of periodical meetings, workshops, etc. of agricultural 
scientists, research statisticians and computer professionals for exchang
ing of ideas and knowledge on the latest state of art in different fields 
and encouraging active collaboration among scientists. 

(Action : IASRI and other ICAR Institutes and SA Us) 

I A SRI, N ew Delhi and KKY, Dapoli 

The Institute has been conducting periodically such meetings, work
shops, etc. Konkan Krishi Vidyapeeth has installed a computer unit 
for the benefit of staff and students and some software have been 
procured . 

C. RESEARCH AND TEACHING-COORDINATION AND LINKAGES 
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C 1 A senior level position of the rank of DDG (Statistics) may be created 
at the ICAR Headquarters for effective coordination amongst statisti
cians in various ICAR Institutes and Agricultural Universities. 
(Action : ICAR and fASRI) 

Director General, ICAR is being approached for inclusion of the post 
of DDG (Social Sciences) in the VIII Plan of the Council. 

C 2 In view of the increasing importance of mathematics and computer 
science in most disciplines there should be adequate number of courses 
in these areas at the undergraduate level. Attempts to scale down the 
importance of these courses should be discouraged. 

(Action : ICAR and SAUs) 

KKV, Dapoli 

Statistics courses and computer cout ses rela ted to agricultural field 
are being taught at under-graduate and post-gTaduate levels. 

C 3 It was learnt that some committees had recommended reduction in the 
number of statistics courses for agricultural students at under-graduate 
level. In view of the importance of statistics in agricultural research, it 
was emphasised that teaching of statistics to agricultural students should 
be further strengthened in the various Agricultural Universities. 

(Action ; SAUs) 

.KKV, Dapoli 
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Statistics courses and computer courses related t o agricultural field 
are being taught at under-graduate ancl post-graduate levels. 

C 4 In-service training courses in statistics offered earlier at IASRI for the 
benefit of scientists in other disciplines of agriculture may be revived 
immediately. 

(Action : ICAR and IASRI) 

JASRJ, New Delhi 

New courses on Statistical Computing are being finalised. 

C 5 A National Standing Committee should be set up for bringing about 
uniformity in eligibility requirement, curriculum development, teaching 
strategies, etc. in both the disciplines of agricultural statistics and com
puter applications in agriculture. 

(Action : IASRI, !CAR and SAUs) 

IASRJ, N ew Delhi 

Proposal to set up a N ational Standing Committee has been submit
ted to !CAR. 

C 6 A Research Direction Committee should be constituted to encourage 
collaboration and coordinate research between State Agricultural Uni
versities and !CAR Institutes. 

(Action : ICAR and IASRI, ICAR Institutes and SAUs) 

KKV, Dapoli and GAU, Anand 

The research coordination between KKV and !CAR Institutes is a l
ready there and GAU is willing to cooperate in this programme. 

C 7 All India Coordinated Research Projects dealing with important research 
aspects in agricultural statistics should be initiated. 

(Action : IASRI, ICAR Institutes and SAUs) 

GAU, Anand 

It was expressed that such projects should function in each SUA so 
that sufficient information can be generated for each agro-climatic 
zone. GAU also agrees to share its resources for AICRP on st atistics. 

C 8 Statisticians in !CAR Coordinated Research Projects should be encou
raged to take up research projects in statistics. 

(Action : IASRI and other ICAR Institutes) 

flHR, Bangalore 



All scientists of statistics discipline at th is Institute have their own 
research projects. 

C 9 In some ICAR Institutes and SAUs, statisticians are scattered in diffe
rent departments and Coordinated Projects. They should be brought 
under one umbrella and thE' ir participation in research, teaching and 
extension activities should be encouraged. 

(Action : All ICAR Institutes and SAUs) 

CJFT, Cochin and IIH R, Bangalore 

This is already in practice at CIFT. All the statisticians working in 
different schemes are attached with the division of Economics and 
Statistics at IIHR. 

C 10 Statisticians should be associated in all aspects of planning, imple
mentation analysis and interpretation of data in the various coordinated 
research projects and prolects funded under NARP invol ving large 
amounts of data. 

(Action : ICAR Institutes) 

CIFT, Cochin; KKV, Dapoli and /IHR, Bangalore 

Already in practice at these institution. 

C 11 For healthy growth of statistics, this discipline should function as an 
independent unit and may be delioked from any other faculty wherever 
such arrangements exist pre~ently . 

(Action: ICAR and ICAR Institutes) 

KKV, Dapoli 

The statistical division is presently linked with Department of Econo
mics due t o paucity of experts in Statistics. 

.. - . - - ~. 
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i.J On some problems in Designing and Analysis of Experiments in 
Crop Sciences and Agroforestry 

P.R. Sreenath 
Indian Agricultural Statistics R esearch Institute, New Delhi 

1. Introduction 

The subject matter 'Design and Analysis of Experiments' was formally 
developed by Sir R.A. Fisher in early 1930's with application in agricultural and 
biological sciences . It has since found its application in almost all fields of enquiry 
and disciplines. The design of experiments used in agricultural research bas been 
mostly confined to those developed and discussed in books of early ' 50's viz., 
Randomized Block D e!' ign, Factorial complete block design, Split or Strip-plot 
design and Confoundea symmetrical factorial design. The Incomplete block 
designs do find their plac~ now and then in the varietal evaluation trials. Fractional 
factorials, Resolution plans, Asymmetrical factorials, Balanced factorials, R ow
column designs, Efficier.cy balanced designs, Response surface designs. Nested block 
designs, designs for controlling heterogeneity in two or more directions, Trend-free 
block designs, Mixture experiments etc. a re rarely being used . The convenience in 
the layout and the case in the analysis seen to be the overriding factors for the 
choice of these experimental designs. The criteria of efficiency, optimality, robustness 
etc. do not seem to have been favoured by the agricultural experimenter. 

2. Planning and layout of experiments 

With the availabi lity of personal computers, we expect that the analysis of 
experimental data should no longer be a hindrance for use of better designs. 
However, there is much more to be done for making the available software for the 
purpose to be rr.ore user fri endly. For some unavoidable reasons not all Agricul
tura l Statisticians a re able to keep themselves well informed of the latest develop
ments/theories in the subject matter. The Statist icians' role in the planning and 
layout of experiments is not getting its due importance due to misunderstandings on 
both sides . Even today, the Statisticians is approached, many a times, only after 
the experimental data has been collected and the analysis of data is being carried 
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out. He can then only perform the post-mortem. For the usual analysis of data 
we make certain assumptions like model linearity, additivity, normality homoscdasti
city. The validity of these assumptions are rarely tested. Deviations, if any, are 

ignored for making the life easy. In the case of experiments involving a single crop 
species and the analysis of data such as yields etc. these deviations, if any, may not 
greatly affect the conclusions drawn. However, with the present trends of researches, 
due consideration needs to be given to the validity of the assumptions and proper 
analysis attempted. The experiments on Inter-cropping, Agroforestry, grasslands, 
cropping systems, long-term and rotational cropping, fisheries etc. need a special 
attention both for analysis and designing. 

2.1 Inter-cropping experiments 

The treatments in the intercrop experiments include (i) sole cropping of the 
component crops along with the intercropping, (ii) intercropping proportions, 
(iii · several intercrops, (iv) different crop geometries for component crops, etc. The 
data from an intercropping experiment are essentially multi-variate for the characters 
under study. In case of (i) and (iii) mentioned above, some of the components/ 
entries of the multivariate data are strictly zero resulting in heteroscedasticity or non
identica l distributions for the observations. A study of the data from experiments 
with different intercropping proportions bas shown that the data for different 
component crops are subjected to unequal variances. The experimental data 
studied related to the intercropping of wheat and gram. While the analysis of 
data on whea t yields generally showed that there is no reason to believe the 
existence of unequal variances, in the case of gram crop, there appears to be enough 
evidence that the variances of observations for different crop proportions were 
unequal. 

The involvement of different component crops, besides adding ai10ther dimen
sion to the problem, is also likely to introduce heteroscedasticity. The analysis of 
intercrop data even if involving the intercropping of the same component crops 
cannot be dealt with using the analysis of dispersion as it cannot take into account 
the compensatory effects of one component crop in relation to others. Conversion of 
the multivariate data into a univariate data using a suitable linear combination of 
component crop responses appears to be a way out. However, the choice of the 
linear combination is debatable. Use of certain indices like LER etc., though, have 
found favour with the crop scientists, they are not amenable to statistical analysis. 
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2.2 Agro-forestry experim~nts 

The experiments of agro-forestry involve the complications of intercrop experi
ments together with the problem of dealing with the tree component, which can be 
harvested after many years but could be providing some p:-oducc of fo rage or fuel 
value many times during its growth. Tbe analysis of these experiments may have to 
include the studies on the growth of the tree species and even projections and 
forecast studies on the performance of the agro-forestry system. The studies of 
interest in the agro-forestry involves assessment of different tree species regarding 
their suitability in environment, compatibility of different tree species with different 
agricultural crops, etc. The inclusion of different tree species, not all of which are 
useful for the same purpose(s) again require defining of a suitable index based on 
the worth of the tree (not necessarily monetary terms) for fuel, fodder, timber 
and other produce appears to be necessary. The agro-forestry experiments need 
also be studied for their long-term effects because of the tree component. Over the 
period, the annual crop component in this system may have to changed depending 
upon the micro-environment created in the field due to the presence of trees. 

2.3 Experiments on grassland 

The experiments involving natural grasslands would be requiring large plots 
say, 1-2 ha and only few trea tments and replications. The conventional analysis of 
these experiments may not be very useful. The intra-plot information may have to 
be suitably used for drawing conclusions. How best the intra-plot information can 
be extracted requires careful consideration. Under certain assumptions, the intra
plot analysis could provide some information on the associated variances if they are 
unequal. How far the assumpt ions are valid under field conditions needs to be 
investigated. 

1.4 Expuiments for Cropping System Research 

Of late, assessment of cropping systems as a whole is being attempted. Besides 
the problems said above, this will involve the cumulative character of the treatment 
effects and the study of various components of these effects will be of special 
interest. Though this problem of long-term and rotational experiments was 
recognised long back, very little progress was made in developing tho methodologies 
for their analysis. In the present context of agricultural research, there is a need 
for devoting greater attention on the designing and analysis of such experiment~>. 
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3. Platform for interaction 

·Besides the National Conference of the Agricultural Statisticians there is no 
other formal platform for the interaction between Agricultural Statisticians 
associated in the subject matter of design and analysis of experiments. This bas 
resulted to a certain extent a gap between the developments in the theory and 
application. It would therefore, be necessary to see that there is a system through 
which constant interaction between the theoretical and application specialists could 
be ensured. 
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1.2 Current problems in Sample Survey Research relating 
to Crops and Agro-forestry 

A.K. Srivastava 
Indian Agricultural Statistics R esearch Institute, New Delhi 

1. Introduction 

During recent yea Is, rapid technological changes have shown their impact on 
statistical researches and their applications. The area of sample surveys is no excep
tion . In sample survey research, the basic sampling techniques are rather general, 
but their application to certain specific fields take into account the problems 
commonly met in that area . Many of the sample survey problems have emerged 
from the real experiences on agricultural crops and this is , perhaps, one area which 
has got maximum applica tion of sample survey techniques. Thus the theme of 
sample survey research related to agricultural crops is rather well familiar. 

Only a few years back, ma ny of the problems and controversis in the basic 
researches of sample surveys had their roots in the early years of developments in 
sample surveys. However, interpretations and approach had changed in view of 
a lround developments in statistical theory. Therefore, in order to appreciate tbe 
problems which are more recent or rather current, one has to look at it in a wider 
perspective rather than in isolation. 

In sample survey problems relating to crops, the most common parameters of 
interest have been extent of cultivation (normally measured by area) average yield 
(per unit of area) and production of a crop. The technique of crop-cutting experi
ments as a part of crop-estimation surveys is well established. The basic principles 
of this technique have been used in many other situations such as sample surveys 
relating to animal sciences and fisheries. During recent years, certain technological 
developments as well as rise in aspirations of data users have imposed certain thrusts 
on the well established techniques. Some of these problems will be discussed here. 

There are severa l other areas such as evaluation studies, minor crops etc. which 
have still got many problems which require attention. 
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One aspect, which stands out clearly as current, is the growing emphasis on 
analysis of survey data. This is a clear impact of improvement in computational 
capabilities. Earlier, analysis was limited to estimation of simple linear parameters 
and corresponding standard errors. Computational facilities have enabled to explore 
the possibility of much more deeper analysis of survey data. Is it not a well realised 
fact that there is a wide gap in the extent of data collection and the potential of its 

utilisation ? 

The problem of inter-institutional collaboration in research efforts must have 
been discussed several times at so many forum. The need of such collaboration 
becomes all the more important in the con text of sample survey research where users, 
data producers and concerned research workers are located in different organisations. 
A more vigorous role by different institutions in the form of more active colla
boration is the need of the hour. 

There are some of the points which are presented in the subsequent sections 
for discussion in the present session. 

2. Production statistics of crops 

In our country, production of a crop is estimated as a product of area and 
average yield of the crop. With the available infrastructure in the country, it has 
been possible to estimate area rather precisely, and, therefore, considerable emphasis 
has been laid on estimation of average yield. The prevai ling agricultural statistics 
system, its timely and quality estimates of production parameters .s an ample proof 
of the viab ility of the system developed. For the principal crops, reliable production 
and productivity estimates are available at district level and above. However, for 
several minor crops there are gaps in availability of these statistics. 

2.1 Estimation at small area levels 

With the growing awareness for need of microlevel planning, requirements of 
productivity estimates at lower levels such as C.D . Block or even smaller levels has 
increased. The present samples are not likely to provide reliable estimates at such 
levels Increasing the sample size may be one alternative but this will be too costly. 
Attempts have been made earlier (Panse et a/. 1963) to provide Block level estimates 
by utilizing eye estimates of crop yield as an auxiliary information. However, this 
technique could not make much headway. Is it possible to utilise some other 
techniques for this problem? A number of small area statistics (SAS) techniques 
are available which have been used in various other situations such as population 
studies. At IASRI some efforts are underway to explore this problem However, 
many facts of small area estimation problems need to be tackled as yet. 
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2.2 Use of remote sensing technique 

The remote sensing technology has proved as a useful space appiication for 
natural resources evaluation and management . A comprehensive, reliable and timely 
information on agriculture resources can be made available through remote sensing 
satellite data. The land use surveys, disaster assessment in case of natural calami
ties like flood and drought, soil mapping, waste 1 and mapping etc. are some of the 
areas where remote sensing technology has already attained operational or quasi 
operation status. In case of production statistics crop acreage estimation has been 
successfully done with reasonable accuracy a t several places. However, the crop 
yield estimation using remote sensing data and crop yield forecasting is still an area 
where more work needs to be done. 

2.3 Some other problems related to estimation of crop production 

There are certain gaps in the statistics particularly rela ting to minor crops. For 
some of these crops such as fruits, vegetables and some other minor crops, efforts 
are on to narrow the gaps. Other examples of gaps are data on cropwise fertiliser 
consumption a nd cropped area fertilised, yield rates of irrigated and unirrigated 
crops, rural employment etc. In fact , some of these sta tistics would be usef ul input 
in some of the small area statistics studies. 

The methodological problems rela ted to estimation of crop yields in hilly areas 
still remains to be solved. 

Sometimes, there are heavy losses due to natural calamities like floods, hail 
storms untimely rains etc. Quick estimates of losses are needed in such situations. 
A full fledged elaborate survey plan may not be of much help. However, in view 
of constrai nt of time and resources, an objective sampling plan should be available. 
Some studies in this direction may be worthwhile. 

In some states, there have been efforts remodel the system of collection of 
agricultural statistics. These changes need to be examined carefully keeping in view 
the quality of data, its timidness as well as uniformity of concepts etc. amongst 
various status. 

3. Evaluation studies 

Evaluation studies for studying the impact of certain developmental 
programmes are quite common. But, in such situations to isolate and estimate the 
effect of the programme is somewhat intrica te problem. Invariably, there are 
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problems in choosing a suitable control. The programme effect gets confounded m 
such cases. Methodological studies in this direction are needed . 

4. Analysis of survey data 

Besides estimating the population parameters like total and means, there are 
many analytical purposes to which sample surveys data can be used . Application 
of regression analysis is quite common in studying the causal behaviour of a number 
of variables on dependent variables like yield. H owever, due importance needs to 
be given to the role of sampling design in these studies. Some of the standard data 
analysis software packages provide this facility. 

Application of models in survey data analysis is an area which is somewhat 
more recent. There are volumes of data being generated regularly through a number 
of ongoing projects and studies. Even the data generated through regular surveys 
such as crop estimation surveys, cost of cultivation studies etc. have got much more 
potential than its present level of utilisation. Models may be developed studying 
the intrins ic behaviour of several variables on which the data is already collected. 
These models may be useful in various applications such as small a rea statistics, 
imputation studies suggesting robust procedures, which are reasonably good under 
model failures, etc. However their are obvious problems in accessibi lity of such data 
for research purposes. More openness is needed either through creation of data 
banks or through a more vigorous level of inter-institutional levels of cooperation. 
In fact , this type of scondary data may be used to simulate realisti c populat ions 
which may be used effectively in comparing various .>ampling designs and thereby 
chasi ng the most appropriate one for a given situation. This should be a cost 
effective spade work which should precede the actual data collecti on even in pilot 
investigations. 

Several other analytical applications of survey data include categorical data 
analysis, variance estimation, various subgroup comparisons etc. 

5. Inter Institutional collaboration 

The problem of inter-institutional collaboration in sample survey research 
should be viewed in the context of role and requirement s of the concerned institu
tions Whtle the users and producers of data a rc mainly in State and Central 
Government institutions, the responsibility of developi ng the methodologies lies with 
ICAR institutions, Agricultmal Univers ities and other research institutes. While 
there should be close collaboration among these research institutions with respect to 
problem identification and further follow up in methodological investigations, 
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constant iinkages and touch with the data users and producers is absolutely 
necessary. Examples of inter-institutional collaborations are evident in the form of 
various collaborative projects and studies undertaken by various institutions. 
However, the point needs to be reite1ated as there appears to be enough scope for 
improvement in this area. 

Another area of such collaborations lies in teaching and training in the field of 
sample surveys. This aspect is being dealt with in a different session in this 
conference. 
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1.3 Forecasting of Yield of Crops 

Ranjana Agrawal 
Indian Agricultural Statistics Research Institute, New Delhi 

Forecasting of crop yields is a formidable challenge. No satisfactory model 
which bas universal validity exists today. Various organisations in India and abroad 
are engaged in Crop Forecasting studies . However, state of art under Indian context 
is summarised below : 

Yield forecasts at present are based on eye estimates and the final crop pro
duction estimates though based on objective crop cutting surveys are of limited 
utility as these become available long after the harvests. This as such calls for the 
necessity of objectives methods for pre-harvest forecast of crop yields. 

The main factors affecting crop yield are inputs and weather. Use of these 
factors forms one class of models for forecasting crop yields. The other approach 
uses plant vigour measured through plant characters. It is assumed that plant 
characters are integrated affects of all the factors affecting yield. Yet another 
approach is measurement of crop vigour through remotely sensed data. These 
approaches are being tried by various organisations 

The approach using weather parameters is normally based on time series data. 
The major work in this regard has been attempted at IMD (Sarker, 1977, Sarwade, 
1988). Their studies involve identification of significant weather parameters in 
different periods and utilising these parameters in the regression model alongwith 
trend. At IASRI, studies have been carried out at district level using weekly 
weather parameters. Various composite weather variables were derived as weighted 
accumulations of weekly weather parameters/interactions upto the time of forecast 
and were used as regressors in the model along with trend. Principal components 
of weather variables were also tried for developing the model (Agrawal et a!. 1980, 
1983, 1986, Jain et a!. I 980) . The problem associated with meteorological model 
is assumption of some weather prevailing in a larger a rea as observatories are 
sparsely located. These models also require long series of data whieh are not 
available for most of the locations. 
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The other approach using plant characters collected at farmers' fields has been 
attempted through pilot studies at IASRI, New Delhi The data have been collected 
at different periodic intervals through suitable sampling design for 3 to 4 years. 
Mainly two types of models, between year and within year models are being used. 
Between year models are based on historic data and involve an assumption that 
present year is a part of the composite population of the previous years. The 
models utilised plant characters at a point of time as such or their suitable trans
formations through multiple regression technique. (Sardana et a/. 1972; Singh 
et a/. 1972, 1976 ; Jha et a/. 1981, Singh et a/. 1988). Models were also developed 
using plant characters data of two or more periods through growth indices/ 
principal components (Jain eta/. 1984, 1985). Agricultural inputs and related data 
were also used in conjunction with biometrical characters to further improve the 
model. Besides regression models, probability model for forecasting crop yield 
using Markov chain theory has been developed . This approach overcomes some of 
the drawbacks of regression model. Markov chain method has the advantage of 
providing non-parametric interval estimates and is robust against outliers/extreme 
values (Jain et a/ 1992). A within year growth modelling may be beneficial in 
improving forecasts during a year with a typical growing conditions besides providing 
good yield forecasts in typical years. A within year growth model has been deve
loped for forecasting of rice and wheat yields. Logistic growth model was modified 
to forecast yield components at maturity. (Jain et al 1992). 

Since this approach requires collection of data from farmers' fields, as such, 
the data can be used on characters which can be measured easily without involving 
much expertise, cost and sophisticated instruments. Some characters contributing 
significantly towards yield may not find place in the model due to the$e Iimitn.tions . 
Past experiences also have indi cated that the models based on biometrical characters 
alone are not successful This calls for the necessity of including some other 
variables in the model alongwith biometrical characters which could take care of 
such variables indirectly. During last few years, considerable work has been carried 
out in India in the spectral rcsponse and yield relationships of different crops based 
on ground based studies. Work on yield modelling using space borne data has 
received increasing attention with the launching of Indigenous remote sensing 
satellites IRS IA and IRSlB. Major emphasis on prediction uf yield has been based 
on relation of yield with spectral indices like IR/Red ratio, NDVI etc. derived from 
satellite data of the crop during the maximum vegetative growth phase (Anon. 
I986a, 1986b ; Dubey et a/. I 985, 1987 ; Patel et a/ 1986 ; Ravi et at. i 987 ; Das 
and Kalra 1990 ; SAC Report 1990). The results, however, revealed that spectral 
data alone may not be sufficient for developin? forecast model. 
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Studies are required to be taken up in the following areas : 

(i) Development of ·models by integrating various approaches. 

(ii) Development of weather based models on a wider area by pooling the data 
of various districts so as to get a long series in a relatively short period. 

(iii) Performance of the developed models must be studied in different agro~ 

climatic conditions. 

(iv) Eftorts must be made to club the forecast studies with crop cutting 
surveys. 

(v) Agrometeorological crop monitoring for rainfed crops, 

(vi) Baysian approach to forecasting. 

(vii) Development of interactive computer software for preharvest forecasting 
of crop yield. 

(viii) Monograph on crop forecasting methodology may be brought out. 

(ix) Effects of meast1rement errors and sampling design on forecast models. 
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1.4 Current Statistical Research Problems in Agroforestry 

A.S. Gill and R. Deb Roy 
National Research Centre For Agroforestry, Jhansi 

India human population is over 850 million and is expected to reach one 
billion by 2000 A.D. Though India may have reached self sufficiency in food 
production at present, but from the present 170 million tonnes to 240 million tonnes 
is the target by 2000 A.D. There is acute shortage of fuelwood, fodder, timber, etc, 
Thus, the practice of agroforestry is of immense importance to India to meet the 
demand of food, fodder, fuel, fruit and timber production. For carrying out agro
forestry programme, one should be clear in its concept and therefore the question 
arises for conducting agroforestry experiments. 

Agroforestry can be defined as a collective name for land use systems and 
technologies in which woody perennials (trees including fruit trees, shrubs, palms, 
bamboos, etc.) are deliberately combined on the same land management unit with 
herbaceous crops andj or animals either in some form of spatial arrangements or 
temporal sequence (Lundgreen 1982). In agroforestry systems, there are both 
ecological and economic interaction amongst the different components. 

Based on the nature of components the common agroforestry systems in India 
are broadly classified as agri-silviculture, agri-horticulture, agri-silvipastoral, horti
silvipasoral, agri-horti-silvicultural and homestead agroforestry. The appropriate 
agroforestry system will depend on the physical economic and social consideration. 
In all agroforestry land management systems, there are two essential and related 
aim as (i) the system should conserve and improve the site and (ii) at the same time 
optimize the combined production of tree crops including fruit and agricultural 
crops. Work on agroforestry research in India has been detailed by Deb Roy and 
Gill (1990 and 1991). 

In the country agroforestry research is being carried in thirtyone centres of All 
India Coordinated Research Project on Agroforestry located in various SAU and 
ICAR research Institutions with its headquarter at the Council in New D elhi . 
Besides this it is the National Research Centre on Agroforestry recently established 
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at Jhansi (U.P.) which i<> conducting both basic as well as applied agroforestry 

research. 

The scientists carrying our agroforestry research are confronted with many 

problems. Primarily it is the statistical research problems. 

Agroforestry experimentation at the current stage of development can be 

classified into four general types : 

1. Screening trials for multipurpose trees : These may be designed to test the 
suitability of different tree species or provenances for specific agroforestry techno
logies or simply to test the growth and viability of different trees under specific site 
conditions. 2. Tree-crop interface studies : Here the objective is to understand 
and measure the interrelationship between the tree and crop components of an 
agroforestry technology sharing common resources, such as soil, water and light. 
3. Studies to improve existing agroforestry technologies : For instance trials using 
different management regimes and hedgerow intercropping. 4. Prototype trials in 
which the purpose is to compare a limited number of agroforestry 'packages' (Roger 
and Rao 1990). 

To obtain valid results from agroforestry experiments, it IS important to 
follow standard scientific practice. In any experiment one way to improve the 
precision of an experiment is to reduce variability in the experimental plots and 
material. In agroforestry experiments beside the basic rules, there are several factors 
that make agroforestry research particularly complex. The variability of soils may 
pose technical problems, particularly as agroforestry experiments often require large 
plots to accommodate complex technologies or the space needed by the trees. 

. An agroforestry experiment for MPTS evaluation may contain a single tree, a 
single line of trees or a rectangular group of trees in an experimental plot. Even the 
size of the plot in a given agroforestry experiment needs active consideration as well 
as cause problems to the researchers. In a single tree plot experiment by inclusion 
of spacing variables makes the problem more complex. 

Conventional designs for field experiments e.g. randomised block design, are 
robust, easi ly laid out and not too difficult to manage. They can, however, take UP, 

a very large amount of space if the plots are undnely enlarged, as they must be to 
accommodate a mixed crop of woody and herbaceous species. 

Therefore, in conducting any agroforestry research, the researchers are posed 
with several statistical problems. Few major problems are listed as follows : 
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(1) What should be the design of the experiment after knowing the objectives 
and the variables. As it is stated that studies involving plant spacing, it 
is desirable to adopt systematic designs. 

(2) Determination of plot size depending of single tree~ lines of trees or trees 
an:anged in a rectangular fashion. Here it is vital to highlight the 
gr·owth/nature of a tree also. A tree may attain a height of 5-6 meters, 
its canopy and shade effect will also be an important consideration in the 
determination of the plot size. 

(3) In our country especially in arid and semi-arid conditions, variability of 
soils pose many problems in working out the size of the plots, replication 
and even the experimental design. 

(4) Large individual treatment plots cause management problems. Many 
agroforestry experiments take up much land and therefore problems are 
faced of uniform sewings dates and other cultural practices. This 
problems further enhances when the growth season is hardly 100-120 days 
for a intercrop. 

(5) Researchers are faced with the complex problem of the rooting pattern in 
an tree/crop interface study. This is also the most important factor which 
is totally lacking in most of the agroforestry trials being carried out in the 
country. 

(6) Besides developing methodology for planning agroforestry research it is 
also very important in evaluating the results of agroforestry research. 

The authors express their happiness in finding a full technical session dealing 
the current statistical research problems in agroforestry at the lOth National 
Conference of Agricultural Research Statisticians being organised at IVRI (Nov. 2-4, 
1992). Very little attention has been paid towards statistical problems in the field 
of agroforestry. No statistical design can be stamped fool proof. All have some 
advantage and disadvantages. It is high time that a task group should be formed 
where all statistical problems facing the agroforestry research can be discussed in 
length. Authors were given very little time by the organisers and therefore in 
preparation of the handout all problems could not be highlighted. 
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2.1 Current Statistical Research Problems in Animal Sciences 
and Fisheries 

H.P. Singh 

Indian Agricultural Statistics Research Institute, New Delhi 

Basic problems in planning and implementation of livestock surveys are similar 
to those for agricultural crops. However, some of the special features which are 
specific to animal husbandry practices differentiate these surveys from other agri
cultural surveys. The commonness of both the types of surveys stem from the com
mon rural base and the similar hierarchical structure at different levels. For example, 

the districts, tehsils, villages and even the households are the different levels of 
sampling units in both types of surveys. In livestock surveys, the spatial distribution 
of different types of animals are rather uneven. This makes the problem in livestock 
surveys somewhat similar to problems of surveys for minor crops. Another d isting
uishing feature of livestock surveys is the longitude nature of studies. Whether it is 
milk yield or poultry or wool production, the observations are spread overtime. Be
sides, there are various other features such as integrated nature of livestock studies, 
varying animal husbandry practices for bovines, ovines and poultry etc. which 
require somewhat different treatment in the planning and execution of livestock 
surveys. 

Quite extensive studies have been carried out in developing sampling methodo
logies for indigenous problems pertaining to Animal Sciences. In these studies efforts 
have been made to take into account specific features of animal husbandry practices 
and relevant problems. Based on the methodologies developed so far, different types 
of livestock surveys a re being carried out regula rly in the country. Surveys for esti
mation of livestock products particularly milk, meat, wool and eggs are specific 
examples. 

P roblems in livestock surveys may be considered as of two types : 

(i) Those pertaining to the already existing methodologies where the main 
concern is to improve the techniques already in practice, and 
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(ii) Those emerging as a result of advancement in technology, the data needs 
of the users and basic research . 

Some problems of the first type in data acquisitiOn and analysis of already 
existing techniques are due to multi-subject surveys, problems related to deficiencies 
in the quality of data due to imperfect frame<>, non-response, response errors and 
coverage errors etc. The problems of non-sampling errors in surveys relating to 
Animal Sciences are different than those in other surveys and should get more atten
tion. One of the basic limitations in planning and implementation of livestock 

surveys is the lack of timely and adequate auxiliary information. Although various 
t ypes of informatiOn is collected through livestock census and also from various 
surveys but timely availability of such information at desired level is still Jacking. 
Improvement in this way will go a long way in improving the present status of live

stock statistics. 

The impact of new technology is generally assessed by comparing the estimates 
of different response indicators in the ' treated' area with those of 'control' a rea. The 
impact may turn out to be positive with respect to some indicators and negative with 
respect to others. This makes difficult to draw any firm conclusion which is only 
possible if a single 'measure' of impact considering all the indicators of technology is 
used. This calls for developing an overall index of impact by following some multi
variate approach akin to discrimination function . IASRI has conducted some studies 
in this regard and there is a need to tackle this problem in this area. 

A major problem encountered in the cost of production of livestock products is 
the .apportionment of feed consumed by different categories of animals in the bouse
holds where joint feeding is practised. One way is to work out the ratios of feed 
consumed by different categories and classifications of animals from the households 
where the stock was fed separately and then use these ratios for apportioning the 
total feed fed to a group of animals. This approach assumes constancy of feed in
take by different classifications of animals. In all the households in the area surveyed 
such an assumption may not be tenable. In such situations some optimization 
approach ca.n be adopted for which further investigations are needed. 

Some areas of research to be undertaken in the field of survey sampling applied 
to livestock sector can be identi fied as below :-

1. Small Area Estimation 

In surveys conducted for es timation of livestock products the emphasis has so 
far been towards developing state level estimates. But with the growing awareness 



towards micro-level planning, estimates of livestock products are needed at district 
level and even lower administrative levels. The existing methodologies are cost
prohibitive for this purpose. This calls for examining the applicability of the existing 
small area estimation technique and exploring the possibility of improving some of 
the techniques in view of the availability of data structure and also to search for new 
techniques. The Indian Agricultural Statistics Research Institute has already initia
ted projects to develop small area estimates in livestock sector. The one attempted 
to provide district level estimates of milk production has shown encouraging results. 
Identification of suitable auxiliary variable(s) and data availability is the main 
problem. In the study for estimation of milk production at district level, breed of 
the animal was found to be the most important auxiliary variable to be used in small 
area estimation techniques. However, availability and utilisation of other important 
variables in such studies needs to be explored. 

Besides, examining the applicability of various small area estimation methods 
in livestock studies, it is worthwhile to explore the possibil ity of improving some of 
the techniques in view of the availabili ty of data st ructure and also to investigate 
fresh techniques for small area situations. 

2. Regression Analysis in Sample Surveys 

So far the sample surveys techniques were used for estimating simple para
meters like averages and totals etc. Various other parameters which are important 
such as regression and correlation coefficients etc. were seldom estimateddue to 
obvious limitations on account of complexity in the estimation procedure. In live
stock studies when data is collected through sample surveys, the complexity of 
survey design effects some of the underlying assumptions of regression models . It 
becomes, therefore, important to investigate the effect of survey designs of regres
sion analysis. It may be mentioned that in the context of regression analysis any 
deviation from simple random sampling with replacement is considered as complex 
survey design. This is mainly because of the fact that independence of observations 
are affected due to deviations from equal probability with replacement procedures. 
Simple concepts like stratification, clustering etc. make the sampling design compl~x. 

During recent years several computer based techniques have been developed to tackle 
such complex estimation situations. These developments are yet to find thei r applica

tion in surveys in animal sciences. 

3. Categorical Data Analysis 

Survey data is often avai lable in qualitative forms. Sometimes, even quantita
tive data is summarised in the form of categorised data . Analysis of such qualitative 
data is normally termed as categorical data analysis. Results of survey are often 

59 



represented in the form of two-way or some times multiple classification tables. 1h 
livestock surveys also there are various situations when data is presented in such 
tables. Frequency data for breed x age classification is a simple example of two-way 
table. Normally, Z.2-test is applied for testing the independence of two classificatory 
variables. Due to complexities of survey design the basic assumptions of X2-test are 
sometimes violated. Recently emphasis has been on studying the effect of sample 
survey design on X.2-test. Investigations of this type on categorical data analysis in 
livestock survey needs to be carried out for various types of classifications taking 
into account the complex survey designs. 

4. Applications of Methods of Imputation 

Adjustment for missing data has been a matter of concern in most of the 
sample survey data. In livestock surveys instances of non-availability of data are 
more due to longitudinal nature of study, movement and frequent transaction of 
animals etc. Therefore, data needs to be adjusted quite often at analysis stage. In 
such cases the method of imputation is to make the data set complete. In case of 
livestock studies there is distinct advantage in imputing the data due to longitudinal 
nature of such studies. Invariably, there are regular trend in the observations over 
time. For example, milk yield of an animal has got a trend over entire lactation 
period. Similarly, the egg production has also got its own trend. In such cases, 
imputation of missing data in some of the observations can easily be done with the 
help of knowledge about the trend and lack of the missing observations in terms of 

time. These imputation methods may be developed for specific studies keeping in 
view the nature of data in the livestock surveys. 

5. Model Based Inference 

In the classical approach for estimating population parameters like population 
mean and total, estimators are developed for a given sampling design. Due consi
deration is given to the properties like unbiasedness, consistency, efficiency, etc in 
the choice of estimators. In some situations, models are indirectly used either for 
comparison purposes as in unequal probabilities and systematic sampling or in the 
choice of sampling strategies. However, models are not used for making the infer
ence from the sampling data. Recently, some model based procedures have been 
developed for estimating the population parameters. 
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In any model based approach two aspects are important : 

1. Suggesting robust procedures which are reasonably good in case of model 

failures and 

2. Testing and validity of models. 



The first aspect requires theoretical investigations while the second one needs 
empirical studies . 

Vast amount of data already collected in various livestock surveys may be use
ful in testing specific models needed for different situations. This area is somewhat 
new and it requires lot of empirical investigations. In the context of livestock surveys 
the specific situations where different types of models are required needs to be identi
fied. This calls for carrying out empirical studies for testing the models, and studying 
robustness of estimation procedures. 

6. Problems pertaining to Fishery Statistics 

The requirement of statistics on fisheries in general, and inland fisheries in 
particular, can broadly be classified in four major sectors, namely, statistics of 
inland resources (existing and potential), production statistics, statistics of infrastruc
tural facilities, and statistics of consumption, demand, supply and price pattern. Fish 
seed being a necessary input for inland fisheries, availability of reliable statistics of 
production and n{arketing of fish seed is essential for efficient management of fishe
ries development programmes. 

There is no scientific method available for estimating the inland fisheries 
resources and fish production from them. The studies undertaken in the past by 
NSSO and other organisations could not provide a suitable sampling methodology 
due to some difficulties experienced by the field staff in collection of data. The 
IASRI undertook some pilot studies for estimation of inland fisheri es resources and 
catch from them. The studies were restricted to fresh water and brackish water ponds 
only. The other inland fisheries resources like flowing water units reservoirs etc. 
could not be undertaken. There is a need to undertake pilot studies for development 
of suitable methodology for these resources. 

In the prevailing marketing structure fish has to pass through a number of 
intermediaries before reaching the actual consumer. It is generally believed that the 
share of cultivator in the consumer rupee spent on fish is relatively small as compar
ed to those of intermediaries particularly the retailers. It causes concern in view of 

the fact that the cultivators have to bear the entire cost of fish cultivation. In view 
of these there is a need to evolve a suitable sampling methodology for estimating the 
input-output relationship, the price spread, losses of fish at various stages of market
ing and various marketing practices prevalent in the trade of fish. 
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2.2 Problems in Statistical Genetics of Dairy Animals 

M. Gurnani 

National Dairy Research Institute, Karnal 

The main objective of research in the area of dairy animals is to improve their 
performance with respect to milk productivity and to minimize the cost of milk 
production . The improvement in productivity can be brought about by improving 
appropriate environment which includes housing, feeding and management. The 
problem in statistical genetics related to improvement of dairy animals concern 
mainly with estimation of breeding value of animals (males and females) for the 
desirable traits, criteria of selection, mating plans and development of optimum and 
feas ible breeding programmes. 

1. Estimation of breeding value of females 

The estimate of breeding value of a female is required to enable to take 
decision as to whether it should be retained in a herd or disposed off at particular 
stage of life of an animal. At birth, the breeding value of the female calf can be 
estimated on the basis of its ancestors and collateral relatives. Subsequently a t the 
various stages of age of the calf and before its first calving, the information on its 
body weights or body measurements at say six months or one year could be added 
to its pedigree information to evaluate its breeding value. After its first calving the 
information on part lactation yield or complete lactation yield during first lactation 
could be included to improve the est imate of its breeding value for milk production . 
The information on age at first calving, first lactation length and first calving 
in terval could also be included to improve the accuracy of estimate of breeding value. 
The Lheoretically multiple regression approach is applied to determine the appro
priate weightage that need to be given various items of information. Practical 
investigations are needed to examine as to the effectiveness of theoretically determin
ed weightages in genetic improvement of the animals. This could be compared with 
the usual selection index which maximises the correlation between net hereditary 
merit and total phenotypic score. 

The above type of research investigations are possible and useful in organized 
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herds where all the detailed records on history, pedigree and performance of animals 
are kept. When the objective is to estimate the breeding value of females in farmers' 
herds, the different methodology has to be applied since the information on pedigree, 

collateral relatives etc. is usually not available or is very scanty. In such a situation, 
the methodology has to be developed to record information on minimum number of 
traits of farmers' cows so that their breeding value is estimated with fairly high 
accuracy at minimum cost. The recording of farmers' cows milk production by the 
agencies, interested in progegy testing of bulls, is presently being conducted at 
monthly intervals. Since there is increase in case of recording there is need to increase 
the interval of recording without much loss of accuracy of estimation of breeding 
value of cows and breeding value of their sires. Some of the approaches towards this 
goal can be fitting of lactation curves l ine gamma function, inverse polynomial etc. 
or splitting the lactation curve into different components like ascending phase, 
persistant phase and declining phase and fitting linear regression to each component. 
One could make several combination of points on lactation curve and choose the 
minimum points which give fairly high accuracy of estimate of lactation yield of 
animals. Similarly the knowledge of various sampling techniques could be utilized 
to decide the days of recording of milk yield of farmers' cows. Generally it is found 
that the part yield of test records during the central part of lactation have high 
heritability and high genetic and phenotypic correlations with total lactation yield, 
therefore, more weightage could he given to such items of information. 

1.1 Factors affecting the performance of females 

At a point of time the cows will be at different stage of their life. The 
estimate of breeding value of females is required to take decisions regarding 
their suitability for continuing in an organized herd and to decide whether it can 
be used for contract mating i.e. mating with progeny tested bull for producing male 
calves for future breeding. Towards that end it is necessary to identify the signifi
cant environmental factors affecting the performance of the cows. Such environ
mental factors could include the season of calving, the A I. centre, the land holding 
of farmer, the nutrition and management levels provided to the animals etc. 
Statistical adjustment for various non-genetic factors could help to improve the 
accuracy of estimate of females. 

2. Estimation of breeding value of males 

The breeding value of young males is estimated on the basis of performance of 
thei r ancestors and collateral relatives. Theoretical ly suitable indexes have been 
developed on the basis of multiple regression approach. The young male which 
have high initial pedigree index are selected and used for breeding cows. The final J 
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selection of bulls is done on the basis of their daughters performance. The problem of 
statistical genetics that need to be solved is to determine the optimum number of 
progeny group size to get sufficiently hi gh accuracy of estimation of breeding value. 
Most of the researches in India have dealt wi th determining optimum progeny group 
size under organized herd conditions for a fixed population size by maximizing the 
expected genetic gain under sire evaluation and selection programme. The studies 
on field conditions are required where consideration has to be made for cost of 
progeny testing, the various non-genetic factors needed to be considered for 
adjustment of daughters performance, the number of bulls to be taken in a set for 
putting to progeny testing, the minimum number of daughters needed under each 
farmer's herds, the selection intensity among sire selection and so on. Further 
various methods of sire evaluation are recommended like contemporary 
comparison, modified contemporary comparison, least squares method for non
orthogonal data, regressed least squares method, Method of Best Linear unbiased 
Prediction etc. Research investigations are needed to develop method of sire 
evaluation suitable under India conditions. Such methods involve minimization of 
the cost of breed improvement programme and maximise the genetic improvement. 
The development of such methodology could also include information on pedigree 
and other auxi liary and multiple records of daughters. 

3. Development of optimum breeding programmes 

An optimum breeding programme may be considered as one which minimizes 
the cost of the programme and maximize the genetic improvement. This involves 
the criteria of selection of females and males at different stages of life, crossbreeding 
of indigenous cows with exotic bulls of proven high genetic merit, improvement 
of crossbreds by mating crossbred females with crossbred high genetic merit males; 
progeny testing of indigenous and crossbred males, the optimum proportion of popu
lation to be mated to tested bulls and bulls under test and the optimum number of 
doses of semen for each bull to be frozen. The sires mating plan needs to be fo llow
ed so that inbreeding level does not increase and losses due to high mortality and 
morbidity and loss in production are minimised. With the advent of new biotech
nologies like Multiple Ovulation and Embryo Transfer (MOET) suitable breeding 
programmes which are feasible under our cond itions need to be developed which are 
more cost effective as compared to progeny testing programme. 

4. Selection Criteria-Optimum level for various traits 

Although it is recommended that selection index is the ' best ' method for selec
tion of females, but in practice it is rarely used in dairy animals. Practically the 
breeder decides at various stages of li fe e.g. , body weights at various ages like ~ 



months, 6 month, I year, age at first calving etc., and whether the animals can be 
kept or disposed off. Such culling criteria are based on subjective judgement. The 
optimum calving levels need to be objectively developed. Similarly for maximising 
production performance and profit what should be the optimum range of other traits 
like body weight at different ages, age at first calving, service period, dry ' period etc. 
This may need the techniques used in linear and non linear programming. 

In the above an Oi.ltline bas been given with respect to some of the areas where 
work on statistical genetics could be pursued for practical improvement of dairy 
animals. 
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2.3 Current Statistical Research Problems Related to 
Animal Health 

B.S. Rathore 

I VRI , Izatnagar, U.P. 

Epidemiology is the study off the distribution and determinants of disease fre
quency in population. The two main areas of investigation are (i) study of disease 
distribution in relation to host, place and time and (ii) determinants of observed 
disease distribution in relation to host, agent and environment. Under the modern 
epidemiological concept of Multifactorial disease causatiOn several important factors 
pertaining to host, agent and environment are involved. For formulation of causal 
hypothesis and its testing cross disciplinary efforts are needed. The latest approach 
of epidemiology is the biostatistical or mathematical. A mathematical approach to 
epidemiology provides us several investigative procedures for (I) designing and 
conducting epidemiological studies; (2) developing and presenting data and (3) 
analysing data to make comparisons, determine associations, interpret results and 
draw conclusions. 

The statistical techniques required for epidemiological data analysis vary from 
the simplest display of data in a histogram or a bar diagram to advanced methods of 
multivariate analysis. The generally used techniques are : 

-Classification and tabulation of data. 

- Graphical display of data. 

-Regression analysis. 

-Correlation analysis. 

-Analysis of variance. 

-Cluster analysis. 

-Factor analysis. 

-Discriminant analysis. 

-Survival analysis by life table techniques, 

66 



-Vital statistical techniques for measurement of disease frequency. 

-Epidemiological models. 

The techniques listed at serial 1 to 5 are quite frequently used but to establish 
the causal association the epidemiologist has to go for the advanced multivariate 
techniques as mentioned at serial 6 to 11 also. In India not much work has been 
done in the Veterinary field and hence the active involvement of Biostatistician is 
required for developing these areas. The salient aspects of these techniques are being 
discussed below : 

1. Cluster analysis : In order to know the relations between host, place and 
time variables and also between cases the cluster analysis is done. The cluster 
analysis may be of 3 types; 

-Clustering of variables, spatial clustering, time clustering. 

-Clustering of cases. 

- Block clustering (both cases and variables). 

2. Factor analysis : The quantitative values of numerous variables are mea
sured and large number of correlated variables are reduced to small number of un
correlated variables (called factors) by clusteting technique. After initial factor 
extraction the factors are rotated to obtain a simple interpretation about the factor 
and the disease. 

Examples of Factor analysis 

Diarrhoea in dairy calves : 

In a survey covering 81 dairy herds in different states the causal relationships 
of various managemental factors with calf diarrhoea were ascertained. The conceiv
able/hypothecated variables in this specific disease problem may be; 

-Seasons of calving. 

- Age of weaning. 

-Colostrum feeding. 

- Calving site. 

-Type of calf shed. 

-Type of beddings provided. 

- Hygienic conditions in the pens. 

-Frequency of disinfection of pens. 
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-Ambient temperature in the perl.. 

-Source of milk used for calf feeding. 

-Frequency of milk feeding. 

-Age at which the calf has access to feed, water, hay, etc. 

-Time between illness and treatment. 

-Preventive vaccinations during calf hood. 

-Is Vitamin 'A' additives used ? 

-The mineral additives used. 

-Is umbiliens treated for asepsis ? 

-Farm size. 

-Frequence of occurrence of Mastitis. 

-Calf feeding device (bottle, bucket). 

-Is milk processed before calving? 

-Is cow fed grain before calving ? 

-Are sick calves segregated from healthy calves ? 

The correlation Matrix of each factor calculated and out of so many hypotheti
cated variables the factors namely, source of milk, vaccination and mat.!rnal anti
bodies, season of birth, calving site, diet/feed additives, calf feeding practices, pen 
disinfection, ambient temperature in the pen and bedding were identified as having 
causal association with the disease. The results of factor analysis indicated that these 
factors together accounted for 80% of the total variables. 

3. Discriminant analysis : This multivariate analysis is done to construct linear 
discriminant function in order to divide the variables into different groups. 

Examples of Discriminant analysis 

Diarrhoea in calves 

The epidemiologist/would be interested to identify the causal variables for the 
occurrence of the diarrhoea. The principal factors identified for the causal associa
tion are : 

-Source of milk. 

-Vaccination and immunity levels. 
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-Seas.on of birth. 

-Ration/feed supplements. 

-Calf feeding practices. 

-Calving site. 

- Hygienic condition in the calf shed. 

-Housing/temperature. 

- Bedding provided . 

-Treatment of infected calves. 

The above 10 factors would be used to construct the discriminant function 
between different farms to identify out of above 10 factors which, may be responsible 
for occurrence of 'high' or 'low' incidence of calf diarrhoea in different farms. 

4. Survival analysis by life table techniques 

In investigation of chronic diseases there are several problems. Some of which 

are listed below : 

-Difficulty in disease diagnosis. 

- Multifactorial etiology. 

-Long incubation period. 

-Indefinite onset. 

- Difficulty in follow up. 

- Lack of proper analytical techniques. 

In chronic diseases the use of simple, intuitive approaches as applied in case of 
acute diseases may lead to serious misrepresentation and misinterpretation. There
fore, for calculation of various rates and disease trend the use of life table technique 
is the most appropriate method to be used in case of chronic di seases. 

Life table is a technique used to describe the patterns of mortality and surviva:l 
in a population. The life table technique is one of the basic tools of bio-statistics 
which is commonly used in Epidemiology. It is an important analytical technique 
and is a useful way to summarise a nd display the results of epidemiological investi
gations. There are two main types of life tables (i) Cur rent Life Table and (ii) 

Cohort Life Table. 

4.1 Current life table : is a summary of mortality experience over a brief period 
(would vary from species to species) and the population data relates to the middle 
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of that period. A current life table, therefore, represents the complete mortality 
experience by age of the population in a particular short period of time. 

4.2 Cohort life table : The cohort of generation life table describes the actual 
survival experience of a group or cohort of animals sharing some characteristic from 
beginning till end point. 

Uses of Life Table 

- Tc describ.e the mortality experience in different species of animals including 
wildlife through successive age intervals . 

-To describe and compare the death patterns in animal populations with 
different host characteristics or exposed to different environmental factors or 
managemental/husbandry practices. 

-To describe the death patterns of experimental cohorts e.g. vaccinated and 
not vaccinated or treated and not treated. 

-To follow other events which can be proxies for birth and death e.g. repro
ductive life begins after attainment of sexual maturity in a breeding herd 
and ends when the rearing of animals become uneconomical. 

-To develop a stochastic model of the economic costs of diseases and morta
lity. 

5. Epidemiological Models 

The use of modelling technique m studying/solving various health/disease 
problems is well established in number of fields . In multifactorial etiology several 
factors concerning the host, agent and environment play a role in disease causation. 
It is hardly possible to determine the qualitative and quantitative role of all the 
variables. This is possible in theory but not in practice. Usually only the most 
important determining factors are taken into account in model building. The ele
ments or factors included in the model are truly essential or relevant. The informa
tion on all epidemiological variables are plugged into the model equation. The 
model can be used to (i) make predictions of disease incidence or prevalence, (ii) for 

understanding the causal association, mechanism of transmission pathogenesis, etc., 
(iii) to test the hypothesis about disease causation and other biomedical mechanisms 
a nd (iv) to measure economic losses due to diseases, economic evaluation of control/ 
prevention programmes, animal health planning and disease surveillance programme 
etc. The models may be of Deterministic or Stochastic types. In deterministic 
models, the course of event is fully predetermined and the values of each variable is 
known with certainly and the same values are fitted into model equation. There is 
no chance element in deterministic models and hence the output of model is 
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always same whereas the stochastic model takes into account the element of proba
bility and the model equation would produce several outcomes depending upon the 
laws of probability. The stochastic models are more realistic. 

The modern data processing and computing techniques have given unlimited 
opportunities and impetus to the development and use of mathematical models in 
epidemiology. The natural history of many animal diseases has been studied by 
using computer simulation models. The simulation models have been quite success
ful in forecasting the incidence of various diseases accurately. These forecasts enable 
the authorities to select the suitable prophylactic measures. The prediction models 
have been developed for Bovine Ostertagiosis, Fascioliasis, Echinococoosis, Para
tuberculosis, Rabies, Foot and Mouth Disease, New Castle Disease, Vector Borne 
diseases like Malaria, Filaria, Western and Equine Encephalitis, etc. The general 
principles and methodology of some of these models would be discussed. 

6. Vital Statistical techniques for measurement of disease frequency 

Rate : is the frequency of a disease expressed in p~r unit of population at risk 
at a specified time. Rates may be of three types 

-Crude rates. 

-Specific rates. 

-Adjusted rates. 

The most commonly used rates are incidence and prevalence rates. There can 
be two forms of these indices. 

-Absolute form. 

-Population based. 

These rates should have three essential elements : 

- The population at risk. 

-The time factor. 

- The number of cases of the disease. 

Ratio : expresses the number off affected animals relative to unaffected animals 
and not relative to the total population, 



Proportion : expresses the number of cases of the disease and not relative to: 

the total population. 

7. Routine Source of data and Statistical Problems being faced for epidemiological 

analysis 

In veterinary field there are two main routinely sources of data : 

I. Prospective sources : The observation required are specified and data are 
collected through specialiy devised methods by suit
able qualified staff. 

2. Retrospective 
Sources 

The available data were collected in the past as a by 
product of administrative activity. 

Prospective sources 

-Herds and Flocks. 

-Slaughter Houses. 
- Gosadans and other disposal centres. 

Retrospective Sources : Routine records of 

-Veterinary Hospitals/ dispensaries. 

-Organized Livestock Farms. 

- Diagnostic Laboratories. 

-Special Projects. 

-Artificial Insemination Centres. 

- Surveillance Reports. 

-Insurance Companies. 

Salient features of specially devised observational 
Prospective data sources 

Source of 
data 

Organized 
Herds and 
Flocks 

72 

Kinds of 
animals 
available 

2 

All 

Data obtainable 

3 

- Population of 
animals. 

- Birth and death 
sta!is!ics, 

Remarks 

4 

-Diagnosis mainly 
on clinical mani
festation. 

-fleal!h recor9s of 



Sl .ughter 
Houses 

Gosadans 

Source of 
data 

1. Veterinary 
Hospital 

2 

-Uneconomical and 
old animals. 

3 

-Morbidity 
records. 

-Reactions to 
tests. 

-Counts of ecto-
parasites. 

- Chronic diseases 
causing distinct 

4 

individual animal 
usually not avail
able. 

- Cattle ' male only), lesions. 

-Population rel :;.
ted information 
not available. 

Buffaloes, sheep, goats, - Parasitological - Information on 
young and pro
ductive animals 
not available. 

poultry, etc. 

Sick, em1ciated and 
unwanted animals. 

Exam. 
-General Patho-

logical condi-
tions. 

- Deficiency and 
toxic condition. 

-Carries of 
Pathogens. 

Studies on chro-
nic diseases of 
aged animals. 

-Information on 
healthy animals 
not available. 

-Size of popu
lation not avail
able. 

Salient features of routinely available Retrospectry data 

Kinds of Data obtainable Remarks 
animals 
recorded 

2 

Sick animals 
brought to 
hospital. 

3 

Data on diagnosis 
and treatment of 
sick animals bro-
ught to the 
hospi~al. 

4 

-Mild diseases of 
hopeless cases or 
cases treated by 
farmers not avail
able. 

- Population size 
no! known. 
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1 2 3 4 

-Information on 
dead animals 
generally not 
available. 

2. Organized All animals Data on -Information 
Livestock maintained at --Sickness about apparently 
Farms the farm. -Reactions unaffected popula-

to tests tion not available. 

-Data on -Diagnosis usually 
deaths based on clinical 

-Data on signs. 
production 
and repro-
duction. 

3. Diagnostic Herds or indi- -Data on laboratory -Population size not 
Laboratories vidual animals and postmortem known 

with unusual examination -Highly selected 
problem data 

4. Insemination Breeding -Fertility - Population size 
Centres cattle and statistics. not available. 

buffaloes -Reproductive -Highly selected 
disorders data 
and repeat 
breeding 

5. Surveillance All Livestock -Data on diseases -Diagnosis based 
Reports including included in surveil- on clinical signs 

poultry lance programme -Incomplete and 

• irregular 
reporting 

-Organized 
Farms under 
Universities/ 
autonomous 
organizations, 
etc. do not 
par!icipat¥ 
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6. Insurance -Animals -Data relevant -Population 
Records purchased to payment or size not available 

through Govt. non-payment -Highly selected 
loan. of insurance data 

-Valuable claim on -Disease diagnosis 
animals account of not reliable 

disease or 
infertility 

• 



2.4 Current Statistical Research Problems in Animal Sciences : 
An Overview 

D.S. Balain 

Indian Veterinary Research Institute. Izatnagar 

This century and particularly the decades of :fiftees and sixtees has witnessed 
many a significant changes in statistical thinking as well as in improvement in 
methodology of designing of experiments and analysis of data. Prior to establishment 
of English School of Biometricians by Galton during the ending decades of the last 
centmy, it seems that no attention was paid by the biologists to statistical thinking. 
It is also worth point out here that all the diverse germplasm resources in the farm 
of species, breeds, types and va1ieties of farm animals were available and in use 
even much before the Galtonian era. Galton and later Karl Pearson are considered 
to be the pioneers and largely responsible for promoting the use of regression and 
correlation in st udies of evolution and anthropology. Later, their use was spread to 
other branches of biology. Another important associated development was the 
estabFshment of herd/stud books registry by breed associations, and animal experi
mental stations around the world. This led to the development of animal breeding 
first as an art and later on as science with slow but sure conjunction of the, princi
ples of biometry and ideas of experimentation. Then came the " Fundamental con
cepts of Fisher regarding the nature of experimental units, their replication and 
intimate association with experimental error, and the crucial role of randomisation" . 
These revolutionary developments proved, " important handy tools to animal breed
ers to design their experiments as well as to validate the assessments of their research 
results". 

Another important aspect which needs to be highlighted here is that by and 
large research efforts on the part of animal scientists have been hampered by such 
main limiting factors as cost, space, time and availability of suitable expertise. This 
led to the need for designing of experiments and sampling, and consequently to 
inducive reasoning, and assessment of reliability of results. In this regard, statistics 
bas played its unique role by way of designing and analysis of experiments and by 
providing the necessary, " framework for maximising experimental information per 
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unit of cost, accommodating physical restrictions inherent in the performance of a 
particular study, and quantifying the reliability of estimates and comparisons made 
from limited data". 

Well, application of statistical principles to research in animal science is not 
greatly different from the employment in several other disciplines. " Primarily, it is 
the frequency of the use and difficulties encountered that render distinctions". 

In this session, an attempt has been made to present a general survey of some 
statistical topics that animals researchers have found useful, and to dwell, by and 
large, on some aspects of such topics that seem to be understood poorly or ignored 
by a substantial segment of the discipline. I wish that due attention should have 
been paid to high light some of the newer statistical ideas, and projection of direc
tions in which statistical applications seem likely to go in our country in the next 
decade or so. 

I wish that deliberations should have been restricted to the following points 
which have led to misinterpretations of results : 

1. Usual calculation of standard errors in a way as if variances were un
equal, while in actuality conclusions are based on the assumption that they 
equal. 

2. More often than not, reliance is made almost exclusively on " all pairs" 
techniques for specific comparison of means. 

3. Total dependence upon the practice of testing ot significance at 95% 
confidence interval level. 

Also, it would have been better if, recent advances in analysis for categori
cal data, regression, mixed model factorials, and repeated measurements should 
have been discussed and reviewed in this session. So should have been other topics 
like recognition and randomisation aspects of experimental units, optimal allocation 
of resources and sample sizes and aspect of significance testing, etc. in my opinion, 
emphasis on future research aspects should be on the following : 

1. Response surface designs. 

2. Experimentation of data for validity of assumptions via interactive com
puter systems. 

3. Multi-variate analysis of experiments with multiple responses to treat
ments. 

4. And last but not the least, friendly, healthy and purposeful interactions 
and cooperative involvements of statistics, statisticians and their users. 

77 



TECHNICAL SESSION-III 

TEACHING OF AGRICULTURAL STATISTICS 

Chairman 

Co-chairman 

Rapporteurs 

November 3, 1992 (Tuesday) 

11.30 A.M. to 1.30 P.M. 

Dr. A. Dey, 
Professor, lSI 

Dr. A.K. Nigam, 
Prof. of Statistics, 
Lucknow University 

1. Dr. Prajneshu, IASRI 

2. Dr. S.C. Srivastava, IVRI 

Discussion Openers I. Dr. Randhir Singh, IASRI 

2. Dr. Harpreet Singh, IVRI 

Discussion All participants 



3.1 Teaching of Mathematics and Statistics in 
Agricultural Universities 

Randhir Singh 

Indian Agricultural Statistics Research Institute, New Delhi 

1. Introduction 

Agriculture being the back bone of the Indi an economy, agricultural develop
ment is central to all strategies fo r planned development. 

In view of increasing demand for higher crop production, there is need to 
strengthen the post graduate education and research . In order to increase the 
potential of agriculture research it is essential that the agriculture scientists are 
adequately exposed to the basic mathematics and inter-disciplinary, integrated 
curriculum. The basic knowledge of Mathematics is fundamental requirement to 
equ;p any student with future research potential. Since, most probably, each agri
cultural scientist is expected to be involved in agricultural research, therefore, a basic 
knowledge in mathematics and statistics is essential at the under graduate and post 
graduate levels. A symposium on teaching of mathematics and sta tistics at graduate 
and post-graduate levels in agricultural un iversities, organised by the Indian Society 
of Agricultural Statistics during 1989, recommended constituti on of a standing 
committee on courses and curriculum development in mathematics and statist ics in 
agricultural universities and ICAR Institutes to discuss the whole problem of curri
culum development thread bare. A N ational Committee on Mathematics Education 
and Research has been set up by Department of Science and Technology. A similar 
set up in case of Agricultural Universities is very much desirable. 

The issue of research and teachmg coordination and linkages between ICAR 
Institutes and agricultura l universities was also discussed a t the Ninth National 
Conference of Agricultural Research Statisticians held at TNAU, Coimbatore during 
July I 9-21 , I 989. The issue being of great importance needs to be discussed conti
nuously to incorporate the necessary modifications/improvements in the curriculum 
frop1 time to time, 
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2. T eaching of Statistics as a Major subject in agricultural universities 

The importance of statistics has been duly recognised for the development of 
agriculture research and application of statistical techniques to different disciplines 
is increasing day by day. In order to meet the challenging requiremen ts and to deve
lop appropriate statistical techniques the teaching of statistics needs to be strength
ened and constantly improved. In order to have uniform standards it is desirable to 
have by and large uniformity in the area of admission requirements, course require
ments, combination system, grading system etc. 

2.1 Admission requirements 

Admission requirements for agricultural statistics in the agricultural universities 
is a complex problem. The theory of statistics is based on sound mathematics princi

ples and as such a strong mathematics at graduate level is essential for admission to 
M. Sc. programme. But many times in agriculture universities there is pressure that 
only agriculture candidates who are better exposed to practical problems in agri
culture should be admi tted. 

2.2 Course 

Most of the basic course in mathematics and statistics should be common to 
all universities while a small proportion of special topics depending upon the local 
requirements and facilities available may also be included. Some courses on com
puter application should become essent ial to all post-graduate degree courses in 

agriculture statistics. At Ph. D. level there has to be a judicious choice and balance 

between the course work and the thesis. 

2.3 Students Evaluation 

Students evaluation is generally internal and hence has several week points 
like the course may not be covered by the teachers, students may exsert pressure for 
good grades of teachers may award liberal grades as a measure of popularity. 

2.4 Grading System 

The variation in systems of awarding grade is a sourse of great inconvenience 
whenever students from different systems are to be evaluated. There is fortunately an 
effort going on to shift to 10 point grading system in all the agricultural univer
sities. H owever issue will still remain on uniform basis for awarding grades. In 
some universities 7.5 GPA is considered excellent and distinction where as even a 
grade of 8.5 is considered only Ist division in some other universities which have 
already opted for the 10 point GPA system. 
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2.5 Teacher Evaluation 

Teacher evaluation is one of the very complex but at the same time desirabie 
issues especially when promotion policies of ICAR do not give due weightage to the 
teaching skill and teaching ability. 

All these issues need to be discussed thoroughly to bring strength to our teach
ing programme. 

3. Teaching of statistics as a minor subject to Post-Graduate Students from other 
subjects 

The Agricultural Statistics being basic to almost every branch of Agricultural 
science is needed by almost all workers engaged in agricultural research and deve
lopment to plan investigation, for collection of data, its analysis and interpretation 
of the res:.llts in a logical and scientific manner. The use of statistical methods has 
become further more popular with the development of high speed computers. The 
use of statistical methods with the help of electronic computer has given a power
ful fillip to research in all fields of scientific activity. 

Keeping in view the extensive use of statistics in almost all sciences, there is 
imperative need of having introspection into our present curriculum and the necessity 
of modifying it accordingly. 

In addition to having some basic courses in mathematics, statistics theory and 
design of experiments, there is need to introduce courses on topics such as 

1 . Statistical computing 

2. Optimization and simulation techniques 

3. Linear models and their applications 

4. Analysis of variance 

5. Multivariate statistical methods, factor analysis, principal components 
analysis, etc. 
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APPENDIX-I 

Statement showing the Grading System being followed in various 
Agricultural Universities 

s. University Grading 
No. system 

in force 

I 2 3 

]. U.A.S., Dharwad 4.00 

2. P .A.U., Ludhiana 4.00 

3. R .A.U. , Bikaner 4.00 

4. U.A.S., Bangalore 4.00 

5. G .B.P.U.A.T., Pantnagar 5.00 

Details of Grading System 

4 

A-90 and above 
B-80 -do- upto 90 
C-70 -do- upto 80 
D-60 -do- upto 70 

A-80% marks and above 
B-70% -do-
C-60 % -do-
D-50% -do-

A-75% and above 
B-60% to 74% 
C-50%to 59 % 

The rules/regulations regarding I 0 
point Scale is yet to formulate. 

A-80% or above marks 

B-Below 80% but not less than 
70% marks 

C-Below 70% but not less than 
60% marks 

D-Below 60% but not less than 
50% morks* 

¥Failure in respect of Post Graduate 
Students. 



1 2 3 4 

6. Ch. Charan Singh H.A.U., 
Hissar 10.00 

7. K K.V., Dapoli 10.00 First qass with 
Distinction 8.50 and above 

First Class 7.50 to 8.49 

Second Class : 6.00 to 7.49 

Pass Class : 5.50 to 5.99 

8. Indira Gandhi K.V. , 
Raipur 10.00 

9. R .A.U., Pusa (Bihar) 10.00 1st Class with 
Honours 8.5 and above 

1st Class 7.5 to 8.499 

2nd Class 6.00 to 7.499 

10. B.A.U., Ranchi 10.00 

II. G A.U. , Sardar 
Krushinagar 10.00 First Class 

with Distinction : 8.00 and above 

Fir st Class 7.00 to 7.99 

Second Class 6.00 to 6.99 

NOTE : The score secured by a candidate 
out of a total of 1 00 marks in a 
course shall be converted to 
equivalent grade under 10.00 point 
system to represent the grade point 
for that course. 

12. M.A.U. , Parbhani 10.00 ForM .Sc. 

First Division 
with Distinction : 8.5 and above 

First Class : 7.5 to 8.49 

Second Class : 6.5 to 7.49 
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. 2 
--------------

I 3. Dr. Y .S.P.U.H., and 
F ., Solan 

4 
--------------

For Ph.D. 

First Division 
with Distinction : 8.5 and above 

First Class : 7.5 to 8.49 

Second Class : 7.0 to 7.49 

NOTE : The percentage of marks earned in 
a course is divided by IO and is 
expressed to one devided place. 

IO.GO Passing of individual 
course 

At the end of 2nd 
registered semester 

At the end of 4th 
and subsequent 

:56% (55 %) 

: 5.5 (55%) 

registered semester : 6.0 (60%) 

Degree requirement : 6.5 (65%) 

Honours Certificate 8.0 (80%) 

Gold Medal : 8.0 (80%) 

14. T.N.A.U., Coimbatore 10.00 

15. K A.U., Thrissur 10.00 

16. J .N.K.V.V., Jabalpur 

17. H.P.K.V.V., Palampur 
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marks divided 
by 10 

10.00 

Credit Point : Grade Point X 
Credits 

O.G.P.A. : Total credit 
points divided 
by total credit 

Same as in the case of Dr. 
Y.S.P.U .H. and F ., 
Solan (Sl. No. 13 above). 



2 3 4 

18. P.K.V., Akola 10.00 First Class with 
Distinction 8.00 and above 

First Class : 7.50 to 8.49 

Second Class 6.00 to 7.49 

Pass Class 5.50 to 5.99 

19. O.U.A. and T, Bhubaneswar 10.00 ForM. Sc. 
First Class : 6.50 and 

above 

Second Class : 5.50 to 6.49 

For Ph. D. 

There shall be no class or 
Division. 

Minimum requirement to 
pass : 6.00 

20. A.A.U., Jorhat 10.00 Minimum OGPA 10 qualify 
for a degree 7.00 out of 10.00 
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3.2 Teaching of Agricultural Statistics for Veterinary 
Students and Scientists 

Harpreet Singh & Sanjeev Kumar 

Central Avian Research Institute, l zatnagar 

1. Introduction 

The fundamental aim of all educational programmes is tJle development 
of independent and original thinking and also the inculcation of scientific 
temperament among, the receivers. The ultimate success of all training/teaching 
programmes is dependent on the carefully developed course contents which 
must meet the objectives and expectations of both planners and the trainees. 
Keeping in view the tremendous rate of progress in all biological sciences 
a periodical review of the requirements of students and researchers working 
in the field of animal sciences can never be over-emphasised. Present text is an over
view of the course curriculum of statistics being taught to veterinary students at 
graduate (B.V. Sc. & A.H.), post graduate (M.V. Sc.) and doctorate (Ph. D .) levels 
at different Agricultural Universities/Deemed University IVRI, Izatnagar and Veteri
nary University Madras, Tamil Nadu. Based on this information attempts have also 
been made to high light the current requirements regarding the knowledge of recent 
developments in statistical methodologies and applications for veterinary scientists. 

Good knowledge of statistics is essential for proper planning, analysis of data 
and interpretation of results by all researchers working in all branches of veterinary 
sciences. But its upto date knowledge is the especial need of animal geneticists and 
breeders. All statistical courses are compulsory upto graduate level but become 

optional subjects thereafter. 

2 . Under Graduate Programmes 

The students admitted to B.V. Sc. & A.H. have a minimum qualification of 
I 0 + 2 and learn mathematics only up to 1Oth standards. Generally they lack suffi
cient basic exposure to calculus, trigonometry and logarithms. At graduate level, the 
veterinary scienc~ st1,1dents get preliminary exposure to topics like frequency distri-
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bution, measures of central tendency and dispersion, simple correlations and regres
sion, one way and two way analysis of variance and test of significance ; t-test, F
test and Chi-square test etc. 

2. 1 Suggestions for Improvements 

It is suggested th at preliminary concepts of linear regression, partial and 
multiple correlations, regression and Least square analysis should also be included 
at this level. 

Basic concept of computer uses and provision for hands on experiences on 
computers should also be provided. 

Preliminary treatise on Matrix algebra, Trigonometry and Logarithms. 

3. Master's Degree Programmes 

3.1 Basic Statistical M ethods 

Part-I Collection, compilation and presentation (Nume1 ical & Graphical) of 
data, Measures of Central Tendencies & Dispersion, ANOV A, Test of 
significance, Correlations and Regressions. 

Part-II Partial & Multiple correlations, Multiple Regression, Transformation 
of data, Design of Experiments Probability theory, Distributions, 
(Normal, Binomial, Poison etc.), Matrix algebra, Least Squares and 
Maximum likelihood analysis of variance. 

Introduction to data processing and computer programming. 

3.2 Advanced Courses : (500 to 600 series) 

Probability theory, Non-Parametric statistics, Matrix Algebra, Least 
squares Analysis of variance, Multivariate Analysis, Computer pro
gramming, Genetical statistics, Sampling techniques, Linear Model
ling, Latest developments in Statistical methods. 

3.3 Suggestions .for Improvement 

(i) Courses on statistical methods (Part-1), Introduction to data process
ing, Hands on experiences for some common User-friendly computer 
packages may be made compulsory for all M. Sc./M.V. Sc. scholars. 

(ii) A course should be developed to include the concepts of Linear 
ModeUing & latest developments in statistical methods for Master's 
degree scholars in animal genetics and breeding. 
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(iii) More stress should be given to computer programming and applica
tion of ready made softwares. 

(iv) A course should be introduced which should cover the Recent advan
ces in the field of Agricultural Statistics as applicable to veterinary 
students and scientists, e.g. 'BLUP', ANOVA (analysts of covariance) . 
Concepts of genetic divergence analysis based on qualitative/quanti
tative traits . 

Currently the Advanced courses are being taken by students of Animal gene
tics & Breeding/Poultry Science only. It is suggested that the revisionfrr,odifica tions 
to the courses be done after considering the following points :-

The course(s) on common computer packages and elementary statistical methods 
should be taught to all the M .V. Sc. scholars irrespective of the area of their specia
lization. This is in recognition of future needs when all the equipments/appl iances 
are going to be computerized /programmable and the hunt for information and quick 
analysis would only be satisfied with making all M.V. Sc. scholars well versed with 
the computers. Moreover, it would be in the benefit of everyone as the basic know
ledge of statistics at this level would help every one to take an appropriate design 
of experiment for his/her research commitments. 

4. Suggestions for Improving the Know-How of SCIENTISTS 

Refresher courses for scientists should be developed and should be encouraged 
to attend all such courses. Short term courses on 'BLUP' , 'ANCOVA' (Analysis cf 
covariance), Genetic divergence etc, may be developed. 

Every scientist should be encouraged and given opportunity to get acquainted 
with computers, elementary programming and Common computer packages like 
'LOTUS-123', Harvard Graphics, U-BASE MICROSTAT, STATGRAF, etc. 

Inter-Institutional Collaborations for development of 'Problem Oriented com
puter programmes', should be encouraged. 

User Friendly packages for animal breeding data analysis, similar to 'SPAR- l' 
should also be developed . 

The certainity of continuing change, and the uncertamtty about its exact 
direction, argue in favour of a somewhat broader training. It is hoped that the 
aforementioned suggestions will go a long way in the formulation of new course 
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curriculums/short term training programmes for development of research efficiencies 
of scientists. 

S. Coaclusion 

It may be concluded that there is a definite need for constant reviewing and 
upgrading of the course curriculum on Statistics and Computer uses, from time to 
time. These need to be incorporated for improving the efficacy of various animal 
breeding methods for increasing the livestock/poultry productivity. 
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4.1 Teaching of Computer Applications in Agriculture and Networking 

S.N. Mathur 

Indian Agricultural Statistics Research Institutes, New Delhi 

Computer technology is changing very fast. The first three generations of 
computers were mainframe type systems and processing on these required a closed
shop environment. The user's jobs were collected at input counter; sent to computer 
room for p1 ocessing and after processing the results were being collected by users 
from an output counter. The users need not know much about the computer systems, 
but had to organise the data and relevent computer programs correctly in proper 
required order. On an average the turn around time (the time between submission 
of job and getting the output) used to be about 12 to 24 hours. In case of errors 
or wrong results the j obs were being submitted again after necessary corrections. 
Third generation system also had a facility of terminals from where the users could 
develop their programs or nm the jobs in mainframe systems. 

With the introduction of micro computers called Personal Computers, the 
environment has completely changed. The operation of computer, which was being 
done by a selected few tra ined persons on earlier systems, now requires to be done 
by individual scientists/research workers including top officials. These computers 
are available on their tables. 

Question arises here what type of computer hardware, software and application 
packages are needed for different level of scientists/research workers and top 
officials ? How they will use these machines ? What type of jobs they must do on 
the computers ? 

What type of communication facilities can be provided on computers ? What 
is to be likely impact on Indian Agriculture of such computerization ? How such 
computer facilities can be provided for all AR Scientists under ICAR ? 

1. Type of Computer Hardware 

Generally most of the micro computers are IBM compatibles. We can select 
any PC/XT or PC/ AT or an inteHegent terminal [connected to a host computer, 
:pormally a supermini, mainframe or PC/AT in a local area network environment or 

95 



any other computer network] with dot matrix printer/plotter. This small configura· 
tion may cost around 1 lakh. 

2. Software 

On these systems the facilities of one or more computer programming langu
ages such as BASIC, Fortran, Pascal and C languages alongwith software 
packages- dBase HI + , LOTUS, SPSS, Microstat and other useful statistical 

packages and word processing facilities, graphic capabilities can be provided. 

The capacity of the computer systems for individual should meet the require
ments of the individual scientist. One of the question which still remains is regarding 
'how' these individual scientists would be able to use the computer software provided 
to them. For these it is essential to provide them necessary training in the use of 
micro computer and other software, for solving their day to day research problems. 

3. Training programs at IASRI 

Since September 1986, IASRI bas been organising short term trammg 
programs on the use of computers in Agricultural Research twice every year. This 
provides adequate hands on practice to the participants for making use of micro 
computers and various relevant software packages for agricultural research problems. 
So far I 7 such courstll hav• bee• organised. At present abelll 100 participants are 
trained every year in these training courses. 

So far IASRI has not started training courses on advance computer programm
ing which may include computer programming languages such as Pascal, C and 
Statistical Packages for Social Sciences (SPSS) on micro computers and oracle, UNIX 
operating system, Database Management System, Management Information System, 
etc. However, plans are a foot for introduction of programs varying from 1-2 weeks 
on individual topics enumerated above. 

4. Regular degree programme of M.Sc. in Computer Applications in Agriculture 

IASRI started this degree programme from 1985 session, In this programme 
the students are taught various computer subjects including topics on systems soft
ware, information systems software and statistical applications software. After 
passing this degree course they become professional in the field of Computer 
Application in Agriculture and can be entrusted with any responsible posi tions m 
Computer Centres of Agricultural Universities and other ICAR Institutes. 

5. Computer Networking 

IASRI is the only institute in !CAR which is equipped with a Super Mini 
~OSMOS 486 with a .Iocal .area p.etwork connectiJ?-~ to about 60 terminals, sprea9 
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over 10 dUferent labs including library and administration situated in three different 

buildings of the Institute. 

The scientists working in any of the labs or on the computer system provided to 

the Principal Scientists in their rooms which are connected with the super mini 
computer can communicate among themselves and make use of the facilities avail
able on COSMOS such as the line printer, and all software packages. IASRI is also 
having a capability of connecting this system to other networks, in a wide area 
network through telephone lines. However, this capability is still to be tested and 
installed. 

In the VIH Plan IASRI proposes to establish a National Network connecting 
various ICAR Institutes and Agricultural Universities using Micro Earth Stations with 
IASRI as the nodal centre. These micro Earth stations would be further connected 
to other nearby ICAR organisations. For micro Earth Stations and various sub
stations, the required hardware and software has been suggested in the proposal 
alongwith manpower requirements and the budget estimates to meet the installation 
cost and maintenance and recurring costs of these equipments during the VIII plan 
period. Once such type of network is established for ICAR a large number of 
databases and information systems can be created to provide immediate needs of 
information to the ARS scientists and for research management purposes . 

This network will have a capability of connecting through national gateway to 
internati_onal networks in other countries. This would provide a faci lity of a global 
network for exchange of research documents at a very economical cost and in a very 
short time. 

For implementing such large projects highly dedicated potential personnels are 
needed to work on these projects. It would be essential for ICAR authorities to 
appoint highly qualified young persons on the posts which have been suggested in 
this proposal. It is my suggestion that the appointments of computer professionals 
in the various ICAR institutes should be strictly on merits of their qualifications in 
the computer field. Master Degree holders in computer applications should be given 
relaxation in the rr1inimum number of years of experience in the field. 
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4.2 Computer use in Animal and Veterinary Sciences 

G.S. Bisht 

Indian Veterinary Research Institute, Izatnagar 

One of the most striking development in Biology during the past fifty years bas 
been the growth of quantitative and mathematical aspects of the subject. Beginning 
with pioneers like Francies Galton and Karl Pearson, the statistical analysis of 
biological data received great impetus during twenties from the work of R .A. Fisher 
and others, whose researches were soon applied in agriculture. A steady increase in 
statistical techniques and its use in biological research increases with the develop
ment of digital computer during last 30 years. Many widely known statistical 
parameters such as mean, correla tion, regression and statistical technique li k~ 
analysis of variance, chi-square test, t test, etc. are rela tively simple in operation and 
they usually require very Jess time than the collection of biological da ta. The execu
tion of these analysis by computer is therefore a matter of convenience. Statistical 
t echniques such as factor analysis, path coefficient analysis, BLUP etc. are available 
theoretically, can not be used without aid of computer and related softwares. The 
statistical t echniques such as multiple regression analysis is extremely tedious to 
apply by desk calculator when more than five or six independent variables are 
considered, this statistical technique can easily be applied to biological data in a few 

second using computer. 

With the increasing use of statistics in veterinary and animal science research, 
it will be good to have computer centre with a high speed computer and related 
software. The availability of standard statistical software for statist ical analysis will 
save the time required for developing software fo r ana lysis. At present many statis
tical packages are available in the market. The n ame of these packages are SPSS, 
SSP, BMPD, SAS etc. Most of these packages can carry out statistical analysis such 
as Logistic regression, survival analysis, time series analysis, cluster analysis, linear 
programming, stepwise regression, stepwise discriminant analysis, construction of life 
table, repeated measure a nova, repeated measures missing data, general mix model 
anova, canonical correlation , factor analysis, log linear analysis, mult i dimensional 
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contingency table etc. All these statistical technique are appiicable to biologicai 
data. 

The veterinary information are available from a variety of sources. Much of 
these information are collection routinely. They include growth, production, 
reproduction, djsease incidence data in livestock farms, clinical and primary health 
data from general practitioners and more specialized material such as information on 
cases referred to research institutions. 

Conventionally these information are stored as a separate accumulation by 
case records in the form of long hand notes and papers. 

These data, in common with other types of information in veterinary field, are 
frequently in accessible and much of their potential value is not realised because the 
information is very much scattered. Therefore there is a need to create data bases 
in different area of veterinary and animal science and these data bases should be 
continuously updated. Modern computer technology offers a method for creating 
these data bases and their analysis. 

These data bases will be useful for scientific research in respect to livestock 
planning for livestock production and disease control, disease forecasting, cost benefit 
analysis etc. 

At IVRI Statistical analysis using computer was initiated in the year 1972 by 
introducing I.B.M. data processing machines. The computer facilities of I.A.S.R.I., 
New Delhi was used for analysing data. In the year 1985, the Micro-32 computer of 
E.C.I.L. was installed at I.V.R.I. This computer has one mega byte memory, two 
floppy drives, two hard disk havi ng 80 megabytes capacity each, one tape drive, six 
terminal and four off line data entry machines. Before 1985 computer was used 
for analysing animal breeding data. From the year 1985 onward the computer is 
being used in almost all the branches of veterinary science. 

At present statistical techniques used for analysing data using computer 
includes Mean, S.E., C .V. ; Least Square analysis, correlation analysis, regression 
analysis, "X.2 test , t test, curve fitting, genetic parameter estimation, construction of 
selection indices, diallel analysis, path coefficient analysis, discriminant analysis, 
principal component analysis and analysis of variance using mixed model 

methodology. 

Computer can also be used for simulation studies, taxonomical classifica!ion 
of bacterial, viral and parasitic diseases. 
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Data banks for growth, production, reproduction and in~idence of various 
diseases are required. 

Training manpower is needed for computer applications in different branches 
of veterinary science. I.V.R.I. being the National Institute should create facility for 
veterinary computing for research and training in computer application in different 
branches of veterinary sciences. 

100 



Chairman 

Co-Chairman 

Rapporteurs 

Speakers 

PLENARY SESSION 

November 4, 1992 (Wednesday) 

10.00 A.M . to 11.30 A.M. 

Dr. S.K. Raheja, 
Director, IASRI 

Dr. Rajendra Singh, 
Head, Div. of LES, IVRI 

1. Sh. T.B. Jain, IASRI 
2. Dr. V.K. Dwivedi, IVRI 

Presentation of Reports by 
Rapporteurs of different Sessions. 



Plenary Sessi()n 

At the outset, Chairman complimented the discussion openers for initiating 
discussions on the research activities in different fields of statistics in the delibera
tions during the past two days of the Conference. Thereafter the Chairman high
lighted some of the areas identified by various discussion openers meriting attention 
of the scientists in the next decade. He then, requested the Rapporteurs of various 
sessions to present their reports which inter-alia included recommendations emerging 
from the respective sessions. Attempts have been made to identify the Institutes/ 
SAUs for taking actions on the recommendations. However, other Institutions are 
also welcome to take action on any of the recommendations, for providing their 
research and allied interest. After prolonged deliberations the recommendations 
finally emerged are as follows ; 

A. Agricultural Statistics 

(i) Crop Sciences and Agro-Forestry 

1. To prepare a catalogue of new designs obtained from time to time on a 
regular and continuing basis and to identify designs which are optimal 
and robust aga inst various disturbances. 

(Action : JCAR Institutes and SAUs) 

2. In inter-cropping and agro-forestry experiments, one gets multiple 
responses, but all the responses are not available on all the units. In view 
of this, efficient designs and procl"dures of analysis may be developed for 
inter-cropping and agro-forestry experiments. 

(Action : ICAR Institutes and SAUs) 

3. To develop suitable procedure of analysis of data from experiments on 
grassland jn view of the large plot size and few replications. 

(Action : IASRI and IGFRI) 

4. Concerted efforts are required to develop more efficient designs and 
procedure of analysis and experiments for cropping systems research, 
long-term and rotational experiments. 

(Action ; IASRI a,nd AICRPs) 
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5. To evolve suitable sampling techniques and to develop estimation proce
dures for obtaining small area statistics of crop yields. 

(Action : IASRI) 

6. To undertake methodological investigations on the use of data obtained 
by remote sensing techniques in estimation of area under forestry cover, 

and flood affected areas. 

(Action : IASRI) 

7. To evolve suitable methodology for quick estimation of crop losses due to 
vagaries of weather like untimely rain, floods, hailstorm, etc. 

(Action : IASRI) 

8. The researchers and academicians should be encouraged to undertake 
deeper analysis of the data collected under the agricultural surveys 
conducted in India. 

(Action : ICAR Institutes and SAUs) 

9. To undertake studies for evaluation of the effect of infrastructural changes 
on crop production. 

(Action : ICAR Institutes and SAUs) 

10. To develop a unified approach of obtaining objective pre-harvest forecasts 

of crop yields. 

(Action : IASRI) 

11 . Efforts may be made to provide a forum for a closer interaction on a 
regular basis between Agricultural Statisticians associated with Design and 
Analysis of Experiments as well as Sample Surveys. 

I Action : IASRI) 

12. *Development of survey sampling methodologies for estimation of acreage 
and production for areas under multiple cropping systems, tuber crops 
(other than potato), condiments, spices and other important minor crops. 

(Action : IASRI, CPCRI and CTCRI) 

13. *Development of survey sampling methodology for estimation of area and 
production of field crops in hilly areas. 

(Action : IASRI) 

(ii) Animal Sciences at~dfisheries 

14. Use of small area estimation, re~ression and cate~orical data anal~sis 
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technique in sample surveys relating to livestock should be explored and 

examined. 

(Action : IASRI) 

15. Problems pertaining to estimation, input-output relationship, price spread 
and losses in fish trading should be examined. 

(Action : ICAR Institutes and SAUs) 

16. There is an urgent need to generate accurate livestock census data breed 
wise for upgrading indigenous stock. 

(Action : IASRI) 

17. There is urgent need to build reliable database for dairy cattle under field 
conditions and its use in evaluation and selection of individual animals. 

(Action : NDRI, IVRI, AICRPS and all other concerned) 

18. Development of suitable methodology under Indian conditions to study the 
incidence, morbidity and mortality rates for various animal diseases should 
be attempted. 

(Action : IASRI, IVRI and SAUs) 

19. Use of modern statistical theory such as mixed model analysis technique, 
response surface design, multivariate analysis of experiments with multiple 
responses, analysis of repeated measurements, etc. should be encouraged. 

(Action : JASRI and concerned ICAR Institutes) 

20. Work relating to development and standardisation of sampling procedures 
for serological tests and estimation of quantity of organism in different 
animal products may be taken up. 

(Action: NDRI and IVRI) 

21. Simulation studies to study the properties of estimates of genetic para
meters may be carried out. 

(Action : IASRI) 

22. Attempts should be made for the development of newer methodologies for 
estimation of genetic components of variance and genetic parameters. 

(Action : IASRI) 

23 . *Evaluation of various selection strategies involving MOET technology to 
find optimum strategy. 

(Action : All !CAR Institutes and SAUs) 
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24. •Development of appropriate methodologies in the area of "Surveillance 
of important animal diseases" for adjustment for time lag in case 
reporting ; imputation of non-observations, detection of changes in 
patterns of occurence in the incidence of disease, description of disease 
trends over time, identifying aberrations in the occurence of disease and 
for assessing the impact of health programmes. 

(Action : All ICAR Institutes and SAUs) 

25. •study of the response to selection in finite populations and the effect of 
linkage on homozygosity of a population under various inbreeding systems 
through simulation approach. 

(Action : IASRI) 

26. •Investigations into the sampling techniques for determining area and 
production of fodder and grasses in hilly tracts. 

(Action : IASRI) 

27. *Development of methodology for estimation of optimum stocking rate of 
animals for the rangelands of Western Rajasthan. 

(Action : NDRI and CAZRI) 

B. Computer Application in Agriculture 
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I. Agricultural Statisticians may be provided with the necessary computer 
software so as to enable them to utilize the hardware efficiently. 

(Action : ICAR Institutes and SAUs) 

2. Training programs may be organised on regular basis for the benefit of 
Agricultural Scientists using computers. 

(Action : IASRI) 

3. Qualified and training personnel in computers may be appointed to main 
computer centres at ICAR Institutes and SAUs. 

(Action : ICAR Institutes and SAUs) 

4. Agricultural Statisticians may keep themselves abreast of the fast changing 
computer technology and exchange information on softwares, their 
potentialities and their updates. 

(Action : ICAR Institutes and SAUs) 

5. M .Sc. degree program in Computer Application in Agriculture h~s bet;n 



there since 1985. Similar programs of M.Sc. in Computer Application in 
Veterinary Sciences, Dairy Sciences, etc. may also be initiated. 

(Action : IVRI and NDRI) 

6. The work of developing databases may be taken up by those who produce 
and generate the data for which standardised formats may be made 
available by IASRI. 

(Action : ICAR Institutes and SAUs) 

7. Data from research projects, on completion of projects may be stored in 
data base formats for retrieval at a future date. 

(Action : ICAR Institutes and SAUs) 

8. Computer Hardware may be equipped with 5.25" as well as 3S Floppy 
disk drive to enable the statisticians to meet the newly developed techno
logy in their field. 

(Action : ICAR Institutes and SAUs) 

9. For making use of international databases which are available on Compact 
Discs (CD): necessary Compact Disc Read Only Memory (CD ROM) 
hardware may be procured by Computer Centres at ICAR Institutes and 
SA Us. 

(Action : ICAR Institutes and SAUs) 

10. A workshop on DBMS may be organized by IASRI. 

(Action : IASRI) 

C. Teaching of Agricultural Statistics 

1. Eligibility for admission to M.Sc. course in Agricultural Statistics should 
be B.Sc. (Hons.) in Statistics. 

(Action: IASRI and SAUs) 

2. The curricula for M.Sc. and Ph.D. courses should be revised periodically. 
Some new topics like Non-linear regression modelling, Density estimation, 
Categorical dat a analysis, Jackknife and Bootstrap techniques, Projection 
pursuit methods be included in the syllabus. 

(Action : IASRI and SAUs) 

3. Training for teachers of agricultural statistics In the newly developing 

areas be periodically organised. 

(Ac~ion : IASRI) 
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4. The practical aspects of various statistical techniques need to be high
lighted in all the teaching programmes. 

(Action : IASRI and SAUs) 

5. There should be a separate Statistics Department in every Agricultural 
University. 

(Action : SAUs) 

6. Best teacher's award in Agricultural Universities be limited to those 
teachers who are devoting at least two-thirds time for teaching. 

(Action : SAUs) 

7. Statistical divisions in the !CAR Institutes/Statistical Departments in SAUs 
need to have adequate computing facilities along with relevant software 
packages. Courses on 'Use of computer' be introduced for M.Sc./Ph.D. 
students. 

(Action : ICAR Institutes and SAUs) 

8. *To bridge communication gap between the Agricultural Statisticians and 
Animal Sciences and Fishery Scientists, short-term training courses in 
ag;iculture and animal sciences including fisheries may be planned and or
ganised for statisticians in ICAR Institutes and Agricul tural Universities. 

(Action : lCAR Institutes and SAUs) 

9. *Students majoring in statistics should be actively involved in statistical 
consultancy work for equipping them with sound background 1n 
application of statistical techniques to real life problems in agriculture. 

(Action : IASRI and other ICAR Institutes and SAUs) 

10. *Exchange of research scientists and teachers in statist ics and computer 
sciences amongst different Agricultural Universities and ICAR Institutes 
may be encouraged. 

(Action : ICAR Institutes and SAUs) 

11. >:<To· meet the emerging research challenges in agricultural statistics and 
computer application departments of statistics in Agricultural Universi
ties/ICAR Institutes should be adequately strengthened and such depart
ments created if not already existing. 

(Action : All ICAR Institutes and SAUs) 

12. *Summer Institutes/Schools in advanced statistical methods may be 
organised at lASRI and SAUs in specialized areas. 

(Action : ICAR, IASRI and SAUs) 

• Recommendations made at earlier Conferences. 
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H.P. Singh 
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We are very thankful to all the Chairmen, Co-chairmen , discussion openers, 
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We are also thankful m the press for giving a wide coverage of the 
deliberations of the conference. 

My thanks are due to the participants, speakers and others, who have come 
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conference for attending the conference and for their active participation in the 
deliberations during various sessions. 

I am also thankful to the organising team of IASRI headed by Shri T.B. Jain, 
Senior Scientist and Head (Coordination Cell) for their very hard work and untiring 
efforts in successful organisation of the conference. 
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