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PREFACE
I take great pleasure in presenting the proceedings of the 11th National Conference of
Agricultural Research Statisticians held at Himachal Pradesh Krishi Vishvavidyalaya, Palampur
from October 16-18, 1995. Besides, plenary session the discussions in the Conference were held
in five different ses~ions. The deliberations in the Conference, inter alia, have helped in
identifying priority areas of research requiring concerted efforts on the p~rt of the scientists. I
hope the proceedings will be well received by the scientific fraternity and help in the formulation
of the appropriate research studies in different fields of agricultural statistics and computer
application in the near future.
I am highly thankful to Prof. R.S. Paroda, Director General , ICAR and Secretary, Department
of Agricultural Research and Education for his keen interest in the Conference. I am also thankkll
to Prof. Gajendra Singh, Deputy Director General (Engg.), ICAR for providing encouragement
and support for the Conference. My grateful thanks are due to Prof. R.P.S. Tyagi, Vice
Chancellor, H PKV for hosting the Conference and providing necessary facilities to the delegates.
I express my indebtedness to Prof. H.R. Kalia, Ex-Vice -C.hancellor, HPKV for inaugurating the
Conference. I am also grateful to Dr. B.N. Singh, Ex-Director General, Bureau of Indian
Standards, New Delhi for Chairing the inaugural session and one of the technical sessions of the
Conference. My thanks are also due to Dr. B.L. Kaistha, Dean, College of Basic Sciences, H PKV
for working as Local Organising Secretary and Chairing one of the sessions. I arn also thankful
to Dr. D.S. Hooda, Dr. P.R. Sreenath and Dr Rajiv Mehta for chairing/co-chairing different
technical sessions and participation in the discussions. I am thankful to invited speakers,
rapporteurs and the participants who took active part in the deliberations and making the
Conference a great success .
I would like to express my appreciation of the hard work put in by Dr.D.L. Ahuja, Head,
Director's Coordination Unit in co-ordinating the work of the Conference. Thanks are also due
to Shri P.P. Singh, Shri J . Srinivasan, Shri O.P. Singh and other officers and staff members of
the Institute for their painstaking efforts for organising the conference and to Shri Mahesh
Chander and Smt. Rajni Gupta for providing help in typing/computerisation wo rk.

R.K. PANDEY
DIRECTOR
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WELCOME REMARKS
B.L. Kaistha
Dean, College of Basic Sciences, HPKV, Pa lampur

Prof. H.R. Kalia, Ex-Vice Chancellor, HPKV, DrR.K. Pandey, Director, IASRI, DrB.N. Singh,
distinguished delegates , ladies, gentlemen and students: I have great pleasure in extending a warm welcome to all of you for attending the Inaugural
Session of the XI National Conference of Agricultural Research Statisticians at HPKV. I am
especially grateful to Dr H.R. Kalia, Dr R.K. Pandey and other distinguished Statisticians and
delegates who have very kindly agreed to be personally present at all the forthcoming
scientifically important sessions. We fondly hope that all the participants would become more rich
in knowledge and thought as a result of participation in .the deliberations of this conference. We
· also expect that Agricultural Statistics Researches will be further strengthened and made more
meaningful as a result of better cooperation and greater involvement of Statistics as well as
Statisticians in different disciplines.

.,

All the research workers invariably use statistics in their experimentation. For considering
issues related with statistical methodology of analysing data, it is essential that conferences like
the present one are held periodically to review the progress already made and to plan ahead for
the future. This .conference ~ill p'romote a free exchange of ideas not only among Statisticians
but also among all types of users of statistics. I would also like to take this opportunity 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 Statisticians in order to ensure more productiye and fruitful achievements on
their parts in this endeavo~rs in future.
With these few words, I again welcome all of you to this Conference and wish the deliberations
.here all success.
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KEY-NOTE ADDRESS
R.K. Pandey
Director, IASRI, New Delhi

A close cooperation and collaboration among research statisticians working in various I CAR
Institutes and agricultural universities is necessary. Realising its importance the Achievement
and Audit Committee constituted by the Council (ICAR) for assessing the research activities of
the Indian Agric ultural Statistics Research Institute (IASRI) for the period 1966-71 recommended
inter alia holding of periodical meetings and conferences of Agricultural Research Statisticians.
This would provide opportunities for exchange of ideas, discussion of c urrent problems and would
also foster fellow feelings among the scientists working in various agric ultural research institutes
in the country. For achieving these objectives, the IASRI has been holding the conferences of
agricultural research statisticians almost regularly since 1974, with, of course, change in the
periodicity after 1983. So far we have had ten such conferences.

,

The first two conferences were held at IASRI in 1974 and 1976 respectively in which the
emphasis was more on problems related to designs and analysis of experiments, saniple
surveys , use of computer in agriculture and animal sciences res earch, statistical techniques in
plant and animal breeding, teaching of statistics in agricultural institutes and universities and
research and training facilities. The third conference was also held at IASRI in 1978 with its theme
as 'Role of Agricultural Statistics in VI Five Year Plan with special referen.ce to integrated rural
development with respect to agriculture, forestry , livestock and fisheries'. The fourth conference
was held in 1979 at Himachal Pradesh Krishi Vishvavidyalaya, Palampur where there were five
technical sessions besides the plenary session. The fifth conference of Agric ultural Research
Statisticians was organised jointly by the Directorate of Agriculture, Lucknow and the Indian
Society of Agricultural Statistics in 1980. 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 five technical sessions were mainly related
to current statistical research problems in crop sciences, forestry , animal sciences and fisheries ,
teaching of agricultural statistics and computer application in agricultural statistics and development
and exchange of software.
In the year 1983, the seventh conference was held at the University of Agricultural Sciences ,
Hebbal , B a ng<~ lore . The deliberations were held under four major heads : (i) Statistical research
in crop sciences and forestry, (ii) Statistical research in animal sciences and fisheries , (iii)
Teaching of agricultural statistics and (iv) Application of Computer in Agricultural Statistics. In
5

addition Prof. P.K. Bose, Ex-Pro-Vice-Chancellor of Calcutta University delivered a special
lecture on 'Imbalances in Relative Growth Rat es in Ag riculture-Causes and Remedies'. One
major recommendation of this Conference was to elevat e its status to N ationa l level and call this
conference henceforth as the National Conference of Agricultural Research Statisticians. And
as per th e direct ive from the Council it s periodicity was changed to once in three years . The next
Conference i.e. the eighth in the series was held at the Central Arid Zone Research lnstitllte ,
Jodhpur from July 29-31, 1986. The main theme of the Conference was "Priorities in research
and education in agricultural stat ist ics and computer application". Th ere were four technical
sessions besides the plenary session,: (i) Coordination and linkages between different I. CAR.
Institutes and res earch in agricultu ral statistics ; (ii) Gaps and priorities of research in agric ultural
statistics pertaining to crop sciences ; (iii) Gaps and prio rities of research in agricultural statistics
pertaining to anima l sciences; and (iv) Gaps and priorities of research in agricultural statistics
pertaining to social sciences/agric ultural economics.
The ninth Conference was at the T amil Nadu Agricu ltural University (TNAU), Coimbatore.
The ma in theme of this Conference was "Research challenges in agricultural statistics and
computer applications in agric ulture". T here were four technical sessions in addition to the
plenary session viz. (i) Research challenges in agricultural statistics pertaining to c rop sciences
and agro-forestry ; (ii) Research challenges in agricultural statistics pertaining to animal sciences
and fisheries; (iii) Research challenges in computer application in agric ulture; and (iv) Research
and teaching coordination and linkage between ICA R Institutes and agricultural Universities.
The tenth Conference was held at Indian Vet erinary Research Institute, lzatnagar from
November 2-4, 1992. In addition to plenary session , there were fo ur technical sessions: (i)
Current statistical research problems in crop sciences and agroforestry, (ii) Current statistical
problems in animal scienc es and fisheries , (iii) Teaching of agric ultural statistics, (iv) Computer
application in agric ulture.
In all there were 49 recommendations, of these , action on 41 recommendations has either
been completed partially, completed or already initiat ed, while action on 8 recommendations
would be taken soon.
Now th e 11th Conference is being held at HPKV, Palampur. Besides, plenary session, the
discussions would be held in 5 va rious sessions. Th ese are :
Session 1: Assessm ent of the status of th e existing statistical rr ethodologies and current
research findings.
Session II : T eaching and tra ining programmes in agricultural statistics (including course
curriculum on quality of data) and statistical computing for human resource
developm ent
Session Ill: Assessm ent of the status of computer hardware, software, periphera ls and
other related equipm ents vis-a-vis agricultural research.
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Disti nguished persons at the Inaugural Function

Presenting a bouquet to Dr RK Pandey, Director, IASRI

Session IV : Improvement of quality of agricultural statistics.
Session V : Identification of problems for future research.
In a recently held meeting of the Indian Society of Agricultural Statistics, Dr RS Parada ,
Director General, ICAR and Secretary, DARE who is also the president of the Society suggested
that efforts need to be made to have a project work involving checking of quality of data as a
regular post of the student's curriculum. It has been suggested that the topic might be discussed
in this Conference. It was also suggested that some aspects of improvement of Agricultural
Statistics also might form a topic for discussion in this Conference. Consequently both the topics
have been included for discussion.
As you are aware, the IASRI is a premier Institute whose mandate is to promote and cc:>nduct
research, education and training in Agricultural Statistics and Computer Application in Agriculture
for improving the planning and evaluation of agricultural research and development in the country.
To achieve these objectives, the Institute undertakes research activities covering different fields
like experimental designs , sampling methods , statistica·i genetics, bio-statistics , forecasting
techniques, statistical economics, computer software, data processing and allied topics. Important
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.
The Institute continues to train personnel for meeting the increasing requirements of
manpower in the field of agricultura.l statistics and computer application. Training courses at the
Institute consists of new set of short refresher cou rses namely Refresher Course for Statisticians
and Agricultural Scientists and short term courses on the use of Computers in Agriculturiil
Research have been started from 1986 and are being conducted on regular basis. To meet the
growing demands from various agencies for training to their staff a new certificate course in
stat.istics and computing has been introduced from 1993. Apart from this Institute continued to
conduct, in collaboration with IARI , two degree cou rses leading to M.Sc and Ph.D. degrees in
Agricultural Statistics and M.Sc degree course in Computer Application in Agriculture. Besides
these cou rses specialised -ad-hoc co urses in areas of Design of Experiments and Sample
Surveys and Analysis of Survey Data are also being conducted. Besides these courses, short
term training course on use of Computers for Administrative Staff as well as for NARP Scientists
are also conducted at the Institute. An International training course on Techniques of Estimation
of Output of Food Crops is organised each y·e ar for the participants from Afro-Asian Countries.
The course is jointly funded by the Ministry of External Affairs under its ITEC programme and
Afro-Asian Rural Reconstruction Organisation.
The computer is of particular relevance for agricultural statistics which involves collection of
large body of data requiring complex and indepth analysis. The power of comput er has increased
manifold with ability to store large mass of data in its memory which can be directly accessed and
processed. With the development of mini computers and micro computers commonly known as
personal computers this facility can be used in agricultural sector to a great advantage by setting
7

up or creating computer units at district or block level a ll over the country. Data on various aspects
of agricultural activities can be stored and maintaine<;:l in these units in a readily available form.
These computer units can be inter-linked with a centr~l computer facility which would provide
easy comm unication facility for transfer of data and their dissemination. Another important use .
of such comp uter network would be to prepare compa rable data sets in different fields of
agriculture so as to provide easy access to any organization or even individual research workers
throughout the co untry.
Agriculture is the one enterprise which faces uncertainty at every stage. It, therefore,
becomes essential to harness th e power of the computer in such a way as to be able to respond
to be needs and challenges of the modern society. The introduction of large and rapidly
accessible memory system to store and retrieve massive data as well as the development of
remote terminal system with display capabilities can enable us to work in man-machine
conversational mode and evolve suitable analytical procedure in a sequential fashion. For this
purpose, suitable models need to be developed so as to match not only the actu al conditions
underlying the problem but also those that are exhibited by the observed data.
In the field of agric ultural statistics and computer application some areas identified at the
Institute for further research in coming years are as follows :
(1) Development and analysis of experimental designs for agricultural system s research
(2) Development of techniques for planning and analysis of survey data related to agricultural
systems
(3) Modelling and computer simulation techniques for agricultural systems
(4) Statistical investigations in genetics and biotechnology
(5) Forecasting techniques in agricultural systems
(6) Methodological studies on specific statistical economic-s problem s of current and topical
interest in agriculture
(7) Development of computer software for use in agricultural research
(8) Computer networking
(9) Databases and information syst ems
(1 0) Statistical applications of G IS and remote sensing technique in agricultural systems
(11 ) Teaching and training in agricultural statistics and computer application
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Prof. BL Kaistha , Dean, COBS, HPKV, Palampur (HP), welcoming delegates

Prof. HR Kalia, Ex-VC, HPKV, delivering Inaugural Address

INAUGURAL ADDRESS
H.R. Kalia
Ex- VC, HPKV, PAiampur

It gives me a great pleasure to be in your midst today to inaugurate the 11th National
Conference of Agricultural Research Statisticians. Statistics is an important tool in the process
of policy making and formulation and execution of development plans. Agric ulture plays the most
dominant role in the nation's economy to a very large percentage of population both directly and·
indirectly. The main aim of agriculture in rural development as adopted in o ur plans is growth with
social justice to ensure the welfare of the vast multitude of population living in rural areas .
Realisation of self-sufficiency in foodgrains, even creation of export s urpluses , diversification of
agriculture, achievement of full employment and removal of poverty within a specific period are
among the main objectives of o ur plans for agricu lture and rural development. It hardly requires
to be emphasised that for any development programme to be successful, adequate and reliable
statistical data base is abs.olutely essential.
Great strides have been made in the collection of agricultural statistics in the recent past and
contributions of the Indian Agricultural Statistics Research Institute in that direction are
commendable. However, as the development programmes progress fresh data are required for
assessment, evaluation and formulation of programmes and policies as also for t iding ov er
operational difficulties. There is also a continuing need for improving the range , quality and
content of the data as reliability of data is basic to any planning. Time losses in the availability
of data assumes added importance. The following are the suggestions for the improvement of
current status of agricultural statistics.

'

The coverage of land utilisation and crop $tatistics should be extended to the entire
geographical area of the country. Refresher training should be imparted to th e Patwaris and
Kanoongos in the methods of collection of agricu ltural statistics at periodic intervals.
Standard forms should be adopted by different states to ensure collection of land use and
crop area statistics according to standard classification and uniform concepts and definitions.
Presently, the land use data give the distribution of ian~ accord ing to its actual use and not its
potential use, while data on pot ential use are more essential fo r planning. It is suggested that the
periodic survey of potential land utilisation in different areas be undertaken. Comprehensive
resource inventories of various agro-ecological regions/zones inter alia need to include vegetation
of forest, horticulture, aromatic and medicinal value as essential components necessary for
9

meaningful and dependable diversification. The sampling design for crop cutting surveys should
be reviewed with a view to introducing stratification according to irrigated and rainfed areas and
according to high yielding and local variet ies of crops. Qualitat ive reports on crop and weather
conditions on the basis of reports from primary units should be prepared wh!ch could be later
developed into advance estimate·of crop production. Information regarding climatic and other
hazards can help a great deal in long-term planning for development of a given location/region.
Updating the climatic and edaphic changes such as water table, run-off, pollution of ground
· water, pests and faunal changes are vital and should go a long way for planning and development.
Situation and outlook reports covering area, production, process , market intervals , internal
and external trade, stock etc. should be prepared and issued in respect of principal crops.
Adequate arrangements should be made for collection of statistics of area under important
fruit and vegetables and the data collection techniques for estimating cost of cultivation and also
the causes and extent of losses before reaching markets needs to be standardized. Source-wise
classification of irrigated area should be compiled to give separate figures for major, medium and
minor sources and from surface and ground water sources.
Suitable procedure should be devised to frame estimates to unrecorded production through
sample surveys or otherwise at least, once in five years. The possibility of collection of data on
timber and fuelwood and other forest products as also on animals and fisheries through the
periodical agricultural census should be examined. Data on consumption of ferti lizers by crops
and by size classes of holdings , etc. should be collected through the comprehensive scheme for
cost of cultivation of crops or through special surveys.
The role of Computer Application and Information System in Agriculture is growing very fast.
Initially, the computer was looked upon merely as a computational aid for fast calcu lations but
today computer has become a very effective and essential tool in almost every area and
programme of work. Modern computer power and improved media such as T .V. have completely
changed our outlook on the role of information in resear~h and development activities. Although
the number of research systems are coming up in different sectors, there is a need for costeffective agricultural information system in the country.
Studies based on secondary data could preferably be arranged at post-graduate centres of
research.
These are, in brief, my views on some of the areas which might engage the attention of
agricultural statisticians and computer experts from different institutions . The new tasks are no
doubt challenging in their nature to some extent, but I am sure their fulfillment wou ld impart greater
reliability and accuracy to the planning at micro and macro levels.
With these words, I am happy to inaugurate this 11th National Conference of Agricultural
Research Statisticians and wish the deliberations a great success.

10
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PRESIDENTIAL REMARKS
B.N. Singh
Ex-Director Genera l, 8 15 , New Delhi

Standardization and Quality Control for Vital Improvements in Agricultural and Allied
Sectors
I wish to express my grateful thanks to Dr. R.K. Pandey and the o rganizers for inviting me
to preside over th e inaugural session of the Eleventh National Conferenc e of Agricultural
Res earch Statisticians. This is indeed a very important conferenc e as the deliberations here
would throw up th e problems and challenges which can be successfully met not only by the
modification and/ or extension of the present statistical methods but also by utilization of
standardization, quality control and other modern techniques. On the basis of my contributions,
research and experience in Bureau of Indian Standa r~ s (form er Indian Standards Institution), I
intend to highlight in my address as to how integration of statistics, standardization and quality
control can lead to vital improvem ents in agricultural and allied secto rs.
India has been a predo minantly agricultural country right from the v ery beginning. Even today
agriculture is the backbone of Indian economy as about 80 per cent of th e population residing in
5,78,000 villages depend on it for their living. Agriculture not only provides food for the millions
of people but also it provides raw materials for many sectors of industri es and th e expanding
consumer markets. However, the prec ise estimation of the yields of various c rops, so important·
for planning and other purposes , has been posing sev ere problems. While the t;arlier annawari
estim ates were highly subjective and biased , the crop c utting experiments, tho ugh sound in
theory, have also not been implemented properly due to practical, histo rical and other reasons.
For example, the plot sizes used for cutting the c rops are rectangular, circ ular o r triangular,
thereby introducing a source of error due to difference in plot sizes. Hence it is· imperative to
standardize the methodology right upto the plot sizes so as to reduc e the errors at various stages
and get more valid and realistic results.
The green revojution was ushered in the country thro ugh the development of the nigh yielding
vari eties as also ext ensive changes in the vario us agricultural operat ions and practices. B ut in
ord er to reap even greater benefits, it is imperat iv e to fu rth er st rengthen all links in the chain,
namely, efficient utilization of resources , enhanc ing productivity, improving quality, minimising
losses of materials due to pests and insects, variety rationalization, optimizing the use of energy
and ensuring safety lo illiterate and semi-literate farmers engaged in day-to-day applicat ions of
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various agricultural inputs. Stan.d ardization of agricultural techniques offer an important means
of ensuring efficient utilization of agricultural inputs such as seeds, fertilizers , pesticides, farm
machinery and equip.m ent required for land preparation, planting, irrigation , harvesting, threshing,
processing, packaging, storing and marketing of farm products. Indian standards prepared in
these fields cover specification requirements , methods of tests, sampling plans, codes of practice
and other provisions for guidance. There are also a number of Indian standards on quality control,
including statistical quality control, to help in the improvement and control of quality.
Application of statistical methods in the standardization work has been of considerable help
in the proper and efficient utilization of resources. The revision of the Indian standard
specification for Sesame Oil (IS : 547- 1963) may be cited as a typical example. This standard had
originally been issued in 1954 and covered the requirements obtained from the black and brown
seeds mostly grown in Uttar Pradesh, Madhya Pradesh, Rajasthan , Maharashtra and Andhra
Pradesh. These seeds are also known by the local names such as Til and Gingelly. It was,
however, pointed out subsequently that while sesame seeds which are grown in certain areas of
Tripura, Assam and West Bengal, also yield oil like the black and brown seeds and hence could
profitably be utilized. For th is purpose, it became necessary to examine whether the characteristics
of white sesame oil differ significantly in requirements from those prescribed in the original
standard. Accordingly, it was decided to collect rel evant data, analyse them statistically and
review the position in the light of the findings . The subsequent statistical analysis of the data
revealed a significant difference in the certain physico-chemical characteristics of the oils which
called for prescribing a new set of quality limits for the white sesame oil. There limits , as
statistica lly obtained, were recommended to the relevant lSI Committee which mostly accepted
them and introduced another set of requirements for white sesame oil as Type 2 in the revised
version of the standard , thereby enabling the utilisation of the white seeds also.
Substantial importance has been attached to the development of agriculture by making water
easily available to the farmers by constructing dams, canals and wells. However, it is still not
possible to reach the vast interior areas of the country where people have to depend more and
more on the taping of sub-soil water to meet their needs. The diesel engines become very handy
and useful for this purpose. It is therefore, imperative to ensure proper quality and performance
·of diesel engines so that they give satisfactory and trouble-free service to the farmers and other
consumers . The Indian standards on diesel engines and the successful operation of lSI (now
B IS) certification marks scheme led to cons.iderable improvement in the ·quality of diesel engines.
As a result the specific fu el consumption (SFC) values of the diesel engines were cut down
substantially, particularly in the · case of diesel engines for agricultural and allied purposes.
Although the extent of reduction in the SFC values varied from firm to firm , 15-22 per cent
reduction was not uncommon. When I had estimated the average savings in fuel consumption
in 1980-81 , th e savings came out to be Rs.99 crores per year. Taking cumulatively for different
years the economic savings from the lSI marked diesel engines would be much more, thereby
making a significant contribution not only to the conservation of energy and fuel economy of the
country but also of the countries which have imported these engines , besides raising the
agricultural productivity and production considerably.
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In addition to many factors responsible for low crop yield in India, the loss of production due
to various plant diseases , pests , insects and rodents also account for a substantial portion. It had
been estimated several years ago that the maximum loss due to pests to the cotton crop is to the
extent of 40 per cent, for crops like paddy, jowar, sugarcane i'lnd potato , it is between 9 to 12 per
cent while it is lowest for wheat, i.e. 3 per cent. A substantial amo unt of foodgrains is a lso lost
in storage due to insect infestation and rod ents menace. This is specifica lly so in view of our
tropical climate and poor storage conditions. This results into a furth er loss of foodgrains of 5 to
10 per cent which is more serious and can be avoided.
lSI had paid attention to this problem as early as in ·1953 and decided to prepare specifications
for various technical grades and formulations of pesticides. While preparing these standards ,
statistics had played a very important part in not only evaluating and prescribing the quality limits
but also formulating methods of sampling. The operation of the lSI certification m arks sch em e
and the quality control plans enumerated therein, have helped considerably in the improvement
and control of the quality of various pestic ides and their formulation. These efforts , in turn , have
greatly boosted the foodgrain production and storage for the benefit of a ll.
I have endeavoured to bring out the versatility of statistics i'lS also how standardization and
statistics have played and can play a very import<mt part in m aking vital improvements and
development of agricultural and allied sectors in our co untry , thereby also contributing to the
national economy.
I hope that the varied pres entations and disc ussions at th is Conference will widen the
horizons of your statistical thinking and enable yo u to identify and tackle problems of importance
in your work.
Thanking you .

'
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VOTE OF THANKS
Dr PR Sreenath
Prof (Ag. Stat.), IASRI, New Delhi

Respected Dr Kalia, Dr Singh, Dr Kaistha, Dr Pandey, delegates, guests and colleagues:
It is now my pleasant duty to propose a Vote of Thanks.
We are very much grateful to Dr HR Kalia, former Vice-Chancellor, Himachal Pradesh Krishi
Vishvavidyalaya, for having kindly consented and spared his valuable time to inaugurate this 11th
National Conference of Agricultural Research Statisticians. Sir, your presence is a great
encouragement to the participants of this conference.
We are extremely thankful to Dr BN Singh , former Director General , Bureau of Indian
Standards and UNDP expert' for having agreed to preside over· this inaugural function and
participate in the deliberations of the conference. Sir, your presence throughout this conference
period would be great help in making the conference a success.
We a:e very much thankful to the Indian Council of Agricultural Research for providing
necessary funds and encouragement for organising this conference.
Our heart felt thanks are due to Dr RPS Tyagi , Vice-Chancellor, HPKV and his administration
for hosting thfs conference. Our thanks are due to Dr BL Kaistha, Dean , College of Basic
Sciences, HPKV and his colleagues and staff for making necessary arrangements for holding the
conference.
We also place on record our thanks to Director. IASRI , New Delhi and his colleagues and staff
who have taken pains in the organisation of the conference.
We are also thankful to various organisations who have deputed their staff and also to the
delegates who have made it convenient to attend the conference.
Our thanks are also due to various organisations like IFFCO and Mr KK Sood, member,
Board of Management who have provided support in organising the conference.
Our special thanks are due to representatives of the press who have been kind enough to
give wide coverage to the deliberations of the conference.
I, on behalf of the organisers, thank all the
session.

guest~

Once again I thank all of you present here.
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Dr BN Singh , Ex-DG, BIS, giving Presidential Remarks

\

Dr PR Sreenath, Prof. (Ag . Stat.), IASRI givi ng Vote of Thanks

SESSION ON
'ACTION TAKEN ON THE RECOMMENDATIONS
MADE DURING THE LAST CONFERENCE'
October 16, 1995 (Monday)
11.00 A .M. to 12.00 noon

ChairmatJ

Dr RK Pandey ,
Director, IASRI

Rappo rteurs :

1. Dr DL Ahuja,
Head , Director's Coordination Unit,
IASRI
2. Dr Kamlesh Singh ,
Associate Prof., COBS , HPKV
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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 (List given in the
annexure). He then requested Dr DL Ahuja, Head , Director's Coordination Unit, IASRI to give
a resume of the action taken on the recommendations of the 1Oth National Conference of
Agricultural Research Statisticians held at IVRI , lzatnagar from November 2-4, 1992 . Dr D.L.
Ahuja informed the Group that there were forty-nine recommendations requiring action. Of these,
action on 41 recommendations had either been completed or p.artially completed while action on
the rem aining eight recommendations would be taken up soon. Out of 49 recommendations, 13
pertain to the field of Crop Sciences and Agro-forestry and action has been taken on as many
as 12 recommendations , while out of 14 recommendations in the field of Animal Sciences and
Fisheries , action could be taken only on 10 recommendations. Action was taken on the 8
recommendations out of 10 made in the discipline of Computer Application in Agriculture,
whereas out of 12 recommendations in the field of Research and Teaching, Coordination and
Linkages , action was comp leted on 11 recommendations. Chairman desired that the remaining
8 recommendations would be inc luded in the list of recommendations to be made in this
Conference.
A detailed statement showing the action taken on the recommendations by the concerned
Institutes/Universities and Departments is given as under.

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 against various
disturbances.
(Action: ICAR Institutes and SAUs)

IASRI , New Delhi
The reports of the fol lowing compl eted projects include catalogues of the design:
a)

Studies on designs for animal experiments,

b)

Study on optimality of designs for one-way and two-way elimination heterogeneity,

c)

Construction of balanced incomplete block designs with nested row and columns, and

d)

Studies on robust designs.
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The following projects are also in progress, viz;
a)

Studies on optimality of block designs for making test treatments control comparisons,

b)

A-optimality of block-designs for comparing two sets of disjoint treatments.

A catalogue of optimal designs will also bf? prepared in both the project reports.

IIHR, Bangalore
Catalogue of new designs is being kept.

KKVP, Dapoli
It is to inform that the experimental designs of the various Agro-forestry trials were discussed
with the Statisticians from time to time and the experiments were being laid down.

SBI, Coimbatore
Sugarcane breeding Institute has field-tested the following non-cpnventional designs and
found useful for adoption in plant breeding trials. These may also be included in the catalogue
being prepared by the IASRI.
1. Augmented Designs
2. Modified Augmented Designs
3. Fan Designs
4. Nearest Neighbour Design Analysis (being tested)

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
procedures of analysis may be developed for inter-cropping and agro-forestry experiments.
(Action: ICAR Institutes and SAUs)

HPKV, Palampur
The work has already been initiated in our department on developing agro-forestry experimental
designs and analysis procedures. The report of the same will be submitted after the completion
of the work.

IIHR, Bangalore
Large amount of work on analysis of intercropping trials have been done and superior
methods of analysis evolved.

KKVP , Dapoli
It is stated that the present agro-forestry experiments conducted at the agro-forestry scheme
have been discussed with the Director, IASRI , New Delhi. All the trials were in progress and
performance were satisfactory.
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Tenth NCARS Recommendations being discussed

View of delegates attending a Session.

MPKV, Rahuri

...

The available data of various systems of agro-forestry like silvipasture, agri-silvicu lture from
the project have been sent to Indian Agricultural Statistical Research Institute, New Delhi , the
National Institute on agro-forestry, IGFRI , Jhansi with a view to_ f inalize the designs and
procedures of analysis for such multi-response agro-forestry and intercropping experiments.
Efforts are also. being made to fit appropriate land equivalent ratios for such agro-forestry
experiments.
3. To develop suitable procedure of analysis of data from experiments on grassland
in view of the large plot size and few replications.
(Action: IASR I and IGFRI)
IASRI, New Delhi
IGFRI , Jhansi had approached IASRI to provide a meaningful t echnical programme/
procedure for experiments on grassland with a plot size of one hectare. Since this involves some
technical questions which need to be answered by agronomist engaged with such type of
experiments, further consultations are underway.
4. Concerted efforts are required to develop more efficient designs and procedure
of analysis of experiments for cropping systems research, long-term and rotational
experiments.
(Action: IASRI and AICARPs)
IASRI, New Delhi

•

At the 47th Annual Conference of ISAS held at Tirupati, a symposium on statistical aspects
of experim ents for cropping systems research , long term and rotational experiments was
arranged. Eight papers highlighting the problems and procedures of analysis of such type of
experiments were presented. These will be discussed and finalised at the next Annual Workshop
of the PDCSR (earlier AICARP)
SBI, Coimbatore
Certain simplified procedures of data analysis of groups of experiments had been suggested
based on processing of the voluminous data of over one decade of AI CARP of sugarcane trials
being overseered by this Institute.
5. To evolve suitable sampling techniques and to develop estimation procedures for
obtaining small area statistics of crop yields.
(Action: IASRI)
IASRI , New Delhi
A project entitled 'Estimation of crop yields for small areas'on this aspect was taken up and
completed.
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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)
IASRI, New Delhi
A project entitled 'Use of remote sensing technology in crop yield estimation survey' was
taken up for improving the estimation of crop acreage and crop yields.
7. To evolve suitable methodology for quick estimation of crop losses due to vagaries
of weather like untimely rain , floods, hailstorm, etc.
(Action: IASRI)
IASRI, New Delhi
A project for estimation of crop losses due to flood has been undertaken. The methodology
is being finalized.
8. The researchers and academicians should be encouraged to undertake deeper
analysis of the data colle~ted under the agricultural surveys conducted in India.
(Action: ICAR Institutes and SAUs)
CSWRI, Avikanagar
The Institute's data is given in detailed analysis.
undertaken.

The analysis of survey data is also

SBI, Coimbatore
It is being carried out by this Institute by involving the statisticians in the data processing of
surveys.
PKV, Akola
Staff of the discipline suggests appropriat e advanced statistical tools to the research workers
of the Agricultural Economics for analysis of survey data particularly data on cost of cultivation
of principal crops as and when required.
MPKV, Rahuri
Appropriate steps have been taken for deeper analysis of agricultural survey data.
9. To undertake studies for evaluation ofthe effect of infrastructural changes on crop
production.
(Action: ICAR Institutes and SAUs)
SBI, Coimbatore
Two research projects on this line of evaluation of infrastructural changes on crop production
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are being undertaken by the scientists of statistics section in collaboration with the scientists of
crop production division of this institute.

MPKV, Rahuri
The studies for evaluation of the effect of infrastructural changes on crop production will be
undertaken in future.

CCSHAU, Hisar
Studies are being undertaken by statisticians working in various research schem es of
different departm ~nts.

10.To develop a unified approach of obtaining objective pre harvest forecasts of crop
yields.
(Action: IASRI)

IASRI , New Delhi
Study is in progress on development of integrated forecast model using weather parameters,
agricultural inputs, plant characters, agrometeorological variables and remotely sensed data.
Efforts are also being made to take up the study on developing expert system on pre-harvest crop
forecasting.

SBI, Coimbatore
There is a separate research project being cond.ucted by the senior statistician of this Institute
in association with the Agronomists.

11. Efforts may be made to provide a forum for a clos.e r interaction on a regular basis
between Agricultural Statisticians associated with Design and Analysis of Experiments
as well as Sample Surveys.
·
(Action: IASRI)

I.ASRI, New Delhi

'

This has been receiving attention and the topics in these fields are forming part of any adhoc
- training programme/summer Institutes being organised at the Institute for statist icians.

MPKV, Rahuri
While finalizing the designs for inter-cropping and agro-forestry the statisticians will be
consulted.

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)
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IASRI, New Delhi
A project entitled 'Pilot sample survey for estimation of yield of pepper and study of cultivation
practices using successive saf11Piing' has been taken up for estimation of yield of pepper and the
changes in yield estimation.
CTCRI, Kerala
Among the tuber crops (other than potato) grown in India, area, production stat1.:;tics are
available only for cassava - also known as Tapioca - and sweet potato and we get the estimates
and final figures published by Directorate of Economics and Statistics in 'Agricultural Situation
in India'. For other root and tuber crops- Yams and Aroids- though it is known that these crops
are extensively cultivated in certain pockets in some states the area, production statistics are not
available. In this regard the sincere efforts taken by the Division of Social Sciences were in vain.
Our frequent queries to the concerned state departments were not successful. Hence the
problem of developing suitable survey sampling methodology for estimation of area and
production of tuber crops like Yams and Aroids was placed in the 9th National Conference of the
Agricultural Research Statisticians held at Coimbatore. Being the only research Institute dealing
with Tropical Tuber Crops under ICAR, we have collected the following informations.

Crops:

Extensively grown states:

Aroids
1. Colocasia
2. Amorphophallus

Orissa and Bengal
Tamil Nadu and Andhra Pradesh

Yams:

Dioscorea Spices

Orissa, Bihar and tribal areas

The duration of these crops ranges from 7 to 10 months. Normally the planting is done during
June-July.

ii) Animal Sciences and Fisheries
14. Use of small area estimation, regression and categorical data analysis technique
in sample surveys relating to livestock should be explored and examined.
(Action : IASRI)
IASRI, New Delhi
A project entitled 'Small area estimation of milk production,' on small area estimation was
carried out. The projects on regression analysis and categorical data analysis has been taken up.
15.Problems pertaining to estimation, input-output relationship, price spread and
losses in fish trading should be examined.
(Action : ICAR Institutes and SAUs)
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CIFT, Cochin

The recommendation was kept in view for framing new projects.
certain aspects in the recommendations are already under going.

Two projects covering

CMFRI, Cochin

r

This Institute has already completed 2 research projects on: (i) Comparative economic
efficiency of gill net fishing in Tamil Nadu and (ii) A study on marine fish marketing in
Karnataka state. Under Socio-Economic Evaluation & Technology Transfer Division the research
projects on (i) Study on economic performance of trawlers and (ii) A sfudy on marine Fish
marketing in Tamil Nadu are going on.
CSWRI, Avikanagar

The input output analysis of animal production as well as fodder production is undertaken.
16. There is an urgent need to generate accurate livestock census data bre.e d wise.
for upgrading indigenous stock.

(Action : IASRI)
IASRI, New Delhi

Number of cattle under crossbred and indigenous has been recorded in 1987 livestock
census.
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)
CSWRI, Avikanagar

Reliable data - base on sheep and rabbits at this Institute has been created.
MPKV, Rahuri

'

The appropriate actions are being taken to build reliable database for dairy cattle under field
conditions in order to evaluate and select individual animals.
18. Development of suitable methodology under Indian conditions to study the
inc"idence, morbidity and mortality rates for various animal diseases should be attempted.

(Action : IASRI , IVRI and SAUs)
IASRI, New Delhi

A project entitled 'Pilot studies for developing statistical methodology for assessing the losses
due to diseases and pests in bovines' was taken up.
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CSWRI, Avikanagar
Incidence of morbidity and mortality are recorded pertaining to Institute flocks as well as field
flocks in the O.R.P. area. A data base is being created and analysed regularly on this aspect.
MPKV , Rahuri
Suitable methodology will be developed to study the incidence, morbidity and mortality rat es
for various animal diseases.
19. Use of modern statistical t heory such as mixed model analysis technique,
response s urface design, mult ivariate analysis of experiments with multiple responses,
analysis of repeated measurements, etc. should be encouraged .
(Action: IASR I and concerned ICA R Institutes)
IASRI, New Delhi
Noted. Project are underway involving some of these t echniques.
CSWRI, Avikanagar
Modern-statistical techniques are used for analysing the data.
21. Si mulation studies to study the properties of estimates of genetic parameters may
b e carried out.
(Action : IASRI)
IASRI, New Delhi
Two research investigations have been undertaken and results will be made available soon.
22. Attempts should be made for the development of newer methodologies for
estim ation of genetic components of variance and genetic parameters.
(Action : IA SRI)
IASRI, New Delhi
Two research investigations have beeri undertaken and results w ill be made available soon.
23. Evaluation of various selection strategies involving MOET technology to find
opt imum strategy.
(Action : A II ICAR Institutes and SAUs)
IASRI, New Delhi
An investigation on progeny testing by using data generated under MO ET t echno logy has
also been carried out.
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CCSHAU, Hisar
The recommendation has already been implemented by statisticians wo rking in Animal
Breeding department.
26 . Investigations into the sampling techniques for determining area and production
of fodder and grasses in hilly tracts.

I

~

I
I

I

I

(Action: IASRI)
IASRI, NewDelhi
Attempts were made to t ake up one study in H.P. However, the study could not be taken up
due to feasibility problems particularly related to estimation of area and production of grasses
B. COMPUTER APPLICATIONS IN AGRICULTURE
1. 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)
IASRI, New Delhi
IASRI has procured a number of software packages such as ORACLE, SPSS, GENSTAT,
GLIM , SAS alongwith oth er popular packages.
PKV, Akola
Efforts are being made to procure software as and when financial position perm its.
IIHR, Bangalore
All important software developed are available at the. ln·stitute . .
CSWRI, Avikanagar
Necessarycomputer software and hardware have been provided. They are being up graded
from tim e to tim e.
CPCRI , Kasaragod
Adequate facilities have been provided by the Institute.
SBI , Coimbatore
Enough budget provision has been given for purchase of software in the current and next
financial y ears as per the recomm end ~tion made.
MPKV, Rahuri
Computer facilities and appropriate software are available. ·
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2. Training pr?grams may be organised on regular basis for the benefit of Agricultural
Scientists using computers.
(Action: IASRI)
IASRI, New Delhi
IASRI has been regularly organising ad-hoc short tern') training courses on 'Use of computers
in agricultural research tor agricultural scientists and technical personnel from ICAR Institutes
and State Agric ultural Universities including ICAR Headquarters. Recently these training
programmes have been extended tor administration and finance personnel and staff working at
ICAR Headquarters and other Delhi located Institutes.
IIHR, Bangalore
Several training programmes have been organised and about 60% of the scientists have
been trained.
MPKV,Rahuri
Agricultural scientists are being deputed for attending short training programmes for using
computers.
3. Qualified and trained personnel in computers may be appointed
computer centres at ICAR Institutes and SAUs.

to manage

(Action: ICAR Institutes and SAUs)
IASRI, New Delhi
IASRI is keeping in view this recommendation for appointment of technical and other
personnel in the computing science division. They are also trying to appoint recently qualified
ARS probationers in the discipline of computer application in agriculture.
PKV, Akola
Proposals are being submitted to State Govt. and Central Govt. from time to time for creation
of minimum academic staff of computer science.
IIHR, Bangalore
A Senior Programmer (T-7) has been appointed.
CSWRI,Avikanagar
Qualified technicians are available to operate cornputers. They are also trained from time
to time.
NRC, Soyabean , Indore
The centre proposes to include position of qualified and trained personnel in computer in 9th
Plan Proposal.
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CPCRI, Kasaragod
Action is being taken to appoint a qualified computer programmer for the computer centre.
SBI, Coimbatore
Steps are often taken to get the staff of ttie computer centres of this Institute trained at other
important training centres like IASRI. Suitable action would be taken to see these computer
centres are maned only by competent personnel.
4. Agricultural Statisticians may keep themselves abreast of the fast changing
computer technology and exchange information on software, their potentialities and
their updates.
(Action: !CAR institutes and SAUs)
IASRI, New Delhi
This is being taken care at IASRI. However,the latest version updates of the software needs
recurring expenditure for which necessary funds have to be allocated in the budget.
CIFT, Cochin
Two agricultural statisticians of the Institute have attended computer courses organised by
IASRI and NAARM. Efforts is on to store data from research projects in data base formats , on
completion of projects.
PKV, Akola
Requested university librarian to subscribe one or two periodicals on computer software
which help staff to keep themselves abreast of recent development.
CSWRI, Avikanagar
Statisticians are abreast of the fast changing computer t echniques.
NRC, Soyabean, Indore
The centre is awaiting posting of a statistician.
SBI, Coimbatore
As the computer work of this Institute was initiated by the Statisticians over last one and a
half decades or so Agricu ltural Statisticians are often keeping themselves abreast with the latest
knowledge and developments made in the field of computer and information technology.
6. The work of developing databases may be taken up by those who produce and
generate the data for lll(hich standardised formats may be made available by IASRI.
(Action: ICAR Institutes and SAUs)
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IASRI, New Delhi
Efforts are being made to formulate the guidelines in this regard. No standardised formats
have so far been prepared for developing data bases by IASRI, excepting the ones relating to
Agricultural and Animal_Sciences Experiments Information System.
PKV, Akola
Necessary action can be taken if a senior programmer/ system analysist is provided.
AAU, Jorhat
The databases have been developed for various experiments , r~dministrative, library and
academic information of the University and arrangements for storing the relevant data have also
been made.
CSWRI, Avikimagar
The data base is being created by the scientists who generate the data.
NRC; Soyabean, Indore
The advantage of facility shall be taken on posting of a statistician at the centre.
SBI, Coimbatore
lAS AI would be approached at the appropriate time for standardised formats for development
of data bases as and when they are ready in certain areas of data generation like germplasm
collection, general information on sugar industry etc.
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)
PKV, Akola
Necessary action can be taken if a senior programmer I system analysist is provided.
AAU, Jorhat
The databases have been developed for various experiments, administrative, library and
academic information of the Univers ity and arrangements for storing the relevant data have also
been made.
CSWRI, Avikanagar
The data from the research projects are maintained in the floppies.
NRC, Soyabean, Indore
No project has been wounded up till date.
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CPCRI, Kasaragod
It will be done if a standard

form r~ t

1s

prowh ~d

by IASRI.

SBI, Coimbatore
These are periodically carried out. In most of the major research programmes also, similar
action would be taken.
8. Computer Hardware may be equipped with 5.25 " as well as 3.5 " floppy disk drive
to enable the statisticians to meet the newly developed technology in their field.
(Action: ICAR Institutes and SAUs)
IASRI, New Delhi
This is being done.
PKV, Akola
This configuration of floppy disc drive is kept in view while finalizing the quotations for the
computers for NARP ProjeCts.
IIHR, Bangalore
Computer hardware has been equipped with both type of drives .
CSWRI, Avikanagar
The necessary equipments as indicated are made avnilable.
NRC, Soyabean, Indore
Computer hardware ·at NRCS is equipped with 5.-25" and 3.5" floppy disc drive.
CIFT, Cochin
One PC/AT of the Institute is equipped with 5.25" and 3.5" floppy disc drives in addition to
hard disc while the other PC's have 5.25" floppy disc drives and hard disc.
SBI , Coimbatore
During the year appropriate action was taken to upgrade all the PCs available at this Institute
with provisions for both 5.25" and 3.5" FDDS.
9. For making use of international databases which are available on Compact Discs:
necessary (CD ROM) hardware may be procured by Computer Centres at I CAR Institutes
and SAUs.
(Action: !CAR Institutes and SAUs)
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IASRI, New Delhi
IASRI has already procured the necessary hardware and also started use of international
data bases on CDROM covering bio technical abstracts, AGRICOLA, COVET, CDBEAST ETC.
from these data bases Select ive Dissemination of Information service has also been initiated.

PKV , Akola
This recomm endation will be kept in view in future and effort will be made to procure the same
in near future.

CSWRI, Avikanagar
Attempts .are made to procure CD ROM .

NRC, Soyabean , Indore
This shall be taken up as soon as a statistic ian is posted at the centre.

SBI, Coimbatore
Steps are being taken to see that provision is made for CD ROM drives in the computers of
the library.

C. TEACHING OF AGRICULTURAL STATISTICS
1. Eligibility for admission to M.Sc. course in Agricultural Statistics should be B.Sc.
(Hens.) in Statistics.
(Action: IASRI and SAUs)

IASRI, New Delhi
W e are following the admission rules as adopted by. IARI. The proposal to have B.Sc. (Hans)
in Statistics as qualification for admission to M.Sc. degree course, has not been accepted by the
academic Council of IARI.

CCSHAU, Hisar
At present qunlifications for admission to M.Sc. Statistics programme is B.A./B .Sc. with
m athematics. Action will be taken to include B.Sc. (Hans.) statistics also .

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 data
analysis, Jacknife and Bootstrap techniques and Projection pursuit methods be included
in the Syllabus.
(Action: IASRI and SAUs)
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IASRI , New Delhi
The courses are continuously reviewed and revised. Proposals are underway to include
some of the topics.

MPKV, Rahuri
Steps are taken to establish separate department of Agric ultural Statistics.

CCSHAU , Hisar
The curricula for M.Sc. and Ph.D. courses in statistics have been recently revised and most
of new advanced topics have been included. So this recommendation· stands implemented.

3. Training for teachers of agricultural statistics in the newly developing areas be
periodically organised.
(Action: IASRI)

IASRI, New Delhi
W e are organising several training and refresher programmes on the recent advances in the
specialised fields i.e. Des ign of Experiments, Statistical Genetics, Sample Surveys and Computer
Application etc. from time to tim e.

SBI, Coimbatore
This Institute is having post-graduate programme in sugarcane c rop production. There are
three courses (two in statistics and one in comp uter) being offered by the statistics departm ent
over the last one and half decades. These statisticians thu s need to h;:we refreshing of their
knowledge on computer and statistics. IASRI may accordingly arrange for the same.

MPKV, Rahuri
Courses on cor:nputer applications are introduced for post graduate students.

•

4. The practical aspects of various statistical techniques need to be highlighted in all
the teaching programmes.
(Action: IASRI and SAUs)

IASRI, New Delhi
We highlight in all the training programmes , the practical aspects of various statistical
techniques.

PKV, Akola
Practical applications of statistical models or advanced methods of analysis are also
discussed in classroom lectures as and when required.
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CCSHAU , Hisar
A well established statistica l laboratory equipped with PCs. should be provided in the
Department to im plement the practical aspects of various statistical techniques. The post of
laboratory attendant in the department be restored.
5. There should be a separate Statistics Department in every Agricultural University.
(Action : SAUs)
PKV, Akola
Proposals will be submitted in future for creation of department of Statistics. Earlier proposal
of creation of independent Department of Statistics though sanctioned by ICAR during VI Five
Year Plan with one post of Professor, Associate Professor and Assistant Professor, same could
not be materialised as State Government did not give its concurrence for cre~tion of post of
Professor and two Assistant Professors.
CCSHAU , Hisar
Our university has separate Department of statistics and matherT]atics since 1970 so this
recommendation stands implemented.
MPKV, Rahuri
Steps are taken to establish separate department of Agric ultural Statistics.
7. Statistical divisions in the ICAR Institutes/Statistical Departments in SA Us need to
have adequate computing facilities along with relevant software packages. Courses on
'Use of computer' be introduced for M.Sc./Ph.D. students.
(~ction:

ICAR Institutes and SAUs)

CSWRI, Avikanagar
Computer facilities are made available and a training course on computer utilization is held
for scientists and research workers of !CAR Institutes and SAUs.
CPCRI , Kasaragod
12 PCs have been installed, courses in computer programming introduced in PG Courses
and increasing use of computers for development of data bases and research data analysis is
being made. Furth er our computer section is also equipped with CDROM
SBI, Coimbatore
As the present facilities are inadequate for carrying out the teaching work, steps are being
taken to get more computers through various channels. One course on computer usage is
presently taught to the M.Sc. (SCP) stud~nts of this Institute.

•

PKV, Akola
The statistics section of this university has one PC/ AT 386 and two personal computers. This
section offers a course on micro-computers and programming in BAS IC to M .Sc. , M. Tech.,
M.V.Sc. and Ph.D. students and two courses to B.Sc. (Forestry) degree programmes.
IIHR, Bang-alore
The Division of Agric ultural Statistics is well equipped with computers.
MPKV, Rahuri
Courses on

comput~r

applications are introduced for post graduate students.

CCSHAU , Hisar
The recommendation has already been implemented as co urses have been introduced
regarding use of computer for M.Sc./Ph.D. programmes in statistics.
8. To bridge communication gap between the Agricultural Statisticians and Animal
Sciences and Fishery Scientists, short-term training courses in agriculture and animal
sciences including fisheries may be planned and organised for statisticians in ICAR
Institutes and Agricultural Universities.
(Action: ICAR Institutes and SAUs)
CCSHAU, Hisar
Not implemented due to limited teaching staff in the department.
9. Students majoring in statistics should be actively involved in statistical consultancy
work for e~uipping them with sound background in application of statistical techniques
to real life problems in agriculture.
(Action: IASRI and other ICAR Institutes and SAUs)
IASRI, New Delhi
The suggestion will be implemented keeping in view the existing procedures.
CSWRI, Avikanagar
Research workers and scholars are given consultancy about statistical designs and analysis
of data.
10. Exchange of research scientists and teachers in statistics and computer sciences
amongst different Agricultural Universities and ICAR Institutes may be encouraged.
(Action: ICAR Institutes and SAUs)
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SBI, Coimbatore
IASRI may assist other institutes in providing opportunities for the statisticians of those
institutes in going for training for higher studies in foreign countries and also by suggesting their
names as members in various scientific panels/committees.
CCSHAU, Hisar
Action should be taken by university administration.
11 . To meet the emerging research challenges in agricultura~ statistics and computer
application departments of statistics in Agricultural Universities /I CAR Institutes should
be adequately strengthened and such departments created if not already existing.
(Action : All ICAR Institutes and SAUs)
CSWRI, Avikanagar
Computer section has been created and being strengthened.
SBI, Coimbatore
The recommendations made in Annual Conferences of Agricultural Statisticians may be
insisted upon on various Institutions. Those institutes taking appropriate and prompt actions to
these aspects may be encou raged by way of giving awards and presentations
· IIHR, Bangalore
The statistics department of the institute was started one year after establishment of institute
and is one of the best equipped laboratories.
·
CCSHAU, Hisar
University has already separate department of statistics which need t~ be further strengthened.
12. Summer Institutes/Schools in advanced statistical methods may be organised at
IASRI and SAUs in specialized areas.
(Action: ICAR, IASRI and SAUs)
IASRI, New Delhi
Summer institutes/schools in advanced statistical methods have been organised at IASRI
during 1993 and 1994.
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ACTION YET TO BE TAKEN.
A. AGRICULTURAL STATISTICS

i) Crop Sciences and Agro-Forestry
13. Development of survey sampling methodology for estimation of area and production of
field crops in hilly areas.
·
(Action: IASRI)

ii) Animal Sciences and Fisheries
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)
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 occurrence in the incidence of disease, description of disease
trends over time. Identifying aberrations in the occurrence of disease and for assessing the
impact of health programmes
(Action: AIIICAR Institutes and SAUs)
25. Study of the rc:...,l.>nse to selection in finite populations and the effect of linkage on
homozygosity of a population under various inbreeding systems through simulation approach.
(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
5. M.Sc. degree program in Computer Application in Agriculture has been 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)
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1O.A workshop onDBMS may be organised by IASRI.
(Action: IASRI)
C. TEACHING OF. AGRICULTURAL STATISTICS
6. Best teacher's .award in Agricultural Universities be limned to those teachers who are
devoting at least two-thirds time for teaching.
(Action: SAUs)
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TECHNICAL SESSION I
ASSESSMENT OF THE STATUS OF THE EXISTING
STATISTICAL METHODOLOGIES AND CURRENT .
RESEARCH FINDINGS
October 16, 1995 (Monday)

2.00 P.M. to 3.45 P.M.
Chairman :

Dr BN Singh,
Former Director General,
Bureau of Indian Standards

Rapporteur :

Dr AK Srivastava, IASRI

Speaker

1. Dr AK Srivastava, IASRI

:

2. Dr Prajneshu, IASRI
3. Dr Rajendra Prasad, IASRI
Dr R Srivastava, IASRI
4. Dr VK Sharma," IASRI
5. Dr RC Jain, IASRI
Discussion :
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1.1 Current Status of Sample Survey Research
relating to Agricultural Surveys
"(

A.K .Srivastava
India n Agricultura l Statisiics Research Institute, New Delhi

1. Introduction
Sample surveys have got an important role to play in the agricultural statistics system of the
country. During th e past five decades of planned developments, the priorities in sample survey
research relating to agricultura l statistics hav e been in consonance with the changing emphasis
of agric ultural research and development When the emphasis was on increasing agric ultural
production and m eeting th e food requirements of growing millions, m ethodo logies for c rop
estimation surveys were developed. This approach of estimating production through objective
procedures was divers ified to other areas like livestock products, fisheries, other minor c rops etc.
Studi es pertaining to monitoring and evaluation of developmental programmes were also carried
out
'Sample S urveys' is an applied branch of statistics and any research in this area has to be
application oriented . It is , therefo re, natural to find th e development in th eoretical and applied
aspects of Sample Survey research as highly interdependent This is_more relevant in case of
agricultural surveys and is am ply reflected in the sample survey research conducted in this area.
Recent y ears have been a period of rapid growth and much faster changes at techno logical
as well as infrastructurallevels. This holds good in case of sample survey research as well. Rapid
growth in computer technology has revolutionalised the data analysis approach . Inform ation
technologies have opened new vistas of research and have enhanced the hopes and aspirations
of data users. Are we prepared to meet the challenges? A periodic review of the current status
is an essential ingredient of ongoing developm ent proc es s. Th e present paper is an attem pt in
this direction.
2. Some important sam ple su rveys in Agriculture and all ied fields
The agricultural statistics system of the country is broadly based on some major stat istical
programmes. Besides important sample surveys, the agricultural and livestock censuses form
important data sources upon which the agricultural str~tistics structure depends. The cu rrent
infrastructure available for data collection on such a massive scale is a majo r strength of the
system. Some of the important sample surveys in this field at the country level are as follows:
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i) General Crop Estimation Surveys
ii)

Integrated sample surveys to r Livestock products

iii) Surveys for estimation of extent of cultivation and production of fruits and vegetables
iv) Cost of cultivation surveys
Besic:les , these regular surveys , there are many other studies conducted at different points
oftime. The above mentioned surveys are well known and it is not intended to discuss their details
here. The methodologies for these surveys were developed at IASRI quite sometimes back and
these are under operation by the respective agencies on a regular basis.
There is a growing awareness that some of these programmes need to be looked into w ith
respect to qualitative as well as quantitative aspects of results . Thus, there is a need of
reappraisal of some of the sampling methodologies.
·
3. Utilisation of Data

The data collected in most of the su rveys is analysed with ~espect to main objectives of the
survey. Sometimes, the ancillary data collected in the course of the survey is used for supporting
purposes in order to provide an indirect check on the main results. For example, in the usual crop
cutting approach, information is collected on area of the selected field, date of sowing the crop,
likely and actual date of harvesting, variety of seed sown, soil type of the field, source and number
of irrigation , seed rate, amount of fertiliser given in basel dressing and subsequent stages, use
of pesticides and insecticides , yield etc. Obviously, this amount of information has got much more
potential of utilisation than what is normally done. It may not be done in the main study but
secondary data based studies need to be taken up in order to harness the unutilised potential of
the data. Utilisation of data from different sources is another aspect which needs to be tackled
for proper utilisation of available resources. This will also be helpful for planning future surveys
as structural analysis of the population will provide better insight for conduc.:ting surveys on similar
populatiCins.
4. Current research trends and needs

The methodologies of agricultural surveys developed in the past were based on the
requirements, technology , resources available and infrastructure during those periods. The
rapid scient ific developments effect all sphere of human life. The surveys techniques and the
survey data requirements have also gone tremendous changes. The emphasis of surveys
research has been shifted to computer-intensive research with easy and cheaper availability of
computer hardware as well as software.
4. 1. Need of data bases

W ith growing emphasis on computer based and integrated type data analysis approach, the
importance of data bases needs no emphasis . In fact, data bases provide a link between
traditional line of research and . future course of action needed in sample survey research.
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Unfortunately, this important link is very weak at present. The data needs, source of their
availability, various modelling approaches to bring the data at common denominator level , the
computer hardware and software needs are to be met at a priority level if this vital link is to be
strengthened.
4.2 Micro level planning

Current policies of the Govt of India shifted the emphasis of the planning and development
from macro to micro level. Some of the developmental prog_rammes are directly funded by the
government even at the village level. Naturally, for optimum resource allocation at the micro
levels, the need of adequate data at lower-levels arises , as most of the present surveys provide
data for districts, state or country level. Some of the small area estimation techniques available
in literature may be applicable. However, their applicability in the context of Agricultural surveys
in India has to be seen. The current model based approach which takes care of survey design
has lot of scope for further development as well as practical application of this technique.
4.3.. Geographic Information System and Remote Sensing

The information technology has paved the way for development of strong tools like
Geographic Information System (GIS) and Remote Sensing Techniques (RST) . Presently, the
application of RST are mainly confined to soil surveys, wasteland statistics ahd land use
statistics. Few attempts in SAC, IASRI have been made to find the area and production of some
of the important crops through this technique. The GIS technology is gaining popularity because
of its capability of integrating spatial data with non-spatial data and data through RS which is one
of the main input for GIS. Recently, area frame survey technique based on GIS which is popularly
known as DUST (Dependent area units sequential techniques) have been developed. It has been
shown that it is more efficient than usual sampling techniques and also cost of estimation is
comparatively less. There is a need to exploit the potential of these tools.
4.4 Analysis of Survey Data

The analysis of comple?< surveys is one of the most important area of research since last two
decades. It has been observed mainly through intensive computer simulation , procedures based
on liD assumption such as regression analysis, chi-square tests , F-test, principal component
analysis etc are applied to survey data then they lead to either misleading inferences or inflated
standard errors due to inherent sampling design effects in the data. As a consequence of this the
above procedures are modified in such a way to estim<lte and eliminate the design effects. Some
research projects have been taken by IASRI in this area. The findings of these research projects
as well as research findings from elsewhere will help in deeper analysis of the survey data. Hence,
more precise information can be extracted from these data by applying above techniques.
4.5. Need of software packages

Although, few software packages are available in international market for the ana lysis of
survey data like PCCARP, SUDAAN etc. But there is a need to develop softwares in this area
keeping in view the sampling designs used in Agricultural and allied surveys and the type of users
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in the lr'ldian context. These packages should be flexible so that adoption of the developed
methodologies by any user organisation any where in the country should not be difficult.
Presently, the need of the hour is to go for proper reappraisal of the existing methodologies
in light of existing literature, resources , infrastructure, technology and requirements in this area.

5. Linkages
Establishment of strong linkages with the user organisations/agencies is of prime importance
for any research orgar:tisation. These linkages help to develop basic and applied research
together especially in case of survey sampling. In India the responsibility of development of
survey methodologies for agricultural and allied surveys lies with ICAR , Agricultural Universities
and other research Institutes. The major users of these methodologies are state and central
government organisations. With economic liberalisation in the country, some of the private and
non-government organisations are also utilising these methodologies , although, they are few but
expected to increase rapidly in future. The inter-institutional collaborations for taking multidisciplinary projects are of prime importance for taking in view a broader aspect of the problem.
Apart from this , strong associations are required in the field of teaching and training among
various research and teaching organisations. Presently, there is a lot of scope to improve these
linkages. The rapid development in computer net-working will be of great h.elp in this regard.

6. Conclusion
The present paper provides an overview of current status of sample survey research in the
context of Agricultural Sllrveys. It is felt that the current infrastructure for data generation at the
state level, the available resources for complex survey research at the !CAR Institutes and
Universities are the strength of the system. Lack of data. availability and accessibility, particularly
in the form of data bases are the weak points. However, opportunities and challenges in the area
of sample survey research are enormous.
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1.2

A Review of Nonlinear Statistical Models in
Agriculture
Prajneshu
Indian Agricultural Statistics Research Institute, New Delhi

1. Introduction
Problems in the field of agriculture are by and large nonlinear in nature. A few examples
are: (i) transformation of cattle feed into milk and meat, (ii) input-output relationships in
crop-production , (iii) spread of a disease in a plant population , (iv) growth rate of a fish
population, (v) prey-predator interaction in population biology, (vi) enzyme kinetics in a
biochemical system. In the past, such phenomena were generally studied by using the approach
of linear modelling, like fitting of multiple linear regression , or polynomial function. Although
from · a statistical viewpoint such models pose hardly any problem , yet their drawback is that
these are not generally able to capture the reality. Furthermore, these techniques are just like
a 'black box' wherein some input is given and corresponding output is computed with no attempt
to understand the inherent mechanism.
Until recently, the applications of 'nonlinear modelling' has been restricted to 'intrinsically
linear' models, i.e. those models which can be converted to a linear model by means of some
transformation. The usual practice is to assume an additive error term in the linearized version
and fit the model by the 'Method of least squares'. Subsequently, the adequacy of the original
nonlinear model is judged by computing R2 for the corresponding linearized version. As an
illustration , Kurian (1989) fitted a number of models to some catch-effort data of Bombay duck
fish species. However, such a procedure has a number of deficiencies. Firstly , the assumption
of additive error term for the transformed linear model is made only for mathematical convenience
and it is not possible to justify the corresponding error structure for the original nonlinear model.
Secondly , as pointed out by Kvalseth (1985} , eight different formulas for the coefficient of
determination R2 are available in the literature. Thirdly, the goodness of fit of even the original
nonlinear model is assessed by computing R2 for the transformed linear model. Scott and Wild
(1991) have given an example where two models are identical for all practical purposes and yet
have very different values of R 2 calculated on the transformed scales.
2. Estimation procedures for nonlinear models
A nonlinear model , irrespective of whether it is intrinsically linear or not, should be fitted by

43

adopting the procedures of 'nonlinear estimation' . Like linear regression , parameter estimates
in the nonlinear case also, can be obtained by minimizing the residual sum of squares. However,
because of the nonlinearity, the resulting normal equations are nonline!'lr in parameters as
·
is illustrated by the following example:
1\

Suppose we wish to find the normal equation for obtaining the least square estimate 8 of 8
for the model

Y = e·ot +

£, £

-

N (0, cr 2 ) .

The residual sum of squares for the nonlinear model and the given data is
n
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Differentiation w.r.t. 8 leads to the single normal equation
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which, being a nonlinear equation in 8 , cannot be solved exactly. It is because of this very reason
that most applied work in the past was confined to only linear mode!s despite the fact that such
models represent a distortion of a realistic situation. There was little else that one could do, given
the restrictions imposed by the cost of computing equipment and the lack of an adequate
statistical theory. But the availability of computing resources is no longer a problem , and
advances in statistical theory during the last two decades have removed the restriction of
inadequate theory to some extent.
I

To obtain approximate solutions of nonlinear normal equations, a number of iterative
procedures have been developed. Three main methods of this kind are: (i) Linearization (or
Taylor series or Modified Gauss-Newton) method, (ii) Steepest descent method, and (iii)
Levenberg-Marquardt method. The details of these methods along with their merits and
demerits are given in Draper and Smith (1981 ). The most widely used method of computing
nonlinear least squares estimates is the Levenberg-Marquardt method. This method uses
the concepts of 'ridge regression' and combines successfully the best features of the other two
methods while at the same time avoids their disadvantages. However, no method can be called
'best' for all nonlinear problems. Now a d::tys most of the standard statistical packages contain
computer programs to fit nonlinear statistical models based on Levenberg-Marquardt
algorithm. For example, SAS has NLIN option, SPSS has NLR option , IMSL has RNSSQ option
to accomplish the task. Gallant ( 1986) has provided very comprehensive coverage of the three
major categories of nonlinear statistical models , viz. univariate, multivariate and simultaneous
equations models.
Choice of initial values
Unlike linear regression case, choice of good initial values is crucial in nonlinear estimation.
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This is to ensure that the final estimates yield 'global' optimum and not just 'local optima'. The
most obvious method for making initial guesses is by the use of prior information. Estimates
calculated from previous experiments, known values for similar systems, values computed
from theoretical considerations-all these form ideal initial guesses. Some other ad-hoc
methods are: Linearization, Solving a system of equations, and Graphical m ethod. However,
there is no standard procedure for getting initial estimates .

3. Some illustrations of fitting nonlinear statistical models
Ratkowsky (1983) applied monomolecular model to seven sma_ll data sets including growth
curves, data on crop yield versus fertilizer application rate, and data on leaf production versus
light irradiance. He also applied Gompertz, logistic, Richards , Morgan-Mercer-Fiodin (MMF) ,
and Weibull models to four different sets of agricultural data. On the basis of this study,
he recommended the MMF and Weibull models in preference to the Richards model for
vegetative growth data when three-parametercurves such as the logistic proved inadequate.
However, a criticism of this work is that the data sets used were too small. In the area of fisheries ,
Prajneshu (1991) fitted a number of nonlinear growth models like Schaefer model, Gulland
- Fox exponential model, hyperbolic model, and power model to catch-effort data of Bombay
duck fish species. On ·the basis of goodness of fit criteria like R2 , RMSE, MAE , MSE, it was
found that exponential model describes best the given data. The model was then used to obtain
annual maximum sustainable yield of Bombay duck fish species. Recently, Das (1995) has
developed a number of nonlinear statistical models for studying the growth pattern of acreage,
production, and productivity of wheat in India. A _good account of applications of nonlinear
statistical models in Compartmental systems, Yield-density analysis. Multiphase and Spline
regressions has been provided by Seber and Wild (1989).
Although theoretically a nonlinear statistical model can bl! fitted to a given data, yet in
practice the success rate is surprisingly very low. In a vast majority of cases, either the
convergence does not take place even after a large number of iterations or else the estimates
have unrealistic values.

4. Measures of nonlinearity
Bates and Watts (1980) extended the pioneering work of Beale and developed a number
of useful measures of nonlinearity. These measures are independent of scale changes in both
the data and the parameters. so that they can be used for comparing different data sets as
well as different parametrizations of the same data set. Th e nonlinearity of a model can
be separated into two components: (i) an 'intrinsic' nonlinearity associated with the c urvature
of the solution locus , and a (ii) 'parameter effects' nonlinearity which depends on the
parametrization of the model. However, their computation is quite involved. Ratkowsky (1990) ,
using subroutines of LIN PACK package, has developed a computer program and implemented
it on a CDC Cyber76computer. In view of its nonportabilityfeatures, Das (1995) has made some
alterations so that it may run on DCM 386 computer available at I.A.S.R.I. A major disadvantage
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of these curvature measures of nonlinei'lrity is that they measure the worst possible curvatu re
in any given direction.
5. Stochastic modelling

In a statistical model. the fluctui'ltions in the system i'lre assumed to be described by simply
adding an erro r term in the dP.term inistic m odel. However, this type of approach particularly
for longitudinal data mi'\y not be totally satisfactory. For a more realistic modelling, it is
imperative to study 'stochi'lstic models' wh ich i'lre basically of two types (for details , see e.g.
Nisbet and Gurney , 1982)
(i) DEMOGRAPHIC STOCHASTICITY , which is the name given to flu ctuations which
arise because populations contain i'\ discrete number of m embers , with population changes
being caused by a succession of indiv idually unpredictable births and deaths.
(ii) ENVIRO NM ENTAL STO~HASTIC ITY , which is the name properly applied to a periodic
environmental variation and often also applied loosely to th e resulting population fluctuations .
In the area of demographic stochastic ity , recently Matis et al (1994) modelled the population
dynamics of Africa nized honey bee by using stoch<1stic birth-death-migration processes.
However, demographic stochi'\sticity is of relevi'lnce when the population size is not too large.
In contrast to this , the effects of environm enti'll stochasticity are independent of population
size. Thi s type of stochRsticity is generally stud ied either by adding a stochastic term to the
corresponding dete rminist ic model or by assuming one or m ore parameters in the deterministic
· model to be described by stochastic processes. In the past. a large number of research papers
have appei'lred de<1ling with the development of more and more refined and complex stochastic
models. Unfortunately , with mathematicia ns , phys icists, engineers jumping in this area,
stochastic m odelling is fast becoming an end in itself. Models are being constructed, refined,
elaborated , tinkered with and disple~y e d with little or no effort to link them with the real world.
As a result, th e whole body of knowledge has· grown top-heavy with models.
6. Concluding remarks

In this i'lrticle, i'\ review of nonlinear models is presented. It is indicated that , in the past,
by and larg e. applications of s t a ti sti ce~ l modelling were restricted to "linear' models. However,
any type of stati stical enquiry in agriculture in which principles from some body of knowledge
enter seriou sly into the ana lysis is likely to lead to a nonlinei'lr statistica l model. The current
statu s of this area is that the m ethodology, though quite complicated , exist for their applications
to real life situations. However. there is a need for m aking concerted efforts both for conducting
research as w ell as for introduction of relevant courses at the M.Sc./Ph.D. levels in the area
of 'Nonlinear stati stical m odelling'.
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1.3 Current Status in Design of Experiments
Rajender Parsad and R. Srivastava
Indian Agricultural Statistics Research Institute, New Delhi

1. Introduction
This article is an attempt to present the status of research findings on the subject of Design
of Experiments. Efforts have been made to give a comprehens ive review, however, no claim is
made for it being exhaustive. Rol e of statistics in experimental design and vice-versa is
established by the pioneering work of Sir R.A. Fisher at Rothamsted Experimental Station in early
1930's with application in agricultural and biological sciences. His major work appeared in the
books 'Statistical Techniques for Agricultural Research Workers' published in 1925 and ' Design
of Experiments' published in 1935. The stJbject of design of experim ents developed as per the
requirements in other disciplines of Science. Besides several text books like Cochran, W .G. and
Cox, D.R. (1957) , Kempthorne, 0. (1952). Federer. W .T . (1955) . Chakraborti, M.C. (1963),
Raghavarao, D. (1971) , Pearce, S.C. (1983). Dey, A. (1986) , John , J.A. (1987) , Das , M.N. and
Giri, N.C . (1986, lied) , Nig<lm , AK , Puri, P.O. and Gupta ,V.K. (1988) , for excellent reviews on
the subject one may refer to Steinberg, D.M. and Hunter. W .G . (1984, Technometrics , 7 1-127),
Aitkenson . A.C. (1982 , International S t a tis ticr~ l Review, 161 -177) and Williams , E.J. (1988,
Australian Journal of Statistics. 11 0-130) .
In the initial stages of th e development of the subject emphasis was on obtaining designs
which have a built in symmetry so that th e data generated can be analyzed easily. With the
advent of high speed computers af}d impo rtance and need to choose and adopt an experimental
design which is best according to some well defined statistica l criterion, led to the development
of subjects like optimality of Designs initiated by Kiefer,J. (1958, AMS , 675-699) , robustness of
designs initiated by Box, G .E.P. and Draper, N.R. (1975 , Biometrika , 347-352)etc. These two
aspects have been studied for almost all th e fields of experimental designs. The concepts of
these two topics have been given in section 2 and other developments theoretical and applied
in various fields of designs are given in subsequent sections.
2. Optimality and robustness of designs
In most of the experimental situations, there are number of designs available (called a class
of designs) which can be used to achieve some specified set of objectives. The choice of an
appropriate design for a particular setting depends upon i) the problem , whose answer is sought
for; (ii) the class of designs in which choice is to be made and (iii) the criterion to be used for the
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selection of design. The various optimality criteria defined are the meaningful functions of the
variance-covariance matrix (information matrix) of the treatment effects (Coefficients) of interest
(i.e. , the problem) in comparative experiments.(regression experiments). Some of the important
optimality criteria studied in the literature are : L-optimality (including A-optimality) , D~optimality ,
E-optimality, G-optimality, MV-optimality, S-optimality, M-S-optimality, Schur optimality, Universal
optimality, Type-1 and T.ype-2 criteria etc. The use of optimal design theory is now well accepted,
however, its use in response surface designs has been criticised mainly due to the fact that the
use of optimal design theory needs to specify an ex.act model for the response. The book by Shah,
K. R. and Sinha, B.K. (1989) "Theory of Optimal Designs" is a valu able compendium of the results
obtained for single factor experiments under fixed and mixed effects , homoscedastic set up.
Some reviews on the topic are Pazman, A. (1980, Mathematische operationsforchung and
Satistik, 414-446) , Ash·, A. and Hedayat, A.S. (1978, Communications in Statistics , 1295-1325),
and books by Fedbrov, V. V. (1972, Theory of Optimal Experiments , New York: Academic Press)
and Silvey, S.D. (1980, Optimal Design : Chapman and Hall)
Optimal design· theory has been developed and studied under what may be called ideal
conditions. The factors like i) presence of outlier(s), (ii) missing observation(s) , (iii) presence of
systematic trend within a block, (iv) inadequacy of assumed model , e.g. , fitting an incomplete
model, correlation among observations, heterogeneity of errors etc. (v) mechanical errors such
as exchange and interchange of treatments , etc. tend to disturb the ideal structure. In the
presence of one or more of these disturbances even an optimal design may be poor. This
realization is the motivation to develop designs that are robust against one or more of the above
disturbances. Suppose a design po~sesses some property 'A', e.g., the design may be variance
balanced, connected, optimal according to some optimality criteria in a given class of designs or
highly efficient. A design is said to be robust against some disturbance if the residual design
obtained in the presence of disturbanc-e also possesses the property 'A'.
For a comprehensive review on the subject one may refer to Dey, A ., Srivastava, R. and
Gupta,V.K. (1991, Cahiers du cero, 51-61 ). Other reviews on the subject are Akhtqr, M . and
Prescot,P. (1987, Pakistan J. of Statistics 11-26) and Herzberg, A .M. (1982, Sardica, 223-228).
3. Designs for single factor experiments
3. 1 Crossed Classification

The designs most commonly used for single factor experiments in the agriculturaVanimaV
horticultural research for n-way (n=O, 1,2,... ) elimination of heterogeneity are completely randomised
design (CRD) , Randomised complete Block Design (RCBD). Balanced incomplete block (BIB)
designs, Latin Square Designs (LSD) , Youden square designs (YSD) and Graeco-Latin square
designs. Further, developments are balanced block designs, efficiency balanced designs,
partlally efficiency balanced designs, regular graph or most balanced group divisible designs ,
alpha-designs, cyclic designs, generalised Youden (GYD) , Psuedo Youden designs (PYD) ,
Youden type designs and Kronecker product designs. To fulfil the demands of experimental
49

settings, several methods of construction of variance balanced block designs(VBD) (including
non-proper and unequireplicated) under homoscedastic and heteroscedastic models have been
obtained. For concise compendium of results on block designs one may refer to Dey(1986 ,
Theory of Block Designs , Wiley Eastern) and Nigam , Puri and Gupta (1988, Characterization of
Block Designs, Wiley Eastern). Optimality aspects of block designs and row-column designs for
making all possible paired comparisons have been studied. Balanced block designs (including
RBD, BIBD), have been found universally optimal (A-, 0 - and E- also) in the respective class of
designs under fixed/ mixed effects set up. GYD's in regular setting (including LSD ,YSD) are
univers<~lly optimal and in non-regular setting GYD and PYD are never universally optimal. Using
the results of Kunert,J. (1983, Ann. Statist.,247-257) it has been established that under certain
conditions . a design which is optimal under 1-way elimination of heterogeneity model is also
optimal under n-way elimination of heterogeneity setting and these designs are model robust.
Extended BIB designs and extended GO designs and also abridged BIBD and GO designs are
E-optimal under fixed/mixed effects, homoscedastic models. Results are also available for
optimality of block designs under heteroscedastic models and auto-correlated error ·structure .
[ Gupta,V.f\. , Das , A . and Dey, A . (1991 , Stat. Prob. Letters , 177-180)], Ph.D. thesis by Das, P.
(1991) and Pandey, A . (1994)] . All the designs with minimal number of experimental units are
equivalent to 0-criterion[Bapat,S. R. and Dey ,A.(1991 , Statist. Prob. Letters , 399-402)].
Other developments in single factor experiments are designs for making test treatments control treatment(s) comparisons. These developments have taken place with four different
approaches namely augm ented designs, supplemented balanced, reinforced BIB designs and
balanced treatment incomplete block (BTIB) designs. Augmented designs are used when test
treatm ents are singly replicated and all the rest three approaches although developed at different
times and in different contexts are s imilar and can be used when one can afford more than one
r.eplication for the test treatments. A- and MV- optimality criteria are well suited for these designs
and have been studied vigorously. An excellent review is by Hedayat, A.S. , Jacroux, M. and
Majumdar, D. (1988, Statist. Sc. , 462-491 ), Most of these research efforts cited in the review are
restricted in the proper design sett ings under a homoscedastic model. However, experimental
situations force to give efficient designs for non-proper settings and hence, results have also
been obtained for non-proper settings and under a heteroscedastic rT)odel wher.~ intrablock
variances have been assumed as non-negative real power of block sizes [Parsad, R. and Gupta,
V.K. (1994, Sankhya Band 1994, International J. of Math. Stat. Sc.: To appear) . For more than
one control treatment, balanced bipartite block (BBPB) designs have been introduced by
Kageyama, S. and Sinha, K. (1988, Utilitas Math ., 137-162). These designs in the literature have
also been termed as inter and intra group balanced designs or variance balanced block designs
with two different replications. Another useful class of designs for such comparisons is General
Efficiency Balanced (GEB) designs [Das , M.N . and Ghosh, O.K . (1985 , Sankhya B, 67-77) ,
Kageyama,S. and Mukerjee , R. (1986, Sankhya B, 382-387)]. A- and MV- Optimality aspects
of these designs have been studied by Majumdar, D. (1986, JSPI , 359-372) , Jacroux , M . (1990,
AISM, 173-185), Jaggi,S. , Gupta, V.K. and Parsad , R. (1995 , Comm. in Statist., to appear) Ph.D.
thesis by Jaggi,S. (1992). Under a heteroscedastic model , A- and MV- optimality aspects have
also been been studied. Attempts have also been made to study the optim?lity aspects of these
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designs when unequal weights are assigned to the comparisons of different control treatments
with test treatments. However, not much has been studied under row-column design settings.
Robustness aspects against presence of a single outlier have not received much attention
except a paper by Gopalan, R. and Dey, A. (1976, Sankhya,B 297-299). Rigorous attempt has
been initiated at IASRI. When observation(s) is (are) missing, (pertaining to disjoint blocks or
individual observations or any other) binary balanced block c;1esigns (proper and non-proper) ,
standard reinforced BIBD , PBIB designs with two associate classes have been found robust.
Robustness aspects under a general lin e;:~ r model have been studied by Ramana, D.V. and
Gupta, V.K. (1993, IJMSS). Trend free block designs which are robust against presence of trend
within a block have been given by S.P. Dhall (1986, Ph.D. thesis). Binary variance balanced block
designs (proper and non-proper) , s~andard reinforced BIBDs have also been found robust against
interchange of a pair of treatments and also exchange of a treatment. [Batra, P.K., Sreenath ,
P.R. and Parsad, R. (1995, JRSS B communicated)]. Studies are still required to investigate the
robustnes s aspects against exchange of more than one treatment and interchange of more than
one pair of treatments in binary variance balanced block designs and of PBI B designs. Resistant
BIB designs of degree one were given way back in 1974 by Hedayat,A . and John,
P.W.M.(Ann.Statist. , 148-158}. Many attempts we~e made to obtain resistant BIB designs of
degree t (t=1 ,2, ... ). Gupta,V .K. and Singh ,R.(1991 , JSPI , 263-269) gave the conditions for
variance balanced block designs with unequal block sizes and gave some methods of construction
of resistant optimal block designs of degree one.
Constructive algorithms for generation of optimal and nearly optimal block designs initiated
by exchange and interchange procedure of John, J.A. <;:~nd Ecceleston, (1980, JRSS , B , 291-298)
to obtain nearly A- optimal designs. Nam - Ky - Naguyen and Dey, A. (1990, Aust. J . Statist. 39941 0) have given an algorithm for generation of (M,S) -optimal incomplete block designs(IBD's)
V=4,5 & 6, 2<k<v-2. Nam - Ky Naguyen (1994, Technometrics , 300-306) has given an algorithm
for generation of optimal or nearly optimaiiBD's with V<1 00. A novel attempt has beeh initiated
at IASRI.

3.2 Nested Classification
Nested balanced incomplete bleak (NBIB) designs have been defined, constructed and
method of analysis was suggested by Preece, D.A. (1967, Biomettrika, 479-487) . Only
advantage of these designs seems plausible is to gain on inter subplot intra mainplot information.
Gupta, V.K. (199~ , JISAS , 187-194) studied the otpimality aspects of these designs under a nonproper setting. To control two sources of variation nested within the blocking factor an article by
J.N. Srivastava (1978, JISAS , 1-1 0} may be referred. Balanced incomplete block desi.gns with
nested rows and columns (BI B-RCD) were introduced and their characterization properties such
as variance balance, efficiency balance and analysis of these designs,, were given by Singh, M.
and Dey, A . (1979, Biometrika, 321 -326). These designs have received world wide attention.
More than 20 articles have been published on the methods of construction of BIB-RCD and
partially balanced incomplete bleak designs with nested rows and columns inc luding two papers
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by P.R. Sreenath(1990, Biometrika,399-402 and 1991, Sankhya B, 352-358}. A brief review and
new methods of construction of BIB-RC designs, and a catalogue of these designs with V<30
and k=pq<1 0 are given in unpu_b lished project report of IASRI by Sreenath, P.R. (1995). Some
series of such designs are possible with smaller number of replications. However, Chang,Y.J.
and Notz, W.l. (1988 , Utilitas Math, 273-276) and Bagchi, S. , Mukhopadhyay, A.C. and Sinha,
B.K. (1991 , Sankhya B, 93-1 04) found that non-binary designs obtained such that any treatment
appearing in a block appears equally frequently in all rows of the block are more efficient than
binary designs. Such VB Designs are called as BN-RC designs and whenever, a BN-RC design
exists , it is universally optimal. Most balanced group divisible designs with nested rows and
columns (MBGDN-RC designs) have been found optimal according to type1 and type 2 criteria.
Recently, universal optimality of block designs with nested rows and columns in a non-proper
setting and construction of universally optimal designs have been taken up by Parsad, R. and
Gupta, V.K.
Methods of construction of balanced treatment incomplete block designs with nested rows
and columns (BTIB-RC designs) have received attention by Gupta, S. and Kageyama, S. (1991 ,
Metrika, 195-202) and Niti Agarwal (1995, Ph.D. thesis). A-optimality aspects of IB-RC designs
have also been investigated and for comparing two disjoint sets of treatments balanced bipartite
block designs with nested rows and columns have been constructed [Parsad, R. Sreenath, P.R.
and Agarwal, N.(1995, Comm. Statist., communicated))
There is need to give methods of construction of BN-RC designs and to prepare their
catalogue. Optimality studies for the situations of test treatments Vs control treatments
comparison both under proper and non-proper settings and robustness aspects of these designs
needs immediate attention.
4. Multifactor experiments
4.1. Factorial Experiments

Designs for factorial experiments first developed by Fisher and Yates are one of the major
statistical insight into experimental designs. Since then, various aspects of construction and
anlaysis procedures of partially balanced and balanced confounded symmetrical and asymmetrical
factorials have been studied. Apart from text books reference may be made to Ph.D. thesis by
P.R. Sreenath (1986) and M.N. Das and R.C. Jain (1987, JISAS, 271-279). Further contribution
was the introduction of fractional fact9rial designs by D.J. Finney (1945, Ann. Eugiencs, 291 301 ). These designs allow the experimenter to study the main effects and low order interactions
by sacrificing the information on higher order interactions and offer great economy of time and
resources. For independent estimation of main effects of symmetrical and asymmetrical
factorials, orthogonal main effect plans are given and a catalogue and construction aspects can
be seen from Gupta, V.K., Dey, A., Nigam , A.K. (1988, IASRI publication). To include some low
order interaction .estimation alongwith r:nain effects resolution plans of order Ill , IV and V have
been given for symmetrical and asymmetrical factorials. [Dey, A. (1985 , orthogonal fractional
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factorial Desi§ns, wiley Eastern]. D-optimality aspects of saturated main effect plans for a x b
factorials in a+b runs have been studied [Mukerjee,R. and Sinha,B.K.(1990, Metrika, ·301-355)].
One drawback of resolution plans is assumption of negligibility of all higher order interactions, as
some of these interactions may be non-negligible. To detect and estimate the non-negligible
interactions , search designs are given by Srivastava, J.N. (1975, A survey of statistical Design
and linear models, North Holland publishing company) since then, many research workers
Gupta,B.C. (1988, Commun.Statist. ,3137-3144) , Chatterjee, K. (1986, R.C. Bose symposium)
have studied the search designs which can detect and estimate one interaction term which is nonnegligible. Attempts have also been made to obtain IBD's using symmetrical and asymmetrical
factorials [Das ,M.N. and Jain, R.C. (1985,JISAS, 252-260 and 1987, JISAS, 271-279) and
factorial designs using IBD's.
Block designs with orthogonal factorial structure/ balanced
property help in the analysis of data as adjusted treatments sum of square corresponding to block
designs can be partitioned orthogonally into sum of squares corresponding to main effects and
interactions of a factoi-ial experiment [Gupta,S. and Mukerjee,R. (1989, Calculus of Factorial
Arrangement, Springer Verla g)). '
4.2 Response Surface Designs
The chief a im of the response surface study is to determine the optimum conditions in a
system in which a response is assumed to be affected by a number of factors. Since its
introduction in early 1950's response surface methodology has become an accepted and widely
used set of concepts and techniques. [Khuri,A.I. and Cornell, J.A . (1987, Response Surfaces:
Marcell Decker; Box, G.E.P. , Hunter, W .G. and Hunter, J.S. (1978, Statistics for experim eFJts,
John Wiley)] are comprehensive books on the subject. The excellent reviews on response
surface methodologies are by Hill, W .J. and Hunter, W .G. (1966, Technometrics, 571-590) and
Myers, R.H. , Khuri. , A .l. and Carter Jr. W .H. (1989, Technometrics, 137-157). The various
results have been obtained for rotatable designs under linear, quadratic or cubic models. For
these designs v ariance of the estimated response is constant on spherical shells in the region
of interest. These· designs have been constructed using symmetrical factorials , BIBD's and
central composite designs(CCD). Rotatable designs have been modified as GO rotatab le
designs (factors are divided into two groups such that design is rotatable for the factors within
each group) [Das,M.N. and Dey ,A.(1967, AISM , ·331 -347)). Adhikary, B. and Panda, R.N. (1983,
JSPI , 387-405) have listed various practical situations for the application of these designs.
Cylindrically rotatable designs become a particular case of these designs when one group
contains only one factor. For th e situations such as problem of estimation of rates of reaction in
chemical experiments, rates of growth of biological populations, the estim ation of slope of
response surface becomes important. Hader, R.J. and Park, S.H. (1978, Technometrics , 413417) gave slope rotatable designs, for which the variance of the partial derivatives of response
function would be constant on spherical shells centered at the origin. Slope rotatable designs
have also been obtained by Manisha Gupta (1989, Ph. D. thesis) using CCD's and BIB designs.
The most widely u_
s ed optimality criteria are D-optimality and G-optimality. A computer
algorithm DETMAX [Mitchell, T .J., (1974, Technometrics, 203-210 and 211 -220)] have been
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developed. The program requires the user to specify the-number of experimental runs, n, list out
all possible design points and initial set of n runs. This program then selects a set of n runs using
addition and deletion of design points which minimize the determinant of information matrix of
regression coefficients. Since then, a lot of improvements have been made in DETMAX.
Optimality aspects of response surface designs using minimax criterion i.e minimization of
variance of the difference maximized over all pairs of points in the design have been studied by
Mukerjee, R. and Huda , S. (1985, Biometrika) . Since an optimal design may not be implementable
but the structure of a minimax design is same as that of rotatable design. Hence, efficiencies of
second order rotatable designs (SORD), third rotatable designs (TORD) and slope rotatable
designs have been studied with resp:cct to a minimax design. A slope rotatable design is never
rotatable, hence efficienc ies of s lope rotatable designs were less. Although rotatable designs
have received wide attention , yet physical meaning of rotatability cannot be ascertained except
that design gets some nice mathematical properties. Moreover, .a design which is rotatable in
coded levels may not remain rotatable in original doses. Response surface designs with
asymmetrical factors need researchers attention as most of the experimental situations involve
factors at different levels. As assumptions regarding exact model specification is always under
criticism , hence, model robust designs have been obtained using integrated mean square error
as criterion. Robustness of SORD's against single missing observation has also been
ascertained.
In mqny experimental situations, we may record more than one response on each
experimental unit. If all the responses are recorded for all the experimental units, the data can
be analysed using the standard linear model of the multivariate analysis of variance, yet
optimization with respect to all the responses simultaneosly is a great mathematical problem.
Efforts to obtain efficient designs forthe experimental situations where it is not possible to record
all the responses on all the experimental units and methods of analysis of data generated through
such experiments are needed. Such experimental situations are common in agroforestry
experiments such as evaluation of multipurpose tree species.

4.3 Designs for Experiments with Mixtures ·
In some experimental situations, the response depends upon relative amounts of the
predictor variables but not
the absolute amounts. Corneii,J.A.(1981 , Experiments with
Mixtures : Designs , models and analysis of mixture data, John Wiley) has given a comprehensive
coverage to the topic and Khuri and Cornell (1987, Chapter 9) give a concise compendium of
results on experiments with mixtures. Simplex-lattice, Simplex-centro id and Axial designs an~
associated models are developed. In many mixture experiments, some of the components are
subjected to upper or lower bounds or both. This problem can be handled using extreme vertices
c;lesigns by making experimental runs at the extreme points and various centroids of constrained
design region. Computer a lgorithms such as XVERT [ Snee, R.D. and Marquardt,p.W .(1974,
Technometrics, 399-408] , UNIEXP[Goei,B.S.(1980, BiometricaiJoumal, 345-350)] and XVERT1
[Nigam ,A.K. , Gupta,S.C.and Gupta,S.(1983, Technometrics , 367-371)] have been developed to
obtain such designs. Variou s ways of defining consistent constrained regiohs in mixture
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experiments are available. Also designs are available for the settings involving process variables.
Besides theoretical developments, some applied work like suggesting a suitable method of
analysis for experiments involving split doses of fixed quantity of nitogeneous fertilizers at various
crop growth stages has been taken up at IASRI recently.

5. Proximity designs

•

I

In many experimental situations the relative location of the experimental units is expected to
influence the results. Such experimental units can arise because of the basic properties of the
neighbouring units to be correlated or the effect of treatments on one unit may carry over to a
neighbouring one. Classes of designs that provide the means of estimating or making allowance
for these effects are termed as Proximity Designs such as Change over designs , Competition
Designs and Neighbour Designs.
5. 1 Change Over Designs

In the experimental situations peculiar to animal or horticultural sciences or perennial crop
experimentation the treatments are applied successively to the same experimental unit or
arranged in linear order within a block, the estimation of and adjustment for re,Sidual effects are
of interest. To take care of such situations, E.J.Williams(1949, Aust.J.Sci.Res. , A 149-1?8)
constructed designs balanced for residual effects ofthe preceding treatment and E.J .Williams(1950,
Aust.J .Sci. Res., A 351-363) balanced for two preceding treatments. Recently at IASRI a
catalogue of change over designs requiring only 50 or less experimental units have been
prepared utilizing the methods of construction available in literature [Chawla,G.C., Dey,A. an~
Gupta, V.K.{1993)]. Designs for Two factor (non-interacting) treatments have also been
developed using mutually orthogonal latin squares and William Squares. Almost all studies have
been carried out under the assumption that observations are independent but two succes'sive
observations can have a correlation structure. It has been shown by Williams, E.J.(1987, Aust.J.
Statist. , 309-316) that under null hypothesis and correlated observations the mean square of
direct effects of treatments is always greater than error mean square consequently leading to
inappropriate variance ratio test for treatment effects. For obtaining best designs optimality
aspects and to take care of drop outs during experimentation, robustness studies need
immediate attention.
5.2 Competition Designs

Competition experiments are useful for studying competition between neighbouring plots(lines)
in the field such as evaluating the effect of competing species. The study of competing situations
needs construction of an environment in which it can happen and the competition units have to
appear in a prederermined pattern. Initially non-randomized designs were used, but later on
designs permitting restricted randomisation began to crop up. Competition effect on a given
experimental unit may be due to one, two, four or eight neighbours arranged round a circle centred
on the single plot. Introduction of more number of neighbours will increase the complexity by
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increasing the number of competition effects. Most of the studies were ca rri ed out under the
assumption that only immediate neighbours will compete. A general account of competition
designs is given by Street,A.P. and Street,D.J.(1987, Combinatorics of Experim ental Designs ,
Oxford Claredon Press, Chapter 15). There are many problems for competition experiments to
be resolved. A beginning has already been m ade [Vijayaraghava Kumar,(1995), Ph.D. thesis] .
He presented a critical review on the subject and gave various methods of construction of serial
designs assuming that test plot is affected by one immediate left and right neighbour. A
homoscedastic model assuming that errors are uncorrelated and direct effects and competition
effects on either side are additive has been suggested for the analysis of the data. The analytic
procedure has been demonstrated with th e help of an example.

,

5. 3 Neighbour Designs

In recent years the increasing interest in neighbour effects due to correlation of neighbouring
units has stimulated work on designs to assess or adjust for such effects. The earliest attempt
to make an adjustment of these effects is by Papadakis ,J .S.(1937) through the method of
covariance of residuals f rom neighbouring plots , method has recently been modified and used
by Bartlett,M.S. (1978, JRSS B , 147-174) , Wilkinson, G.N. , Eckert,.S.R. , Hancoc k,T.W. and
Mayo,0 .(1983 , JRSS B , 151 -21 1) and shown through the use of actual as well as simulated data
that there are substantial gains as high as 50% in som e cases, in the efficiency of treatment
comparisons when nearest neighbourhood methods(NN m ethods) of analysis were used. This
method, however, has always been open to criticism that covariates are calculated using
treatment effects derived immediately from the data, yet it has been the feeling of theoreticians
as well as practitioners from Australia, New Zealand and Canada that the method has potential
for increasing the precision of comparative experiments. A technique of analysing experimental
data, closely related to the NN method is to make use of correlation among observations through
generalised least squares analysis. In situat[ons where the structure of the correlation is known
or can be postulated adequately , it may be advantageous to use this information at the stages
of the design and analysis of experiment. Commonly used correlation models on ·the errors
assumed are Autoregressive model of order 1 and moving average models. However, not much
work has been carried out in India on NN methods.
For a concise compendium of results on nearest neighbourhood desig':ls for comparative
experiments one may refer to Shukla,G.K., and Giii,P.S.(1986, Proceedings of the symposium
on Optimization, Design of Experim ents and G raph theory: held at liT Bombay). Optimality and
robustness studies under NN models should be carried out and th ere is an urgent need tore-look
at the analysis of data generated through the experim ental designs especially the data collected
under the auspices of Agricultural Field Experiments Information Syst em(AFEIS) and All India
Co-ordinated Research Project on Cropping Systems Research at IASRI using NN m ethods.
6. Multiphase experiments

A two phase experiment is one in which th e results of the first or experim ental phase need
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to be deduced f rom the results of a second or evaluative phase carried out on the material of the
first phase. Multiphase experiments may be defined similarly. Such type of experiments are
performed in horticultura l and animal experiments , where due to nature of trentments and the
experim ental material like trees or anim<lls involved in the experim ent, experiment<ll material m ay
be used in several different successive experim ents in each of which one set of treatments ( all
sets being disjoint) is applied. It could also be an area of land use for trials on crop rotation on
the sam_e plots. The work on construction of efficient designs was started since 1954. In most
of the studies the new treatments are arranged in such a way that treatments are o rthogonal to
blocks and are totally (partially) or supplemented balanced with respect to origina l treatments
under the assumption that treatm ent sets are non interacting. A concise review and the
charact erization properties and analysis of these designs is given [ N.P.Singh ,(1979). Ph.D.
thesis and Mallic k,T .(1984) , Ph.D. th esis]. They have also given some methods of construction
of these designs. A rigorous attempt to study the optimality aspects and characterization
properties and to give general methods of construction and to prepare a catalogue of efficient
·designs has been initiated at IASRI.
7. Applied Research
Besides the basic/th eoretical researches as summarised in th e above sections a lot of
applied and collaborative studies have been carried out. Authors would like to give a brief account
of these studi es with special reference to IASRI.
7. 1. Collabora tive

A continuing activity of th e division of Design of Experiments and Analysis of Experimental
Data at IASRI , is to collect information on controlled experiments cond ucted on crops and animals
in different research institutions ir the country and compi le it for use in undertaking further
methodological studies on scientific lines. The project has beeri named as AGRICULTURAL
INFORMATION SYSTEM seperately for field experiments and animal experim ents and necessary
software for retrieva_
l of information has been developed. These information systems are a
source of reference materia l for agricultural/animal scientists in planning their research
programmes.
Studies undertaken on 'Planning, Designing and Analysis of agronom ic experim ents at the
Cropping Systems Research Centres' indicate appropriate c ropping systems for different
agroc limatic regions of the country under adequate and inadequate input cond itions, production
technology for high yielding varieties , crop technology for optimum production under resource
constraints etc.
Long term fertilizer experiments methodology attempted to study the direct, c ummulative and
res idual effect of fertilizers in experiments conducted on crop sequences including techniques for
mid-course bifurcation of experim ental plots for treatm ent corrections based on past results have
been developed.
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7.2 Applied
Various applied nature studies undertaken inClude:.
-Development of simple and composite yardsticks for major cereal crops for different
agroclimatic regions.
-Nitrogen economy through organic sources.
-Fertilizer responses using soil test values and other site variables.
-Uniformity trials.
-Characterizations of drought in relation to a crop.
-Assessment of changes in crop production in command areas of river valley projects.
-Analysis of data on experiments repeated over years/places.
-Inter-site transferability of crop varieties.
With the presenttrends in researches, however, the experiments on intercropping, agroforestry,
grass lands, cropping systems, long term and rotational cropping, fisheries etc. need special
attention both for analysis and efficient designing.
In intercrop experiments, the involvement of different crops, besides adding another
dimension to the problem, is also likely to introduce heteroscedasticity due to unequal variances
of different component crops. The analysis of data even if involving intercropping of same
component crop cannot be dealt with using the analysis of dispersion as it cannot take into
account the compensatory effects of one component crop ir) relation to others. Conversions of
the multivariate data into a univariate data using a suitable linear combination of component crop
responses to be a way out. However, the choice of the linear combination such as LER etc. is
debatable.
The experiments on Agro-forestry involve the complications of inter-crop experiments
together with the problem of dealing with the tree component, which can be harvested after many
years but could provide some produces of forage or fuel value many times during its growth.
Efforts have been initiated for suitable designs for these experiments and analytical procedures.
There is need to re-look at the analysis of data generated from experiments with testing the
validity of assumptions which are generally ignored. Also, the data on experiments on block
designs where plots within blocks a re arranged in a rectangular fashion , can be analysed as
resolvable block designs or block designs with nested rows and columns for further improvement
in the precision of treatment comparisons.
8. Conclusion
We conclude with the following observations. The fractional factorials , resolution plans,
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asymmetrical factorials , balanced and partially balanced factorials , row-column designs (n,o northogonal settings) , trend free block designs, response surface designs , mixture designs ,
change over ·designs balanced with respect to residual effects and c riteria like efficiency,
optimality, robustness etc. although quite relevant, do not seem to have been much favoured by
the experimenter. Attempts have been made to popularise these new devel9pments by preparing
catalogues on some topics, presenting the results at various seminars/conferences/training
programmes, still more intens ive efforts are needed. Following suggestions may be in order to
meet the objective:
1. The development of interactive software packages (cataloguing of optimaVefficient and
robust designs and computer-aided generation of their layouts; software packages for the
analysis of new designs) so that experimenters themselves co uld choose the design best suited
for their experiments , in much the same way as they would obtain advice from ~ statistical
consultant. Although, this idea may find criticism from the leading statisticians, yet development
of such softwares is inevitable.
2. Deemed universities under ICARISAU's may include a course on the current developments
for the benefit of students of agricultural/animaVfisheries sciences and hence better human
resource development.
3. Much better interactions among the experimenters, consulting stati:;ticians and statisticians
involved in theoretical aspects.
4. Findings should be brought out in the form of pamphlets/bulletins etc. Popular articles
alongwith case studies , if possible be sent for publications to the Journals of applied sciences.
Text books/reference books in simpler form can be written ·tor the use of researchers in other
relevant disciplines.
*All Ph.D . theses referred in the text are by I.A.S.R.I. students submitted to I.A. R.I. , New
Delhi.
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1.4 Recent Trend in Statistical Economics Research
with Particular Reference to Indian Agriculture
V.K.Sharma
Indian Agricultural Statistics Research Institute, New Delhi

Statistical Economics is essentially a branch of social science wherein economics,
mathematics and statistics are jointly applied to the analysis of economic phenomena. Model and
its estimation plays an important role in the analysis. In our case agriculture sector which is still
a major sector of Indian economy , forms the main object of the study. Recent researches in
statistical economics in Indian context can , broadly, be grouped in the following two, not
necessarily mutually exclusive, categories:
1. Methodological Research
2. Empirical Research
In the following sections we give a brief account of some researches under each of the
categories to indicate the thrust.
1. Methodological Research
System of seemingly unrelated regression equations (SURE) due to Zellner (1962} has been
extensively used in various branches of economics [see e.g. Philips (1974), Wildt (1974) and
Chand (1991 )]. Recently, Sharma (1993) developed estimation procedure for estimation of
SURE models VoLhen numbers of observations are unequal and used the procedure for estimation
of two-equation acreage response models under crop substitution [Sharma and Kumar(1994)].
Sharma and Kumar ( 1994) also developed a two equation acreage response model for competing
crops of sugarcane and wheat in Bulandshahar district of Uttar Pradesh assuming errors in the
explanatory variables. Use of instrumental variable technique was made to estimate the
parameters of the model.
Some methodological issues relating to statistical measurement of instability in crop output
were discussed by Rai and Sarup(1989} . Several existing techniques for detection and
measurement of instability were reviewed and some additions and modifications were suggested.
The application of distribution free tests were also indicated to test the significance of instability
in the crop output over space and time. The procedures were illustrated by_numerical data on
crop output.

60

While analysing adoption pattern of HYVs of major cerea l crops, Prajneshu and Sharma
(1992),and Sharma,Prajneshu and Kaul(1995) observed that the monomolecular, logistic and
Gompertz growth models described the path of adoption of HYVs of wheat, rice and total cereals
over years at the state level. Attempts were made to obtain stochastic versions of logistic and
Gompertz models. Since the complete analysis of a non-linear stochastic model is well-neigh
impossible, therefore, most of the studies for these types of models confine either to the
deterministic treatment or else use Monte-carlo estimates for the evaluntion of the process which
are often extremely expensive in computer time and depend on the particular choice of the
parameters . The general solution of a stochastic model , when it can be evaluated, is usually
tedious and offers little insight into the behaviour of the process. Consequently , the asymptotic
solution often leads to greater 1nsight than the exact solution. The diffusion approximation
technique has been employed in the study to analyse the stochasticity of these models. The·
behaviour of the stochastic models have been represented by the deterministic solutions with
suitable Gaussian processes of small orders superimposed which describe the fluctuations of the
process . It may be emphasized that . wh enever the Ko.l mogorov equations of the process cannot
be explicitly solved , the proposed technique is of great importance. The chief merit of this method
is that a complete picture of the tim e evolution of the stochastic as well as deterministic aspects
of the given process can be obtained under very mild restrictions.

2. Empirical Research
2. 1 Macro-economic Modeling for Policy AnAlysis
To assess prospects for Indian cereal supply, demand, and trade for 1995 and 2020, Kumar,
Rosegrant and Hazell (1995) used an integrated supply and demand model. On the supply side,
production of each cereal crop was determined by crop and input prices and total factor
productivities (TFP) growth, which in turn is driven by investment in research , extension ,
irrigation, and infrastructure. Two alternative scenarios were explored: (1) continued decline in
productivity due to further slowing in public investment, and (2) sustained growth in productivity
at the levels prevailing in the 1980s, through a recovery in public investm ent in agriculture.
Demand projections in the model were driven by growth in population , urbanization, income,
and changes in income distribution. The projections made assumed income growth of 5 percent
per year; gradual decline in population growth, with an average annual growth between 1995 and
2000 of just over 1.8 percent; rates of urbanization consistent with the recent historical trend, and
inequality in distribution of expenditures across income groups the same as in 1987/88.
Under the first scenario they observed that the demand for cereals would exceed the
domestic production by 23 million tons by 2020. However, under second scenario they observed
a much stronger position of India in terms of trade, as supply exceeded d emand by nearly 16
million tons. The results emphasized the need for strengthening efforts to increase productivity
through public investment in irrigation, infrastructure development.research , and efficient use of
water and plant nutrients .
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2.2 Other Empirical Researches
Chand (1991) carried out an analysis of factor demand and output supply for four major crops,
viz. wheat, paddy. cotton and gram in Punjab using Directorate of Economics and Statistics data.
Profit function approach was used to develop the factor demand and output supply equations.
Normalized quadratic function and the factor demand equations for human labour, fertilizer and
bullock labour were estimated simultaneously using Zellner's (1962) seemingly unrelated
regression equations approach. Output supply functions for the crops were estimated residually
from the profit function and factor demand equations. Restricted estimates were used to obtain
the elasticities of factor demand and output supply with respect to input prices and fixed factors.
The analysis brought out clearly even the simple fact of the economic theory that the own price
elasticities of demand for human labour, fertilizer and bullock labour are negative implying thereby
that the use of these inputs decreases as their price increases, andvice-versa, provided the other
things remain at the same level. The magnitude of these elasticities varied from crop to crop and
from input to input. The effect of output price on the: demand of variable inputs was either positive
or was quite weak except for bullock labour in case of gram. The study revealed that the impact
of factor and product price on net income was quite high as compared to their impact on marketed
.surplus and output supply. Policy analysis indicated that though pure inflation had no effect on
input use and output level, it had somewhat positive effect on the marketed surplus of wheat and
paddy through dominance of price effect on consumption. Similarly many other policy
implications were discussed.
Using Consumers' Surplus approach Kumar and Pandey (1995) estimated the economic
gains from technological advance in rice production and observed that the effect of technological
advance in rice production across states varied from high quality of land-dependent case to low
quality of land-invariant case. In general, producers were the major beneficiaries of technological
advance in rice production in all the states. The consumers' gains were found to be insignificant
as compared to producers' gain in all the states. It was found that gains from technological
advance were mainly dependent on shift in supply curve and the movement of price. Consumers'
gains mainly depended on price movement while producers' gains depended on the extent of shift
in supply curve.
In an analysis of farmers' behaviour towards risk in Alwar district,Bhardwaj and Mahajan
(1994) found that yield variability was the major source of risk in crop production. And among all
categories of farmers , the small farmers showed high aversion towards risk as compared to
medium and large farmers. Based on a sample of farmers from Kurukshetra district of Haryana
and using equally likely certainty equivalent method, Jha and Jha (1995) observed that although
risk aversion was the more dominant attitude yet one- fifth of total farmers were risk preferers.
The personal characteristics of the farmers having positive and statistically significant relationship
with risk variable were off-farm income and progressiveness of farmers.
Bhowmick, Mazumdar and Das (1992) made an attempt to identify different types of farming
systems in Sonitpur district of Assam and optimize the resource use among different size groups
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of farms using linear programming technique. Capital appeared to be an important resource
constraint while the supply of human and bullock labour were in surplus. Optimization led to better
utilization _o f resources, increase in gross cropped area and higher net returns. However, the
optimal plans could be made effective only when the constraints in resource availability were
eliminated.
3. Concluding Remarks

,

The above categorization is simply to indicate the broad trend and is in no way reflection upon
the quality or importance of research.
An important point worth mentioning is that the advent of high-speed computers in recent
years has greately facilitated the research endeavour and has become a strong aid for analysing
complex economic phenomena using voluminous data. Moreover, availability of gp oq data base
hardly needs any emphasis, for increased sophistication of statistical techniques can only partly,
and only to a small extent, compensate for poor, scanty and unreliable data.
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1.5

Crop Forecasting Methodology-Status and
Current Research Findings
R.C. Jain
Indian Agric ultura l Statistics Research Institute, New Delhi

Early forecast of harvest prospects of crops having special commerc ial importance was
started in July , 1884 when the prospects of wheat c rops were prepa red. Subsequently, the
system of preparing crop prospects was extended to rice,.jute and cotton , rapeseed and mustard,
linseed and sesamum in 1885. Th e c rop forecasting was gradually extended to almost all the
principal crops in the country. At present, it covers 42 crops which together account for about
85% of the total c ropped area in the cou'ntry.
Usually two to three fo recasts are issued in respect of each princ ipa l crop w ith the exception
of groundnut, sesamum, and tobacco for which four forecasts are issued , and cotton for which
five forecasts are issued. The agencies involved in the collection of c rop estimates are the State
Departm ent of Revenue, Agriculture, Community Development, Statistics, etc. s ingly or in
combination as part of their normal duties. The State Agric ultural Statistics Authorities (SASAs)
coordinate the work, build the crop forecast/estimates at the State lev e l and report the same to
central agency. At the Central level , National Sample Survey Organisation has the overall
responsibility of assisting th e States for planning and organising the wo rk of c rop estimation
surveys of all the States. Th e Directorat e of Economics and Statistics in the Union Ministry of
Agriculture is the apex organisation for collection of estimates from the Stat es and fo r prepa ration
and issue of all-India crop forecast/estim ates of area and production.
The final estimates of crop production are based on enum eration of a rea and yield obtained
through crop cutting experim ents. Hence, there are t""!O important sub-components of crop
production statistics namely - Area and Yield. While th e area est imates a re made ava ilable
through land use statistics , yield estimates are obtained through analysis of scientifically
designed crop cuttirtg experiments for important principal crops in different Stat es.
Final estim ates of production based on complete enumeration of area and yield through c rop
cutting experiments becom e available much afte r the crop is harvested. However, the
Government requires advance estimates of production for taking various policy decisions relating
to prc;>duction, pricing, marketing, export/import, distribution etc. In order to take the policy
decisions, it is essential to have som e sort of expected production of majo r c rops in advance.
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Yield forecasts are generally obtained by eye appraisal and is therefore subjective in nature.
In order to bring in objectivity in the method , attempt was made to forecast crop yield based on
plant counts and measurements on yield contributing characters.
Simple linear and multiple regression models are used to describe past relationships
between the prediction variables and the final observations at maturity. Typically, early season
counts and end of season harvest weights and cou·n ts for each sample unit from the preceding
three to five year period are used. They are first screened statistically for outlier and leverage
points. Once these atypical data are identified and removed , the remaining data are used to
create current forecast equations.
In U.S.D.A., the net yield per acre for each sample plot is computed as follows .

F, = Number of fruit l1arvested or forecast to be harvested in the i-th sample plot
C; = Conversation factor using the row space measurement to infJate the plot counts to· a
per acre basis.
W ; = Average weight of fruit harvested or forecast to be harvested.
L; = Harvest loss as measured from post-harvest gleanings (the historic average is used
during the forecast season)
Y

= ( I Y;I n ) for the n sample fields.

Separate models are used to forecast the number of fruit (F) to be harvested and the final
head·weight (W,). The variables used in each model vary over the season depending upon the
growth stage at the time of each survey. This method can not be followed in our country as time
period from head emergence to maturity is hardly one to two months for most of the crops
whereas in U.S.A. this takes two to three months. Forecast of head weight at maturity therefore
can not be obtained much in advance in our country, as such this wHr not be useful for obtaining
early forecast.
In our country, yield is directly regressed on plant counts and yield contributing characters
for obtaining forecast model. Considerable work has been done at IASRI using this approach:
The data are collected at different periodic intervals through suitable sampling design for 3 to 4
years from farmers' fields . Regression models are developed based on historic data. Forecast
of yield is obtained by observing number of counts and plant characters at a suitable point of time
in the current year. ~tis assumed that present year is a part of the composite population of the
previous years. Agricultural inputs and related data are also used in conjunction with biometrical
characters. These models are called between-year models.
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Further refinements were made in methodology at analysis stage by using two or more
periods data through growth indices/principal components (Jain et al. 1984, 1985}. Recently,
probability model for forecasting crop yield using Markov chain theory has been developed (Matis
· etal. 1985, 1989; Jain and Agrawal, 1992). T_
h is method has been used for forecasting crop yields
by USDA. Concept of growth indices has also been used in probability model (Ramasubramanian,
1995}. 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. Recently, study has also been carried out to inc lude farmers' appraisal
as one of the variables in the model alongwith plant characters. This will reduce the number of
plant characters in the model , thus reducing the cost on data-collection. The crop forecasting
methodology developed so fa r needs to be validated with crop cutting surveys before it can be
made operational.
•
A within year growth model has been developed for forecasting of rice and wheat yields.
Logistic growth model was modified to forecast yield components at maturity (Jain et al. 1992).
A within-year growth modelling may be beneficial in improving forecasts during a year with
atypical growing·conditions besides providing good yield forecasts in typical years. A within-year
model cou ld also be used effectively in developing objective yield forecast of a crop or area
previously excluded from objective forecasting .
During the last few years , considerable work has been carried out in India in the spectral
response and yield relationships of different crops based on ground based studies. In 1983-84
three projects entitled, (i) crop production forecast (ii) crop yield modelling (iii) crop stress
·detection were initiated under the Indian Remote Sensing Satellite Utilisation Programme (IRSU P) for developing crop production forecasting technology using satellite based remotely sensed
data Presently, remote sensing is being under a joint project by the Department of Agriculture
and Cooperation, Ministry of Agriculture and Department of Space under the overall umbrella of
remote sensing application mission called 'Crop Acreage and Production Estimation' (CAPE).
Under the scheme, the estimates are generated for various crops in different states. The scheme
is still at the experimental stage and need further impovement. The estimates supplied by the
r~mote sensing techniques to ~he Directorate of Economic;:s and Statistics are used only for
comparison purposes and are not being included in the·estimation procedures. U.S. experience
in this context is that remote sensing can supplementthe existing data collection system but never
completely replace it. The two data collection systems must be integrated through ·rigorous
statistical methodology.
Model using agro-spectral data may solve the problem to some extent Preliminary study in
this direction on rice crop was encouraging (Jain et al. 1994). Study on wheat crop to develop
an agro-spectral model is in progress.
The other approach to forecast crop yield is based on time series data on. weather
parameters and yield. The major work in this regard has been attempted at I. M.D. Their studies
involve identification of significant weather parameters in different periods and utilising these
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parameters in the regression model alongwith trend. They are giving forecasts of yield on
meteorological sub-division basis. These forecasts are being used as one of the inputs by D. E.S.
to arrive at advance estimate of production. At IASRI , studies have been carried out at district
level using weekly ":"'eather 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 mod~l alongwith trend. Principal components of weather
variables were also tried for developing the model (Agrawal et al. 1980, 1983, 1986; Jain et al.
1980). The problem associated with meteorological model is assumption of same weather
prevailing in a larger area as observatories are sparsely located. These models also require long
series of data which are not available for most of the locations.

'

The data of various districts within an agro-climatic zone may be pooled so that a long series
could be obtained in a relatively short period. It will also enable us to obtain forecast of crop yield
on a wider area. With this view, studies have been taken up to forecast rice and wheat yield using
weather variable and agricultural inputs on agro-climatic zone basis.
F.A.O. has carried out number of studies using agrometeorological models. These models
have good potential for early crop yield assessment for rainfed crops. In our country. number of ·
research studies have been carried out in this direction, but it requires to be investigated for
obtaining estimates of yield in rainfed area.
Plant process mOdels/crop growth simulation models are used to gain a thorough understanding.
of the entire growth cycle of a plant and the factors that are critical to each stage. A potential use
is to assist in decision making about timing and rate of fertilizer and water applications. Plant
Process Models have not been used to forecast yields because the models need a weather
simulator and they require too much detailed data that is expensive to obtain on an operational
basis. The ability to simulate future weather on anything other than a 'What if' basis still does not
exist.
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2.1 Status of Computers and Related Equipment visa-vis Agricultural Research : An Assessment
R.P. Dubey
Indian Space Applications Centre (ISRO), Ahmedabad

Agricultural research has played a key role in socio-economic development of country.
Acquisition and analysis of large amount of data is inherent in agricultural research. This is
particularly true of numericaVstatistical research. This is particularly true of numericaVstatistical
data intensive research themes like simulation modelling, sample surveys , prod , tion forecasting ,
yield modelling, growth analysis, agrometeorology and agroclimatic zoning. Spaceborne remote
sensing data from satellites like Indian Remote Sensing satellite are being increasingly used in
agricultural research. The present paper gives a broad assessment of computer system
hardware, software and peripherals for numericaVstatistical data analysis of general nature and
for digital image processing and geographic information systems of specific. interest to remotely
sensed images and spatial data in agricultural research. General purpose microcomputers and
associated peripherals and software packages serve majority of numericaVstatistical data
analysis requirements. Sheer volume of spatial data in image and map forms requires sophisticated ,
high speed, state ofthe art computer systems. Systems installed for these applications are briefly
reviewed in the paper.
1. Introduction
Agricultural research has contributed immensely to socio-economic development of the
country. An extensive infrastructure for coordinated multidisciplinary research of basic, applied
and adaptive nature has made the country one of the major agricultural powers of the world. This
is manifest in not only the prestigious programs and projects dealing with frontiers of research
but also in the economic realities like food surplus position and exports of raw and processed
agricultural produce. Economic liberalisation policies of government have given philip to agro
based industries and exports. In this context agricultural research will be oriented towards
efficiency, fast turn around, quantification and accuracy. This computers assume a greater role
in data and information processing for agricultural research.
2.

Data Processing Requirements in Agricultural Research

At the centre stage of agriculture research is often an open air biological system influenced
by the biotic and biotic components of its environment. Non-linear nature of these influences and
their multiplicities duly exactitude of physical sciences. Thus invariably agricultural research is
data intensive in contrast to computer intensive nature of physical sciences. Use of computers
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for acquisition, storage processing of data and statisticaVnumerical modelling is inescapable
conclusion in the current miller.
Use of remote sensing techniques in agricultural applications has added new dimensions to
the research scenario. Earth observing sensors on board aerial and space platforms produce
synoptic and repetitive images of different scales providing capabiHties for mapping, monitoring
and measurement and modelling opportunities which are cost effective, efficient, fast ahd
reliable. Department of Space (DOS) with its philosophy of application-driven mission planning
has pioneered the development of remote sensing technology over last two and half decades.
Today a vast infrastructure of remote sensing applications exists in the country in form of regional
and state remote sensing (RS) centres. Many more institutes , agricultural universities and state
departments are directly involved in execution of RS application projects. Agricultural related
applications projects of RS includes crop production forecasting, crop yield modelling, horticultural
crop mapping, soil mapping, ~arine and inland fisheries , drought and flood monitoring,
watershed characterization, integrated mission for sustainable development, grassland/fodder
mapping, water resources application and command area development.
Multi spectral and multi temporal nature of remote sensing creates large volumes of data.
Analysis of this data requires conversion to photographic products and/or rendering in image form
on video monitors. While photographic hard copy products can be used for interpretation by
human analyst, the images need to restored, enhanced, manipulated and analysed. These tasks
commonly known as 'digital image processing' require generally high speed, sophisticated, large
computer systems and specialized image processing software and data base management
softwares. Since the image is a spatial data, it is best analysed in conjunction with other spatial
information like topographic and thematic maps. Geographical Information System (GIS) is a
software tool which is used for data analysis in spatial domain.
In the.realm of futuristic yet of critical importance is the exchange of data and information
though networks of intra and inter-organisation level systems. This will immensely benefit the
cause of agricultural research which is multidisciplinary in nature and needs coordinated
approach involving central institutes , agricultural universities and state departments. Networks
both of local level (called local area networks or LAN) and larger area are supported by mo~ern
computer systems.

3. Computer Systems for Numerical and Statistical Data Processing
Large amount of data acquired in laboratory and on-farm research using electronic and other
recording devices and from archived sources are subjected to descriptive, inferential, diagnostic
and analytical processing. Conjunctive tasks of project management, scheduling , publication,
presentations often go hand-in-hand with main task of data processing.

3. 1 Hardware and Peripherals
Micro computers or personal computers· (PCs) are the traditional workhorses for these tasks.
Although earlier versions (XT/AT) continue in services but the current market standard is PC 486
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or Pentium microprocessor based hardware. Colour monitors (visual display units or VDU) based
on cathode ray tube (CRT) technology and 101 key keyboard are the standard accompaniment
as input/output(l/0) device. Their ubiquitious presence follows the current philosophy of user
friendly WIMP (Windows, Icons, mouse, pull down menus) approach to front and of all software
packages. This graphic orientation of softwares requires colour monitors with video graphic
adapter (VGA) or Super VGA cards. Laser and inkjet printers offer versatiljty in text/graphic hard
copy and do not require, like dot matrix printers sheet feeding. Competition and high volume
production of these hardware and peripherals have made theme affordable in market place.
3.2 Software
Standard softwares packages on PC includes those for processing of text, data and graphics.
While wordstar ( version 7) suffices for most of word processing requirements , softwares like
wordperfect/ventura provide desk top publishing features whereby text and graphics can be
combined for publication quality documents. Data base can be created on dBase software
package which features editing, retrieval and query features. Spreadsheet programs can be used
for data processing with certain inherent advantages like graphics generations facility , visual
editing of data blocks, statistical analysis , apart from dBase features like query and retrieval.
Lotus, Excel, QuatroPro are some of the spreadsheet softwares. The later can provide 55 million
entries in each file (5.5 million per sheet x 10 sheets). The versatility and user friendliness are
the hall marks of spreadsheets.
Software packages for numerical and statistical analysis like SPSS , IMSL, Statgraph,
MATLIB, NAG etc. are available from renowned vendors. There are software packages specially
devoted to presentation material preparation like Hardward graphics and Paintbrush. These
softwares can be accessed in a standard window environment and feature WIMP philosophy
Softwares for critical path analysis and scheduling/help in project managem_ent functions.
3.3 Storage Devices
Devices for secondary storage, (in contrast to primary storage in the computer hardware) are
hard disk with extendible capacity , floppies (5.25" & 3.5" of 1.2 & 1.44 MB respectively) , and
cartridge tapes ( upto 250MB capacity) supplied as part of standard equipment with their drives.
These are useful for file and system backup.

4.

Computer Systems for Image and Spatial Data Processing

As pointed out earlier, image and spatial data (maps etc.) require large memory and high
speeds of handling. For example, a single 4-band image from LISS-1sensor on board I RS-1 B
covering 148 x 148 km area with 72 m spatial resolution occupies nearly 50MB ofmemory space.
4. 1 Nature of RS Data and Processing
Multispectral data acquired by sensors onboard space and aerial platforms can be thought
as multivariate observations for each point of a scene comprising basically a rectangular area on
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earth surface. This point is called a picture element or pixer of the image data. A scene thus
comprises a number of lines (precisely scanlines because sensors scan the ground across the
orbital path of satellite) , each composed of a series of pixels whose number depends on the basic
resolution capability of sensor and the swath of coverage across the orbital track. First step in
processing of remotely sensed data is reconstruction of scene from the measured values of
radiption at each pixel, with due construction of various degradations related to geometry,
atmosphere and illumination conditions. Application problem to the users of data lies in efficient
and accurate discrimination of patterns in data and classification of pixels into various categories
like crop, soil, habitation, water and their types.
Spatial data used often with RS data comprises coordinate of labelled points for each item
in a map like road, boundary , river etc. This data is available in digital form or can be generated
by digitisation of maps.
4.2 Hardware and Peripherals

A large number of computer systems are available for image processing and GIS applications.
Although PC based image processing systems are available, reasonable range of processing
and storage dictates the use of larger systems. Mainframe and mini computers with display
hardware have been traditional systems for image processing, but new trend is towards
workstations which surpass the functions and capabilities of earlier systems with lesser bulk, size
and cost. Hardware options for image processing workstations are available from renowned
vendors like IBM, HP, Sun etc. These systems feature large processing power, physical memory
and disk capacity as compared to general purpose machines. In order to meet the requirements
of voluminous data handling , the input/output devices used in these systems are magnetic tape
drives, 150/250 MB cartridge tape drives , digital audio tape drives for 2GB/5GB tapes, and drives
for optical disks (CD-ROM) . Since full colour images are to be displayed for human analyst the
VDU for these systems is high resolution colour monitor with capability to reproduce millions of
colours. Networking hardware is provided for meeting the needs of serverclient configuration
adapted in these systems.
Apart from high and systems like above, middle and systems called MIPS (Middle and IPS)
have been developed by SAC/ ISRO and is now available from Industry under technology transfer
agreement. Low end PC-based image processing systems called ISROVISION is also availal?le
under SAC/ ISRO license.
4.3 Software

Basic image processing functions include data inputting, manipulation, enhancement,
radiometric and geometric correction, image classification, editing and output facilities. Radar
data analysis, digital elevation modelling and atmospheric" correction are other required functions.
The software options for image process in include EASI/PACE, ERDAS, SACIMAGE and VIPS
32. Geographic Information (GIS) package consists of basic modules for data inputting and
analysis and digital terrain modelling and data management facilities. Options for GIS utility are
ARC , INFO, ISROGIS, SPANS, PAMAP etc.
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System software like UNIX, Network softwares like ethernet and Windows system are
standard requirements for the image processin'g systems. Relational data base management
and other optional softwares like expert systems are also available.

5. Associated Equipment for Remote Sensing Applications

..

Ground based experiments on crops are carried out using multiband radiometers. Visual
interpretation of satellite images available in photographic form is facilitated by a variety of
instruments like Image-Enalrgers , Optical Pantographs, Stereo-scopes and Zoom T ransferscopes.
Many of these instruments have been developed by constituent Centres of Department of Space
and are available from industries under technology transfer agreement.

6. Conclusions
A brief review of general purpose as well as image processing computer systems has been
presented. Versatility of application softwares and use of remote sensing and GIS in agricultural
research has been particularly emphasised. Variety of computer systems and new techniques
of data acquisition and analysis open up many exciting avenues for agricultural research·.
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2.2 Training of Agricultural Scientists in the Use of
Computers
T . Balaguru and K. Vidyasagar Rao
National Academy of Agricultural Research Management, Hyderabad

1. Introduction

In the face of information explosion, the process of collection, collation, analysis and
utilization of information largely depends on the extensive use of computers. Owing to versatility,
speed and capacity to process a large volume of data, the computers are becoming almost
indispensable for people in any walk of life. As an information management tool, the computers
can assist the agricultural scientists to effectively plan, organize, monitor and evaluate their
research , teaching and extension education activities. In the ICAR Institutes and Agricultural
Universities, the use of computers is gaining momentum. While a majority of them .have already
acquired the required computer hardwares and softwares, the rest are in the process of creating
such facilities with a view to improving their organizational effectiveness. Mere presence of
sophisticated computers alone will not lead to improved effectiveness, unless backed up by
trained manpower to operate them.
It (las been a common observation in several Agricultural Institutions that computers are
kept more often as a mere show-piece; without properly put into use, for want of ope~ational
knowledge and skills. Even in Institutions where they are used, the computers are kept under the
custody of a few selected people and all the scientists may not have ready access to use them.
Fortunately, the situation is slowly changing. Moreover, the few computer-trained manpower are
really finding it extremely difficult to meet the needs of a vast qualified scientific manpower
working with them. Under these circumstances, the individual scientists are more or less forced
and are now willing to work themselves with the computers directly. This is indeed a welcome
sign. Even when the scientists are interested, they are handicapped for want of adequate training
in the use of computers. This problem can be overcome only through the exposure of agricultural
scientists to a variety of computer literacy programmes.
2. Training of·Scientists in the Use of Computers

Excepting for a few isolated cases , a vast majority of thepresent generation of agricultural
scientists, particularly the biologists, do not invariably possess adequate knowledge and skills to
work with the computers. In fact, their University curricula did not provide them with opportunities,
even at the post-graduation level, to acquire the required operational knowledge and skills. It is
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high time now to provide them the necessary help through training. Even the already trained
scientists have to constantly update their knowledge and skills to cope with the latest developments
in computer technology. A few of the important computer training courses to meet the needs of
these two categories of scientists are indicated in this paper.

A Computer Literacy Programmes
In order to familiarize the scientists with the use of computers, appropriate computer literacy
programmes have to be designed and conducted keeping in view their background, job
requirements and ability level.
a) Programme for Working Scientists: For the junior and middle level working scientists, a
specialized training course on computer use has to be developed. Such a course should cover
areas related to basic awareness creation as well to research data analysis. Some of the topics
that may be of relevance to this Course are :
* Basics of Computer

* Working with Personal Computers
* Word Processing - Word Star/Word Perfect
* Database Management - dBase Ill +
* Spread Sheet - LOTUS 1-2- 3
* Graphics
* Statistical Packages- MSTAT-C/SPSS

This Course is essentially meant for those scientists who are new to the use of computers .
In this course, the number of participants may be restricted to 20, so that at least one computer
terminal is made available for every two scientists. The duration can be four weeks in order to
cover these topics more thoroughly. It may be desirable to have the proportion of theoretical
exposure and practical hands-on experience in the ratio of 1:3. Even the theoretical exposure
should be interspersed with demonstrations in the computer.
b) Programme for Research Managers: The job requirements of senior level research
managers may be different from that of the working scientists. As managers , they are essentially
involved in managing the research activities by providing.the necessary guidance and direction.
Besides, they need to ensure adequate availability and effective utilization of various resources
such as personnel, finance and physical facilities. According~y , the computer course designed for
them should include the following topics :
* Basics of Computer
* Working with Personal Computers
* Word Processing - Word Star/Word Perfect
* Graphics
* Management ~nform r~ t ion System (MIS)- An Overview
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The exposure of the research managers to these topics will enable them to effectively
manage their research projects and programmes through proper plannirtg, organizing, monitoring
and evaluation. Since these are the people responsible ·for the creation of a computer culture
in the Institutions, their exposure to such a sensitization course becomes absolutely essential.
Once they develop the right frame of mind for the use of computers , other scientists working under
them will automatically follow. This puts additional burden on the part of the training organizers
to take extra care for the proper design and conduct of this sensitization course. As the senior
level research managers would like to work independently with the computers, it is desirable to
restrict the number of participants to only ten. Moreover, they would like to work more with the
computers rather than listen to theoretical talk. It is, therefore, necessary to provide more time
for them to hands-on experience as compared to classroom discussions. The proportion of time
allocated to theoretical discussion and hands-on experience can be conveniently kept in the ratio
of 1 :4. Since these managers will not be able to be away from their work place for longer time,
the duration of the course can be fixed as two weeks.

B. Advanced Level Programmes
For those scientists who are already familiar with computer operations , certain advanced
level courses have to be designed and conducted in order to keep them up-to-date with the rapidly
changing computer technology. The computer industry is one area in which the technology
becomes obsolete within a short span of time. Therefore, the advanced level courses become
absolutely essential for the computer practitioners.

a) Advanced Course in Comput~r Operation: This course essentially focuses on updating the
knowledge and skills of the computer practitioners. Some of the topics that could be covered in
this course include:
* Advanced Operating Systems - WINDOWS , UNIX
* Advanced Programming Language - C
* Advanced Database Management System - ORACLE
*

Computer Virus and Vaccines

* Information Networking through Computers based on Land-line and Satellite Technologies

Forth is course, only the computer literates should be invited to participate. Their number may
be restricted to 15 in each batch. Since the participants have to be exposed to conceptual issues
besides working with the computers , the proportion of time given to discussion on conceptual
issues and hands-on experience may be in the ratio of 1 :2. The duration of the course can be two
· weeks.

b) Course on Management Information System (MIS): Senior level executives in the
Agricultural Research Institutions are currently facing the problem of getting right kind of
information in a more usable form and on right time for making managerial decisions. In order to
enhance the organizational effectiveness through improved decision-making based on the timely
availability of the required information, the research managers often look for an organized
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computer-based Management Information System (MIS). Effective design and implementation
of MIS requires the development of computer personnel with the necessary knowledge and skills.
This can be imparted through a carefully designed training course on MIS. This course may
include the exposure of participants to the following major areas:
* Concept of MIS
* Development of MIS
- Data Collection from Various Sources
- Data Quality Checking for Completeness and Consistency
- Data "Entry Procedures
- Data Processing Techniques
* Utilization ofMIS
- Output Generation for Managerial Decision - Making
- Interpretation of the Output Generated
* Design of MIS - Project Work

The number of participants in this course can be restricted to 15, with one computer terminal
for each participant. The exposure to theoretical discussions and hands - on experience can be
in the ratio of 1:3. The duration of the course can be one week. After participating in this course
the trained computer personnel can help their respective Institutions to develop and maintain·~
: . computer-based MIS.
3. Implementation Issues
While implementing the above mentioned computer training programmes, the Training
Centres are likely to face certain constraints. Only when they are consciously aware ofthese
constraints, they can t~ke appropriate co~rective actions to overcome them. Some of the major
issues associated with the implementation of computer training programmes are indicated below.

A. Institutions Responsible for Training
A few of the Central Institutes under the ICAR and a number of Agricultural Universities are
currently engaged in organizing a variety of training programmes on computer applications in
agricult.1.1re. Two of the ICAR Institutes, viz. NAARM at Hyderabad and IASRI at New Delhi
regularly organize a number of computer training courses. The NAARM organizes (i) a two-weeks
programme (twice in a year) on Computer Applications in Agriculture, and (ii) a two-weeks
programme (once in a year) on Management Information System (MIS). At the State level,
various Agricultural Universities organize, though not on a regular basis, computer awareness
programmes for their scientists.
Only a fe-.:v tho~sand scientists from both the I CAR Institutes and Agricultural Universities
have so far been formally traiQed in computer operations. Still a very large member of scientists
are yet to be trained in computer use. As training is not a one-time activity, the scientists have
Use of Computers in Ariculture
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to be trained at regular intervals to constantly update their knowledge and skills. In order to meet
these requirements, it is suggested thatthe two Central Institutes and the Agricultural Universities
share the total training responsibility based on mutual understandi['lg. Even in the Central
Institutes, the computer training only forms a part of their overall activities and it would be
practically impossible to cover even once the vast scientific manpower, numbering about 30000,
engaged in agricultural research and education in the country. Therefore, it is suggested that the
two Central Institutes first train a core group of scientists, preferably social scientists, from each
of the ICAR Institutes and Agricultural Universities. Once trained, these core groups can then be
engaged to organize the computer training courses for. other scientists working at their respective
Institutes. This will result in multiplier effectthrough which a large number of agricultural scientists
could be trained.
B. Resource Persons Engaged in Training
As far as possible, the various types of computer training courses have to be designed and
conducted essentially by the trained resource persons locally _available. At the same time, outside
resource persons could be invited, though a limited way, to add variety -to the training
programmes. Through interchange of resource persons between the Training Centres, maximum
benefit could be obtained by utilizing the tlXpertise available with the resource persons.
C. Provision of Logistic Support

The Training Centres should be able to provide a minimum amount of logistic support in terms
of computer hardware, software and stationery. Unless this is ensured, the effectiveness of
training may be in jeopardy. Alternatively, the number of scientists invited to participate in a
particular course may be scaled down to suit the available resources. However, this may prove
to be cost-ineffective. It is always better to create the minimum. ~ecessary facilities.
D. Development of Self-Instructional System
One of the best possible ways of !Eiaching a large number of scientists in a given time,
particularly for computer literacy programmes, would be to develop self-instructional kit using the
computers, what are popularly known as Computer Assisted Instruction. This can be very
effective, provid~d it is properly designed and implemented. At the same time, one should keep
in mind that this is not to be mistaken as a· substitute f~r organizing regular training programmes.
It can only complement and supplement the learning through the regular programmes.
E. Organiz ation of Off-Campus Programmes

In order to improve the cost-effectiveness of comput€r training, the trainers can think of
. organizing courses at places away from their Training Centres. This will facilitate the participation
of more number of scientists at a given time and cost. At the same time, it should be remembered
that such an off- campus programme can be effective only when the required facilities for learning
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are available at the new locations where the training is planned to be organized.

F. Follow-up Activities
The effectiveness of computer training has to be properly evaluated through suitably
designed mechanisms. It is not enough to evaluate the training outcome during and immediately
at the end of the programme, but it should be continued as a follow-up after the lapse of certain
time. During the follow-up , say after six months or one year, the trainers have to visit the
Institutions where the trained people are working and consciously look for operational problems.
This will not only enable the trainers to assist th e trained scientists in overcoming the constraints,
but also will serve as a useful feedback for the Training Centres to modify their training itself.
G. Policy Issues

The Training Centres should evolve suitable policy level decisions regarding the following:
* Who will be trained? (Participants selection)
* How often the trail'ling will be organized? (Frequency of training)
* Where will the training be organized? (On-campus/Off-campus)"
* How will the training be evaluated? (Follow-up activities)
* What logistic support is required? (Facilities)

Finding suitable answers to these questions, even before the training programme is
conceived and designed, will go a long way in improving the overall training effectiveness.

4. Conclusions
Inadequacy of the agricultural scientists , in terms of knowledge and skills to operate the
computers , necessitates the development of computer literacy programmes: Even the trained
scientists have to constantly update their computer knowledge and skills by attending advanced
level compu~er training courses, Keeping in view the background, job requirements and ability
level of the scientists, as well as the expertise and facilities available, the Training Centres have
to develop and conduct a varfety of training courses on the use of computers. Suitable policy level
decisions have to be made by these Centres with regard to type, number, frequency, venue, and
duration of these courses they plan to organiz e. The design and conduct of computer courses
will go a long way in improving the effectiveness of the individual scientists as well as the
Agricultural Research Institutes in the country.
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2.3 Division of Computing Science at
- A Perspective Plan

I.A.S~R.I.

R Gopalan and Mahesh Kumar
India n Agricultural Statistics Resea rch Institute, New Delhi

1. Background
IASRI was among the earliest institutions in the ICAR set up to acquire a computer system .
With this, the Institute started providing electronic data processing facilities to Agricultural
Research Scientists I students and also to statisticians from State Government Departments. In
order to develop trained manpower, the Institute has been organising teaching and training
programs. The use of computers has so far been been confined to its use in data processing and
in teaching and training programs in the Institute. Now that almost everywhere computers are
available, the full pbtential of computers in planning and management of agricultural research and
in scientific communication can be realised The next 5-10 years should witness a major
br~akthrough in agricultural research information technology. Creation of databases, selective
dissemination of information, on line storage and retrieval, use of network, sharing of resources,
etc. may become regular activities of all computer centres. IASRI has already made a modest
begining in this direction. An Agricultural Field Experiments Information System and ·a n Animal
Experiments Information System in a limited form exists. The Institute is presently running a
project .on Information System on Biotechnology Research in. Livestock. This project provides
an SOl service on bibliographic references from VET CD, BEASTCD, and AGRICOLA databases.
The Institute-is engaged in a project on Wide Area Networking connecting various ICAR Institutes
and SAUS. The Institute as of now has DTE, DTP, E-MAIL, FAX, PC-LAN, Computer Projection
Equipment and other related peripherals and equipments.
The Institute has been developing application programs for statistical analysis of agricultural
re~earch data. A software package SPAR1 (Statistici:ll Package for Agricultural · Research -

.version 1 ) intended for s.ophisticatedand intricate statistical analysis of plant breeding data has
been developed at IASRI and is available for Rs. 350/- only.

2. Perspective
With the increased use of computers for statistical analysis a new discipline statistical
computing - has emerged. This discipline addresses to problems of
(i)

Numerical methods needed for avoiding questionable results being obtained.

(ii) Sources & errors in statistical computation.
(iii) Error
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~anagement

and rounding off errors in arithmetic computations.

I
(iv) Development, publication and dissemination of additional algorithms for statistical
analysis.
(v) Data management in the presence of uncertainty.

..

(vi) Designing and organising of database systems .
(vii) Construction of information systems.
(viii) Algorithms in simulation modelling .
(ix) Use of simulation techniques for model building .
(x) Evaluation of computer softwares .
(xi) Manipulation of large volumes of data, development of software packages and their
portability, adaptability, and usability.
(xii) Graphics as an integral part of statistical reporting.
(xiii) Computer intensive methods such as stepwise iterative and recursive methods in
statistical computations.
To meet the future challenges of research in Agricultural and allied Sciences, emphasis may
now have to be laid an topics like numerical methods, error management, development of
algorithms, database management systems , information systems ; simulation studies, development
of application softwares and on other related topics.
Computers will have to augment the pace and quality of Agricultural Research in the coming
years. Electronic data processing, research planning , resources mobilisation, and dissemination
of results will all use computers. As such there is an imperative need for developing databases
and information systems. With the increased use of communication technology, computer
networks will become the order of the day for dissemination of inforrnation. The council's
programme of establishing a wide area network, with IASRI as nodal centre, will me~t this
communication requirement. This type of computer culture will re-orient some of the research
work and will use techniques like simulation, artificial intelligence, expert system , computer
intensive method, system modelling, etc.
Based on the above cons.iderations, the priorities, .strategies and programs as outlined in
what follows have been planned.
3. Priorities
(i)

To work on numerical methods , error management and simulation.

(ii) . To develop algorithms, databases, information systems and application softwares.
(iii) To organise and conduct various teaching and training programs in computer application
and statistical computing.
(iv) To assist in development of statistical application of GIS & Remote Sensing.
(v) To assist in areas of simulation, expert system , computer intensive methods, system
moqelling etc.
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I
(vi) To establish a computer communication network among ICAR, I CAR Institutes and
SAUS for data and information transfer.
·

4. Strategies
For exchange of state -of-art information periodic seminars, workshops, conferences and
meetings' will be attended/arranged both at national and international levels.
Mobility of scientists will be encouraged by inviting visiting scientists both from India and
abroad and permitting Institute scientists to accept visiting assigments in India and abroad.
General infrastructure like library, computer H/W , computer S/W, computer peripherals,
computer r.elated equipments etc. will be updated from tim e to time to meet the then needs and
to keep pace with state-of-art.
For better utilisation of resources inter -institutional programs will be taken up based on user's
requirem ents and priorities.
Computer awareness will be given a major push in all Institutional activites.
Progress of work will be reviewed from time to time to reorient the direction of work which
meets th e needs of agricultural research.
The divisional scientific personnel availability will be strengthened by inducting specialists in
the field of mathematics, statistics , mathematical statistics , agricultural statistics,computer
science, and related fields.
To attain self-sufficieny in budget, funds will be generated through advisory and consultancy
work.

5. Programmes
5.1 development of numerical methods, error management techniques, and algorithms
5.2 creation of data banks, databases and informations systems.
5.3 development of application software for use in agricultural research.
5.4 To organise and, conduct va rious teaching and training programms in computer
application and statistical computing.
5.5 .To assist in research related to GIS, Remote Sensing, simulation, expert system,
computer intersive methods , system modelling , etc.
5.6 To est~blish a computer communication network connecting ICAR, ICAR Institutes, and
SAUS, PDS,NRCs , etc.

6. Infrastructure needs
The software library at the institute must keep in pace with state -of-art. !he library must have
number of packages. Computer communication network facilities must be extended so as to
enable individual scientists to utilise E-mail.
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The computer hardware, peripherals, and related equipmetlts must be made available in
required numbers.
Library must be equipped with computer and computer related accessories , be on network,
be self sufficient in respect of books and journals.
In light of the above the following additional infrasturcture may have to be created.
(i)

Availability of a number of software packages along with provision for update.

(ii) Establishment of computer labs with 30 or more PC-486 along with .associated
equipments.
(iii) Upgradation and/or replacement of all existing PCs with PC-486.
(lv) Computer H/W and S/W for library .
(v) Datab?-ses as made available by vendors.
(vi) Additional reprographic equipments.'
(vii) · ·Air conditioning units.

7. HAD Needs
Keeping in view the activities of the Division, there is a need to improve the basic facilities
I
and enhance the competence of scientists of the Division . To keep pace with the development
in the field of computers and computer technology, programs need to be modernised and made
computer intensive. To enhance the competence greater interaction of the scientists with those
in similar profession both at nati<Dnal and inter_nationallevel is envisaged.
There is a shortage of specialists· in some fields of specialisation. In order to offset this
drawback, cadre strength may have to be increased and appointment~ made with the best and
latest talent against vacancies. Recruitment may have to be done every year. The personnel so
selected must have a very strong background in Mathematics I Statistics I Mathematical
Statistics I Agricultural Statistics/Computer Science/Statistical_Computing/ Operations Research/
etc. Till such time the Division is fully staffed, it may be worthwhile to engage the services of
reknowned people in such nelds as those in which we are lacking expertise for a period of, say,
one year, so that the scientists of the Institute get the initital training for persuing further work in
the concerned area.
Mobility of scientists must be encouraged by inviting visting scientists both from India and
abroad and' permitting divisional Scientists to accept visiting assignments in India and abroad.
The scheme may have to be extended to cover sabbatical leave, training program for trainers,
attendence at national and international conferences/seminars/other programs.
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2.4 Statistical Packages and Expert Systems
R.L. Sapra
Nationa l Bureau of Plant Genetic Resources, New Delhi

Abstract

A high degree of users friendliness is being inco,porated among the statistical packages over
a past few years owing to the availability of Graphical User Interface (GVI) , particularly , the
windows environment. In spite of these features, the present day statistical packages are suitable
for professional statisticians or persons having some background in the field of statistics. There
is a need to incorporate a kind of statistical advispr in these packages which could give it$ expert
advice at every step of analysis. Immense research has been done in the field of statistics. We
hardly find even a single most up-to date statistical expert system to guide, and select an
appropriate statistical procedure. The present paper highlights some of these issues in addition
to brief account of some of the less known as well as commonly used statistical packages
available in the software industry catering to needs of agricultural research workers.
1. Introduction
Today, more than a couple of dozens of statistical packages are available in the software
industry. US takes a major lead in the-development of these packa·ges. INPOSTAT and SPAR1
are perhaps the only two packages which have been developed in India. Though, these
packages contain few bugs , yet these packages are being extensively used in India by the
students and agricultural research workers because of easy availability and low price solution.
Most of the packages available in the market are being largely supported on PC kind of
machines. Comparatively lesser number of packages are available for main frames and that too
very costly. The price of these packages range from share ware to few thousands dollars
depending upon the user/site license and the number of components/ modules purchased with
the package. The selection of an appropriate statistical package mainly depend upon three
factors.
- Cost consideration
- Utility aspects
- Hardware platform including operating system
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2. Statistical Advisor and Expert System
The statistical package should be such that the user need not be a statistician. The package
should have a kind of built in statistical advisor guiding through the analysis for selecting the most
appropriate statistical procedure. The package should have the capability to understand the goals
of analysis and doing rest of the things such as checking the assumptions underlying the
statistical model you select, warning you if they are violated, and computing a more appropriate
alternative t est , if necessary. SIGMASTAT perhaps is the only package, recently brought out by
Jandel Scientific Software, USA contains some of the above said features. It gives its expert
advice at every stage of analysis. For example if the normality test failed it suggests you some
other test. The package also gives the interpretation of the results while compiling analysis report.
There has been an immense research in the field of applied as well as theoretical statistics
during past couple of decades. We hardly find a really good statistical expert system (unlike
medical or engineering expert systems) to navigate appropriate statistical tools for the analysis.
There is a need for these expert systems for professionals as well as non professionals in the field
of statistics. STATISTICAL NAVIGATOR is perhaps the only expert system available comm~rcially
developed in the late eighties costing over $100. It a_sks a number of questions about objectives
and assumptions concerning the data and finally before producing a report, about how the
audience will react to the procedures that it is suggesting. The report gives a list of four
procedures with scores for meeting your objectives, assumptions and audience acceptability
followed by a brief description of each procedure givin~ at least one reference and a limited list
of statistical packages where the procedure can be found.
3. Visualization of Data

Due to the availability of high resolution monitors, printers and low cost of disk storage and
memory have led some of the manufactures of these statistical packages to enhance the
visualization power of the data. Today 3-D, 4-D and even 5-D graphics tools are available giving
a better insight into massive data sets. The image proc.e ssing tools coupled with the statistical
software further increase the visualization capabilities.

4. Statistical Packages
Below we give a brief account of some of the less known as well as commonly known
packages available commercially. The information has been mainly compiled from the technical
information brochures of the makers of these products , and Software Review sections of Journal
of Applied Statistics from 1988-1995.
BMDP 5 V
BMDP is a statistical comprehensive package containing program for all standard analysis ,
and also include such techniques as Boolean factor analysis, correspondence analysis and non
linear regression. The program 5V itself is very flexible for repeated measures analysis. It fits
general linear model with various covariance structures. The expected values of the responses
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are modelled as linear functions of a set of regression parameters which can correspond to time
varying covariates. There can also be different number of observations for each subject (so that
ignorable missing data can be handled). The B~DP includes several subroutines which can be
used for analysis of repeated measurement data.

CLUSTERS
CLUSTERS is a package for estimating sampling errors of ratios and their differences for
multistage stratified sample designs. Unequal probability samples can be handled by using a
case weight.

CORANA Ver. 1.80
CORANA is a small package for Correspondence Analysis (CA).

DATACHAIN
DA TACHAI N is a small package for the collection and handling of data before statistical
analysis by packages such as G ENSTAT or SAS. It was designed for agro-forestry field
experiments.

DESIGN-EASE Ver. 1.2
It is a ·comprehensive package for the design and analysis of full and fractional factorial
experiments with up to 11 two-level factors and Plackett-Burman designs for up to 31 two-level
factors . It does not permit the study of factors at three or more levels which is a serious deficiency.

DESIGN-EXPERT
It is a more specialised software package and analyse up to six two-level variables in a
mixture or response surface design using ANOVA to select the best model and contour plots to
give a visual display.

GENSTAT 5 Release 3
GENSTAT is a product of NAG (Numerical Algorithms Group, U.K.) and many other systems ,
which are sold in module, Genstat is a complete package.

Basic statistics includes simple statistics which can be displayed in tabular or graphical
form . Multi-way tables can be extended, contracted or combined and their printed from closely
controlled.
Generalised Linear Modelling covers log-linear models for contingency tables, quanta!
response models fm bioassays, variance component models , generalised additive models,
models for ordinal response variables and generalised linear mixed models.
Nonlinear ~egression function offers two optimisation algorithms for fitting non linear
models. One can develop its own model or choose from the available models .(exponential,
logistic, rational function , Fourier, Gaussian).
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Multivariate Analysis includes: principal component analysis , canonical variables analysis,
factor rotation, principal co-ordinate analysis, procrustes rotation , correspondence analysis,
discriminant analysis, hier-archical and non-hierarchical clusters analysis, multidimensional
scaling. MANOVA, biplots etc.
In addition to above GenStat supports several matrix operations , time series analysis (BoxJenkins ARIMA or seasonal ARIMA, spectral analysis), non-parametric and parametric tests ,
probability distributions , powerful algorithm for the b~lanced designs.
GLIM4

GLIM is a package for generalized linear interactive modelling and data exploration. It also
includes many of the standard statistical procedures and has high resolution graphics ..Therange
of models included with the package are:
Linear,inverse Guassian,inverse power link, orthogonal ploynomials
Models for the analysis for the designed experiments
Log-linear' models for the contingency tables
Probit analysis and logistic regression
INDOSTAT

INDOSTAT is a package from indostat services, a Hyderabad (India) based concern. It is
general statistical package containing 19 modules and has been developed in 'C' language.
Some of the modules (Clustering pack, Multivariate pack, Plant Genetics and Biometrics,
advanced Biometrics , Entomology pack, agronomy pack, experimental designs , A.I.C.A.R.P.
and E.C.F. Package, Animal Sciences pack and Poultry pack) are specifically aevoted for the
analysis of data related to agricultural research. In addition to this the package also contains
programs for general statistics curve fitting and regression analysis, econometric and psychological
analysis, ARIMA modelling , geology pack, analysis for acceptance sampling, and industrial
designs. Though the INDOSTAT contains some 100 programs, however these programs are not
so powerful and flexible as compared to some of the well known packages viz. SAS , SPSS etc.

LIMDEP ver.6.0

LIMDEP (Limited Dependent) variables is a programme for micro-econometric developments.
The program encompasses a very impressive amount of models . For example the standard log it
model with the following generalizations are available in the program.
Multinomial logit
Non Parametric estimators.
Chamberlain's fixed effects logit model for binary panel data
McFadder's so called conditional logit model
Ordered logit
Statistical Packages and Expert Systems
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For the·probit models there is a corresponding assortment of models. In fact, relatively the
probit seem to be rnore popular than the logit model among economists, probably because of the
inclination to use the normal -d istribution anyway. For count data, poisson and negative binomial
regression models are readily available with options of censoring an truncation. The econometrics
program includes heteroscedasticity, auto-correlation, nonlinear regression, seemingly unrelated
and other simultaneous equations models and some time series capabilities.

MATLAB
The name MATLAB stands for MATrix LABoratory. The MATLAB integrates matrix
computation , numerical analysis, signal processing, data analysis and graphics in an easy to use
environment and is the most effective tool for people engaged in data analysis, modelling and
simulation. The statistics toolbox is a collection of over 100 MATLAB functions for descriptive,
inferential and graphical statistics, and linear models.
MATLAB's object oriented 2-D and 3-D graphics architecture provides a powerful environment
for generating publication quality graphics and performing visual data analysis. The Image
processing Toolbox builds on MATLAB's numeric, signal processing and visualization capabilities
to provide a comprehensive system for image processing and algorithm development. The
MATLAB environment is ideally suited to image processing,. because images are simply
matrices. SIMULINK is an optional extension of to the core of MATLAB for modelling, analysing
and simulating an extraordinary wide variety of physical and mathematical systems.

MICLOG
MICLOG is small program available on share-ware basis. It is a menu driven program for
fitting a variety of log-linear models to non-classified data by using iterative proportional fittings.

MIM
MIM is a program for applied graphical modelling. It is a program to fit a special class of
statistical models , hierarchical interaction models within the theoretical framework of graphical
modelling.

MSTATC
The MSTATC is a ·package developed by Michigan State University, USA to aid the
agronomical researches through all stages of research. It i~ a low priced package and has been
written in 'C' language. MST ATC has 50 functions or programs which can be accessed through
a menu. Analysis of Variance include~ one way, two way and lattice designs. Factor functions
computers a factorial analysis of variance for two to five factors. The sub- programme can also
analyse all types of split-plot designs with up to four splits, confounded designs with unequal
observations per treatment combinations can not be completely analysed by FACTOR, but the
sum of squares needed to complete analysis are computed. The other functions include:
hierarchical analysis of multiple classification with sample within samples
estimation of missing values in a replicated designs
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separation tests for ranking of means
correlation and multiple regression
st~bility

analysis by simple linear regression

probit analysis
diallel analysis using Griffing's method II
Hottling test for equality of means
multiple discriminant analysis
non-parametric tests
\
'

The ECON program does economic analysis and calculates the net benefit, measures of
variability of risk and marginal returns for each treatment LP is designed to determine the best
course of action for optimal combination of business activities to meet a certain objective.
NANOSTAT

NANOSTAT is an interactive program for doing statistical calculations ranging from simple
calculations to advanced methods such as logistic, regression, principal components and
survival analysis. The package is suited to handle medical data.
PC-GIVE

PC-GIVE is a menu driven interactive econometric modelling system designed for economic
time series.
PEST 2 .1

PEST is a menu driven package for the design, monitoring and analysis of sequential clinical
trials comparing two treatments. The design module allows seven choices of design types:
triangular tests
SPAT
truncated SPAT
restricted procedure test
double triangular test
double SPAT
double truncated SPAT
PC CARP and EV CARP

PC CARP is a program for the analysis of survey data, designed for multistage stratified
samples. CARP stands for Clusters Analysis and Regression Program with cluster analysis here
meaning the analysis of clustered sample survey data. The main functions of th e EV CARP is
to purge the least squares estimates of regression coefficients of the bias induced by measurement
error in any of the explanatory variables.
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PREDICT Ver. 1.3
PREDICT is a spreadsheet for examining stochastic models by simulation. It differs from
standard spreadsheets in that there are two other types of content that a cell may have. A cell
can be defined to contain a probability distribution or list of values. This allows calculations
involving random components to be performed. PREDICT is a tool for investigating models by
simulation. The packages can be used in teaching, solution of real problems and may be even
statistics research. It is an excellent package to use in explaining basic statistical concepts such
as sampling distributions and hypothesis testing. It is also effective when exploring the way that
many simple stochastic models behave.
RANK STATS
RANK STA TS is a package for non-parametric tests. It calculates either exact P-values or
Monte Carlo estimates. which enables one to compare these P-values with those given by
asymptotic theory. It 1s a product specifically for food and sensory evaluation data.
SAS
SAS is a product of SAS Institute, Inc. and comes with a base system and several
components. The base system is the central part controlling data access, management, analysis
and presentation. Files can be read in any format from any kind of title. Base SAS supports
Structural Query Language (SOL) for creating, retrieving and updating database information.
Base SAS also contains few tools for computing descriptive statistics , correla!ion and other
measures of association, as well as multiway cross tabulations and information statistics. Limited
graphing facility is also available with this base system alongwith some capability of application
development. The details of the variou s components are as follows:
SAS/Access- This component enables one to create a view to describe the data one need
to access. It reads the SQUDS data values as if they were in a SAS data file.
SAS/AF - This software allows one to build customized menus for applications. SAS/
ASSESS is a point and click menu driven interface to the SAS system.
SAS/ CALC- This software provides multi-platform financial analysis, numerical modelling
and corporate-wide data consolidation and management. It provides multidimensional spreadsheet,
capabilities, spreadsheet linking , formula support in cells and simultaneous viewing of graph and
spreadsheets.
SAS/ CONNECT -This software allows to share computer resources and data between
platforms.
SAS/EIS- software is a tool for easily building object oriented executive information systems.
SAS/ ENGLISH - This software is an interface that allows you to ask questions using natural
language to obtain information from any databases accessible by the SAS system . Users can
find , order and summarize data by asking who, what, when , where, how many, yes/no type
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questions. e.g. What is the salary of engineers or Where does Dr Arora live. This task is done
through translation of the question into SOL.
SAS/ETS - It is powerful tool for econometrics and time series analysis , simulation, and
forecasting , seasonal adjustment; financial analysis and reporting; and time series data access
and manipulation.
SAS/GRAPH - This software is a high resolution graphic system for creating standard
business graphics.
SAS/OR- This software contains a variety of tools for operations research including project
management, linear programming , setware flow analysis and Bayesian analysis.
SAS/STAT
Analysis of Variance
This component has the following statistical procedures:
Analysis of Variance-ANOVA , MANOVA , and repeated measures analysis of variance for
balanced designs.
Fitting of linear models for balanced or unbalanced designs.
Many methods for comparison of means such as Fishers, LSD, Tukey's HSD , and Dunnett's
test. Analysis of Variance and Covariance of nested models.
Construction and randomization of designs for nested and crossed experiments.
Estimation of variance components for a generalised linear model by Type 1,
MIVQUEO , maximum likelihood , and restricted maximum likelihood.

Regression
fitting oflinear logistic models for binary or ordinay response by MLE
Fitting of univariate nonlinear models using OLS or WLS
Orthogonal transformations for ill conditioned data
Probit analysis using MLE
Fitting of univariate and multivariate regression models using least-squares or
weighted-least-squares.
Fitting of quadratic response-surface regression models
Categorial Data Analysis

Multivariate Analysis
Canonical correlations and canonical redundancy analysis
Stat istical Packages and Exper:f Systems
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Principal component and common factor analysis with rotations (varimax, quartimax,
equimax, promax, procrustean, and Harris-Kaiser)
In addition to this SAS/STAT contains programs for discriminant analysis , transformation of
variables, survivar analysis and clus.ter analysis etc.
SCA Statistical System

It is a software for forecasting and time series analysis. The SCA Extended UTC module ·
implements the most current developments in handling contaminated or interrupted time series.
It also detect outliers automatically and to estimate their effects jointly with parameters of time
series model. The module also permits the modelling of time series with missing observations.
SCAGRAF

SCAGRAF is .a small package from Scientific Computing Associates (SCA). The package
produces high resolution color grap6ic for applications in time series analysis, quality control, and
general exploratory data analysis.
SIGMASTAT

SIGMASTAT is a product of Jandel Corporation of USA. The window base package has a
unique feature of in built statistical advisor to suggest the most appropriate statistical test. The
package also incorporates a detailed content-sensitive help screens that explain statistical
methods and how to interpret your results . It is a statistical package encompassing 'Descriptive
Statistics' , 'Statistical P raced ures (Analysis of Variance) , Non-parametric Statistics, Correlation ,
Linear and Non-linear Regressions , Rates and Proportions , Power and Sample Size, Normality,
ANOVA Multiple Comparison Procedures , ANOVA Assumptions Testing Options , Regression
Diagnostics Options , Mathematical Transformations , Report and Graphing Options.
SIMSTAT

SIMSTAT is a general statistical computation package, containing several routines to enable
every day data analysis and the more common parametric and non-parametric statistical tools.
The package also contains a large section devoted to bootstrap simulation technique.
SPAR1

SPAR1 is a small package released by Indian Agricultural Statistics Research Institute
(IASRI} , India. The package developed in FORTRAN compiler contains several programs for
agricultural research workers specifically in the field of biometrical genetics and plant breeding.
The package does not support any graphical feature and it is also cumbersome to create the
random access unformatted data file. The package contains programs for partial and full diallel
analysis, multivariate analysis, multiple regress ion analysis , cluster analysis. Line x tester
analysis, path analysis. Fisher's discriminant analysis, stability analysis , combining abi lity
analysis, triple test cross analysis and generation means , scaling tests and joint scaling tests.
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SPSS PC+
SPSS PC+ is a very popular package and comes in parts: the base system and the options_
statistics
advanced statistics
trends
categories
data entry
tables
In addition to this it offers tools such as MANOVA, correspondence analysis, factor analysis
with oblique rotations , probit models , spectral analysis of time-series etc.
SPSS PC+ gives a high resolution graphics facility that interfaces directly with several of
more communication presentation graphics packages_

STAT-ITCF VerA
STAT-ITCF is a general statistical analysis program for agricultural research specifically, in
the field of agronomy and biology, and is also intended to be used in the teaching of statistics.
Statistical Navigator
STATISTICAL NAVIGATOR is an expert system to help to select an appropriate statistical
analysis. The software costs over $100 and has been written in C language. It asks a number
of questions about objectives and assumptions concerning the data and finally before producing
a report, about how the audience will reactto the procedures that it is suggesting. The report gives
a list of four procedures with scores for meeting your objectives , assumptions and audience
acceptability followed by a brief description of each procedure giving at least one reference and
a limited list of statistical packages where the procedure can be found.

STATXACT
STATXACT is an incomplete package for non parametric methods ; in essence it computes
either exact P values or Monte carlo estimates thereof for about a dozen of non parametric tests
and enables one to compare these P values with those give by asymptotic theory.

STATGRAPHICS
STA TG RAPH ICS is a general purpose statistics package covering a wide range of stat_istical
topics-and several mathematical procedures. The package is suitable for use in general data
analysis and teaching.
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SYSTAT Ver. 5.02 for windows
This version of SYSTAT brings statistics and graphical techniques to the novice computer
users. The wide range of graphics and charts qvailable in ~YST AT split into 14 sections: three
dimensional graphs , bar charts, box and whicker plots , category plots , density plots, function ,
icon plots , maps , bivariate plots , pie charts ,probability plots, quantile plots, scatter plot matrices,
and stem-and-leaf plots.
The statistical processes are grouped into 10 subsections:
Statistics (general descriptive statistics and t tests)
Non Parametric
Correlation
Cluster analysis (with hierarchical or K-means clustering)
Factor analysis
Multivariate general linear hypothesis
Multidimensional ·scaling and
Series and tables
In addition to this a wide range.of analysis of variance of designs that can be analysed by using
SYSTAT.

SUDAAN Release 6.34
SUDAAN (Survey Data Analysis) is a trademark of Research Triangle Institute (RTI),
SUDAAN helps in the analysis of data or survey data such as data from stratified multistage
clusters samples of data having unequal probabilities of selection. SUDAAN is specifically
designed to handle observations which are not independent and identically distributed (iid).
SUDAAN has five descriptive and five statistical modelling procedures. The descriptive
procedure estimates means, quantiles, proportions, odds ratios , relative risks, linear contrasts,
and other descriptive statistics alongwith their associated estimates in accordance with the
nested error structure of the data. The statistical modelling procedures fits linear, logistic,
proportional hazards regression models and tests goodness-of fit as well as sub-hypothesis
about the regression coefficients.
·

SUPERANOVA Ver. 1.11
SUPERANOVA is a Macintosh package for complete analysis of variance (ANOVA) and
multivariate ANOVA (MANOVA).

UNISTAT Ver. 1.2 for Windows
UNISTAT is a general package encompassing a wide range of standard analysis techniques.
Non-parametric procedures are a strong point. ANOVA facilitie~ are somewhat restricted,
though, and there are no time series analysis.
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2.5 Applications of Computers in Agricultural
Research
A. K. Vasisht
Indian Agricultural

Rese~ rch

Institute, New Delhi

Computers have made in-roads into almost all fields of science including agriculture.
Computers have been mainly used in agriculture in our country so far only for statistical analysis
of data collected during research work and implementation of sample surveys. Another important
application of computers in agriculture is in the proper maintenance of data bases. The use of
computers is becoming inevitable in investigations in various disciplines of agricultural s~iences
because of .more and more sophistication in research methodologies.
One area in which computers have got a major role to play is in the forecasting of production
of various crops based on scientific methods. Several suitable statistical methodologies are
available to provide timely and accurate forecasts , which are very valuable for planning purposes.
The existing method of collection of data on area under different crops is not adequate because
~f various changes which have take~ place in the administrative set ups at the district and village
levels. Currently new methods of remote sensing techniques are being tried out to collect basic
data for estimation of area. Some suitable statistical methods are available for interpretation of
data collected through remote sensing.
There are many activities in research which cannot be simply based on observational data.
The cause and effect relationship between number of variables can only be studied by use of
appropriate simulation techniques. There is a vast area in the country which does not get
adequate amount of irrigation. Availability of water differs from year to year depending upon the
amount of rainfall, groundwater exploitation and also climatic conditions. Various computer
simulation techniques are available for studying the availability of irrigation water for crop growth.
There is a need of conducting simulation studies in unirrigated areas. Crop production in these
areas can be maximised by proper choice of crops and varieties depending upon the long term
and short term forecasts , which are likely to be available with the installation of super computer.

1. Analysis of Dryland Research Data
The statistical problems of both design and analysis of dryland experiments needs more
attention of the statisticians as the soil exhibits uneyen and high variability on crop yields under
different treatments. This results in many times high standard errors when analysed through
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ANOVA with usual assumptions. Gefileralized Linear Model (GLM) is useful in investigating the
new approaches in statistical analysis through computer interactive approach in which the usual
assumptions such as constancy of variance, normality ahd additivity are no longer a requirement.
The software called Generalized Linear Interactive Modelling (GLIM) enables to specify model
for the data, to find the best sub-set from a class of models and to examine further the implication
of fitting such models. Many problems related to the analysis of agricultural research data such
as i) fertilizer modelling , ii) plant density modelling, iii) pest-disease modelling and iv) rainfall
modelling, etc; can be carried out by using GLM algorithm. Rainfall analysis is an important area
where GLIM is useful to arrive at the more realistic models , particularly to arrive at the crop
planning strategies under dry land conditions.
2. Data Bases

In order to develop suitable plans for optimisin·g agricultural research in the country a number
of data bases are being developed. Information collected from national demonstration trials,
ORP and Lab-to-land programmes and other extension activWes are being stored in da:ta bases.
While such data bases can be used for monitoring the extension activities, they also provide
information for development of appropriate plans for efficient management of agriculture.
Agricultural development is measured in terms of parameters like area, produ~tion , yield,
irrigatf?d area, area under HYV, farm harvest prices, fertilizer use, etc. The data on these have
been compiled on a comparable basis over all the districts and crops for the past three to four
decades. The data-bases which are prepared crop-wise and district-wise on these parameters
alongwith meteorological data will form material for research work. A number of surveys have
been conducted in the past on different aspects of agriculture and animal husbandry and the huge
data collected in theses urveys n·eeds to be stored in a data base so that the information contained
in them can be extracted.
3. Management Information Systems

Appropriate information is a prerequisite for proper management of research projects.
Computers can be used effectively for building up the necessary information system. The
research workers in this country produce considerable amount of research documents. Most of
these documents are not being properly used by other scientists because of non-availability of
proper library services. There is an urgent need of providing bibliographical information storage
and retrieval services on a nation wide basis and IARI has already initiated action to achieve this
by setting up a Bio-informatics Centre.
We have got a well-coordinateQ programme of research and education with a number of
Institutes and Universities specialising in agriculture and animal husbandry research. A cell on
research project information system based on the on-gojng research projects in the field ·of
agriculture and animal husbandry and allied sciences is functioning in the ICAR. There is a need
to develop and implement the data base developed so that research conducted in various
organisations can be properly monitored and the results disseminated in time for the benefit of
the farmers.
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4. Co-operative Farm Management and MIS
Management Information Systems is designed to provide selected decis.i on-oriented
information needed by management to plan, control and evaluate the activities of an organisation.
Decision making plays a significant role in the development of co-operative farm management.
lt.involves initially, identifying th~ problems that have to be dealt with promptly, entailing a quick
decision and directing the organisations attention to them.
Planning, organisation, direction and control are four basic functions of every management
process. MIS simply is an organised method of providing each man?-ger with all the data and in
a form which aids his understanding and stimulates his action in decision-making. In this context,
computers play an important role in effective cooperative farm management development. In the
present period of extraordinary high costs, effective management based on information becomes
the most significant factor in ensuring a maximum return on invested capital. Timely and relevant
information f-eed back enables management to make important decisions and take action,
promptly with minimum risk.
Computer failures have caused disillusionment and management withdrawal at times when
greater management involvement is needed. Some managers even consider the computer an
encroachment on and a threat to their traditional decision-making rights. Perhaps this feeling
prevails because the presence of decision-oriented information - specific facts and figures can
enable management to take action in uncomfortable situations which they are otherwise able to
ignore. The "clash of interests" arises because :

' itself aware of the computers'capacity for developing relevant
1. Management has not made
information directed towards problem solving.
2. Management normally cannot define problem areas clearly and yet it quaintly regards the
computer as a challenge to its decision-making prerogative.
3. Management does not understand the absolute necessity of securing accurate input data
to ensure the success of a system and difficulties in accomplising the same.
For the development of a wider perspective to cooperative farm management it is essential
that the management must come to realise more comprehensively the competitive aspects of
information systems. The management must gain a much broader knowledge of computer
systems, their possible application and implementation p~oblems than it now possesses. Limited
understanding of information systems coup_!ed with the dynamic nature of systems have made
it difficult for managementto deal .with policy formulation , organisation and control of this critical
resource.
Unfortunately, Information Technology has not yet received the focussed attention it
deserves even though India has an edge over other countries in digital compression technology. ·
Presently, Directorate of Economics and Statistics is the nodal agency for collecting, compiling,
maintaining, improving and disseminating valid , reliable and comprehensive agricultural statistics,
Computers in Agricultuta l Research 1 01

covering different facets of agricultu ral economy of the country. Detailed information relating to
land use statist ics,crop prospects, etc. even at the district level and at lower segments are
regularly needed for formulating overall policy aspects. Even now most of the data on various
aspects of agriculture are being generated at micro-level manually only and the sam e are sent
to central governm ent through postal mails. By manual compilation at th e various stages , the
data passes through from village level to block level, from block to district level and then to state
level and finally detailed information to the centre through normal process inordinately delay th e
overall position. There is hence the need to establish an informat ion system based on EDP
facilities at state, district and block levels.
In order to bring in an information revolution for proper and efficient management, the
National Info rmatics Centre (NIC) (set up in March 1975) , established a sat ellite based
nationwide computer communication network called NICN ET which connects the national
capital, the state capita ls and district headquarters to one another. In the field of agriculture, som e
of the important MIS implemented by NIC relates to agricultural Census, Agricultural Inputs
Survey , Agriculture Commodity Prices M<#vement, Agricultural Commodity Market Arrival
Monitoring, Crop Statistics, Seed Management, Fertilizer Production , Movement, Import and
Consumption , Monito ring of Rural Development Programmes etc. Wherever state governments
have not utilised the facilities of NIC , for computerisation of collecting and compiling primary data
NI C's assistance sho uld be obt ained in o rd er to build up an efficient computer system.
A major source of information is the set of remote sensing satellites. An estimate shows that
the wo rld has collected tens of terabytes (40-50 x 1012 bytes) of data from remote sensin and
weather sat ellites. St ill , Computing has not grown powerful enough to handle all the data e.g. the
discovery of ozone ho le over Antartica. The hole was spotted by British researchers in 1985
through direct m easurement, even though the information to establish its presence has been in
the sat ellite data in the US for years. With all the environmental problems that we have created
for o urselves, never before has there been a need as it is now for continuous and comprehensive
observations of th e planet earthirom the sky. It is estim ated that by the year 2000, well over one
terabyte of data will be dumped on the earth every day by the satellites.
5 . Marketing

T here are many o utstanding ma rketing related applicat ions in agriculture that use computer
syst ems. These computerised applications include market ing research, product development
and reporting, promotion analysis, and price analysis.
5. 1 Marketing Research

Any product or service has a life cycle. This cycle·starts with the birth of th e product or service,
continues through th e growth and development stages, and ends with declin e and termination.
T he initial birth of most products comes about through marketing research , which includes the
development and administration of questionnaires, interviews, pilot projects , and other related
research tools. While the computer is not used to a great ext ent in the .original design of these,
it is almost used for analysing the results. Very sophisticat ed computer programs are available
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1o test hypotheses, summarize results, and perform statistical analysis. U~ually a tremendous
amount of data maf'1ipulation is required to make sense of the data, and without sophisticated
computer systems and programs, this analysis would be virtually impossible.
5.2 Place Analysis
Place analysis deals with the location and distribution facilities. Typically, there is a
distribution chain that starts at the production stage and ends at the final consumer. In the middle
is a network of wholesale and retail outlets employed to efficiently and effectively bring the end
products to the final consumers. But where is the best place to locate production and processing
facilities, wholesale outlets , and retail distribution points? Factors such as production costs,
transportation costs, labour costs, and demand factors and levels become important. Today
there are marketing programs that input these factors and determine the least cost placement
of production/processing facilities, wholesale operations, and retail outlets. The purpose of most
of these locational analysis programs is to minimize total costs while satisfying product demand.
5.3 Price Analysis
Pricing policy is an important and complex marketing decision. Retail price, wholesale price,
and price discounts need to be determined. A major factor in determining pricing policy is an
analysis of the demand course , which attempts to determine the relationship between price and
sales demand. In order to maximise total sales revenue , most entrepreneurs try to develop
pricing policies. This is usually a function of price elasticity .. If the product is very price sensitive,
a reduction in price can generate a substantial increase in sales, which can result in higher
revenues. A productthat is relatively insensitive to price can have its price substantially increased
without a substantial reduction in demand. Computer program exist that help determine price
elasticity and various pricing policies. In fact various simulation techniques are available by which
alterations in price can be made on the computer system in order to analyse price changes and
their impact on total revenues. Sophisticated forecasting techniques exist that use historical data
to project demand. These forecastitlg techniques include trend analysis, moving average, and
exponential smoothing. Most of these forecasting techniques require a _substantial amount of
data manipulation. As a result, it is usually necessary to use sophisticated computer programs
to analyse historical data in order to make future projections.
6. Office Automation

Nowadays many organisations are employing computers to streamline office operations
perform word processing, electronically handle mail and messages, and handle electronic voice
storage and forwarding. Using communication lines and office automation systems, it is possible
to significantly reduce the high costs of communications and tremendous saving of time.
Research managers using desktop units can call up data to monitor cost controls on a variety
of projects , forecast or build models , workout and check schedules , draft reports and graphs or
prepare analyses and up-date them. Voice messages can be stored and forwarded to other
locations by computers. Electronic mail allows messages to be sent to other departrhe]1ts or to
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other locations. With voice storage and forwarding system, people can use the telephone to dial
up a computer to leave instructions or messages for other people. Once stored, these messages
can be transcribed and printed electronically, they can be used for future reference and actions,
and they can be forwarded using electronic mail to locations thr<1ughout the world. Voice.storage
and forwarding allows people to work whenever and wherever they want. With this innovation,
it will no longer be necessary to have employees come to work everyday. They can do their work
at home and telephone their reports, analysis, and documents into the office. Office automation
in future will allow more and more employees to have the flexibility of working at home, at the
office, or while on vacation.
Teleconferencing is another advancement of computer-equipped operations. With
teleconferencing, people at several different locations can get together and make visual and voice
contact with each other to discuss ideas and make decisions. By using television and computer
hook-ups people can use electronic blackboards and discuss, revise, and send reports and
drawings. The idea ofteleconferencing is to make the information flow to people at their locations
instead of having ·the people get together at one central location.
7. Networking

Computers can be used for exchanging and seeking expert advice by research workers
from institutes wherever required by using the electronic mail services and facsimile services
available in networked systems.
·One of the latest dev.elopments on the software front is the development of fourth generation
languages. These are nothing but programming tools which help the programmer to develop
application programmes in specific disciplines without using a .conventional programming
language. There is a considerable scope for developing fourth generation languages for
statistical analysis, particularly in the area of agriculture.
Considerable development is taking place in the preparation of knowledge based systems
dealing wjth the specific areas in which human expertise is required for taking decisions.
Agriculture is such an area in which development of such expert systems will benefit the farmers
to a large extent. The areas under which knowledge based systems can be developed are in
animal husbandry and crop production, agricultural management, identification of pests a·n d
diseases and fertilizer applications for different types of crops depending upon moisture
availability. It should be possible to develop suitable expert systems and make them available
at least at the district level for use by farmers.
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3.1 Teaching and Training Programmes in Agricultural Statistics for Human Resource Development
P .R.Sreenath
Indian Agricultural Statistics Research Institute, New Delhi

The Indian Agricultural Statistics Res earch Institute has Training and Teaching as an
important activity from its inception as a Statistical Section in the then Imperial Council of
Agricultural Research during 40's. Training of field and statistical staff in objective and reliable
methods of collecting yield statistics of Principal food crops was started in 1941 and the Institute
soon acquired international recognition as a centre of training in Agricultural Statistics. Two postgraduate courses in statistics : certificate course and Diploma Course were started during 1945
to train Professional Statisticians. Th e training of in-service candidates was regularised with the
start of a Applicational course. During the 50's, the training courses were reorganised and two
certificate courses - Senior and Junior - for inservice candidates and a Professional Statisticians'
Certificate and a Diploma cou rse in Agricultural Statistics for post - graduates in statistics I
mathematics with adequate knowledge of statistics and experience were started. The Diploma
Course was however, based on thesis work. During 1964 new courses leading to M.Sc. and
Ph.D. Degrees in Agricultura l Statistics were started in collaboration with Indian Agric ultural
Research Institute. The Diploma Course in advanced computer programming was started
during 1981 . However, it was replaced by a Masters' Degree Course in Computer Application
during 1985 in collaboration with IARI. Besides these courses , the institute has been organising,
on a regular basis, refresher course in statistics for Agricultural Scientists, short term course on
use of computer in agricultural research. A certificate course in statistics and computing has also
been started recently. Several adhoc courses are also conducted at this Institute on specialised
topics from time to time. On th e basis of requests received from various organisations some short
term training programmes are also offered. Special international training programmes are being
organised at the institute on the request from the international agencies like AARRO and
Commonwealth Secretariate.
The Institute has also been conducting training programmes on Use of Computer in
Research, Development, Extension and Administration for the Scientists under NARP , Extension
Personnel deputed by the Directorate of Extension, ICAR HQ Staff, Administrative staff of IASRI
etc.
The Training Administration Cell of the institute assists in
planning, organisation and
coordination of th e entire training and teaching programme of the institut e. The policy matters
and other decisions relating to certificate, refresher, adhoc training and short term courses are
dealt as per recommendations of the Academic Committee on the training co urses, members of
which are drawn from both within and outside the institute. All the matters concerning the
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impro vement, conduct and strengthening of post-graduate teaching and training programme at
the institute leading to M.Sc. and Ph.D. degrees in agricultural statistics and M.Sc. degree in
computer application are discussed in the Board df Studies for the concerned disciplines.
To look after the watch and review of progress of different degree courses and to take
remedial action, if any required , for efficient and satisfactory running of these courses monitoring
and review committees are formed on a year to year basis. The faculty for the teaching and
training programmes is drawn from all the divisions and comprise various scientists of the
institute. More than half of the scientists of the institute are associated with the teaching and
training activities.
To date over 2700 students have received training at the institute which include 261 of Junior
Certificate Course, 630 of Senior Certificate Course, 320 Professional Statisticians Certificate
Course, 10 Diploma in advance computer programming, 235 M.Sc. and 120 Ph.D. in AgriL
Statistics, 31 M.Sc. in Computer Applications. Training in use of computer was provided to 676
Agricultural Scientists!Technical PersonneL 57 Agricultural Scientists were provided training in
statistics and 156 foreign trainees received training at this institute.
To begin with the H RD activities of the institute were concentrated through certificate courses
specially for the in-service candidates. The~ e certificate courses had proved a great success in
providing suitably trained personnel to man different positions requiring statistical background in
several State Departments. Even now enquiries for such courses are being received by the
institute. In response to some of the courses admissions for which is restricted to post-graduates
in statistics applications are being received from personnel working in the State Departments,
State Agricultural Universities (SAUs) with degrees in other subjects. Thus there is a need to
introduce suitably certificate courses in Agricultural Statistics of 3-6 months' duration with
computer orientation to meet the needs of the agricultural scientists in agriculture and allied
disciplines.
With the introduction of post -graduate degree courses in statistics at the academic
universities, the need for introduction of M.Sc _ and Ph.D. courses in statistics was felt and
accordingly these cours es were introduced in some of the state agricultural universities. The
admission to the M.Sc. courses at IARI is open to graduate students from three streams namely
agriculture/veterinary sciences, mathematics and statistics. The students from the mathematics
and statistics streams are to take some remedial courses in agriculture sciences_ Similarly for
the students from the stream of agric ulture some remedial courses in mathematics are also being
offered. These remedial courses were till recently being offered along with the regular courses
for the degree programme_ It has now been decided that the students from non-agricultural
stream for the M.Sc. degree courses at LA. R.L have to undergo a one year course on introductory
agriculture of 30 credits in three trim esters. It is suggested that this period could also be utilised
in offering some courses in mathematics and statistics for the students from the streams of
statistics and mathematics respectively. During this period the students from the agriculture
stream could also be offered remedial courses in statistics besides those on mathematics_
Course work of some of the core courses like AS-160 Probability, AS-161 Statistical Methods108
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I could be covered under these remedial courses in statistics-for students from the streams of
agriculture and mathematics. The regular course work for the degree courses could include the
AS-200, 201 and 202 (level two courses in design of experiments sampling techniques and
statistical genetics) as core courses · since at the M.Sc. level there is no specific major field for
specialisation. This is also required keeping in view the revision of syllabus for the ARS
examination in the discipline of agricultural statistics. Till recently the students were electing one
of the three last mentioned courses namely AS-200, 201 and 202 depending upon the major field
they have identified for their thesis work. Other courses like AS-170 Statistical techniques in Bioassays, AS-171 Statistical Quality Control and Sampling Inspections and AS-172 Statistical
Techniques in demography and birth and death process also need to be incorporated suitably at
the M.Sc. level or be made core courses at the Ph.D. level.
The admissions to Ph.D. in agricultural statistics is open for students with a Masters' degree
or equivalent in agricultural statistics I statistics I Bio-statistics. As in the case of students for
M.Sc. degree course such of those students who have no exposure to courses in agriculture are
required to undergo courses on introductory agriculture for one year. Keeping in view the
necessity for statisticians to be atleast conversant with the computer and its applications certain
courses on computer applications may be made core courses for the Ph.D. programme. The ·
major fields identified for the course are only three namely Sampling Techni'qu·es, Design of
Experiments and Genetical Statistics. The experts visiting this institute under the UNDP Project
have suggested identification of new major fields. Accordingly Statistical Modelling is being
proposed as a new major field for this course. A sugge_
stion for having no major field even at
the Ph.D. level or to revise the major fields with broader scope to include other important fields
to have greater amount of flexibility , keeping in view the expertise that might be available from
time to time, also needs consideration.
The courses being presently offered to different categories of students of M.Sc and Ph.D.
degree courses at the IASRI are as follows :

M.Sc. in Agricultural Statistics
Remedial courses for students from Agriculture stream

AS-101

Differential and Integral Calculus (4L) ,

AS-102

Coordinate Geometry and Trignometry (3L)

AS-150

Mathematical Methods in Statistics -1 (4L)

AS-151

Mathematical Methods in Statistics -II (3L)

Core Courses

AS-160

Probability (3l)

AS-161

Statistical Methods-I (2L+ 1P)

AS-162

Statistical Methods- II (3L+ 1P)

AS-163 .

Statistical Inference (4L+ 1P)

AS-164

Design of Experiments-! (3L+1 P)
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Sampling Techniques -1 (3L+ 1 P)

AS-165
AS-166

Statistical Genetics- I (3L+ 1 P)

AS-167

Multivariate Analysis (2L+ 1P)

AS-168

Econometrics- I (2L+ 1P)

AS-169

Official Statistics (2L)

AS-299

Seminar ( 1L)

AS-200

Design of Experiments-II (3L+ 1 P) or

AS-201

Sampling Techniques- II (3L+ 1 P) or

AS-202

Statistical Genetics- II (3L+ 1 P)

Optional Courses

AS-170

Statistical Techniques in BioAssay (1 L+ 1 P)

AS-171

Statistical Quality Control and Sampling Inspection (2L)

AS-172

Statistical Techniques in Demography and Birth and Death Process (2L)

Ph.D. in Agricultural Statistics
Core Courses
~f

AS-165(a)

Planning and Organisation

Surveys (1 L+ 1 P)

AS-203

Advanced regression Analysis (2L+ 1 P)

AS-204

Linear Models (3L)

AS-206

Non Parametric Methods (2L+ 1 P)

AS-209

Stochastic Processes (2L)

AS-299

Seminar (2L)

(i) For the Major field: Sampling Techniques
AS-201 (3L+ 1 P) ;
AS-342 (2L) ;

AS-340 (2L+ 1P) ;

AS-341 (2L.) ;

AS-371 (1 L).

(ii)For the Major Field: Design of Experiments
AS-200 (3L + 1 P) ;
AS-322 (2L) ;

AS 320 (3L);

AS -321 (2L);

AS 323 (2L) ;

AS -373 (1 L).

(iii) For the Major Field : Genetical Statistics
AS-202 (3L+ 1 P);

AS 350 (3L) ;

AS-352 (2L);

AS 372 (1 L)

AS -351 (2L)

Optional-courses

AS-205
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AS-207

Decision Theory {2L)

AS-208

Advanced Statistical Inference (2L)

AS-260

Agricultural Econometrics-! (3L)

AS-261

Stationary Time Series (1 L)

AS-262

Linear Programming (2L)

AS-263

Agricultural Econometrics- II (3L+ i P)

For other discipline students as minor
AS-1 OO(a)

Ele. Math and Stat. rnethods in genetics (4L+ 1 P)

AS-108

Ele. Math Methods in Economic Analysis (3L)

AS-109

Adv. Math. Methods in Eco. Analysis (3L)

AS-11 0

Real and Complex Variable and Vector Spaces (3L)

AS-111

Diff. and Integral Eqns. and Transforms (4L)

AS-120

Elementary Statistical Methods-I (1 L+ 1 P)

AS-121

Elementary Statistical Methods-11 {3L+2P)

AS-122

Elementary Design of Experiments-I (2L+ 1 P)

AS -123

Elementary Design of Experiments-11 (3L+2P)

AS-124

Elementary Design of Experiments-Ill (1 L+ 1 P)

AS -125

Elementary Biometrical Methods (1 L+ 1 P)

AS -126

Elementary Genetical Statistics (2L + 1 P)

AS-127

Elementary Probability Theory (2L)

AS -128

Ele. Stat. Int. and Multivariate Analysis (2L+ 1 P)

AS-129

Prog. Language Basic and Fortran 77 (2L+ 1 P)

AS-130

Statistics for Social Sciences (3L+ 1 P)

With a view to giving necessary exposure to the students , specially of the Ph.D. course in
agricultural statistics, on various aspects of the actual collection of data , both from the
experiments and the surveys, there is a necessity to introduce practicals on the conduct of sample
surveys and layout of experiments alongwith the collection of their data and analysis. Such a
programmme was in vogue earlier for the students of the one year certificate courses at IASRI.
In this regard there is also a need to introduce a course 164(a) of AS-164 on Design of
Experiments like the course 165(a) of AS-165 on Sampling techniques. To the topics like non- .
sampling errors , imputation techniques, randomised response techniques, though are being
covered under some of the cou rses , not all the students may get exposure since they may not
be covered in the courses elected by these students. These topics along with others like
detection of outliers, exploratory data analysis, diagnostic studies need also be suitably
introduced at various levels of these courses.
With the increased use and availability of computers for research in agric ulture and allied
sciences, there is a need to have a relook at the cou rses offered and their content for the students
of agricultural sciences in the minor fields of agricultural statistics and computer applications.
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These courses may now profitably attempt to equip them with basic principles alongwith the use
of software packages for the analysis. However, some precautionary guidelines are also to be
emphasi~ed including the necessity of consultations with professionaVpracticing statisticians, to
avoid any misuse of statistics.
The experts visiting IASRI , under the UNDP project have made certain recommendations in
the teaching and training activities at the institute. Some of these have broader application. They
include, among others, the following : Selection of junior staff members and apprenticing them
with more experienced teachers ; Junior faculty members and/or advanced graduate students
to assist the course instructor with the home assignments and practical sessions; Only in
exceptional circumstances should a scientist teach in all the three trimesters in a year and only
rarely should he teach more than one course in a trimester; Identification of core faculty of not
more than five persons for each field of specialisation; Average teaching load should not exceed
six class contact hours. per week; Introduction of post-doctoral fellowship-programme; Regular
monitoring of the teachers ' performance by a senior staff member for origination of ideas on
syllabus changes etc.; Rewards for good teaching coupled with sound research and research
guidance; Replacement of M.Sc. dissertation oy a less formal and shorter M.Sc. paper or report
representing about 3 months of full time work; Ph. D. thesis work should conform reasonably well
with accepted international standards; Admissions to the M.Sc. should normally be restricted to
persons with first degree in mathematics or statistics with provision for exceptions ; Introduction
of new topics and courses like mixed model theory, stochastic processes, statistical and
computing implications in the use of remote sensing for agricultural purposes, categorical data
analysis , applied statistical inference, applied regression analysis, optimization techniques,
analysis of non standard sets of data, computer based exercises in statistical methods; Reexamination of time requirement for Ph.D. to keep a 3 year norm and hav~ a parity of esteem at
any international level; Revision of courses to be a continuous process; Each syllabus to exist
in two forms , a short of!icial version approved by the academic authorities and printed in a
calender and an extended version providing a detailed interpretation of what is to be included but
that can readily be changed in the light of experience; Introduction of short-term ad-hoc courses,
specialised training programmes for students from outside India; Introduction of a course on basic
teaching skills; Revival of Professional Statisticians' Certificate and Diploma in Agricultural
Statistics courses ; Examination papers to contain fewer questions on work done in class and
more questions involving problems to be solved.
IASRI being the nodal agency for the research, education and training in Agricultural
Statistics and Computer Applications in Agriculture in the Country, all the State Agricultural
Universities and Deemed Universities under the ICAR setup look forward to its providing
leadership in framing and conduct of various courses in these fields/disciplines. We are in the
process of revising the course curriculum and syllabi for different teaching and training
programmes/courses at the Institute. These deliberations would be of great help in carrying out
such revision of the courses and their content as also their conduct for Human Resources
Development activities in the field of Statistics for the present and future needs of Ag-ricultural and
allied sciences in the country, in particular, and the discipline of Statistics, in general.
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3.2 Teaching Statistics in Agricultural Universities
and Institutions
M .R. Adavani
University of Agricultural Sciences, Dharwad

Abstract
Need for Uniformity ·u pto Master's degree level, specialisation at Master's degree level and
diversity at Ph.D. degree level in curriculum and teaching of Agricultural Statistics, is indicated.
Constitution of a Committee for the purpose at National level is suggested.

1. Introduction
At the outset it is necessary to mention that the word "Agriculture" is to be understood in its
broad sense, which means Agriculture (in its narrow sense) and its allied subjects like Veterinary,
Horticulture, Fisheries, Rural Home Science, etc. As such "Agricultural Statistics" is statistics
applied to Agriculture (in its broad sense).
In order to have; panoramic view of Agricultural Statistics and promote research in Statistics
with agriculture as its base, on th·e lines of an example set by A.A. Fisher known as "Father of
Statistics", it is essential to consider Agricultural Statistics as a branch of statistics and not as
a branch of Agriculture (in its narrow sense) . This casts heavy responsibility on the part of
· teachers of statistics in agricultural universities and institutions to have not only good foundation
of theoretical statistics but also to possess ability to identify and understand problems in
agriculture as related to statistics.
In the light of the above it is apt to teach Agricultural Statistics by the staff members of the
statistics department under the faculty of basic sciences and humanities, who possess sufficient
knowledge of agricultural statistics and not- mere theoretical statistics without relevance to
Agriculture. Hence in order to enable the students at various levels to be competent in taking up
agricultural profession of teaching of agricultural statistics, it is necessary to emphasis equally
theoretical as well as applied aspflcts of agricultural statistics with firm foundation of Mathe11:1atics,
Computer Sciences and, Agricu ltural Subjects.

2. Teaching of Statistics at various levels
At present agricultural subjects are taught by competent persons in respective fields.
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·However, there is no uniformity in teaching of agricultural statistics, mathematics and computer
sciences in agricultural universities and institutions. As such agricultural statistics has remained
as a neglected subject. In this context it is worth quoting that National Level lnsti.t ute like
Veterinary Council of India (VCI) has formulated curriculum at a degree level and has made it
mandatory for agricultural universities and institutions to follow the same for recognition of their
degree programme by the VCI (See·ref.1 ). In this curriculum a course in statistics and computer
sciences carrying 2+ 1 credits is formulated under Animal Genetics and Breeding (AGB), to be
offered by the AGB department. Similar situation exists in some of the agricultural universities
and institutions. This kind of listing and offering of a course by other than those specialised in
the subject, should be avoided. Director of Inspection (Veterinary) at Bidar in Karnataka, working
under U.A.S. Dharwad, has written a letter (See ref. 2) to VCI , pointing out the anamoly in the
curriculum proposed by VCI. Moreover, it is seen that such a kind of anamoly has put students
at difficulty with non-recognition of the courses by private agencies, of the subjects being learnt
by the students when the courses are either not listed properly or not taught by the person
specialised in the field. Hence in order to over come such anomalies it is necessary to have
standardised uniform curriculum in agricultural statistics, mathematics and computer sciences.

3. Curriculum Development_
On being sponsored by the University Grant Commission (UGC) , a committee under the
chairmanship of Dr Khatri of Gujarat University, formulated curriculum for various levels in
traditional universities and colleges and submitted the same in 1988 to the UGC in the form of
a report. It is apt to have such a committee being constituted by ICARwith IASRI and Heads of
Statistics in Agricultural Universities playing pivotal role in it. The curriculum in agricultural
statistics should include theoretical and applied aspects of statistics as well as mathematics and
computer sciences as integral part of the same, with courses in agricultural sciences formulated
by respective faculties being given due consideration. ·
·
It is better if there is uniformity upto post-graduate level with specialisation at M.Sc. level and
scope for diversity at Ph.D. level. The committee constituted for the purpose can take all the
above mentioned points while formulating curriculum at various levels. There is immediate need
at the National level to formulate curriculum so as to initiate conducive atmosphere for taking up
teaching and research in agricultural universities and institutions to meet the present day
challenges.
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3.3 Teaching and Training Programmes in
Agricultural Statistics
B. L. Agarwal
Rajasthan Agricultural University, Udaipur

Abstract
Teaching and training programmes ar~ the back bone of our educational system and be set
according to lhe n·eeds of Statistical personnel at all levels. The requirements of an Agricultural
Statistician are quite different from Mathematical Statistician. Agricultural Statisticians are
required to know various Statistical techniques applicable in different situations, the assumptions
underlying them, their implications etc. Hence, teaching must emphasize on concepts rather than
mathematical proofs of theorems and lemmas.
Course curriculum should be amended to the extent that a Statistician should have sufficient
knowledge of at least one more field like Economics , Genetics, Sociology, Psychology etc.
besides statistical methods so that one can enter in a field independently rather than working as
a tool in the hands of others. Also an uniformity be brought in cou rse curriculum of various State
Agricultural Universities and I.C.A.R. institutions by bridging gap between them.
Examination system plays an important role in imparting education. State Agricultural
Universities opted internal grading system which has failed to yield fruits as envisagep since it
has not been imple_mented in its right perspectives. As a matter of fact it has been exploited by
the students as well as teachers. Hence, an external element in the examinatic~ms be brought in
to bring about an improvement in teaching programmes.

r

Students be trained in application and use of Computers in such a way that.they do not lack
in knowledge about the Statistical methods and analysis of data. Computers should be used as
time saver but in no way a substitute for ignorance or lack of knowledge.
In a nutshell, in the changed scenario we have to modify our course curriculum , teaching
methods ; vision and examination system. Computers be used as an aid to knowledge rather than
its substitute.
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3.4 Teaching and Training Program in Computer
Application
Mahesh Kumar and R Gopa.l an
Indian Agricultural Statistics Research Institute, New Delhi

1. Existing Program
Computer is a very powerful tool for data processing , storage and retrieval , communication,
object processing , expert system and many more. Agriculture needs a large number of well
trained manpower in computer application . With this in view I.A.S.R.I. is conducting various
teaching and training programs in computer application since 1971 . In 1985 a two year M.So.
in (computer application in agriculture ) was started in collaboration with Post Graduate
Schooi,I.A.R:I. New Delhi. From 1992- 93 the non agriculture students have to study 24 credits
in agriculture in place of 10 credits earlier. With this increase in agriculture credits now M. Sc.
is of three years duration for non agriculture graduates.A number of training programs for
different categories of staff and Scientists is also offered. Training is given to the staff and
scientists of I.C.A.R. in various fields. For secretarial staff training on word processing( text
pr9cessing ) software is given along with use of DOS and general capabilities of Computers in
the field of text processing. For the Scientists and technical staff training is given in programming
languages, database management, various statistical packages like S~SS I MSTATCI Microstatl
etc. The use of Lotus and other softwares are also included in the training programs.

(/) Core courses: M.Sc. course curriculum includes the following:
Introduction to computer organisation and computer architecture
Programming Languages - Basic , Fortran , Cobol , C , Pascal
Applicable mathematics
Statistical methodology
System analysis
Computer centre management
Simulation
Design of loader I linker I editors and assemblers
Fundamentals of compiler construction
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Fundamentals of operating system
Introduction to database management systems
Operation Research
Management Information System
Database Management system
Seminar

(ii) Remedial courses: Courses on Introductory Agriculture for Non Agriculture Graduates are:
Principles and Practices of crop production
Principles and Practices of Horticulture crops
Soils and Agriculture
Insect/mites/nematode pests of Agricultural importance and their management
Elements of Cytogenetics and Plant Breeding
Crop Morphology and Physiology
Crop Diseases and·their management
Agricultural Economics
Basics of Extension Education

(iii) Minor.
A minor in any other discipline like Agricultural Physics, Agricultural
Economics etc.
A large number of students of M.Sc. and Ph. D from other disciplines also study computer
application as minor and select the courses from M.Sc. courses for computer application.

2. Adequacy ot existing programs
The courses offered in the training program consist of tra ining in various software packages
like Lotus, WS 6.0 ,DOS , MSTATC , Microstat, SPSS etc. The purpose of t raining requirement
will be fulfilled if these softwa re packages are available in all the I. C.A. R. institutes. If the package/
software is not there in the Institutes of I.C.A.R. then the knowledge obtained in training will not
be fully utilized . The training given on programming languages can help if the above packages
are not available. The knowledge of programm ing lang.u age FORTRAN is a must and this aspect
is not to be neglected .
The package WO RD which is useful for text processing is nowadays common in almost all
computer centres , but this package is not at IASRI . Nowadays the software industry is fast
changing and new version are coming.to meet the requirements . The software packages are
to be chosen which have the latest features.
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The M.Sc. program has been contributing towards meeting of trained manpower need in
agricultural research

3. Modifications required
The M.Sc. course curriculum needs revision . Addition of new courses , modification/deletion
of old courses may have to be effected from time to t ime in a need based situat ion. But , curriculum
needs to be revised once every five years so as to incorporate the latest state of art , need , and
feed back. This work may be assigned to a standing committee on course revision . The M.Sc.
course may have to be reorganised so that there are
(I) remedial courses for the deficient students (about 15 credits)
(II) core courses (about 30 credits)
(Ill) optional courses (about 15 credits)
It is necessary to formulate additional courses to be offered to students from ot her disciplines
for meeting their ' minor ' requirements . The minimum credits in minor may be about 15 credits
and the corresponding courses may be different for each discipline .
In the multidisciplinary environment , the concept of minor has to be welcomed . In order to
ensure that the concept is not diluted , students must be allowed to take one and only one
discipline as minor and offer about 15 credits in the same. Ph. D students may opt for a discipline
other than the one opted at the M .Sc level. Courses from other disciplines identified as core . must
. not for.m part of minor .
A line of thinking for the standing committee on course revision may be as follows :
(I) Nowadays the emphasis is on networking. So , a course on computer networking is to be
included which must have practicals.
· (II) Since I.A.S.R.I. is a statistical institute itis expected to combine statistics with computers
in agriculture. Course on software techniques for analyzing agricultural research data related to
large scale sample ~urveys , experimental designs , plant & animal breeding data, time series,and
econometric analysis and use of sophisticated multivariate techniques and simulation are to be
included.
(Ill) Visits to various education institutes like I. LT.'s , DU , JNU and cqmputer organisation
such as NIC, are to be included . Course on simulation must have practicals which is not there
at present.
(IV) Other courses needed may include
(a) Course on Scientific computation
(b) Introduction to Assembly language
(c) Course on systems programming
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(d) Artificial intelligence
(e) Programming under LAN environment
(f) ·courses on st atistical_packages such as S PSS, SAS. MSTATC, etc..
Scientist, Technical personnel, Administrative staff and secretarial assistants working in
ICAR , ICAR institutes and SAUs all need an exposure to what they can do with computers . As
such it is of atmost importance to organise training programs each of which aims at a specific
clientale with specific objective(s). Such programs may have to be deveioped and organised at
most suitable periods and for ~pp rop ri ate duration . As this task is beyond a single institute's
capabilities , it is desirable that all organisations with requisite infrastructure participate in such
programs.
Institutes like IASRI , NAARM , NDRI , IVRI , CIFE , etc may agree on common programs,
so that a training here or there·achieve the same purpose .
4. !=acuity

In order to strengthen the teaching faculty , recruitment may be made at all levels and
personnel with proven record of teaching and guiding be preferred . This will enable the student
commu11ity to absorb knowledge and acumen to identify and discern problems.

5. Teacher's Training
Over a period of tim e teacher's knowledge and style tend to become limited in its scope . IFl
order to strengthen their professional capabilities it is imperative that teacflers be trained
P.~riodica lly . Such training may be in-house , local , national or international . T eacher~may be
sent for training not only in their areas of specialisation but also in related areas . The period of
training may vary any where between 3 months to 1 year . At any one point of time 1Oto 20 percent
of teaching staff may be allowed this facility. A teacher may be considered every 5 to 10 years
for such training .
Similarly exchange visits of faculty will usher in a new dimension in the area of enhancing
abilities .

6. Fellowships
Fellowships have always been an added incentive to pursue higher studies . Students must
be offered a maintenance allowance during their course work and a higher amount as fellowship
during their thesis work . For example M.Sc students may be offered a maintenance allowance
for the first 5/8 trimesters and a junior fellowship for a trimester . Similarly Ph.D. stu dents may
senior fellowship for '-'.16
be offered a maintenance allowance for the first 3/6 trimesters c:.r
trimesters . In addition to maintenance allowance/fellowship students may be allowed contingency
allowance for 2-3 years on yearly basis . While extension of time for completion of the degree
requirements may be granted the maintenance allowances/fellowships may be confined to preComputing Science at IASRI 119

determined periods only. This will enable for more students to benefit by the scheme.
A similar research fellowship may be instituted for post- masters/post-doctoral assistants.
These personnel will be on contract and the tenure must not extend beyond 1 year.
7. Admission Policy

Policy for admission of students must not be changed frequently. Five yearly reviews may
be made and changes incorporated for follow-up in the next 5 years. Admission may be kept open
to any graduate/post-graduate to join post-graduate/ doctoral course.
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4.1 Crop Growth Simulation - A Systems Approach
Anil Kumar Singh
WTC, Indian Agricultural Res earch Institute, New Delhi

1. Introduction
Systems approach has been us e~ by engineers s1nce the 1950's for the study of complex
and dynamic processes but their use by scientists working in biologic~! fields is relatively recent.
A sy!';tem is defined as any well delineated part of reality and it may conlatn a number of
interrelated elements forming the systems structure. These functioning components inte.ract in
· various ways and the interaction between components can. be physical, economic or social. A
system is defined by the user on the basis of objectives and the intrinsic structure of the system
as measured and observed. For an agronomist a system may be represented by a rice crop with
leaf, stem and root (plant orga'!s) and growth and transpiration (processes) as elements which
interact strongly. A system is 'dynamic' when its state changes over time. This change could be
continuous' when its behaviour and state chan.ge relatively slowly or 'discrete' when the changes
are fast, sudden or large. A inodel is a simplified representation of a system and simulation is the
study of the system and its behaviour using models.

2. Models
Crop growth is a very complex phenomenon and a product of a series of complicated
interactions of soil, plant and weather. Models that deal with crop growth simulation can be
distinguished into two categories.
Descriptive and Explanatory.
Descriptive models define the behaviour of a system in a simple manner._These models show
the existence of relations between the elements of a system but reflect very little, if at all, of the
mechanisms involved underlying the behaviour of that system . A very simple example of a
descriptive model has been shown in fig. 1. where the biomass product ion of maize. urder
optimum conditions as a function of time has been modelled using a simple regression equation
(Sibma,1987). The model fits the data for that year very well but it fails totally for other years
(Fig.2) which high.lights the limitations of descript ive models. It is always possible to add more
variables (Agarwal and Jain, 1982) and improve the estimates but in the absence of any
quantitative relationships of the processes contributing towards dry matter production the
accuracy of the prediction would always be su spect as for maize. The scope of incorporating the
effect of management practices is lim ited in such models.
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Explanatory models consist of quantitative descriptions of the mechanisms and processes
involved that are responsible for the behaviour of the system. For an explanatory model the
system is analyzed and its processes and mechanisms are quantified separately. The model is
then built by integrating these descriptions for the entire system. Fig. 3 shows the processes that
have to be considered and disciplines involved for simulating crop growth under varying
environmental conditions (Penning de Vries et el. , 1989).
Explanatory models are means by which knowledge about systems and their performances
is made portable and accessible to users whose livelihood and welfare depend on the systems
performance. Models are extremely useful because the critical environmental problems caused
by agricultural practices are system problems not disciplinary ones. Their solutions demand a
multi-disciplinary approach linking basic and applied sciences.
The behaviour of a crop growth model can be explained by the basic physiological, phys ica l
and chemical processes and the effects of environmental factors on them.
3. Crop Production Levels
Based on growth limiting factors viz. water and nutrients , four levels of crop productH.Jn
have been identified.
Production Level 1 : This is an ideal situation in which the crop does not suffer from ;my
shortage of water or nutrients in the entire growing season. Its growth and development depends
only on the weather conditions and crop cha racteristics. Fig. 4 is a flow diagram showing the
processes which are to be considered at this level.
Production Level 2: The growth of a c rop is limited by shortage of Welter for at leRst some
part of the growing season. This situation frequently occurs in semi-arid regions and also in areas
where the rainfall is inadequate and/or poorly distributed.
Production Level 3 : Nitrogen shortage during the growing season limits the crop growth at
this production level. W ater shortage or adverse weather conditions occur in the remain ing part
of the season. This condition is very frequent in the agricultural systems all over the world .
Production Level4 : Crop growth is restricted by low levels of phosphorus and other mineral
nutrients in the soil during the growing season.

..

Growth reducing factors such as diseases , insect pests and weeds, can occur at each Qf
the th ese Production Levels giving them an extra dim ension. Simulating crop growth , therefo re,
implies that for an explanatory crop growth model , researchers from diverse disciplines must
work in close, self-imposed coordination to achieve a common goal.
Fig. 5 shows the output of a model for simulating the growth and development of wheat crop
(Aggarwal et al., 1994) under non-water, non-nutrient limiting conditions. The effect of both water
and nitrogen availability on crop performance has been incorporated into this model. The results
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show that the model has performed satisfactorily for a wide spectrum of locations across the
country.
One of the main drawbacks of the process-based deterministic explanatory models is that
the output isnot stochastic in nature: To attach a level of uncertainty their output needs to be
labelled with some probability. One way to achieve this is to use site specific weather data or
historical weather data of a representative site for a large number of years. Another alternative
is to use weather generators to generate weather data for a number of years using available data
for a limited period. The output of the model drawn on probability graph now accounts for the
naturally occurring variation in the weather parameters. Fig. 6 .was obtained after carrying out
such an exercise with historical weather data for Delhi (Aggarwal et al. , 1994). The figure gives
the probability associated yvith yield levels to be expected when wheat is irrigated once only
twenty one days after sowing at different nitrogen levels.
One of the practical difficulties encountered in use of explanatory models is the availability
of reliable data required as input. Quite often data on some initial parameters are not easily
available and they have to be estimated which implies a degree of uncertainty associated with
the estimate-s. Monte Carlo (MC) simulation is a useful technique to quantify uncertainty or spatial
variation in input parameters on simulated output. In this technique, the model is run a large
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number of tim es using random values drawn from probability distribution for specific input
param eters. The distribution of simulated output is represented as a probability distribution as a
function of input certainty . The first step is to select an input parameter which influences the output
significantly. Through sensitivity analysis SPSOIL (Seepage and percolation rate of soil) was
selected as an input fo r a model to predict rough rice production under rainfed conditions. 200
randomly generated parameter sets for 11 years of weather data representing 2200 rough rice
yields were used to calc ulate exceedance probability distributions (Bouman et al.. 1994). The
results have been presented in fig. 7. The figure shows high variability in simulated rice yields
indicating the risks involved in growing rice without irrigation.
In the absence of some key parameters needed as input, it may be wo rthwhile to explore the
possibility of estimating them based on some routinely available and/or easily measurable
properties. In case of Crop Production Level 2 where crop growth is to be simulated under limited
water availability conditions, four critical soil hydrophysical parameters viz .. soil water content at
saturation (Sat), field capacity (FC) . wilting point (WP) and air dryness (AD) . are required as input.
The dependence of these parameters on some routinely m easured properties can b e exploited
to estimate their va lues satisfactorily as shown in fig. 8 (Singh, 1994) .

4. Networking
A good number of researchers have been actively involved in the d evelopment and building
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up of crop growth simulation models all over the world but most of these models are never fully
tested or validated over a wide range of conditions restricting their use. The applicability of a
model lies in it being globally tested which would allow the imperfections and· weaknesses of the
model to be exposed leading to its refinement.
Two projects can be cited as examples which have followed this approach by establishing
a network to evaluate crop models. One of them is IBSNAT (International Benchmark Sites
Network for Agrotechnology Transfer) project based at Honululu , Hawaii (Uehara and Tsuji,
1993) with their series of crop models called CERES (Crop Environment Resource Evaluation
through Synthesis)-WHEAT, CERES-RICE etc. The other one is SARP (Simulation and Systems
Analysis for Rice Production) based in Wageningen, The Netherlands (ten Berge, 1993). SARP
started initially with rice but has now diversified to include crops vital to that region. The ultimate
objective is to have a Decision Support System which is essentially a computer software to match
crop requirements to the physical ch'aracteristics of the land using a data base management
system, a set of validated crop models to simulate genotype x environment x management
interactions and application programmes to simulate experiments to ascertain the uncertainty
associated with the proposed strategies. This can then be used as a tool to assist policy makers
to make better choices NOW to ensure a better future.
To illustrate how systems approach can result in optimizing and conserving resources, the
example of Germplasm Evaluation can be considered. It involves testing of a wide range of
material at numerous locations whi<;:h is very resource consuming. Using system approach, a
model could be calibrated by vigorous evaluation at few selected key sites. The model can then
be used to evaluate the performance for other locations .
5. Conclusion

Models are means to capture, condense and o rganize knowledge. A well tested model can
be a very effective scientific tool for tailor-made introduction of new production technologies,
working out alternative crop production strategies, provide answers to the 'WHAT IF' questions
raised by technology adopters, to identify-problems and prioritize research, to optimize precious
resources by reducing the number of field experiments, to assist in· policy and strategy
applications, for environmental characterization and agroecological zoning, for seeking new
domains and as a very effective teaching aid.
6 . Future Needs

One of the issues still unresolved is the undue credit which the modellers are generally
accused of taking from the data generators.. This aspect is certainly worth looking into.
T here is always scope for improving existing models and other decision tools and it will always
remain a continuous process.
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Development of a data base is not as exciting as model development but equally important
if not more so. There is a need to compile ar:1d reorganize existing data and to design, plan and
implement a global programme with the sole objective of constructing a Minimum Data Set (MDS)
for soil, crop and weather variables. These characteristics can be integrated using Geographical
Information Systems (GIS) to form user oriented decision support systems.
The development of new decision aids is taking place at such a fast pace that there is an
immediate need to train a critical number of researchers , educators, administrators and policy
makers so that the best possible benefit may be derived from them.
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4.2 Future Research Programmes in Agricultural
Statistics and Computer Applications
V .K. Gupta and R.K. Pandey
Indian Agncultural Statistics Research Institute, New Delhi

Abstract
The purpose of this article is to identify newer emerging areas of research in the field of
Agricultural Statistics and Computer Applications in Agriculture so as to meet the future
challenges of agricu ltural systems research. This gains importance particularly because of the
cha~ging economic scenario and liberation policies.
Development of a network· system ,
generation of strong agricu It ural research databases , use of GIS and remote sensing techniques,
improving quality of data, providing quick estimates , systems modelling, expert systems,
computer simulation models and methodological developments , non-linear and stochastic
modelling, multipurpose designs , etc. are some of the areas which need attention in the near
future. Development of in-house computer software packages augmented with the statistical
software packages developed elsewhere and internationally accepted which are relevant to our
indigenous problems of research in agricultural systems is also important for accelerating the
pace of developmental programmes in agricultural systems research.
1. Introduction
In Sept ember 1994 a Conference was held in Voorburg, The Netherlands about" The LongTerm Perspectives of International Statistics". The Conference provided a forum for leading
statisticians from all five continents to ponder the challenges faced by their profession as it soon
will be entering the 21st Century. The proceedings of the conference will appear under the title
'The Future of Statistics : An International Perspective". Pondering the future of statistics is ·
related essentially to the broader perspectives for economic and social life. This book will call
attention to the key international aspects of future statistical development in th e world. It is,
therefore, very important that the future of Agricultural Statistics in India should fall in line with the
International scenario. Statisticians know, just as others do,that the future is far from predicta~le;
more so the agriculture which is a complex system and the agricultural research. Knowing the
uncertainties involved in looking into future, our present disposition is to think in terms of plausible
scenarios and not in rig id forecasts.
Agricultural Statistics has ·always occupied a position of pride in· the development of
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agricultural research in the country. The research efforts made in the areas like sample surveys,
design of experiments and statistical genetics have been commendable. The specific achievements
in software, high capacity memory , speed of calculation , display technology and in
telecommunications have changed the complexion of research and research work in newer
emerging areas like remote sensing, computer networking and databases have now been
initiated. The liberalisation policy of the Government has opened up new opportunity for the
required agricu It ural growth. One of the major changes that can be foreseen will be that of utilising
the benefits of agricultural research to achieve higher agricultural productivity, profitability and
sustainability. Assessing our strong and weak areas, it is desirable that our agricultural production
systems remain sustainable in the long run. It is, therefore, imperative now that our research
system becomes more responsive to existing and emerging needs both in the context of national
and global scenario. To exist as a forceful discipline, Agricultural Statisticians will have not only
to compete but also to attain the required excellence in agricultural statistics and computer
applications so as to meet the future challenges of agricultural system s research.
In order to keep pace with the changing situations our research programmes should
concentrate at developing the methodologies taking into account the changes in the data needs
from the viewpoint of current and expected theoretical considerations; systems research ; and
from the viewpoint of emerging research techniques and strategies which attempt to tackle the
problem. Interactions with users agencies, coverage, timeliness and reliability of the research
output should be the keywords of the research programmes.
The potential of computer technology in planning and management of agricultural research
and in scientific communication should be realised. Computers will augment the pace and quality
of agricultural research in the coming years . Electronic data processing, research planning,
research mobilisation and dissemination of results will all depend upon computers. A~ such there
is .a strong need of developing databases and information management and communication
systems in agricultural statistics related to crop sciences , animal sciences, fishery , horticultural
and allied researches. With the increased use of communication technology, computer network
will become the order of the day for dissemination of information. This computer culture would
reorient some of research programmes like the use of GIS and remote sensing techniques for
providing databases, graphics and representing and analysing spatial information, urban
planning, resource managem ent, environmental engineering, policy making and modelling, etc.
The research programmes should also lay a strong emphasis on computer intensive methods ,
computer simulation model, expert systems, artificial intelligence, systems modelling, etc. The
modelling should also lead to the improvement of early warning system in agriculture for
forecasting of yields , pests, diseases, floods and droughts , etc. Such a trend has already been
witnessed in the international scene.
In view of what has been described above the future plan of research in agricultural statistics
and computer applications in agriculture would be to continue the research efforts in leading
areas, s~rengthen the research activities in the newer areas in which some work has been
initiated recently and undertake and initiate research work in newer emerging areas ln agricultural
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statistics, computer usage, computer intensive methods , use of GIS and
modelling of biological, economic and ecological phenomena, etc.

remo~e

sensing,

2. The Future Research Programmes

In this section we elaborate some of the future research programmes to be undertaken by
agricultural statisticians in the areas of agricultural statistics and c<?mputer applications in
agriculture. The programmes proposed are based on the present requirements and prevailing
trends in agricultural statistics and computer applications in agriculture, demand for statistical
methods in agricultural research and current status of research.

(i) Development and analysis of experimental designs for agricultural systems research.
(ii) Development of techniques for planning and analysis of survey data related to agricultural
systems.
(iii) Statistical investigations in genetics and bio-technology.
(iv) Forecasting techniques in a·gricultural systems.
(v) Methodological studies ·on specific statistical economics problems of current and topical
interest in agriculture.
(vi) Modelling and computer simulation techniques in agricultural systems.
(vii) Statistical applications of GIS and remote sensing techniques in agriculture.
(viii) Development of computer software for use in agricultural research. ·
(ix) Computer network, agricultural research databases and information management and
· communication systems.
2. 1 Development and analysis of experimental designs tor agricultural systems research

This important research area will include obtaining designs with high efficiency for experiments
in agricultural, animal, fishery, horticultural and allied sciences. Designs will also be obtained
which are robust against one or more disturbances. Catalogue of such designs would be
prepared for the use of scientists engaged in research in agricultural systems. Designs for
stl1dying the competition effects, designs with nested classifications, designs for multi -response
experiments, desjgns for agroforestry, fisheries , horticultural, etc. experiments would also be
developed. A reappraisal0f the past experimentation techniques will be undertaken to study the
utilisation of experimental resources and advocate appropriate optimal designs and their
analysis. Existing collaboration with AICRPs in the planning, designing and analysis of ongoing
experiments will be continued. Some specific programmes in the near future would be as follows:
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Optimality of designs for one-way, two- way and multi-way heterogeneity settings
including designs for making test treatments vs control treatments comparisons, under
a heteroscedastic and a . mixed model.
Robust designs against disturbances like missing observations, outliers, model
inadequacy, presence of trends, interchange and exchange of treatments, etc.; multi
purpose designs.
Designs for studying competition effects; nearest neighbour designs; designs with
nested classifications ; designs for multi-response experiments; designs for agroforestry;
designs for fishery experiments; designs for horticultural experiments; designs for
experiments in dryland agriculture, etc.
Review of planning, designing and analysis of experiments conducted in the past and
ongoing experiments under AICRP on:
(I) CSR, (2) ECF, (3) LTFE, (4) Agroforestry, etc.
Planning , designing and analysis of experiments for evaluation of different agricultural
systems.
Use of response surface and experiments with mixtures methodology in the evaluation
of agricultural experiments.
Development of information systems for agricultural, animal, horticultural and other
sciences experiments alongwith an easy retrieval system.
2.2 Development of techniques for planning and analysis of survey data related to agricultural
systems
In this area of research sample survey techniques and their applications in agriculture, animal
husbandry, forestry and applied fields would be undertaken. Studies will also be undertaken
in reappraisal of existing sample surveys methodolqgies for making improvements taking into
account the ongoing changes like farmers literacy and need of micro level planning. Studies
relating to analytical use of survey data will be undertaken so as to determine the underlying
model\phenomena governing the variables of interest in agricultural situation. In all such
research programmes an active collaboration with users agency like State. Government and
Central Ministries is essential. Study will also be undertaken for assessing and improving the
quality of data. In the changing scenario, getting reliable and quick estimates is very important.
A strong database would, therefore, be very important component of research. Some of the
specific research programmes are following :
Model based small area estimation of parameters from agricultural and allied surveys.
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Analysis of survey data using techniques like regression analysis, categorical data
analysis, resampling techniques like balanced repeated replications, jackknifing and
bootstrapping, etc.
Model based estimation, reappraisal of the sampling methodology for estimation of
livestock product, fishery, fruit and vegetables, cotton, etc. and then reappraisal of the
techniques developed depending upon t he users experience, technological and policy
changes, etc.
Statistical assessment and improvement of quality of data, total error in the survey
(sampling and non-sampling errors) , randomised response technique, imputation, etc.
Sampling techniques for exercising statistical quality control of agricultural product, food
technology , etc.
Development of sample survey theory with design of experim ents.
Controlled selection s.ampling designs.
2.3 Statistical investigation in genetics and bio-technology

This is another very important area of research. The focus of this programme is to study
methods of estimation of.genetic parameters under different mating systems, gene action in dairy
cattle, statistical aspects of bio-technology, applications and identifying traits loci. Studies will
also be undertaken to develop methods of estimating gene x environment interaction, statistical
techniques for monitoring the quality of stored genetic resources, statistical techniques for
studies in bio-technology and molecular biology. The specific programmes will be as follows :
Statistical aspects of physiological and pharmacological kinetic models in animal
nutrition.
Improved techniques of estimation of genetic parameters.
Statistical techniques for multi-location trials and varietal eN'aluations.
Compartment modelling in animal nutrition.
Modelling non-linear response among cross bred dairy cattle.
Statistical techniqu es for studying the inheritance of traits in bio-technology.
Mixed modelling IT"~thodoiogy (BLUP) in animal breeding for production and estimating
of genetic merit.
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Development of statistical techniques for monitoring the quality of stored genetic
resources.
Development of techniques for gene x environment interaction analysis for studying
varietal stability.
Number of factors responsible in the expression of the character through the newly
developed techniques like restricted fragment length polymorphism (RFLP).
Estimation of genetic parameters and the effect of genetic merits in the transfer embryo
and embryo splitting.
Studies on statistical ecology in specific field of agricultural ecology.
2.4 Forecasting techniques in agricultural systems
The research programmes in this area will be to carry out methodological studies for
forecasting of crop yields, fish production and other related products. Methods for adjustment
for forecasting and estimation of losses due to various factors like pests , diseases , weeds , flood
and droughts, etc., agro- meteorological crop yield and development of early warnin·g system,
validation of existing forecasting models and development of expert systems in forecasting.
Techniques for forecasting of out break of pests and diseases , study of effect of sampling
designs, measurement error, missing observations on forecasting estimate, methodology will be
developed. The specific programmes will include the following :
Foretasting using farmers appraisal, Bayesian theory, system dynamics, etc. Areas of
opt imal cont rol, stochastic control and related topics of dynamic programming and
Pontryagin Principle will be extensively studied.
Development of an expert system for yield forecasting

'·

Early warning system for prediction of pests and diseases , floods and droughts , etc.
Development of probability model for forecasting using computer simulation data.
Yield losses due to weeds , pests and diseases, floods and droughts , etc.
' Forecasting of fish production.
Forecasting with missing data and to measure the effect on forecasting model.
2.5 Methodological studies on specific statistical economics problems of current and topical
interest in agriculture
The research under this programme will be undertaken to study the nature of technological
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change in agriculture, subsidy production relationship, resources use and allocation under risk
and upc.ertainty, estimation of rural poverty in relation to special changes. Methods of estimation
for param eters of economic relationship will also be developed to have more precise estimate of
the economic parameters. Studies will also be undertaken to estimate production relation in
livestock and fishery sectors. Studies pertaining
income distribution due to technological
change, diversification of agriculture, marketed surplus , terms of trade in agriculture and
marketing cost and margins, will also be undertaken. The specific research programmes will be

to

Studies on diversification and rural income.
Studies on supply response in agriculture.
Evaluation of poverty alleviation programmes.
Studies pertaining to marketing and trade in the context of new economic environment.
Estimation of demand for agricultural products.
Evaluati.on of rural development programmes.
Studies for estimating production relations in livestock and fishery .
Estimation in seemingly unrelated regression equations with unequal number of
observations ; effects of measurement errors, etc.
2.6 Modelling and computer simulation techniques in agricultural systems
This is a newer and important area of research. To begin with studies will be undertaken to
assess the data requirements , identification of sources of data, generation of data, and to develop
systems approach models for single and multiple cropping systems. Dynamic models will be
developed for aphid population growth and other biological population. Econometric modelling
of agricultural sector will include studies on demand and supply of various agricultural products
and inputs . Computer simulation will be carried out for estimation of statistical economic and
genetic parameters as well as to study their properties. The programme on dynamic modelling
will be extended to cover crop weather relationships , animal nutrition, plant and animal
epidemiology, optimum fish harvesting policies , etc.· Econometric modelling will be applied to
sectors like livestock and fisheries . Simulation studies will be undertaken on problems of current
interest. The scope of system modelling will be enlarged to include specialised dairy farming,
cropping sequence, mixed farming and agroforestry. The statistical programmes will include:Computer simulation studies and applications of resampling techniques like Bootstrap,
Jackknife, Balanced Repeated Replications, etc. in Agricultural Statistics.
Non-linear statistical modelling of agricultural, biological, ecological, environmental,
climatological and economic phenomena.
Stochastic modelling of Agricultural , biological, ecological , environmental, climatological
and economic phenomena.
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Optimization studies of agricultural, biological, ecological, environmental, climatological
and economic phenomena.
2. 7 Statistical application of GIS and remote sensing techniques in agriculture

This is an6th.e r newer emerging area of research with tre~endous applications in agricultural
system research. Under this programme there is a need to de'Lelop an infrastructure for the
application of G IS and remote sensing techniques in agricultural and allied surveys. Efforts will
be made to develop suitable statistical models for local area planning using GIS, smalr area
estimation techniques and other data sources. Application of remote sensing will be made to
improve statistics in allied field of agriculture such as .fisheries , forestry, horticulture, etc.
Remotely sensed data will be utilised to study the effects of diseases on crop yield as well as an
earfy warning system on out break of pests and diseases. The need for information for agricultural
decision making at all levels is increasing rapidly. Regional data base on soil, land use, weather
and other characteristics will be integrated with models using GIS to form user-oriented regional
decision support systems. The softwares like ARCIINFO and IDRISI developed by ESRI,
Canada will be useful for these studies.
2.8 Development of computer software for use in agricultural research

Under this research programme efforts should be made to develop software for analy~ is of
data from sample surveys and experimental designs developed\advocated by IASRI and to
consolidate the existing computer programmes into users friendly packages. Computer software
packages for agricultural research will be developed. This would also include developing
algorithms to generate computer aided designs, environmental sciences research, designs for
multi response experiments, designs for response surfaces methodology including experiments
with mixture. Computer software packages will also be developed in the analysis of survey data
like categorical data analysis , regression analysis and generating repe~ted samples for use in
'
bootstrapping, jackknifing and balanced repeated replications:
Research in theory and methods of statistical computing.
.
'
Computer simulation models fqr studying the behaviour of genetic parameters.
I

••
Development of computer software
packages for mixed model theory in studying the
genetic behaviour in animal and plant breeding experiments.
Development ofco.mputer software for dairy herds models tOr breeding and prediction
models.
Computer software for cluster analysis of Germplasm data.
Development of Expert Systems.
2 .9 Computer net working, data bases and information system

This programme will establish a computer and communication net -work connecting
tCAR,ICAR Institutes , SAUs, PDs , NRCs , etc. This will include acquisition and installation of
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hardware, software, providing communication link, and establishing facilities like E-mail, etc. The
net working facility will also be extended to remote research stations and will be augmented with
new technology. Cropping Systems are highly environment specific. Networking of experimental
sites will be established in areas that represent major agro-climatic zones. Technology
developed at each site could be extrapolated to other areas with similar ecological conditions.
This will also enable to formulate agro-ecological zoning using crop growth simulation models.
Genetic specific data will be used for crop modelling.
The ongoing work on informatior systems for agricultural field and animal experiments will
be strengthened. New agricultural research data banks and databases will be created with
selective retrieval facility. The databases in agriculture will.include crop-wise area, production
and yield statistics for every district; All India and district-wise index numbers on crop productions;
land use classification , and land use planning ; meteorological characters ; import and export
figure for agricultural products.
Electronic communication is now fostering a new level of human interaction , creating new
possibilities for researchers , educators and their students. As more people become connected
to each other via the Internet, the impact on research and education has now become substantial.
Interest continues to grow at an exponential rate and the way in which it is being used is also
changing rapidly. Despite exponential growth , we are not yet all together nor is the current
network uniformly distributed over the globe. The World Wide Web (WWW) or more simply, ''the
Web" seems to be growing at an overwhelming rate compared to other access methods. This
will become the predominant methods for users in both serving and retrieving information. As
more information appears on the Internet , users are searching for easier way to browse and filter
that information. The users are finding that "W eb browsing" using software such as Mosaic, Net
Scape and other such tools is currently the best way to navigate the Internet. The advent of the
Web has the possibility to create interactive lessons using graphics and animation and even
interactive graphs; using "W eb Library" educators can craft and synthesis lessons for their own
classes. This can also be used for interactive research.
The Journal of Statistics Education is a refereed electronic journal on post secondary
education. The J SE publishes articles, data sets , supplementary software programs and
columns us~ful in teaching statistics. The electronic medium allows dynamic and interactive
graphics , sound, software packages , animation and video clips to be included in the journals
articles.
The International Association for Statistics Education established an electronic _
archive of
information in the beginning of 1994. This contains a collection of material of interest to teachers
of statistics world wide. Networking at national level and then at international level may help
achieve these things.
~.

Strategies
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i)

ii)

For review and mid-term appraisal of research and also dissemination of information
periodic seminars , workshops , conferences and meetings should be arranged and
attended both _at national and international level.
For a better utilization of research findings , inter-disciplinary and inter-institutional
research programmes should be taken up based on user's requirements_

iii) Research projects should be formulated from time to time to re-orient the direction of
research which meets the current needs of agricultural systems research.
iv) Efforts should be made to publish the research output in important refereed statistical
journals of international repute.
v)

Consultancy and advisory in planning and designing of research in agricultural systems
and statistical analysis of data should be taken up on a large scale. In fact , IASRI and
Departments of Statistics in State Agricultural Universities should have a unit on
"Statistical Advisory Services"_ Similarly, there should be a one-credit course in M.Sc. and
Ph.D. Programmes on "Statistical Data Analysis"_

vi)

Mobility of scientists should be encouraged both at national and international level.

vii) IASRI should develop as an advanced centre of excellence in Agricultural Statistics and
Computer Applications.
viii) IASRI should develop as an Agricultural Information Technology Centre and act as a
repository of information and dissemination of information_
ix) Sponsored research should be encouraged.

REFERENCE
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5.1 Use of Remote Sensing Technology for
Agricultural Statistics
Randhir Singh
Indian Agricultural Statistics Research Institute, New Delhi

1. Introduction
Information on Agricultural Statistics like land use/ land cover, crop acreage, crop yield etc.
is essential for effective management of the natural resources in the country. Traditionally the
land use statistics are being compiled from village records: There is now a greater concern for
the statistical reliability of the information and timeliness of its availability. With the availability of
remote sensing data serious questions are now being raised on the <luality of agricultural statistics
developed from the records maintained by patwaries or the VLWs. Very recently a NRSA study
has shown that the reported cropped area is widely under estimate to the extent of 20 to 30
percent. The role of remotely sensed data in providing such information has been well recognised
and can play a significant role in improvements in the quality of agricultural statistics. Just like
Total Quality Management (TQM) which is an elaborate quality management system, the remote
sensing data can be obtained and processed to meet the pre-determined and accepted norms
. to ensure that the final results conform to expectations of quality standards.
2. Land use I Land cover statistics
Systematic and comprehensive compilation of land use statistics is essential for planned
development of land based programmes and activities. The existing information on land use is
largely in the form of statistics based on compilation of village records.
·
A nation wide land use / land cover mapping project based on satellite data using digital
technique was taken up by the Deptt. of Space (DOS) at the instance of Planning Commission
with active participation of several organisations from Central Government and State Governments.
The first major step essential in a large area land use/ land cov er mapping is a classification
system valid for use throughout the country. Realizing the need for standardization of land use
mapping , a natural comprehensive land use/land cover classification system , amenable to
remote sensing application has been developed by NRSA, DOS for countrywide. unified
~pp lication . The inherently digital nature of remotely sensed data,suppo rting quantitative and
statistical analysis of spectral measurements, led to rapid advancem ent in the field of digital
techniques. The results of the land use land cover mapping are brought o ut in the form of
·
statistics, line maps I colour coded photo-write output etc.
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3. Crop acreage and production estimation
Presently crop acreage statistics are mainly based on complete enumeration records
maintained by village Patwaris for all crops. For estimation of crop yield for various major crops,
crop cutting experiments are conducted throughout the country.
project in the Remote Sensing
A Crop Acreage and Production Estimation (CAPE)
Application Mission has been taken up aimed at operationalising of remote sensing technology
towards setting up of National Natural Resources Management System in the country for efficient
resource management. The project is a part of a joint remote sensing programme for agricultural
applications ofthe Department of Agriculture and Cooperation, Ministry of Agriculture, Government
of India and the Department of Space. The prime objective of CAPE is to obtain the crop acreage
and production estimation ·of major crops to assist advanced planning for food production,
distribution and supply. The project area is spread over 70.3 million hect. covering 103 districts
in the country.
The project aims at objective acreage estimation of wheat in major wheat producing states
of U.P., Punjab, Haryana, Rajasthan and M: P., acreage estimation of rice in Orissa and Tamil
Nadu , acreage estimation of Groundnut in Saurashtra and acreage estimation of Sorghum in
central Maharashtra. The crop acreage methodology uses current seasons groundtruth data
and maximum likelihood classification algorithm. Sample -segment approach is used for large
study areas when number of scenes involved is high.
In this project prediction of yield using remotely sensed data is essentially based on direct .
relation of yield with spectral indices like Ratio Vegetation Index (RV~) = (NIR!Red) , Normalised
Difference Vegetation Index ( NDVI) = (NIR-Red) I ( NIR + Red)etc . An empirical relationship
has been established by regressing area weighted district spectral indices against the corresponding
. district yield reported by Directorate of Economics and Statistics over the last 2-4 years.

4. An integrated approach for estimation of crop acreage and crop yield and crop yield
forecasting using satellite data alongwith the survey data based on crop cutting
experiments
Crop Yield Estimation Surveys based on Crop Cutting experiments are conducted for almost
all major crops in the country. Use of remotely sensed data for crop yield estimation and crop
production forecasting is being cur-rently investigated worlq wide.
The production of the principal agricultural crops in the country is usually estimated as a
product of area under the crop and the average yield per unit area of that crop. The estimates
of the area under a crop at district level are generally obtained through complete enumeration
whereas the average yield is obtained on the basis of crop cutting experiments condu,c ted on a
number of randomly selected fields in a sample of villages in the district. This technique
developed during 1940-50, has by and large been followed for estimating the production of major
crops in the country.
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The advent of Remote Sensing Technology during 1970s and its great potential in the field
of agriculture have opened newer possibilities of improving the agricultural statistics systems all
over the world.
5. Future areas of study

Indian Agricultural Statistics Research Institute very recently completed a study where
spectral data has been used for stratification of crop area in improving the crop yield estimators
based on crop cutting experiments. The study has shown that the number of crop cutting
experiments can be r~duced considerably (about 113rd in case of wheat crop) without affecting
the efficiency of the estimators. This technique may thus lead to obtaining crop production
estimates at lower levels of administrative units like Tehsils I Blocks.
With the availability of Global Positioning System (GPS) , it is possible to identify the
coordinates of the crop fields selected for crop cutting .experiments which can enable us to locate
these fields on the satellite imageries and the spectral data corresponding to these fields can also
be easily extracted. This spectral data can be used to develop the crop spectral signatures which
can be used to classify all pixels belonging to the crop to give the acreage under crop. However,
the classification of all pixels may involve heavy computer time and cost, therefore a sample of
area segments for crop acreage estimation can be obtained as proposed in the project on "Crop
acreage and production estimation" (CAPE) being conducted by SAC, Ahmedabad.
Crop yield forecasting mosJels can be developed using crop yield data and the corresponding
spectral data from the crop cutting experiments. Since spectral data for more then one pass can
be collected during the crop season, several multivariate techniques like principal components
analysis, factor analysis , Markov Chain Model, etc. can also be developed. Singh and Ibrahim
(1995) have studied the use of multi-date spectral data obtained through a hand held spectrometer
using Markov Chain Model. This model can be further examined using satellite spectral data
resulting in improved crop yield forecasting mpdel.
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5.2 ·Quality Issues· in Crop Estimation Surveys
Rajiv Mehta
National Sample Survey Organisation, Faridabad

Summary
The agriculture sector continues to play a dominant role in the National economy on account
of its significant contribution in the gross domestic product and also as the prime source of
livelihood for two third of country's population spread over a vast space of 320 million hectares.
A reliable and timely available data base of crop production is the· input of foremost importance
for the micro and macro decision making exercise on procurement, distribution, price, imports,
exports and the growth of the sector. The Crop Estimation Surveys organised in different States
meet this basic requirement of planning and policy analysis. Issues addressed in this paper touch
both the qualitative aspects of data influenced by sampling error as well as non sampling error.
These aspects are looked into from the design, methodology, organisational and procedural
angles. Lastly the paper highlights the role of the Scheme for Improvement of Crop Statistics in
guarding the qualitative aspects of data in the Crop Estimation Surveys.
1. Introduction

The reliable information on agricultural production has since long remained a prime concern
for planners and policy makers where the agriculture plays a dominant role in the economy of the
country. Important decisions relating to procurement, distribution, price , export, imports and its
growth largely depend on production data base. The estimates of the crop production in a year,
thus forms the mo~t important input in the policy exercise of food security for the country's
population and in the agrarian economy of a country like India, which has more than 500 million
population dependent on agricultural sector, the reliable periodic assessment of the production
scenario is thus a necessity. Ever since the pioneering work done by Indian Statistical Institute
under the leadership of late Prof. P.C. Mahalanobis during 1937-41 to estimate the acreage and
production of Jute in Bengal and by Dr. Sukhatme and Dr Panse of Indian Council of Agricultural
Research (I CAR) in 1942-48 to estimate the yield rates of Cotton and Wheat, the sample surveys
had continued to play an important role in the Agricultural Statistics system in India for deriving
such estimates for various crops. Systematic expansion of crop survey work in individual States
by extending the survey to new crops and new areas and by filling up lacunae, technical as well
as Operational, that had been observed in the course of the existing surveys, has become the
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integral part of agricultural system.
The estimation of the yields of principal food and non-food crops on the basis of statistically,
designed random sample surveys, is now being carried out regularly in almost all the states. The
traditional methods of estimation of crop production by eye-estimation have been gradually
replaced by the objective assessment through the crop cutting experiments and the crop
estimation surveys form the basis of the offiGial production estimates. Since 1953 the NSS
Directorate (later known as Field Operations Division of National Sample Survey Organisation)
took over the role of central coordinated of these surveys as one of the principal activity of its
Agricultural Statistics wing.
2. Crop Estimation Surveys- Scope
The Crop Estimation Surveys are organised by the State Statistical Bureaus/ Directorate of
Economics & Statistics/Department of Agriculture and Land Records, who are responsible for the
planning of the same, the training of the field staff, the quality check of their work and statistical
analysis of the data collected.
The procedure for random selection of fields growing the experimental crop, marking of plots
for crop cutting experiments, harvesting of the crop, the weighment of the produce and recording
the details thereof are contained in the guidelines of the field work of the surveys issued by the
State agencies. The design of the survey is technically known as stratified multi-stage random
sampling design in which the units of revenue administration such as talukas/tehsiVmondal etc.,
are usually taken up as stratum, from which a pre assigned number of villages are selected for
the surveys.
Over the years the scale of agricultural operations and the output have grown many fold.
Whereas food grain area which was barely 100 million hectares at the time of independence has
touched the level of 130 million hectares, the area under oilseeds have taken up quantum jump
from 10 million hectares to 25 million hectares in this period. This rapid expansion compounded
with the breakthrough in yield rates as a result of improved methods have brought several
milestones of the Green Revolution in the country, which have been gauged by the Crop
Estimation Survey with its continued expansion over the years. The objective forecasts based
on Crop Estimation Survey have p~ovided realistic indicators of country's agricultural scenario.
The scope of Crop Estimation Survey over the period of time got expanded to meet the
challenging data needs, in the emerging dynamism in the agricultural sector. The nec~ssity of
estimates with higher precision and often at lower administrative levels, rising importance of
several commercial crops and the data needs on input, increased the scope and utility of Crop
Estimation Survey, manyfold. The National Commission on Agriculture also emphasized for the
deeper classification of production estimates which required the nationalisation of the planning
of Crop Estimation Survey with pre-stratification according to seed varieties and irrigation and
utility of post stratified analysis according to input classification, rate of their applicat ion and
resultant impart on the production. During the year 1991-92, a total of 472,366 experiments were
planned under crop estimation surveys in twenty states and four union ter~itories of the country
on .54 food and 14 non food crops.
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3. Data Coverage in Crop Estimation Surveys

Though the primary objective of Crop Estimation Survey is to provide estimates of yield rate
with fair degree of precision by adopting the laid-down statistical methodology, a wide range of
analysis relating to agricultural sector and operation can be derived· with the help of useful data
collected in this exercise. For the purpose of estimation of yield, certain key data covering the
identification particulars of sampling unit, actual observations of crop cutting experiments, the
data on area etc. for weighted coverage and analysis of variance are sufficient. However the
opportunity of. conducting a survey of such a magnitude, having sampling unit of observation
being an experimental plot at the micro level, is also utilised to have a data coverage for a wider
utility. This data coverage can broadly be classified in following four categories.

i)

Village data:

Apart from the identification particulars of the village the data relating to its altitude,
communication, infrastructure like electricity, tubewell, irrigation, details regarding agricultural
exteris ion activities etc. , are also collected.

ii) Crop data:
Exhaustive data profile about the experimental crop, its condition in the field , soil types ,
sowing methods, crop rotation, cropping pattern, rainfall during the cropping period, crop density,
multiple/mixed cropping and crop damages are useful for exhaustive analysis of agricultural
sector.

iii) Input data:
In addition the crop details the schedules canvassed in Crop Estimation Survey generally
contain the details on inputs such as seeds, fertilisers , pesticides and irrigation. The information
ar;e qualitative as well as quantitative in nature. The ancillary data serve immense utility in
undertaking post stratification analysis to measure the extent and effectiveness of cultivation
practices.
iv) Other data:

Different States have u~ilised the schedules of Crop Estimation Survey to compile additional
data such as cultivators holding, the subsidies and the benefits available to farming sector, type
of labour used, methods of cultivation, crop insurance etc. , which can enable a deeper analysis
of agrarian economy and the development programmes.
4. Issues on Qualitative Aspects

The quality of data is an issue of foremost importance in any statistical exercise involving
large scale sample survey, for generation of data base on wide ranging characteristics ofthevital
sector of the nation's ~conomy. The conduct of the agricultural survey is a strenuous exercise
involving the identification of an the access to r~motely placed sampling units. In the process ,
the potential damage to the quality of data is posed by the non sampling errors.
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Crop cutting experiments as such is a microscopic exercise in which the produce of
experimental plot is aggregated and blown manyfold to derive yield rates. In case of experimental
plot of 5 m x 5 m, the multiplier for yield rate per hectare is 400. Thus any error of measurement
may severely affect the final estimates. The non availability of equipments such as wei9bts and
balances and the dependence on non standard substitutes largely contribute to such non
sampling errors. Major statistic:::~.! departures, often observed, are due to the improper identification
and substitution of sampling units, mainly because of the absence of basic records desired for
the purpose. Effective supervision and training of primary workers are therefore an essential
prerequisite for deriving the qualitative objectives of Crop Estimation Survey.
The quality issues in the Crop Estimation Surveys are, thus addressed to the aspects of
sampling error as well as the factors contributing to the non sampling errors. The consideration
of both these dimensions is essential for the precision of estimates and the cost efficiency. The
issues have been categorised in the technical, the organisational and the procedural perspectives.
The technical aspects are further subdivided into the issues concerned the design and the
methodology.
4. 1 Design aspects:

(i) The design of Crop Estimation Survey is an established one and has been tested
successfully over a period of time. However the cropping pattern undergoes changes with the
advent of advance methods of farming. The periodical review of the design and allocation of
sample size thus becomes necessary. In the past decade there has been a major shifts in the
area towards oilseeds and other commercial crops. Many new crops have emerged into
prominence in the specific pockets of different States. Some of these crops, though may not have
significance at the State level but for particular districts, they are important. The exercise to
generate data base on crop production thus require to be responsive to such dynamism in the
agricultural sector. One such exercise have been taken up by State Ag ricultural Statistics
Authority, Rajasthan and based on the shift in cropping pattern in the past 10 years, the planning
was nationalised and expanded to additional crops by keeping the total number of experiments
under CES, intact. Such exercises enable to extend the coverage without surroundening the
precision and wi~hout incurring additional cost.
(ii) The evaluation of the CES planning is equally important to monitor the level of precision
achieved in estimation of yield rates at State or district level. The tenets of CES envisaged a
specific permissible standard error at the State level and the district level. The objective has been
to estimate the yield rates with 2% standard error at State level and 5-8% standard error at district
level for the districts having more than 40,000 hectare area under the surveyed crop.
There are instances of districts having sizeable area under the principal crop and percentage
standard error exceeding 8%. In some of the cases the district level percentage standard error
has been more than 50%. The low level of precision in estimation has been observed in case
of cereals like Bajra and jowar which are generally rC!in fed. The States where pre-stratification
is resorted , the prevalence of low precision at district level is less pronounced.
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(iii) The National Commission on Agriculture in its recommendation had suggested for prestratification in the sample design of Crop Estimation Survey. The States where such prestratification is resorted to is given in Table -1
Table 1: Stratification according to inputs 'adopted in design
S.No.

State

Irrigation &

Irrigation

Seed

Seed both

only

only

(2)

( 1)

1.

Andhra Pradesh

2.

Bihar

3.

Crop for which pre-stratification is done according to

(3)

(4)

(5)

Rice (Kh . & Rabi)
Rice (Agh.)

Rice (Bha.)

Rice(Gar.) &

& Wheat

& Sugarcane

Maize(Bha.& Gar.)

Gujarat

Rice, Wheat
& Cotton

4.

Karnataka

Rice(Kh .)

Groundnut

Jowar (Kh. & Rabi)

(Kh.)@

Rice( Rabi) & (Sum.)

Bajra (Kh.)

Cotton (Kh.)

Maize, Jowar(Surn.)

Maize (Kh. )

Sunflower (Kh.)

Ragi (Rabi) & Wheat

Regi (Kh.) &
Wheat

5.

Madhya Pradesh

6.

Maharashtra

Rice • & Wheat
Rice, Jowar (Rabi) ,
Bajra,
Wheat & Cotton

7.

Rajasthan

Rape & Mustard
& Gram

8.

Tamil Nadu

Jowar, Bajra
Ragi & G . nut.

Pre-stratification according to seed, is only for irrigated ·category.
@

Pre-stratification only in the relevant districts and not for State as a whole

Source: Consolidated ~esults of Crop Estimation Surveys on the Principal Crops, 1991-92;
National Sample Survey Organisation.
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With the gradual expansion of irrigated area, the refinement in the design through prestratification is gaining importance. However, while resorting to this, the examination of the·
feasibility of pre-stratification is equally necessary. If the State, districts or the stratum do not have
sizeable proportion of area in the pre-stratification-characteristics then some of these stratum/
districts may not be feasible for adopting pre-stratified design. This aspect has been specifically
studied for Rajasthan where the potential of irrigation is uneven over the geograpfiical ~pace of
the State.
4.2 Methodological aspects:

(i) The Crop Estimation Survey have yet to stabilize the procedure for the crops sown in
mixture. The methods followed in different states lack uniformity. The c rops like redgram are
invariably sown in mixture and the apportionment of its area is done either on the basis of the ratio
of seed rate among the constituent crops or by the adjustment of area under mixed crop to the
conditions of pure crop cu ltivation. In both these approaches, there are certain gaps to be
reconciled.
(ii) The situations in which the selected field for the conduct of experiment for a particular crop
has several patches , the procedure followed is to select the experimental plot in the patch which
is in the south-west corner of the field. This procedure restricts the representativeness of other
patches in the selection. A slight modification in the design to select a patch at random instead
of confining the selection from a particular patch can be a solution for this limitation.
4.3 Organisational aspect:

(i) The organisational factors influence the incidence of non sampling errors in the crop
estimation surveys. The conduct of surveys involve the assoc iation of multiple agencies. Often
the large sample size is distributed over various agencies which inturn have to closely associate
themselves with the agency of Land Records. The time span available for field work is restricted
to the harvesting period. Thus the lack of coordination affects the response in the survey and
many sampling units are lost in the process.

'

(ii) The workload of primary workers is high in good number of cases . In about 5%, the primary
workers have been assigned more than 12 experiments per season. The absence of
nationalisation of workload of primary workers has direct bearing on the non sampling errors.
(iii)The quality data is likely to suffer if the primary worker is not properly trained with the
survey methodologies. The incidence of the experim ents conducted by untrained workers is high
when such experiments are conducted by non designated or delegated officials .
4.4 Procedural asp ect:

The prime source of non sampling errors in any survey , specially of th e magnitude of the Crop ·
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Estimation Surveys, is the non-adherence to the concepts and the instructions. The course of
these non sampling errors are the errors in selection of survey/sub-survey numbers, errors in
selection of field within the survey/sub-survey numbers , errors in the measurement of plots , error
in selection of random number, errors in the weighment of produce, inadequate arrangement for
storing the produce for driage and lack of attention to the ancillary information such as seed
varieties, use of inputs, irrigation, fertilizer, rate of their application etc.

5. Quality Issues and the Rrole of the Scheme for Improvement of Crop Statistics
The Scheme for Improvement of Crop Statistics (ICS) is being ·pursued by the National
Sample Survey Organisation over the years. The scheme has a significant role in assessing the
qualitative aspects of data generation in the Crop Estimation Surveys. The ICS supervision of
al;>out 8% of total CES planning cover principal cereals and pulses , oilseeds ,and fibr~ crops as
well as Sugarcane 8f Tobacco wherever th ese crops are sown in large tracks. The concurrent
supervision of randomly s-elect ed crop cutting experiments following a multi stage stratified
design spreads t he ICS coverag e over the domain of CES. The departures from the procedure
in conduct of crop cutting experiments are analysed and brought to the notice of different State
Governments. ICS supervision thus has two distinct features . Firstly, it is a statistically designed
supervision on the uniform base of instruction and concepts superimposed over the diversity of
State instructions and the state agencies involved in the CES. Secondly, apart from being the
largest exercise of its kind primarily focussed to the non sampling error, it also facilitates quick
estimates of yield rates based on sampled observations , to access any significant deviations
taking place in the yield estimation from CES. The Agricultural Statistics Wing of NSSO has
associated itself with the periodical review of the design of the CES in collaboration with the State
Agricultural Statistics Authoriti es and in this proc ess, it has devoted itself to the qualitative
aspects of the data generation for the vital sector of Indian economy.

-.
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Plenary Session
The chairman welcomed all the delegates present at the concluding session.
The recommendations based on the deliberations of different Technical Sessions were
presented by the respective Conveners/Rapporteurs of the Sessions. After discussion the house
authorised the Indian Agricultural Statistics Research Institute, New Delhi to get the
recommendations suitably rearranged and consolidated. The consolidated recommendations
are as below:
1. Research in the areas such as regressio·n analysis and categorical data analysis in the
context of agricultural surveys; Small area estimation techniques and their applications;
Statistical applications of Geographical Information System (GIS) and remote sensing; should
be intensified.
(Action: IASRI, ICAR Institutes and SAUs)
2. An integrated approach using Satellite data alongwith survey data may be attempted for
crop acreage and crop yield estimation as also crop yield modelling.
(Action: IASRI, ICAR Institutes and SAUs)
3. Use of Satellite data for statistics on Land use/Land cover, Waste land mapping etc. may
be operationally adopted.
(Action : IASRI)

•

4. Studies on (i) robustness and optimality of block designs with nested rows and columns ,
proximity designs, factorial experiments and bio-assays , (ii) Designing and analysis of incomplete
multi-response experiments, competition experiments and multiphase experiments may be
taken up vigorously .
(Action : IASRI , ICAR Institutes and SAUs)
Development of expert systems and interactive software including aspects on
5.
catalogueing, layout and analysis of various experimental designs may be attempted.
(Action: IASRI , ICAR Institutes and SAUs)
6. Emphasis should be laid on diagnostic procedures while analysing data collected under
AFEIS and AICAR P on cropping systems research.
(Action: IASRI and AICRPs)
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7. Studies on the application of non-linear statistical models in agriculture should be pursued
vigorously.
(Action: IASRI , ICAR Institutes and SAUs)
8. For estimation of genetic parameters, computer intensive techniques such as jacknifing,
bootstrapping etc. should be further explored.

•

(Action: IASRI , ICAR Institutes and SAUs)
9. Statistical application to problems relating to bio-technologies should be investigated.
(Action: IASRI , ICAR Institutes and SAUs)
10. Crop forecasting methodology developed so far at lAS AI may be validated with crop
cutting surveys in collaboration with State Departments of Agriculture.
(Action: IASRI)
11. Methodological studies on specific statistical/ economic problems of current and topical
interest in agriculture may be taken up.
·
(Action: IASRI, ICAR Institutes and SAUs)
12. Reappraisal of existing statistical methodologies for Agricultural research and development,
in view of changing scenario may be attempted.
(Action : IASRI, ICAR Institutes and SAUs)
13. Use of systems approach in simulating various agricultural phenomena like crop growth,
crop production , forecasting , agro ecological donation, etc. may be attempted.
(Action: IASRI, ICAR Institutes and SAUs)
~

14. Quality assessment should be an integral part of any data generation exercise and data
validation should be as important as data collection.
(Action: JASRI , ICAR Institutes and SAUs)
15. ICAR may continue with its policy of associating atleast one Scientist (Statistics) at
appropriate level with every AICRPs. The existing cadre strength of Agricultural Statistics may
be suitably increased to meet the future demands.
(Action: ICAR and IASRI)
16. Development of .computer software for use in agricultural research may be pursued
vigorously.
(Action: IASRI , ICAR Institutes and SAUs)
17. Development of computer network, agricultural research databases and information
management and communication systems may be taken up.
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•

(Action: IASRI, ICAR Institutes and SAUs)
18. IASRI should become nodal agency for documentation of research work in agricultural
statistics and computer application.
(Action: IASRI)
19. A number of statistical packages (latest versions) and expert systems may be procured
by a nodal centre like IASRI.
(Action: IASRI and other Nodal Centres)
20. With the availability of variety of computer systems, software packages and new
techniques of data acquisition and analysis, agricultural statisticians may use them profitably in
their research work.
(Action : IASRI , ICAR Institutes and SAUs)
21 . IASRI may take up consultancy work related to the fields of Agricultural Statistics as well
as Computer application in agriculture.
(Action : IASRI)
22. Computer centre infrastructure at alii CAR institutes and SA Us may be strengthened and
their assistance may be obtained for developing office automation.
(Action: ICAR, ICAR Institutes and SAUs)

•

23. There should be uniformity in the syllabi for M.Sc. degree courses in Agricultural
Statistics including Bio-statistics and Fishery St;=itistics as also in Computer Applications
conducted by different Deemed Universities and State Agricultural Universities. A suitable
committee of members drawn from IASRI , SAUs and ICAR Institutes may be set up fo r drawing
the syllabi both under Semester & Trimester systems. It should also look into such uniformity for
the subject offered as minor. They may also look into the aspect of strengthening the courses
in Mathematics for the degree programmes. Statistical aspects of Agricultural Marketing may
also form a part of course curriculum.
(Action: ICAR, Deemed Universities and SAUs)
24. Scope for specialisation in Agricultural Statistics at undergraduate level with a uniform
syllabus may also be explored.
(Action: SAUs)
25. The courses in Agricultural Statistics (Computer Application) should be listed under the
discipline of Agricultural Statistics (Computer Application) and taught only by the Agricultural
Statistics (Computer Application) faculty.
·
159

(Action: Deemed Universities and SAUs)
26. Agricultural Courses for students from the general stream should include all the aspects
of Agriculture viz., Agricultural , Animal , Fisheries and allied sciences.
(Action: Deemed Universities and SAUs)
27. More courses in Agricultural Statistics and Computer Application may be introduced at
UG and PG levels. The concept of minor from other disciplines may be given due consideration
in finalising the course curricula.
(Action: Deemed Universities and SAU s)
28. Course curriculum should be revised from time to time. specially for P.G. courses , to keep
pace with the latest developments. It sho uld give due emphasis on applicatiorial aspects in
agriculture.
(Action: Deemed Universities and SAUs)
29. Training programmes should be at different levels for different groups of personnel.
Teachers' Training programmes should be arranged , both in-house and at national level.
(Action: Deemed Universities and SAUs)
30. Keeping in view the need for trained scientists in the field of Agricultural Statistics, SAUs
and IASRI may introduce courses similar to erstwhile Senior and Junior Certificate Courses at
IASRI for in-service personnel.
(Action: IASRI and SAUs)
31 . The concept of major field of specialisation at the Ph.D. level in the discipline of
Agricultural Statistics may be re-examined.

•

(Action : IASRI)
32. Each syllabus may exist in 2 formats (i) a short version as approved by the academic
authorities and printed in the Calendar and (ii) an extended version providing a detailed
interpretation of what is to be included but that can be readily changed in the light of experience.
(Action : Deemed Universities and SAUs)
33. One credit course on 'Recent developments in Agricultural Statistics' may be included for
degree courses in Agricultural Statistics.
(Action: Deemed Universities and SAUs)
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34. For quality of data aspects as a part of course curriculum , the cooperation of other
organisations like NSSO may be sought.
(Action: Deemed Universities and SAUs)
35. An element of external examination for the Agricultural Statist_ics Courses may be
introduced for improving the quality in HRD. Examination papers may contain fewer questions
on work done in the class and more questions involving problems to be solved.
(Action: Deemed University and SAUs)
36. Development of self instructional kits such as computer assisted instruction may be
attempted. Scope for introducing correspondence courses on specialised topics in Agricultural
Statistics for in-service candidates may be explored by IASRI.
(Action: Deemed Universities and SAUs)
37. A separate Department/Division of Agricultural Statistics may be set up at all the SAUs
and the existing infrastructure strengthened.
(Action: SAUs)
38. Knowledge acquiredthrough new researches should be disseminated through pamphlets/
text books/popular articles.
(Action: IASRI, ICAR Institutes and SAUs)
Recommendations from the previous Conference(s) which needs to be attended to:
1. Development of survey sampling methodology for estimation of area and production of
field crops in hilly areas .

•

(Action: IASRI)
2. 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)
3. Development of appropriate methodologies in the area of "Surveillance of important
animal diseases" for adju~tment for time lag in case reporting; imputation of non-observations,
detection of changes in patterns of occurrence in the incidence of disease, description of disease
trends over time. Identifying aberrations in the occurrence of disease and for assessing the
impact of health programmes
(Action: AIIICAR Institutes and SAUs)
4. Study of the response to selection in finite populations, and the effect of linkage on
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homozygosity of a population under various inbreeding systems lhrough simulation approach.
(Action: IASRI)
5. Development of methodology for estimation of optimum stocking rate: of animals for the
rangelands of Western Rajasthan.
(Action r-JDRI and CAZRI)
6. M.Sc. degree program in Computer Application in Agriculture has been 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)
7. A workshap on DBMS may be organised by IASRI.
(Action: IASRI)
8. Best teacher's award in Agricultural Universities be limited to those teachers who are
devoting at least two-thirds time for teaching.
(Action: SAUs)

•
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VOTE OF THANKS
•
D.L. Ahuja
Head, Director's Coordination Unit,
Indian Agricultural Statistics Research Institute, New Delhi

It is my proud privilege to propose a vote of thanks. I, on behalf of you all , and on my
own behalf, thank ICAR for giving financial support and encouraging us to hold the Conference.
We are grateful to our Director General, Deputy Director General and Asstt. Director General for
their guidance and best wishes for fruitful.deliberations and success of the Conference. We are
thankful to Prof. HR Kalia, Former Vice Chancellor, HPKV who inaugurated this Conference. We
are thankful to Dr RPS Tyagi , Vice Chancellor, HPKV for kindly agreeing to host the Conference
and for providing all facilities for conducting the Conference.
We are thankful to Dr RK Pandey, Director, IASRI for coordinating the activities of the
Conference. We are thankful to local organising Secretary, Dr BL Kaistha, Dean, College of Basic
Sciences, HPKV, who has been very active throughout and taking personal interest in the
proceedings. We also thank all the various organising members at HPKV.

,

We are very thankful to all Chairmen, Discussants , Rapporteurs and Conveners who
have taken pains to conduct various technical sessions. We would like to mentioned special!~
Dr BN Singh, Former Director General, BIS, who has come all the way here and has taken keen
interest in the deliberations of the various sessions and giving his valuable comments ,
suggestions, and guidance for future actfvities.
We are also thankful to the Press for giving a wide coverage of the Conference
, Our thanks are due to organisations who have deputed participants , delegates,
speakers and all others , who have come from ICAR Institutes and State Agricultural Universities.
We are thankful to the Organising Team of IASRI for their hard work and untiring efforts.
The Conference acknowledges with thanks the support given by I FFCO and Dr KK Sood,
Member, Board of Management.
I thank one and all.
THANKS.
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