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I feel greatly honoured to have been chosen as Sessional President and
invited to deliver the Technical Address during tlie 47th. Annual Conference
of the Indian Society of Agricultural Statistics. I exjjress my profound gratitude
to the Society for affording me this opportunity. My career interests have been
in statistics with ajjplications to agriculture, genetics and breeding and later in
research administration. From this background, 1 jjropose to share with you

some of my thoughts on the nature of statistical activities in agriculture.

Statistical science as we know is concerned with the twin aspects of

efficiently collecting observational data with the help of the theory of design

of experiments and samjjle surveys and drawing valid inferences therefrom using
the theory of estimation and testing of hypothesis. However, as a scientific
activity it is unique in the sense that it does not generate data by itself but
needs a field of application to be able to do so. It is therefore at the interface
of statistical methods and the field of ajiplication tliat statistical science really
exists. Agricultural Statistics is one such interface for which this Society and
tlie Indian Agricultural Statistics Research Institute (lASRI) at New Delhi have
made significant and unique contributions since forties and fifties. I have been
associated with both of them for a pretty long time. As Director of the latter
for a period of over 10 years (1981-1992), I have been actively concerned with
tlie research and training in statistics applied to agriculture.

PAST ACHIEVEMENTS

The fillip to introduce modem statistical; methods in agriculture-initiated
with tlie publication of R.A. Fisher's book Statistical Methods for Research
V/orkers in 1925 - was given in this country with the setting up of a Statistical

Technical Address delivered by the Sessional President on 16 December, 1993 at
the 47th Annual Conference of ISAS held at S.V. Agricultural College, Tirupati
(Andhra Pradesh).
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Section in 1930 in tlie Indian Council of Agricultural Research (ICAR) and
the financial support given by the Council to Statistical Laboratory, Calcutta
set up around tlie same time (Panse, 1955). During tlie next over 60 years,
statistical research—both theoretical and applied—were pursued witli great
vigour over a wide front and earned a place of honour for Indian statisticians
in tlie national as well as international spheres.

By far tlie most significant contribution, which is now widely adopted
not only in India but also in several countries of Asia and Africa, is the method

of estimation of yield of crops through crop-cutting experiments in randomly
located fields in randomly selected villages of the region under study. A
considerable amount of exjKriniental work for judging tlie optimiun size and
shape of plots in crop-cutting surveys was done by the Statistical Wing of the

ICAR, and the Indian Statistical Institute. The fomier, on tlie basis of numerous

tests showed that plots of small size give an overestimation of yield. However;

recently Vemia ei. al. (1988) reported the results of the study sponsored by
Longacre Agricultural Development Centre in London. The study was conducted
in different countries of Africa during the course of 1987 to compare the
objective method of crop-cutting experiments for estimating crop yields with
the subjective method of estimating it by enquiry from famiers soon after tlie

harvest. Their rejiort concluded in favour of subjective metliod and pointed out

tliat estimates based on square-cuts appeared to lead to overestimation by as
much as 30 per cent. This rejiort was'presented in a Workshop on Food Supply
Information Systems in Africa held at Nairobi (Kenya) in March 1989. At the
instance of the Commonwealth Secretariat, London, I prejmed an Issue Paj^r
for the Workshop based on the review and commentary on the Longacre report.

I reiterated the Indian experience spread over about 35 years which established
the superiority of the objective method of estimation of crop yield on the basis
of crop-cuts (Narain, 1989). While it is known that small plot size leads to
overestimation due to location bias and errors in demarcation of plots, tlie

magnitudes of overestimation obtained in Indian studies (Sukliatme, 1946. Sen,
1967) are found to be much smaller (about 1 to 7 per cent) than the estimate
of 30 per cent obtained in the Longacre study. By adopting subjective method
based on Farmer's Reports there would be no scope to control non-sampling

errors which are apt to be more systematic than random resulting in poor quality

data jiarticularly in the long run. In contrast, crop-cutting technique is a time

tested procedure having an inbuilt mechanism of controlling tlie quality of data.
The Workshoj) therefore concluded that Longacre study, being one-time

experiment, needs to be rejieated before arriving at a final conclusion.
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Adhikari (1993) while discussing the social construction of the statistical
estimation of crop yield indicates how the controversy due to different
approaches to crop-cutting experiments adopted by the ICAR and ISI arose.
It-is interesting to know that the controversy was due to the differences in the
regions in which they experimented. The permanently settled areas of West
Bengal where ISI experimented did not have the craft of crop measurement
and associated agents, whereas tlie temporarily settled areas of U.P. and Bihar
where ICAR experimented did have the craft of crop measureriient and people
perfomiing the craft.

Sampling techniques for the estimation of area and production of important
plantation crops, fniits and vegetables as also those for the estimation of

I livestock niuiibers, products and fisheries were subsequenUy developed. It may
be worth mentioning that although the methodologies of the agricultural surveys
differ because of tlie specific problems of the individual survey,they are similar
in the basic approacli (Narain and Srivastava, 1993). The emphasis is on the
objective approach of measurement on items for which collection of data
tlirough other methods like enquiry may lead to sizeable response errors. Further
these methodologies take into account tiie available infrastnicture of data

collection and analysis which is very essential for the viability and adaptability
of the methodology. In fact the methodological research of this kind is a
continuous process in which the Uieoretical and other technological changes
must be taken into account simultaneously. A continuous interaction amongst
the producers of the data, users and research workers is a basic requirement
for this tyjje of research in agricultural surveys.

Apart from ])ractical researches, considerable amount of research in
sampling tlieory has also been carried out by workers at lASRI, ISI and
departments of universities including those in the field of agriculture. A unified
treatment of sampling theory and its api)lication to large scale surveys was
published in the fonn of a book entitled Sampling Theory of Surveys with
Applications by P.V. SukhaUiie and B.V. Sukhatme in 1954 which has since

undergone several editions and modifications. The book, consulted widely by
students and researchers, is regarded as a landmark in the progress of Indian
contribution in the field of sample surveys.

lu the field of design and analysis of experiments, the first report which
pointed out the deficiencies of the old type of experiments with inadequate
replication and no randomization was that of Vaidyanathan's on Amlysis of
Manurial Experiments in India jniblished in 1934. Consequentiy, experimental
designs such as randomized blocks and latin squares propounded by R.A. Fisher
and embodying the principles of replication, randomization and local control
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and later developments, primarily due to Yates, such as factorial arrangements
involving confounding and various incomplete block designs were taken up
by the experimental workers. The ICAR encouraged the adoption of modem
experimental designs directly by making it a condition for all tlie research
schemes financed by it that the layout plans of the experiments should be
approved by the Council's Statistical Adviser. With this emphasis on
scientifically planned experiments, there was a rapid spread of the statistical
metliods in the planning of field experiments and in the analysis of their results.
This led to, at the instance of tlie Council, the publication of a book Statistical
Methods for Agricultural Workers by V.G. Panse and P.V. Siikhatme in 1954
which has since been revised. It may however be pointed out that the role of

agricultural statisticians in the advisory activities has now been relegated to
the background as nowadays agricultural scientists claim to have already a first
hand knowledge of statistics to handle designing and analysing their own
experiments.

Compared to crops, tlie introduction of modem experimental design in
animal husbandry has been rather a slower process due to inherent limitations
of experimental material such as the cost of maintaining animals and long
duration of experiments as in cattle and buffaloes. Apart from the simpler
designs like randomized block and latin squares, more involved ones such as
switch back and switch-over designs are often emjjloyed. A useful publication
in this connection brought out by this Society in 1975 is that of Statistical
Methods in Animal Sciences by V.N. Amble.

A critical statistical analysis of ten year's data collected in a goat breeding

project at Etah in U.P. by Sukliatme in 1944 became tlie landmark in focussing
attention of animal breeders on the need for a continued statistical appraisal
of the results of breeding. In tlie Etah project, it was shown that year to year
improvement recorded in the herd was not due to genetic improvement of the
stock through selection but due to non-genetic factors. Later on, the results of
the analysis of cattle breeding data on Red Sindhi herds at Bangalore and Hosur
conducted by Amble, Krishnan and Srivastava in 1958 paved the way for
development of progeny testing programme for tlie improvement of village cattle
through the use of sires tested at tlie farms. Several plant breeding studies such
as the estimation of genetic variability in self-fertilized crops like cotton (Panse,
1940a), development of genetic models and effective number of factors for
selection of yield in cotton (Panse, 1940b) were also conducted. These studies
in plant and animal breeding laid the foundation of a new field of activity of
Statistical Genetics which is one of its own kind and conducted at few
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institutions like lASRI. It is Essentially interdisciplinary in nature requiring an
integrated approach placing due emphasis on both the principles of statistics
as well as genetics. A unified treatment of its theory from this integrated point
of view has been described recently in a book entitled Statistical Genetics by
P. Narain and published by Wiley Eastern Ltd., N. Delhi in 1990 which has
been reprinted tliis year.

The above description on the achievements in the field of statistics as
applied to agriculture raises an important question as to how agricultural
research and development have gained from them. The most direct gain seems
to have come from the sample survey work for the assessment of reliable food
production which is needed for planning puqjoses. Besides, several sample
surveys conducted on the farmers' fields have helped inmonitoring whatfarmers
actually do, which give a feed-back to the agricultural adJiiinistration and
extension agencies for eliminating the poor agronomic practices etc. In the field
ofexperimental research, several newly evolved designs have heli>ed inreducing
thecostofexjierimentation. It is claimed that if certain incomplete block designs
are adopted in the place of comi)lete randomized blocks in crop experiments,
there can be as much as 70 i)er cent saving in the use of l^d and labour for
varietal trials (Gower, 1988).Apart from such direct impact of statistical science,
more often than not, statistics has played its part indirectly by encouraging the
efficient use of limited research resources and discouraging tlie unjustified
research.

FUTURE TRENDS

Due to the vast increase in comi)uter power that has become available
in the recent decade, the whole scenario of statistical data analysis seems to
have changed. Besides, new exciting developments in agriculture have taken
place which the statisticians have to follow for solving the problems of the
real world such as for instance biotechnology. Time does not pemiit me to
indicate the possible statistical developments in all the emerging new areas in
the field of agriculture and allied disciplines. I shall therefore restrict myself
to a few of those which need urgent attention of the agricultural statisticians.
These are:

1. Statistical prediction

2. Statistics in biotechnology

3. Statistics, information technology and agrarian society

. 4. Computer-intensive statistical methods
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Statistical Prediction

Statistics is concerned with the development of scientific methods of
induction fromunpredictable quantitative data. The statistical inference attempts
to minimize the arbitrariness of induction by evoking deductive methods to a
large measure. This is the background to the development of the classical
statistical science in temis of the theories of estimation, testing and decision
making by Fisher, Neyman and Pearson and Wald. In particular, Fisher (1925a),
while talking about the estimation stated the objective of the statistical method
as reduction of data in such a manner tliat the whole of the relevant information

contained in the data is retrieved while excluding all the irrelevant information.
This led him to the issue of si)ecification which he dealt with by specifying
a distribution of the observed characteristics. For instance, if we have a sample
of yields corresponding to different doses of fertilizer in an agricultural
experiment, we first specify the relationship between the ex|)ected yield Y and
the fertilizer x by

Y = a[l-exp{-k(x-b)}],

Then we take the observed yields y as nomially distributed about Y as

mean aiid variance a^. We then have the problem of estimating a, k, b and
in the best possible manner. In terms of a simple model, we state y = Y

+ e, where the errors e become nonnally distributed with zero mean and variance

o . But we never think about estimating e itself, and go to the estimation of

the second degree statistics o^. If we estimate e, we can predict Y for future
experiment. It seems therefore that a more general a|)proach to tlie whole issue
is to talk about prediction in the statistical sense. In fact the purpose of any
agricultural experiment is prediction i.e. say out of the two varieties being
comjjared which one shall we use in the future. In recent times therefore efforts

have been made to develop ijrocedures of estimating random effects. One such
procedure is Best Linear Unbiased Prediction (BLUP) which has been
extensively used in the field of animal breeding.'There are similiarities between
BLUP and other techniques like Kriging and Kaimanfilter in geostatistics
and control theory respectively. Interestingly, although BLUP was developed
via a frequentist approach to statistics, it has a Bayesian interpretation too.

It seems the whole issue can be given a unified treatment by developing
a general prediction theory (Harville, 1990). We consider predicting the value
of an unobservable random variable x based on the value of a n x 1 observable

random vector y where the joint distribution of x and y has first and seond
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^ moments denoted by m.x =E(x), ^y =E(y), ax =Var(x), Oy* = Cov(y, x) and
Vy = var(y). We assume tliat |iy belongs to a known vector space and that
p.* is a known linear combination of the elements of ^.y. This means

Hy = Xp and where p is a p x 1 vector of unknown parameters, X
is a n X p known matrix of rank p* and X. is a pxl known vector that is

expressible as A. = X^k for some vector k. The quantity a* and the elements
of Oyx and Vy are assumed to be known functions of an unknown parameter
vector 9 whose value is restricted to a known set £2 and Vy is assumed to be
non-singular (for all 0 e O). Apart from the linearity of the mean structure,

these assumptions mean tliat Ox, Oyx and Vy are unrelated to |ix and |iy. When

we take tlie special case with a* =0, x equals X-^P with probability one. The
problem of predicting the value of x is then equivalent to tliat of inference

about fixed effects x = >l^P in the classical sense.

To give one example of the problem of prediction, the evaluation of the
breeding value of an individual can be regarded as a statistical problem of
prediction- to predict an unobservable random variable (the breeding value)
witli tlie help of a set of observed random variables (tlie averages of the
phenotypic values of the concerned relatives). We may be interested in
predicting the breeding (genetic) value of a bull with the help of observable
records of a given niuiiber of progeny of the bull. The form of the joint
distribution of records of progeny and tlie genetic value of the bull is not known
as well as tlie first moment of the distribution is also not known. But only

|\ ' the second central moment is known. In such a case BLUP, given for the first
time by Henderson (1963), can be used. In this method, the linear function of

\ tlie records which has tlie same expectation as tlie genetic value to be predicted
I") ( and which, in tlie class of such functions, minimizes the average of the squared

\ errors in prediction, is the desir(^ BLUP. When the joint distribution is taken
^ X as bivariate nomial with nmiierically known values of the first and second

moments, tlie conditional mean of the genetic value, given the records of
progeny, gives tlie accuracy of the progeny test which is found to dejiend on
the number of progeny and the heritability of the trait. Introduction of auxiliary
traits in such problems improves the accuracy of the progenytest (Narain, 1985;
Narain and Kaur, 1993).

Statistics in Biotechnology

The discovery of the fascinating biological science of genetics is regarded
as by far the greatest scientific accomplisliment of the twentieth century. With



s JOURNAL OFTHE INDIAN SOCIETY OFAGRICULTURAL STATISTICS

the advent of molecular biology and genetic engineering, noval life forms not
found in nature could be created. Through recombinant DNA technology,
individual genes can be isolated, cloned and transferred across species
boundaries from plants, animals, microorganisms or viruses. Not only this, using
protoplast fusion technique, it has been possible to transfer large segments of
genome from one bacteriiuii to another and to create hybrid organisms tliat
can be propogated as for instance tomato-potato hybrid. The introduction of
these new technologies has made significant imjjact on some of the'
statistico-genetic principles used in breeding for improvement of domesticated
plants and animals. We discuss below two of them:

Restriction Fragment Length Polymorphism (RFLP)

Most of the traits of economic significance in plants such as yield exhibits
quantitative differences whose mode ofinheritance iscomplex in nature. Usually
a large number of genes scattered over different chromosomes witli each of
the gene contributing a small positive or negative effect to the trait aiid having
a large environmental component at tlie iJhenotypic level are involved. So far
we had no means to identify the effect of individual genes and follow tliem
individually through generations as we do in the case of Mendelian genes. The
emergence of the technique of Restriction Fragment Length Polymorphism
(RFLP) has now opened up new i)ossibilities for the identification ofquantitative
trait loci (QTL), by means of correlation between the trait and tlie specific
RFLP markers. RFLP maps can be used to select desired gene combinations
inanindirect manner from a breeding jjopulation, usually called Marker Assisted
Selection (MAS). It has also been helpful in selection of desirable genotypes
in early generations from a segregating population and is being used extensively
in breeding improved varieties of a number of crop jjlants across the world.
Tlie first most notable achievement in this direction has been in tomato
(Patterson et al 1988) where QTLs governing fruit mass and fruit pH have
been identified and selected for high, solid content. In India, RFLP studies have
been initiated and are being used for molecular- mapping and character-tagging
studies in mustard (Brassica spp), chick-])ea {Cicer arietimum) and rice at the
Biotechnology Centre, I.A.R.I. New Delhi, National Chemical Laboratory
(NCL), Pune and the International Centre for Genetic Engineering and
Biotechnology (ICGEB), New Delhi.

The experimental method for analysing QTLs in i)lant sijecies involves
crossing two indei^ndently inbred parental strains that are phenotyiiically widely
different from one another in respect of several quantitative traits, and then
analysing the genome of a nimiber say (50 to 100) of the recombinant hybrids
using a complete series of mapped and ordered RFLP probes to determine in
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each of the hybrids which segments have been inherited from one parent and
which from the other. The phenotype of each hybrid with respect to the trait
is then compared with the RFLP-based genome-analysis data to determine
statistically which segments of the genome contribute significantly to the
ultimate phenotype and are therefore likely to harbour QTLs.

The statistical approach for the detection of QTL near a genetic marker
locus involves comparing tlie phenotypic means for two classes of progeny:
Uiose with marker genotype AB and those with marker genotype AA. The
difference between the two means gives an estimate of the phenotypic effect
of substituting a Ballele for an Aallele at tlie QTL. For testing whetiier tiie
inferred phenotypic effect is significantly different from zero, one uses the linear
regression of i)henotype (P) on genotype (G) given, for the ith individual by

Pi = a + b Gi + Ci

where Gi is encoded as a(0,1) —indicator variable equal to the numberofBalleles,
Ci is N(0, (3\ for i = 1, 2;. . .,n and a, bare unknown parameters, b being the
phenotypic effect of single gene substitution at aputative QTL. It is assumed here
tliat tlie QTL is located atthe marker locus itself so that Gi is known with certainity.
The hnear regression solutions (a, b, o^) are in fact maximum likelihood estimates
(MLEs) L (a, b, o^) based on nomial distribution. The constrained MLEs are
obtained on the assumption that b=0i.e. on the hypothesis that no QTL is linked.
Inthecaseofback-cross with Aasrecurrent parent, this MLE isL(ma,0,ob, )where

is mean ofAparent and Ob, is phenotypic variiance in the back-cross population.
The evidence for a QTL isthen siuiimarized by tlie LOD score given by

LOD = Log10

L (a, b, o^)
L (|i.A> 0, Ob,)

When LOD score exceeds a pre-determined threshold T, a QTL is declared to be
present. For large samples, 2(L0D) is asymptotically distributed as (logioc)
where x? is chi-square with 1d.f.

With RFLPs scored throughout the genome we consider flanking marker
genetic models in which a QTL lies between linked codominant marker loci.
The maximum likelihood solution in such a case is in fact a linear regression
problem with missing data i.e. none of the independent variables (genotypes)
are known; only their probability distributions are available. Hence standard
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computer programmes for linear regression cannot be used. For this purpose,
Lander and Botstein (1989) adopted the EM algorithm.

Multiple Ovulation and Embryo Transfer Technology (MOET)

Breeders of dairy cattle and buffaloes have exploited Artificial
Insemination (AI) for commercial and genetic advantages. The advent of
biotechnology has led to the emergence of new techniques like embryo sexiiig,
embryo cloning and embryo transfer which allow production of bulls out of
a few lop cows which can result in genetic improvement in milk yield. Under
the Multiple Ovulalion Embryo Transfer Technology (MOET), donor high
producing cows and local low genetic quality recijjient cows are synchronised
by administering withsuitable homiones and at the appropriate stage, the donors
are sui)erovulated. The ova are fertilised tlirough AI from a valuable sire. The
embryos are finally recovered non-surgically and transferred to the synchronised
recipient cows which act as surrogate dams. This technique provides
introduction of genes of high quality genetic stocks both from sire as well as
from dam. In addition, since the foetus receives blood supply from the local
surrogate mother, natural immunity against some local diseases gets transmitted
to the foetus.

In a traditional progeny-testing programme with AI we nomially test 150
young male cattle bulls in testing herds i)er year. For an efficient plan, we
test each bull on about 50 daughters and use the best two bulls for one year
to breed bulls and the best ten bulls for three years to breed cows. It can be
shown that such a programme leads to an estimated genetic change of the order
of 0.1 phenotyi)ic standard deviation units i)er year. However in practice the
rates of realised genetic change in milk yield are much lower being of the
order of 0.005 to 0.0075 of the mean. If we involve embryo transfer either
from one year old females O'uvenile scheme with generation interval of 1.8
years) or from females after one lactation (adult scheme with generation interval
of 3.7 years) with the use of males at similar ages, increased rates of genetic
change can be achieved (Nicholas and Smith, 1983). Though selection is less
accurate than iu the conventional progeny testing, the annual rate of genetic
improvement can be increased and even doubled. If the nimiber of transfers
is restricted and the inbreeding rate is limiting, the adult scheme for both sexes
is preferred. Because of the relatively small number of animals involved, greater
control over recording, breeding and selection should be possible, leading to
a larger proportion of the ])ossible genetic gains being realised in practice. The
problem of optimisation of the breeding programme using embryo transfer was
discussed by Robertson (1983) in a seminar delivered at the lASRI, New Delhi.
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111 India, success has been achieved in producing MOET baby- cows
particularly due to the joint efforts made by the I.A.R.I., Pusa and tlie National
Institute of Immunology, New Delhi under a joint research programme in which
Haryana cows are used as recipients and pure Holstein Friesians and cross-bred
cows are used as donors. However, the statistical aspects of the technique are
yet to make their impact.

Statistics, Information Technology and Agrarian Society

Modem computer power has completely changed our outlook on the use
of statistics for decision making. Tlie data generated at the ultimate level like
a district in India in various sectors siich as agriculture, power, health, family
welfare, industries, education, employment, labour, transport, communication,
forest, roads etc. until recently used to be handled manually and consolidated
progressively at the districts. States and Centre. Such a manual process not
only lacked comprehensiveness and accuracy butalso involved inevitable delays
and hampered decision making capability in day to day administration as well
as in the planning process. This is now fast changing with the advent of
infomiation technology which involves application of computer as well as
communication technologies. The ability of a computer system to store and
process considerable voliune of data, to carry out complex analysis at high
speed, to integrate effectively the man-machine interface for decision making
functions and to adapt, through software, to changing system requirements,
means that nowadays it is possible for tlie same computer to address all aspects
of data gathering, information processing, process control, on-line optimisation,
oi)erations control and even real time scheduling and production planning
functions. Coupled with latest communication technology, we have entered into
an era of information-oriented network for handling and transporting a variety
of infomiation in diverse ways.

In important sectors like agriculture, animal husbandry, fisheries and
forestry, sound statistical methods involving random sampling techniques, as
already discussed, are adojited to provide reliable estimates. However, until
recently most of the work has been undertaken manually with long delays,
outmoded statistics for planning and in several cases lacking in
comprehensiveness. Only recently, National Infomiatics Centre (NIC) of the
Goverimient of India has established NICNET-a computer-communication
network, which serves as a bridge between the State Governmeiits and the
Central Goverimient on tlie one hand and the State Goverimients and their
district administration on the other (Seshagiri, 1991). Under this scheme, the
basic data are cajitured by a systems approach at the district level. NIC has



12 JOURNAL OF THE INDIAN SOCIETY OF AGRICULTURAL SIATISTICS

launched District Information System Programme (DISNIC) for this purpose.
The NIC with the help of State Governments and through pilot projects, has
developed DISNIC database templates for as many as 26 sectors including
agriculture.

The information system DISN/C-Agriculture has been developed for
• district-wise collection and dissemination of agricultural data. This is a user

friendly, menu driven package developed using Foxbase + in XENIX
environment for implementation on the computers in all the districts and state
capitals. Information on agricultural population, wages, rainfall, area under
crops, fertilizer and pesticide, irrigation, crop-wise production, prices, etc. are
included in the package. By pressing a few keys, the user can obtain any of
the infomiation for feeding or reading the data into it. The district-wise data
bases can thus be created easily by any non-computer professional.

KRISHINET

Although several information systems have come up in different sectors,
none so far has come up in the field of agricultural research and education.
Narain (1990a; 1992; 1993) and Narain and Gopalan (1992) have put fortli a
bluei)rint of KRISHlNET-a nation-wide Agricultural Research and Education
Information System.

At present the task of agricultural research and education is undertaken
in various institutes and centres of ICAR and State Agricultural Universities
(SAUs). While around 6,000 to 7,000 agricultural scientists are employed in
the ICAR system, about 25,000 agricultural scientists are engaged in research,
education and extension in different SAUs. Due to tlie efforts of tliese scientists,
research data information have accumulated in the i)ast several years and more
and more are produced each year. Because of widely dis])ersed locations of
the institutes/universities in a vast country like India, rapid scientific
communication of such data/information amongst the scientists is very meager.
It is for this reason that a comprehensive information system in the fomi of
a computer network service like KRISHINET is very much required.

Mechanism will need to be created by which the research centres in the

institutes/universities will be provided with comprehensive current
data/infomiation in all fields of agricultural research. The research information
will flow from individual research scientists of the individual research centres

of their institutes/universities which will need to be exchanged between all
concerned. Such data will have to be injjut in the local computer systen^ for
necessary processing, merging and output infomiation. Once the comprehensive
information service becomes operational, current data from all the centres will
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flow into tlie system. Standardised fomiats will have to be evolved for input
data generated at a large number of diverse centres for networking of such
infomiation. SAUs will have to be interconnected as well as connected witli

the district and state systems of the NIC. In other words, the KRISHINET will
have to be integrated with the existing communication net-work NICNET of
the NIC or any other central network in the country like INDONET of CMC.
Wherever such communication does not exist, ICAR will have to provide for
tlie same. In a similar manner, the various Institutes, national research centres

and project directorates of the ICAR will be net-worked.

" Through the gateways to be provided by central net-works {NICNET or
INDONET) these two big agricultural systems viz. ICAR and SAUs will have
to be inter-linked to another ICAR institution like lASRI, New Delhi which

is centrally locatedas well as have the necessary expertise in computer research
and education. The lASRI system will act as the main host and will have the
master earth station for acconuiiodating tlie micro-earth stations installed in
different ICAR Institutes and SAUs. It will also have to be linked with the

central net-work Headquarters at New Delhi. In fact the type of
communication-based computer system that can be considered for KRISHINET
is tlie resource sharing net-work interconnecting processing sites operated and
usedby numerous organizational entities. The concept is thatof a supernet-work
in which any individual user is pemiitted to share a part or all of the
computational resource at any of the interconnected processing sites.

Computers in Agrarian Society

One of the alarming situation in the urban-rural fabric of our country
seems to be the traffic from rural to urban areas. More and more ])eople
particularly younger peoi)le are shifting from niral areas to urban areas in search
of better employment, better way of life and better comfort. This has led to
imbalance in the growth of agriculture in our system. If no proi)er remedy is
made, it may lead to serious consequences, because what we eat eveiy day is
produced in the iniuuiierable fields in the countryside. As such, efforts are
needed to take science and technology to the fanning community tliemselves.
Several transfer of agricultural technology programmes are therefore being
undertaken to demonstrate to the farmers the benefits of science and technology

in their own fields. In a similar manner, the benefits of a computer need to
be brought home to the agrarian society in the niral sector (Narain, 1985a).
Computers can be very helpful to farming community in providing them very
valuable and u|)-to-date infomiation on agronomic and related aspects in relation
to their crop production. This, of course, would require considerable efforts to
generate data on agriculture, up-date them periodically, analyse tliem and



14 JOURNAL OF THE INDIAN SOCIETY OF AGRICULTURAL STATISTTICS

disseminate the resulting infomiation in a useful format to the fairners for

decision making in their own occupation. This calls for taking the information
technology to the agrarian people..

In some Western countries, such as for instance in Canada a Telidon system

is already in vogue which helps the famiers immensely. There, tlie weather is
monitored in relation to crop production all over the country. The Department
of Land Resource Research Institute in the Research Branch of Agriculture,
Canada makes available infomiation on daily weather bulletin, soil moisture

and its evaluation tlirough real-time via a VAX computer. This has led to the
Grassroots service which is a comjirehensive agricultural infonnation service
that gives the fanner instant access to the kinds of informadou necessary for
the profitable and successful operation on the fanii. The Telidon system is a

two-way television. A famier can have, instantly, at his fingertips, accurate local
weather, commodities and livestock markets, grain newsletters and analysis,

goveriuiient bulletins, new product developments and much more. All are
available at Grassroots always up-to-date. The system is such that using a simple
keypad, any of the thousands of pages of infomiation stored in the Central

Computer is made available on the television screen. The kind of information

and the amount that can be stored in the Central Computer is practically
unlimited. There are thousands of pages with more being added every day.
Any infomiation that heljis the fanner in planning or managing his operation
on the farm can be made available on this system.

Although such a system has not reached India, Teletext and Videotext

advances in com])uter and communication technologies are being introduced
in the more elite urban areas and for such uses as airlines reservation, general
public issues, entertaiiuiient in big cities and tlie like. Just as television, when

introduced in fifties was only limited to big cities, has now gone over to a
much larger area in the country, it is hoped that the computer and
communication technologies wiir catch up soon for agrarian society because
of its immense potential for the use and need of the farming community.

Computer-intensive Statistical Methods

The revolution in the field of electronic computation has led to the

development of new statistical theoiy and methods in the 1980s, particularly
the upsurge of comiiuter-intensive statistical methodology such as bootstrap
methods, non-parametric regression, generalized additive models, tic. The most

significant point about these methpds is that fewer distributional assumptions
are required for their application than the corresponding classical statistical
methods. The replicability of the results of the exjierimental scientists can

Ji
/
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therefore be better ensured. For instance, in most of the cases of the classical

metliods, nomial distribution is invariably assiuned whereas in practice it need
not necessarily be true so that conclusions obtained from such methods are
often aijproximate or even get vitiated unless these methods are robust. No
wonder then that on repeating the experiment, we get different results. At a
more practical level, computer-intensive techniques have been helpful in
developing sampling strategy for spatial data, particularly in the context of
modem Geographical Information Systems (GIS). We discuss below some of
these computer-intensive techniques.

Bootstrap methods discussed by Efron and Tibshirani (1991) are basically
simulation metliods conducted on high-speed computers and aimed at generating
new data sets from the observed original data set. The term bootstrap -derived
from the old saying about pulling yourself up by your own bootstraps-reflects
the fact that the one available sample gives rise to a large number of other
sajiiples. It is essentially a resampling technique on computer to extract as much
iiifomiation as possible from the data on hand. Suppose a researcher has only
a single data set consisting of a given nimiber(n) values. By the bootstrap method
tlie computer copies each of the values say, a billion times, mixes them
thoroughly, then selects sami)les consisting of n values each. These samples
can then be used to estimate any statistic and its standard error - in fact one
can get the whole sampling distribution of the statistic. For instance, when the
data set happens to come from a long-tailed probability distribution, a trimmed
mean,' where a certain [jercentage of observations are deleted from the lower
and upi)er ends of the ordered data set, i)rovides a much more accurate statistic
than the usual mean. Since we do not know d priori whether the tnie distribution
is long-tailed or not, it is preferable to use trimmed means. Suppose we have
the following data set of 9 observations as an ordered random sample from
say 164 observations

. -21.0, 3.25, 10.75, 13.75, 32.50, 39.50, 41.75, 56.75 , 80.0

The ordinary mean is 28.58 with an estimated standard error of 10.13.
The estimated confidence interval is then 28.58 ± 10.13z where z = 1.645,

1.960, 2.576 relating to the areas under the nomial curve for the respective
90,95 and 99 per cent confidence intervals. When we take 25 per cent triiimied
mean, it is obtained as 27.81. For obtaining the standard error of this estimate,
we do not have any algebraic fomiula like in the case of ordinary mean. A
number of bootstrai) samples (B) of size 9 are therefore drawn inde|)endehtly
with replacement from the original data set using random number generator
on computer, the 25 per cent trimmed mean is calculated for each sample and
an empirical standard deviation of these samjile means is worked out to obtain
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the bootstrap estiiiiate of tlie standard error for 25 i)er cent trinuned mean. For
B = 25, tliis estimate is 12.44 whereas for B = 200, this is 10.70. The raudonuiess
in the bootstrap standard errors comes from the use of a finite number of
samples. It has been found that this is negligible when the number of samples
is greater tlian 200. The setting up of confidence intervals with bootstrap is,
however, not that simple.

The above simple algorithm of bootstrap sampling can be applied in several
other cases like regression, time series, stratified sampling, multivariate structure
etc. The algoritluii is i)erfectly general. For instance, in the case of
non-parametric regression between two variables y and x, loess — a
computer-based fitting metliod—instead of usual least squares is used. In this
method, no model is assi^med over the entire range of the independent variable
X. Instead, a series of local regression curves for different values of x (the

target point) is fitted, in each case using only data points near the target x -
value of interest (say a moving window of 20 per cent of the points). The
process is repeated for all possible target points to obtain a non-parametric
regression. The bootstrap algorithm is applied as before to obtain the bootstrap
loess curves giving the standard errors of the jjredicted valiies at each of the
target points.

GIS-assisted computer-intensive sampling strategy

Geographical Infoniiatipn Systems (GIS) are powerful computer-oriented
software tools tliat bring together the task of storing and retrieving large quantity
of geographical data, the task of analysing them and the task of drawing any
kind of map about them. The GIS can handle various tyjjes of spatial information
through their geograjjhic coordinates and therefore can be veiy useful for design
and processing of surveys based on area sami)ling. It is used for agricultural
and land use planning, forestry and wild life management, geology and
archaeology. The typologies of spatial data can be points, lines, areas or
polygons and surfaces. Data arranged in areas are encountered in physical
geograi)hy when we deal with remotely sensed data like satellite imagery and
maps. Here a map is made up of a set of measurements on the character arranged
on the regular array of quadrants i.e. the pixels of the resulting image. The

spatial data, thus collected, can be stored in a GIS either as raster (the image

is represented on a regular sqiiare lattice grid) or as vector in tenns of the
cartesian coordinates of the origin and destination points in a continuous spatial

domain. These two fomiats are however interchangeable but with loss of
infomiation if we go from vector to raster fomiat.
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Area sampling is often used in agriciillural surveys, particularly when direct
sampling of individual units of the pojnilation is too expensive or even not
feasible or else the complete frame is not available. Various probabilistic
strategies are used for this puri)ose. For instance, text-books on sampling
describe techniques as simple random, systematic, systematic unaligned and
two-stage or stratified. The selection of area! units is made as if the generating
process which underlies the observed values is constituted by a sequence of
random variables which are independently and identically distributed (i.i.d.).
The probability of selecting one unit is assumed to be independent of that of
having selectedanotherone. This howeverdoes not take into account the spatial
correlation which invariably exists in spatial data and need therefore be exploited
in the sampling design. Moreover, the existing sampling techniques treat
irregularly shaped data as if they are regular grids of quadrants which could
be misleading in many resi^ects. Recently, a DUST (dependent areal units
sequential technique) technique of sampling has been developed (Arbia 1993),
wherein the sampling procedure is "draw-by-draw" technique with variable
inclusion probability at each stei). We have a target variable X obser\'able in
N uon-overlapping areal units within a study area which is related to the
auxiliary variable Y. For instance, Y could be a satellite image and X could
be ground truth for agricultural and land resources surveys. There are then three
steps in the DUST technique.

Firstly, the spatial correlation ((i) in the proxy variable Y is estimated at
various spatial lags (pi, P2. • • Pn)- Tlie procedure could be simplified by
estimating Pi and then fitting a plausible distance decay models for higher order

correlation like Pk= Pi. Though the procedure could be computationally very
heavy even for small N, it could be easily accomplished in a GIS which has
built-in routines for neighbouring search of common boundaries between
polygons. In the second step, stationarity of the various order correlations is
tested usually by the moving sampling techniques. In the last step, the spatial
correlation of tlie proxy variable Y is employed to assign drawing weights to
tlie individual sample units in a prescribed way. If P = 0, we locale samples
randomly as in the simple ranflom case. If not, the samj^le is drawn sequentially
by assigning a weight varying at each step. The first unit gets a weight of

unity, the second (1 - pf'-), the third (1 - pf") (1 - P?^^) and so on, the nth
11-1

unit getting the weight n (1 - Pi"')- I" this scheme, n is the sample size and
i=l

dij is thedistance between the ithand jth area unitmeasured in terms of physical
distance between centroids or in terms of the order of neighbourhood. Such a
sampling scheme results in increasing probability of ah unit being drawn with
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increasing distance, from tlie areas already sampled. After a certain distance,
p vanishes and (1 - (i) equals one for eacli unit implying random choice of
units. The DUST sampling strategy shows that the use of GIS for computer-
intensive approach to sampling spatial data can result in a better allocation of
resources leading to higher levels of accuracy of the estimates at a given sample
size or alternatively to smaller sample sizes and hence reduced cost at a constant
level of accuracy.

CONCLUSIONS

Finally, I hope the role of statistical science in agricultural research and
development which I have briefly i)resented, would indicate immense
opportunities for an agricultural statistican engaged in theoretical or applied
research and eager to serve the needs of famiing community. It is apparent
that potential developments in agricultural statistics research during nineties
against the background of changing emjjhasis in food production due to
advances in the frontier areas of biotechnology, infomiation and space
technologies etc. are going to be much more demanding than hitherto. There
is, therefore, a vital need, on the part of statisticians, to specialize in particular
areas of application and become fully involved in them. This Society can be
of great service in such an endeavour.
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