STATISTICAL INVESTIGATIONS ON THE
ANALYSIS OF DATA OF LONG TERM
MANURIAL TRIALS ON PADDY

. By
-~ RANI JOHN V.

THESIS

Submitted in partial fulfilment of the
requirement. for the degree

Master of Srience (aricultural Statistics)

Faculty of Agriculture
Kerala Agricultural University

Department of Agricultural Statistics

COLLEGE OF HORTICULTURE
Vellanikkara, Trichur

1980



@0 my /mséam{



DECIARATION.

I hereby declare that this thesis entitled
SJTATISTICAL INVESTIGATIONS UN THs ANALYSIS OF DATA
OF LORG TEEM MARURIAL TRIALS ON PADDY” ig & bhonafide
record of regearch work done by me during the course
of regearch end that the thesis hae not been previcusly
foraed the basis for the award to me of eny degrec,
diploma, aggocliateship, fellowship or other similor
title of any othor University or Society.

s

(BABY JOHN.V)
Mannuthy,

20=1-1 9900



CERTIFICATR

Certified thot this thesis, entitlsd "STATISTICAL
IRVESTIGATIONS ON THiE ARALYSI3 OF DATA OF LOHG TERM
MAXURIAL TRIALJ ON PADDY" 1s & reccrd of regezrch work
done éndkpendently by FHre. Beni John V., under my
guidance and supervision and that it has not previously
" formed the basis for the sward of_any degrec, fellowship

or asgocliateghlip to hef.

*4%;rbl—e“Lf>

(P.V . PRABHAKARAN)
(CHAIRMAE, ADVISORY BOARD)

Egg%%&ﬂﬁﬁ AND HEAD OF
LTURAL STATIGTICS
Va}la?ikkarﬂ’ COLLEGE OF HURIICUI&URE:
36-1-1990. VBLUANIERARA.

3



ACKHGW IEDIEMENT

With immense nlesasure, I wlah to place on record
my profound gense of gratitude and personal indebtedress
o 8ri. P.V. Prabhakaran, Profegsor and Head, Deyartment
of Agricultural Statistlics snd Chalrman of the Adviscry
Comnittze for his inapiring muldance, gererous help &nd

co~ovaration in the preparation of the thesise

1 estprcean ny sincere thanks to Sri. V.X.Zopinathan
Unnithan, Agsociute Profegesor o0f Azgricultural 3tatistics,
dri. K.l. Sunny, Associnte Profegsoer of 3tatistlcs and‘
Dr. U.Nchaped Kunju, Assoclatses Director of Aeacarch for
ths help and encouragement rendered by them ag members of

the Advisory Committee.

I an extremely grateful to Dr.K.C.Gsorze, Professcr
and Head, Depertment of 3tatistica, Collesze of Yeterinory
and Animal Sciences for his asusgteined intereat ond encoura=-

gexent throughout the study.

I am thenkful to the authorities of Regionsl Agricul-
tural Hegearch dtetions at Petiambl and Earamana for provi-

ding the neecessary data.

Grateful scknowledgesont is mede tc¢ the lasoclate Tean,
Jollege of Horticulture, Vellanikkara and the Dean, Colleze
of Veterinory end Animal jjolences, Fenouthy for providing

neceganry facilities.



S
I am grateful to Eerala UniVversity £or providing the

library facilities in the colleotion of referencea.

Y sincerely acknowledge the monetary asslatance awarded

by Kerala Agriculiural University in fhe form of fellowahlp.

1 expenﬂ my asincsrs thenks to the ataflf, Depariment of
Statisticz, Colleze of Veterinary and Animal Sclences, Hannathy
and the staff, Depurtment of Agricultural Jtatistlog, Colleze
of Horticulturse, Vollonikkara for {their valuable help and

co—-opcration.

1 sincersly acknowledge the genseraus help rendered Ly
ry friends espoclally Hisgs Sreekala,lH.R. and Miss Sunanda,C.

during the ocollection angd anslysis of datn,

I vould like to thank the staff of campubor centro,
Keraln Agricultural University for their tremondous effort
end dedicetion they have ghown for the tiwmaly completion of

tho anal&aia werk of my thesin.

I am highly indebted to my parents for their unfailing

support and cnecourasement during ny atudy.

I express my hoartfelt gratitude and indebiedness to my
hugbend ,lir. Jose Thomag for his constent encouragemont,
interest end support in brighterning end brozdening my horizoas

of professicnal knowledse end akill.

Thenks ave elsc due to gri.V.D.Eurian for typing the

nanuacript nently.

(RAKI JOHN.V.)



 CONTENTS

INTRODUCTION

REVIEW OF LITERATURR
MATBRIALS AND M=THODS
RESULTS AND RISCUSSION
TABLES

SUMMARY

REFERENCES

AFPPEHDICES

ABSTRACT

*n

.8

LA

2age No.

156

161



_Qm"mo( uction




—

INTROUDUCTICH -

Lonz term expsrimeonts are thoee which are . continued
ot the sama set of plotg for & long perlod with a pre plen-
nod sejquence of treatmenﬁs. The objeétive of conducting
such exporiments i %o study the long tern effects of the
given treatments on scoil fertility =2nd on econcmic returna.
rreatmahta mey ve appllied every year or periodically in &
regular schedale. Uhe pave crep may bo repeeted season
after éeaaﬂn like that in rica,‘or once planted yremain for

ageveral yerra &z in pesremnninl irces.

The subjecty) of long tern experimant 1s complex crnd
utmogﬁ care i3 nceded in the statistical analysig of data
from such triala. Althoupgh 2 fewv wothods have been sugigea~
ted from time to time for the anelysis of dats of long term
trisls none of thew appeays to bo full proof ond gel?f puf-
ficient. Hence it would be worﬁh%hilelto meke &n empirical’
comparison of various availeble methods of deta analysis
relating to such exzerimonte and to develop alb?rnabe pro=-
oedures 1if any, indicating their auperiﬁrity ovey the
existing methodas.




The prime objcctive of any agricultural experiment
is to provide deta for the comparison of the efficiency ot‘
treatmants. The experiment is ususlly plannedquopting a
puitzble design ond the data are then annlysed using the
well known procedure of analysis of variance. However,
aimple comparisona among Yrectments are not alvays suffi-
ciont a5 it may sometinmep be importont to ensure that Lhe
auperior;ty of & particular treatment persista from year
after year or from ploce to ﬁiaee or both. FHoreoever, while
exanining the data collected from experimenis it ls of in- .
teregt to pee how fur the individusl treatments are girble
under varying eavironmentse. The results of a single experi-
went conducted in sny particuler year cannot be totally rclied
upon as they are subJocted to the environuental conditicons
of the eiperimental field which fluctuate from year after
y?ar or goason afler sssason. Hence in order {0 draw valld
conclusiona cne hag %0 repeal the experiment on the neme or
different field for & number of years or seasons wilth the
aaée set of treetmenta adopting tﬁe same culturcl and other
sgronomic practices. The treatment effects are then averaged
over the entire range of seaguna ao as to prov;de acre

ateble information.

This atudy is restricted to the cose of long tern ex-

perimentation with & fixed 8% of troate ents under & pystem



af continucus croppiﬁg. the datn from such experiments

can be gtudied at tho erd of each yoar cnd the results

hove to be combined after & few yeers. But peveral stetia-
tlcal problems may creap up in the process of essessing

the overall rerit of treatments from such trials due to
possible violatidnsf?o@'the bagic &ssumptions. Additivity,
normslity, independence end homoaedapgtlcity ere the najor'
assumpﬁions implied In the analypis of data uaing a linear
model. The doparture from the spoumptions affects both the
level of significence and pover of stzitistical test. The
true type 1 error may be lesser than the spocified one and
as & regult oo maeny significont difforences betwoan treat;
ments may Le reyorted. IThe power is affected in that a more
powerful %est could be obimined if = correct statlasicel

model wore adopted.

The agpumpition of independsnce of error is generslly
oritical. Proper randomisution of the esperiment introduces
indegendence in the asgessmunt of treatments to experimontal
units and the resulting expericental errors mey bo rogarded
&8 independent. But 1In many lony term ezreriments randomi-
sation remaling unchanzed year cfter yesr and thet the obger-
vations in suceceagive yeurs or geasona aré highly correlatéd.

This type of sutc correletion smong the error terzg of



suoczasive yoars will definitely sffeciy the precislon of
cversll trestment comparisons. The Flshorisa fechnique of
fitting & fifth degree polynomiel to such‘data and adjusting
the effecta of trontments on the basie 6I the expected rep-
ponge does rot appear to be gound. The usuzl method of
treating the date on long term trisls =g specizl guses of
groups of experiments ia'faulty and unrealistic becauge thias
type of anslysisa sleo meékes uge of the assumption of inrde~ '
rendence of error terms. 4nclysis of duatc from groups of
exporimonts introduces added difficulties in thc aenge that
nu goneral tegt for overpll trentment comparisons appear Yo
be aveilable in oages where error variances are heterovgenecus
and interaction effeet ig mosent. It hss beon pointed out by
Rao (1875, that sbeut 3G per cent of the field trials with
hetercgensous error varinnces bslong to thie category. ZThe
concluslons drawn on individual trostzent means froem such
experizents usin, chi-aguare e2nd 't toais do not mppsur to
be edequate and- wholly relieble. In guch cases; & pogaible
tromformotion of dete into a suitavle soale may be attempted.
However, this does not offer complete and satiofactory
aolution to the problem aag it 1s very difficult to 7Tind out
the right type of transformution for a givon set of data.

it is therofore necesszry to find an alternstive to the
wethod of graaps of experisconts go s to draw fairly accurate

infarences régarding treatments.



Anaéher poessibility euggeated by muny workers in
dealing with sguch eiperi&enta is to cogai&er them as spe-
ciel cagea of a spliv plot arrangeament wlih years or aéa—
gons &8 aubploita, wlthin each trecatment mﬁinplot. But
split plot desizn reguires the random arrangement of pet
of gubplot treatments within each medn plot and that can-
not ve expected in the ocase of trisla reposted over several
sezsona. In guch ciperiments one has to confront with &
syotenatic arrangenent of seasons in chronologiocsl order
under sach main plot. 'lere alac tho mgsumption of indepen-
dence of error terms doeg not gsem tc bo wholly valid. Even -
if wo asgsume thet the set of ezperimentnl yesrs constitute
a random sample of yoars from & population of years, the

| aystemetic occurrence of seagons mekes the eostimstes hisged.

.Another approach to tho same problem is in the dire-
ction of sctivities to roduce the rigk dwe to doubt about
the Eorraqtneea of the basic agsumptiona. This involvaa the
uge of methods which‘dc-not derend on the exact nature or form
of the bmaic diatributiéna. Only broad apgunptions like the
disgtributions are continuous &re needed in some ckges. These
nethodas are known 88 non parameiric methoda, and they mainly
depend on rankg end order of tho observetions rather than

thelr exact valusg. Therefore, certain amount of laek of



preciaion creeps in. But, if the ésaumptiona are nob
correct or not known to be correct, one is compelled toO
seek such mothoda av sg Ho drew valid inferonces from the
data oven gt the coat of gecrificing certaln amount of
preoiaslon. In this gonueetion the method propvsed by hei
end fmo (1980; reguires special mention. Thig method has
been develorped 2o an altornntive to the anailysis of date
on groups ¢of eaperiments and hag cerféin dlatinct asfan-
tagee.nvef the other method. Ilion pariametric methods do
not reguive apny stringent asgumptions on the nature of ths
underliying universe. The only mssumption reguirsd for the
mothod proposed by Rai end Heo is that tho asempling distri-
bution of the means of ranks of the data is épproximately
normel. But, the methed is applicable only for casea wheré
the nambor of replicetlions per caperiment 1s four or more.
Jurther, the smount of information logt will be more when

thers are only & fow ireoatimenta.

It is proposed toc develop & new nen-parascetric method
for the analysis of data from long term trisis. The work
by Friedman (1937) on the two wey analysls of ronked data
is an important mileatone in this direction. An attempt
hes been ®sdo in this study to suitobly ezxtend the Friedmen's
analysis of variance technique to the cage of a thrée wa y

classification with years as the edditional fector. The

-



puzzested method utilises none of the usual zssumptions

resuired for the analysis of varinnce.

A vigble elternative to tue pame problem is through
the use cof stabillity analysis. Steuility 1In perforoance
is one of the heairnbla prorertise of any trectoment repea-
ted over aavqral sealdons Or years. A nunber of statistical
mothods ere now known for egtimation of phenotyplic gtability.
Among them the mothod suggested by Eberhart and Rusgell '
{1966 appears 60 be the most popular. This method involves'
the use of regreuaion coofficlent of yield on cnvironmental
index as e meagure of overall vhenotypilc stapvility of the
treatments and judging thﬁif performance on tho bagis of

the gtability puramoters.

Stability of tresiments in chen_ingz environment osn
2ls0 be mecasured through non-papnmeiric methods. They are”
easy to use, digtribusion frooc and zre not cxpected to be
ap sensitive to errors of measursments @8 thet of thoir
counterparts. Furthornore, additlon or deletion of ome or
2 few obgervations is not as likely to csuas great‘varia---
tion 1n the estimatens &8 could bes the casse for parametric
stabiiity meanguros. The stability of each trzatment can be
Bpsesaed on the besis of guoh neasures and the long tofm
effects of treatzents can be asmessed on tho basis of such

paranaters. -




Frem the polint of view of the farmey, the trestment
which gilves him bettor satisfaction than othere is pre; ~
forred often. Farmers differ in their resource position,
profit orlentation, fisk besring ability and declaion
makinz sbility. Henéo in fertiligzer triale the usual pre-
ctice of moking blenket recomsendations for all typce of
farmers hove tesn widely criticised. A conservative farmer
ney fequire a veccwnendation which will not incur him a
"loas in years of stresa. At the other exfreme, the bueineaé
ninded farmer way reguire s dcome of nutrient that vwill sesure
him the maximum possible return in a given time inteorval.
Thua gpocific racompondations have to be formulated for
different typos of farmera with verying decision environ-

moentse. The principle of game iheorg is very usefel in the

" cheice of an optimum strategy under such risky onvironments.

From the very nature of long term experiments, multi-
variate technigques afford themsslves us efficient touls for
the anslysle and interpretation of datm. 4smonz the differant
multivariate techniqueg, the principal compﬁnent.analysia
is considersd to be the woat verastile and popular. It
congista of tranaforming & set of correlated variableg intc
& few uncorrelated linear componants. ihe advanteges of

principal componcnt anclysig are that it does not require



an underlylng statistical wodel t0 szplain the error _
gtructure end no assumption is madé about the probability
dictrivution of the original variebles. Principnl component
analygis is concerned with reducing the dlmensionslity of
the data. Tho firat princlpsl component scrves as a welghted
index of yearly rasponseg and lig expected to explein mazi-
»um amount of varinbllity io the datz. Tho percentege
vériation explained by the treatment totnls 1n the agpre=
gate dats will be definitoly leas than that sccounted by

the first principsl componsnt. Further, the roblem uf lack
of independence of error torms in the linear model can elsc
be solved through the uss of prineipal components ss the
dependent structure of errer terms in successivé¢yeara is
loat by replmcing & einzie index value for the entire tirme
aeries date froo each of the @irferent plota. Thus principal
cocaponent analysis can definitely be recomsended for the
analysis of data from groups of ezperiments. But the use of
prineipzl componont analysie to into}pret the resulis of =
long ters trial has not been reported s¢ far. 8o this study
iz elso aeined 2% applyinz the {technique of prineipsl compo-
nent anzlysis for the anzlyesis of data On Ltong term manurisl

trials.

As geversl methoda have been sugzested for the annlyais

of data of long fers triale it 13 desirsblc to have an



empirical comparigon of all the proposed methods on the
bapis of scebual field data to know thoir relative efficien-
cles and the degree of putusl conesrdance. The results of
such anglysis will éefinitaly indicate the appropriute tech-
nigue to be adopted for the smalysis end interpreitmtion of

dats on lonz term menurial tricis.

fnothor problem with regerd Vo the analysis and inter-
pretation ¢f dsta from lony term fLertiligzer tricls ié 0
gelect an appropriate mathematlcul function to represent -
Field fersiliger relaticnshipa. The fitted responge function
is thon studied to get the optimunm and econcnic doacs of

1

mutrients znd the expected returns.

Among the difforent mathematicel functions which are
uged te describe the response patiern of fertiliger om crop
vield, the quadratic polynomial ig the mogt populzr. Fitting
& qusdratic rsaponse_suiface‘ia aimple ag only lineer cgti-
ration iz involved ond the usuul teeohnique of snalyels of
varience and tests of elsnificonce can be immedistely applied
with this ourface. This fynction alss tekesg account of decli-
ning yiolde in purt of the range of doses tried. Tho sland-
ard errors of @mtimateéﬁopﬂimum deges based on quadratic
surfece are lesn than thess of other (surfaces; .But ax

disedvantage of using the gecond order reaponse function is



that they are aymmetrlicesl in shape about itz gtationary
-valua. There are many ingtances in fertiligzer regcarch
where respongse curve is not symmetrical sgoout the stationary
value. Thoe gquadratic function is not efficlent EG repﬁesent
the rosyongse paibtern 1& such experiments. in certsin other
cagen ths curvé ceapges to decline beyond the optimun vaiua
and one is confronted with an msgymptotiec nature of reaponge
within the range of nutrients. Thero are also instances
where the curve will have more than one agtaticnary value. In
guch cagea polynonial of highor degree then two cun be used
tv represent regronse pattern. In the cage of fertiliger
rosgonges of agnynptotic nature Holliday function, Nelder's
pelynomisl ete. may bo recorponded.  When the ordinary poly-
nopiale(T 231l to f£it the dste, some tranaformations such ag
gquere root tranaformation, logarithemic transformation etc.
ean be used to gt more reliable reéults. Jince o variety
of funotions could be used to deucribe the response pattern,
choice of a puitable mathematical model for describing the
dvae~-yield relaﬁionship is an important aspect of fertilizer
uge regenrch., It i1z alac necaésary to develop alternate |
models to repregent the response p&tterh in particular situ-
ations where the ordinary models fail %o describe the prﬁ-

rosed relationshipe.
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s different fnnotiﬁng muy ba fitted to the data
of different somson® Or years in repcated esperiments, the
fanction which gives a SBtiafacteré fit in mogt of the
geagons or yeara'can be considered to be a better chelce

- than othors.

&g nitrogen and phogphorous are the two nﬁtrianﬁa
wbhich have been ganefally tried and which bhave shown res-
ponae in rice, this investipgation is confined to these two
nutrientis alone. Al the experimenta considered in the study
pertedn tc rice crop since sulisble éxparimenta on other

6rops are extremely few.

In view of the fucts described i1n the previcus pora-
graphs, the present study iz simed at the following

ob jectives.

1. . To empiricelly evaluute the reletive efficiencies 61
various astatiastiesl techniques involved in the enalyeis
of data from long tera fertilizer exporimente and
sugzest suiltable ﬁethode for specific situetion based

on various criteria.

g
L

To dgvelcp rore relieble and subtle motheds of data.
analysis in the case of long term eiperiments ond to
compare the utility of such methods-with the ezistinsg

methoda.
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'To compere the relative efficienciss of different

psthemetlical medels in descoribing the yileld-fertilizer
feayanse relationghip in paddy and to determine the
opbtimum levels of inputs in a realiatic menner taking
into account auch factoras as cost of ingt, costiof

Outmt 3}

To develop elfernate models for deseribing the rela-

.tionabip between yleld snd fertllizer response in

paddy and sxplore thoir supsriority over the exiéting

models.



Moviow oj fz’z‘emz‘me




ABVIEW UF LIZREATUGE

Although coopprehonglve studies on the various problems
pf dsta anzlysis in{ the field of lonz torm meonurial trials
o>n paddy or other crops arse very few in Indla or aobroad,
nény reportn on the fittinz of reaponse. surfece models %o
feftilizer trial data are avuailsble. A ghort review of the.
available literature on ﬁhé savjoct is furnished below under
two gub=headings vig. (4, Analysis of data of lons term

azperiments nnd (B) fitting response models.

A, 4nelyeis of data of lonz term exzperiments

In an atsenpt to obtuin informoction on the various lrect-
nent effects under o gystem of continuous céropping Figher
(1924) applied tho method of orthogonal polynominls 50 an
siperiment on wheat involving variocus fertilizer treztmento.
He fitted a Lifth dégree polynoxmial to rerresent the rela-
tion betwesn yield snd anmuzl rainfzll. However, since the
pquation is of limited utilicy in predicting the limiting
resgporne and since the biolosgical explonation of & mochaniam
which will generatc & polynomial does not appoar to be rea-
§qnﬂ$ble, some other functions of time should be used to

a;plain the ryield from the plot in the ith yeasr. Furbthor,



i~s
o)

his method did not provide & test of sigmifiocance t0 make

an ob jective comparison among treatmoent meang.

Yaten and Cochran (1958, msde an attespt to analyse
dats from pets of exyperiments involving the same or simllar
trentmonts cerried sut at a pumbor of plasess, or in 2 meber
of yeara} Thoy pointed ocut that the ordinary annlysis of -
‘veriance procedure suitabple for dealing with the resulte of
e single experim;nt may reguire modificmtion, owing to lack
ofequality in the erruvrg of different experiments apd non-
nomogenoity of the conmponeants of the inieraction of the

treatnonts with places end times.

Patterson (1939, considered the provlem of fisld experi-~
mentation with paresonisl erapsiund aursgested thot cerinin
wodificetions have te be effected in the statigticel anclysig
of lenz torm date on perennial crops. He rocommended the
use of split plot design for the analyslie of long term ox-
peripentg with yeévs agsizned 10 sub=-plota apl treatments

agaigned to mailn plots.

ihae problems arising in the cnalyais of deta from long
tern oxperiments conﬁgining different ercp rotations wers in-
veagtizated by Yetes (1954). The method wos illﬁstrated by
ayplication to rice pasture exzreriment containing rotations
of different langths and with different proportions of rice

t¢ pasture. Whern ithe design of the exporiment wag such that



ench block contained plots which sometimes carried a given
crop but did no%t all carry the crop in the same set of
years the yoar-block totals were not found to bo orihogonal
to the plot-totals. He recozmended tha method of fitting

. congteants to obtain seperate estimates of plot error and

plot x year error which wers fres of year x block interactions.

" Danford et £1.(1960) made the analysis of ropeated
meagurement superiments ond found that assymptotically the

nnivariate and multivariate tegts were identiczl.

Finlay and Wilkinason (1963) studied the adaptability
of crop varieties to difforent seasons or places. The linear

regression of Vyj OB %y could be written as

yij-yiab(xé-x)

th

vhere yij is the mesn yield of the 17 variety in the jth

place Eﬁ is the mean of the ylelds of all varieties at the
sth ' th

place!,§i iz the mean yield of the 1™ variety in the
experiments, X is the grand meen of the ylolds of all varie-
tles in all the oxperimenty and b 1s the regression cosffi-
clent. A variety ha& averaga, better than average or less
.than averaga-adéptahility aceording ag b is one, leas thén

one or greator than ons.



Eberhart and Rupsell {1966, developed stabilivy para—
reters for comparing varicties. ©The model Yij = Fi+-ﬁ113+crij
defined, stability purameters that might be used to describe
the performance of a varicty over a series of environments.
yij'is the mean of the 1?h
fy 18 the mean of the gth

variety at the jth environment.
variety over all environwents, .f,
is the regression coefficiont that measures the response of

th

the 1°" variety %o verying environments, 613 i the devia=

tion from ragresailon of the 1th variety at the jth environ-

ment, and IJ is the environmental index.

Mothoda of multivariate‘analyaoa wefe used to analyse
dasa frow exXperiments with repeated meupurements by Cole
and Orizzle (1966). They found that multivariate techniques
had the game power, scops and flegxibllity as their univariate

counterparto.

. Agarwsl and leady (1969} developed a theory for statis-
tical decision making under uncertainty. They made a com-
parative study of the four (>isxloting theories of decision
paking vig. Weld's mexinin criterion, laplsco's principle
of insufficient reason, Hurwicz 'optimism-peseimism' crite-
rion, Savage's regrot criterion snd sug;ested the new theory
of choice = the criterion of benefit which blended the proi-

perties of these four models.
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&n alternate approach for intergretation of data col-
leéied fron groups of experimcentawcas develop@ﬁ'by Hawlo
and Dad (19768). The metnod consisted in bbtaining a troat-
ment index &a an average of the treatment yield ‘and an
environmental index on an averaze of the environment. 'An
inverae of the regression coefficient of treatment index on
environnent indez was btaken ao 2 meesurs of stability of

the treatment with chenging environment.

Attempts were made by Ehosla et 2l. (1979) to study
the behavicr of ezperimental errors and presence of trest-

ment X year interaction in the case of groups of experiments.

Friedman (1937) developed a non parametric two way -
analysis of variance technlque based on ronked data. Létér,
& non parametric moethod for tha anaigaia of dsta of long tern
t&iala waa deviged by Ral and Rao (1980). Theoy developed a
teat criterion for which the acmpling distribution approached
a chigguare distribution. The methud was applicable to & wide
clags of problema to which the analysis of variance cculd not

be validly applied.

Eriehnan at gl. (1902) made 2 comparison of two methods
of analysip of data rplating %0 permanent manuriasl trisls on
prddye. The data on Juys variety of rice were analyaed voth by
the method of atsbility ccefficioents and by the mothod of



anolysis of groups of experiments. The rosalts obtained

by the two mothods revealsd that they were asguivalent.

Applicntion of principle of game theory to a !brﬁilizsr
expariment on coorge mandarin was discussed by Ramachendey
et al. (1982}, The pay-off in the form of yield and net-
roturns wes consldered. IV wes asgumed that resources were
pot & limiting factor in chocéing the strategles. The treat-
ments spplied were conaidered as strategics end the yield'of

different years were congidered as the nature's gtrategles.

Hesger and Huhn (1987; proposed teata of aignificance
for nan paraéétrlc meagures of phenotypic stebility. The
statistical properiies and tests of significance for two non
parametric weagsures of phonotypic gtebility le, mean of the
absclute rank differences of a genaﬁyﬁe over the enviromnmenta
and verisnce 2mong the ranks over 1\sho_ environnents, ware alsc

invegtizated.

Prabhekeran gt gl. (1982) applied the principle of geme
theory for interpretation of data of long term fortiliger
trial on WCT coconut in red loam goils of Koralo. They made
specific reconzendations for feyrmers with verying decision
environnonts uoing different criterion guch ag ¥Wald'e maximin
criterion, Laplace's principle of 1nsuffieien£ reocgon, Hurvicz
"optimiam-paﬂaimiam' criterion, gavage's regret criterion ana

dgarwelte excess bemsfit criterion. -
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B Pitting df respongse models

Jugtus Von Liehié’s law of the minimux vwas the first ,
attempt to define 2 fundemental reletionghip betwoeen ferti~
lizer or nutrient inputs and crop yields. Liebig {1855, stated
that érép yieldn were provoritional to the amcunt of matri-~
‘ents gupplied t¢ them ard whken all nutricents were pmoaené
'1n gufficient quantity the addition of one or more would not
increuse crop yield. Von Iieblg did not suzgest an alge-

‘braical model to represent the relationship.

Mitscherlich (1949, dezined &n algebra%c form of fer-
tilizer yield relutionship. e proposed & non linear function
to represent tho reletionship between nutrient intake and
SEOp yield. With the aid of Baule, a mathematiclan, he

propoged the {equatien

log A = log {4~Y) = Ca
to explain ferﬁilizcr response allowing margiﬁal productivity.
In thio A io the total yield when the matrient Y is not
deficient and ¢ is the proportionality constont which indi-
eates the rate at wvhich marginsl ylelda deoline.

Spillman (1924, proposed an exponential yield equetion
similar to that of Hitscherlich which ies given by Y % l=ARS
where M 1a the mazimum ylold attainable by increasing the

ratrient input x. 2 i a constant defining the maximum
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roaponge attainable from use of X and R lag the cogfficlent
defining the ratic by which marginal productivity of x

incroasges.

Brigze (1925} suggested the use of hyperbols of the form

\ jxihjﬂ
X = X 4048

of 2 in the s0il ond h is the optimal aupply of input.

where £ ig the mazimum yleld. b i3 the quantity

A modified otatement of the equetion proposed by
Dalmukund (1928} based on Hagksls resistance formule is ex~—

pressed as

™ s aeex)”! e

where o, by, ¢ are oonstants end 'in the cose of fertiligors
b iu the nutrients in the goil and x is the smount of mitri-

ents nadded.

Boresch (1928, modified Liebig's law and developed an
algebraiéal model ¥ = 8 + bx where ¥ is the total yleld,n is
the yiaid in absence of application of xz, the matrients
supplied.

Crowther and Yates (1941, emphasiaed that final conclu-
siong on fertilimer veaponse must be baascd on & series of
exporimenta conducted in difforent years on different cropa
under varying soli and farm gituations. They used the |
modifled Hitacherlich's formuls which is given by

¥ = ¥, +4 (1-1075)
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where Y is the yicld without fertilizer, & is the limiting
responge, X is the guentity of mutrient added and ki’ is @

constant.

Sukhatme (31941, used & quaedratic equation to fit res-
pose deta for rice end Panse gt al. (1951) used it for cotton,

Jdohnson (1953, empheasised that in the case of single
inpat, quadratic and sgquare root polynomials were better than
other forms with some preference to.the sguzre root quadratic

attributed to its non syemetricel nnd flatter shape by xy plenc.

gGoues (1953) used the Hitacherlioh's rezression equstion
in the enalysis of experiments with fertiligers which is
given by ¥ = A_(j-19-0(3+b)) where A measures a maximum
yield which could not be ezcesded by the use of the feritili-
_,ger in conaideration. ¢ msausures the efficiency of the ferti-
lizer and b wmeapures the poil content of the fortilizer in

the control plote in a form cosimilable by the plont.

Halter gt 81.(1957) propoged the function y = ox®eb2

which was a hybrid combination of power function énd eXponen=-
tial fanction. 8, b, ¢ are conatents and x is the mutrient
added.

Blegdale end Relder (1960, proposed an equation
Y =

(845 Pe)d uwith conatantﬁa a, by ¢ and d¢. I% -wag usually



g
getisfactory te take o=1. By taking dst, @ >1 the asaym-

ptotio and parabolic responses were obtzlined.

Holliduy (1960) found that dry matier yield had &n
sasymptotic relstionship with plent populations. He attempted
to describe the esdymplotio type of relationship by a fun-

ctlon of the form

Ax
o = T ADE whare

fe is the yield per unit ares, x is the number of plents per
unit area and 4 ig the aﬁparent nazioum yield sttainable by

an individu=zl plant in the porticular environment.

Abraham and foo (1966, studied tho functional relation-
ship between doges of fertiligers and the yield of paddy erop.
They compured the efficiencies of difforent mothemstical
modelﬁ.in describing the responae surface for paddy crop
vagsed on empirical data. The flve response functions
Hitscherlich, Reaistance formila, Cobb.~Douglas, quadratic and
aquare‘rsat formala were considered. 1t was found that in
the general avsence 6f interaction for most of the cases the
guadratic surface, could be fitted. Resistence formuls geve
unifbrmly‘bétterhtit.when Anteraction was “~present. Eastimates
¢f the nutricnts availeble in the goil were made using

Mitacherlich, Resigstence and Cobb-=Dougles: functions.



Heldor (1966} discussed about inverse polynomiol reg-
ponze functiona. If e Rop eeneseas I represent the levels
- of k exporimantal factors and y ia the mean response, then

the inverae polynomial responge function ia definsd by

31- 2-.--0-. xk = polynomial in (11' 32. -00--021:). Tha

y .
goodneas of fit of ordinary and inverse polynomials wag

comperad and the inverse kind shown to have some advantagoes.

Church (1966) presented a method of redueing a ourvi-
lincar responae to & a¢t of mumbers which described a curve.
Ho mede an anelysis of suck mambers including reconsiruection

of the curvege.

Inverse polynomial responsc surfacea applied to data
from plan; nutrition experiments was proposed by Clarke (1968).
Inverge polynomial surfaces of linear and quadratic type were
compared, the latter often succeeding evon in cases whére a

maximum was not reached.

Inverse polynomisl response surfaces applied to data from-

plaﬁt natrition eiperiments were further discusased by (larke
end Esen (1971). Curves of tho form v 12 az”ty b and

y"‘ = 8% 1+b+cx in which y is the crop yield and x 1s the
leval of fertillgzer applied, ;ave tuwo useful shapes of rela-

tion botween y end X. When sevaral fertiliszers, Egs Xy eeses



'were'uaed in an ezperiment, thoese curves might he genora=-
liged into purfaces, where various combinations of ﬁba two

types of relztions could be included.

gnee (1972, made = gtudy on the anslyais of responsc
curve dato, and developed ¢ botter model which combined the
univariste analysis of verience end principel component

analynis. ) i

4 family of linesr platean models Involving intarsectiﬁg
straizht liﬁaa &nd aoncomitant gzperimontal desizns useful
in evalueting }asponse to fortilizor putrients was propcoed
by Anderson &nd Holgon (1975). They found that for multi-
putrient ezperiments s complete factoriel experimént with a
runber of levela of each mutricent was tho beat deslign for
evolunting the model ard thon ogtimatinz the optimel

ratrient leveln.

A nixture model with inverse terms wis proposed by
Draper ond John (1975). Thoy osuggoated 2 type of model which

cembined Soheffe polynomiala and inverse torma.

Perrin (1976, estzblished that the linear response
platean models provosed by Anderson and Helson wore inferior

to quadratic modela,

Barnes et ale (1976) cbtmined 2 dynomic moded for the

effects of potassium and nitrogen fertllizers on the growth



and nuirient up%ake of cropa. Zhe model had the ability to
forecant the effect of different weather conditlons on crop
responge and the Interaction between the effects of nitrogen
and potassium fertiligers on the growth and ehemieal.eom-

ponition of pliunts.

The response function epproach to the effect of ferti~
ligers on crop yield was discussed by Thornky (1978). The
problen wen firat consldered in general terms and oxpreaaions
‘ware aefivad for the maximum yleld and the economic yield.
The theory was then applied to the inverase polynominl fun-
ction,'which wns usoed 0 describe the resyonse to various

lovels of nitrogon, pheaphorcus.and potmasium foertilizera.

Tonk and 8ingh (1982 obtained a wethod for anolysio
of response curve date. The procodure combined the analysis
of variance model and the modified principsl component ana-
lysis. The mocthod comsisted in developing cortain atatistics
' wiieh éascribed'the level and shaps of the curvesg.Thesec ata-
. fistics were thon used to determine the offecta of the

traeatoents on the «irve.

gupte and Nigan (19682; discusaed sbout medels ugeful
for appro&lmating fertiliger vresponge relationships. ' They
found that if the oboervntions hed a long tail to the right,
then thelyerform@nce-of second éegrae inveraé rolynominl waa.

bettor than the ordinary second degree polynmomial. Tor

)




*

gsymmobric gituntions the two polynmomisls beheved equally
wells. For negatively gkewed observutiong, the performence
vf the ordinery polynomizl wagn veltter than the porformance

of the inverae rolynomial.
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MATERIALS AKD HETHUDZ

This chaptor has boen written 2s two sections under
the subheadings (4} Analysis of data of long ierm experi-

pents and (B) Fiiting of rooponse models.

A, Apzlysis of data of long term experiments

The data relating to the percenent memurlal trials
with Jaye variety of rice during the period 1973 to 1987
for the kharif and rabi seasons were collected from the
Regional Agricultural Research 3Jtabtlon, Fattumbi. The in-
formutions on rabi crop in the years 1962, 1984 nnd 1986
were not zvailable due to the incidence of drought. 30 these
yeara wereé not considered in the studye. Data on rabl and
kharif orop were pcoled for each year to get a time seriss
of yearly production of paddy for e period of 12 yoears. The
experiment was laid out in a 4 replicate randomised block
design with 8 treatments. A uniform spacing of 15 oﬁ'x 15 om
was adopteé. The gross plot size was 7.8 i 5.25 g3.8. 2nd .
the net plot size was ‘7.5 z 4.95 ga«r. The treatments are

ziven below.

1.  Cattlo memure ot 18000 kg/he %o oupply 90 kz N/ha

2.  Green loaf et 1800C kz/ba to supply 90 kg N/ba

D Qattle manure at 9000 ka/ha + Green leaf ot Qooo‘kg/ha
o supply 90 kg E/ha



2. Ammonium sulphate "t;n éupply 90 kg ii/he

5., (attle mapure at 9GO0 kg/ha + Ammonium sulphate to
aupply 45 kg H/he + 45 kg Py 05/hn + 45 kg K0 as
HeGoP. (Furiste of Poteahj.

Ge gresn leef at 9000 kg/ha + immonium sulphate to
supply 45 kz H/ha +'$uper phoaphate to supply 45 kg
?205fha + 45 kg K,0 as FleUePe

7. Cattle manure 4500 kz/ha + Green lenf 4500 kz/ha +
45 kg N ae Acmonium sulphate r 45 kg P,0/ba +
45 kg K,0/ba

fe Ammonium eulphate to wsupply 45 kz H/ha + super

~ phosphate to supply 45 Y Pecs/ha + HelUoPe t0 supply
45 kg K, 0/ha
(Améonium gulphate to be ~pplied half ra basal and
the vept na top dreseing at panicle initiation)

Thes acme éxperiment\uaa repgated ovor goeson to season

in different yeers. Tho responses $0 these treatoents may
reralin stozdy or may dopend ugpon the soasons In this atud&
| several methods have been attempted for tho analynis of data

from long term experimewnis. They are discusgsed below.
1. 2Analysio of data us in groups of experiments

The data for each of the 12 years are anslyged separa~
tely in the usual way ©s in & randomiged block design.  The

method of enalysis has boon derived from the following model.
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Y3 = My 241 4 PJ + oi]

h

vhere i3 iz the observation of the 1t treatmont

(1 = 1, 2 esseot} in the J°8 block (§ = 1, 2 seeeel)y

%4 13 the efiect due to i°P

treatment, % is the effect

due %o jth block Bnd a@ij is the randem error componeﬁt
which is @soumed to be indepcendently and normally distri-
buted with zere mean and constant varience —°. The stru-
cture of the analysia of variance of randomised block design

'with t troatments snd r replicationa 1s given bolow.

ANOVS
Source | ' d.f. Helds
Roplicationg r-1 srz
Tfoatmenbs‘ t-1 Sta
Error (r=1)(t=1) s°
Total ri-1

Homogenelty of error mean squares ias then tested using
Bartlet's test. If the error mean squares are homogeneous,
pooled analysis 1s dene. In this method pooled error mean
gguare is to be uacd so find 'F' ratio for treatments and
blocka in case the year x trestment interaction cffect 1o

non significant. If on the othor hand‘the interaction offect
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is significsnt the treutments are tosted ageinst interaction
pean sguare. ¥hen errors are helterogensoua the methﬁd of
weighted amalysin is epplied to teot tho significance of

the effect of interaction. Thiag is done by aaaigning a
welght w, %o each experiment and the wei hts are calculmted
as Wy = E;Eé—- wéere 512 ig the corresponding error mean
squars. Using those welghts for each yokr the quantities
WPy vhere pi'a ars the yeor toitnls and for ezch treatment
end quantitiea Ewiti where ti'a are meang for each treatment
at each yesr are calculated. If G be the sue of iiwitf
over all tho treatwments, 8y be the crude sum of aqusres cb-
tained for euch year then the varlous itemg in the analysié.

of variance are czlculated a3 below.

" ARGVA
source d.f. . 33
. e
Treatmente =1 T _‘_iiﬁ.f‘__i_{_ -
iY |
1= 2
Yosra ' p~1 v 1 lwp") -c
Interaction {p=1)(t=1) 1
Total pt=1 ) 1 Y1 9 c
. | 42
where p la the pumber of years and € T, ? the correction
. : i

factor.
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The sur of squares for interaction, I is calculated
by subtractinz from the total sum of sjuares, the bum cf.
gquares for the yeara ané troutments. In order to test the
gignificance of interaction, the sum of squares of intera-
etion iz transformed into & chi-aquare varirte using the

-formule, acz = n-n“_g;a I... Thls followa 2 chi-squars

distribution with (p=1)}{t~1j(n=4) degrees cf froadom where
net=3 .
n 1g the uniforns error degres of froedom.

!

In ﬁoase the interccotion is significant the meens of
the trentuents for the different years may bo set ocut in a

tvo-way table and the agimple enalysis of varimnce is carriad

out.
ABOVA
_Sduroe ' égﬁg
Treatmente t=-1
Tears p~!
Interaction ' (t=1) (p-1})

Pooled ervor plr=-1) (t=1)

The treatment mean gquarc is then compared with the

interaction moan square to ftest the significmnce of tract-

i

ment differenceg.

2. Anslyais of gplit plot design

'

The annlysis ig performed by cohaidering the treatmentas

aa main plots and years aa sub plots. The method of



of ennlysis bag becn derlved from the following model.

Jygp = e oL+ T+ (Te) i + Px + (’I’{S)Jk + (%Plgy +

/
TR )y g
where ¥,y 1o the obsorvation in the 4 tb

3th moin plot treatment and k‘bh subplot treatment, W im the!'

block receiving

general mean, X4, Tj and Pk are the fixed effects of 1th

th

block, ;jth mainplot treetment and B subplot treatoent

reapectively. (7% )ij 1s tho interaction effect of the A
block and ;jth main plot treatment which la termed as the
main plot error.(7Tp }jk is the interaction effect of jth
main plot treetwent and x*k subplot Sreatment. ( Py,
and (’rﬁp)”k are two error components mssociated with sub-
plot, togother known &s gubplot error. Zhe error components
in the model are assumed to be indepondently and normally

distributed with gerc mean snd conmbant voriance 6“2.

Let there be r replications, p mein plots and q sub
plots undeor each molin plot. Then 1 = 1, 2y secsvsely,
J = 1. 2. o_.t.ntop' k = 1’ 2. ..o.....q_l :: Rl,l‘ld and Sk
are the total of all obgervations in the 1™ replication,,

jt h k‘bh

treatment and year reépectively thon analysis of

variance of the design is given below.




€10
[T 5"

AECVA
Jource £ Seile Moo
R
Replicati -1 e L _¢p g °
Beplications 1 Faq r
. 2
s J 2
Treatments p=1 3 = CF 8,
. rq
A Fn B Ty L% b 2
Error (a; (r=13{p=1) ZeE.8.8. (1) 8,
2
g
Years q-1 % k. _¢F 532
r
N ] - ] [ . 3 ' 2
Trecatment x yeor (p=t){q-1) T.E.5.3. (2) 85a
interaction
Error (b) plr=1;(q~1 8,°
Do i: - £ g ¢ 2 _
Total : rpa=-1 1 3 k rijk Ccr

Tefa3e84(1) ip obtulined by conaildering the replica-

tions and treatments s & two way table. 1f 8y 4 is the
; .6h T =5 < -
°b??§§?t1“n in‘tge ij cell, T.T¥.3.3.(1) T 3 Ay
& Ry o= E, + CF q
Em— j -l— . \
Pq rg

Z.Te3e5e(2,) 1o u.0btained by congldering the troat-

ments and yoars as 8 two way table.

It ka ig the obseruation in the Jk cell,

2 a2 3,2
", k

. -y i) AY Z Z Jk - E .._L— - Z E— + CF
-i‘quboJo(El =3 j e r 3 rq k. rp

CuFo = ( 5 i J k Vi gk ;€ » the correction fector. Sum of




aquares-for errcr (b)- iz obtained by subtrecting ull the

other sum of ouueros from the total sum of squares.

Jtendard error for the differonce betweon tuwo treat-

233
pont ceann ~;E—- = g

Gritical differenée; CD is given by . whare tu

is the tabled velue of students '$' with whole plot error

degrees of freedom for'-<: par cent level of significance.

Then the treatment means are compared with CD to teat
I

the significence o0f tresmtment differences.
3« Principal component analyasis

Conglder thé random varisbles Kqyn Xop evene xp whilch
havae a multivariate d istributlion with mean vector M snd
correlation matrix Z . Assume that the clements of M and 5.
are finite. The rank of € is p and there will be p chera-
¢toriatica roots. Let the characteristics roos hpo

Ago AE' - Ap guch thet Ai)IAE} .........)AP and

they are all distinct.

Lot theyre be X trestments repeated over p yeara. The
obgervations con be written ea the B x p data motrix.

3.11 312 YYEEXY 11p

i = =+ 8 & & & & v w »

1H1 xﬂa [ ] L | | ] XHP

I
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Each 313 couli beo ﬁranafgrmed into o standispd goorse 313 asg

]

NP fi&_:"fﬁ - (1)
13 8 )

" where E& ig the moan and 83 in tho stenderd devietion of

& 1= 1' 2’ o.a.o‘..HO

ij?
Tha'cav&riance matrix coloulested from g = {zij) will -

be the correlation matrix of the orizinal dxta metrix snd

will'be of order p i p

The first principal component of the obaervetions z is
that linear compound .
. .

. :
o that 8484 = 1. and veriasnce of ¥4 must be meximum. ‘fThe

¥y = 8440 £ 859 2y + 0 0 o o B

coefficients of this linear compound must gatisfy the p
simultancous linesr equations (S - A 111 2y = Co The- value
of ‘A1 muet be ao chosen éa to make (& = /\1Il = G A ls
thﬁs 8 ehargcteristi@ root of the correlation matriz and

a4 is ita assoqiated chnractoristic veetorn.

The secord principsl corponent is thst lineer cémpound

4

vhose coefficlients has, been chogen subject to the congtraints
1 N .
By By = 1, 84 By = < go ' ‘thet the veriance of Yo is a mazimum.

-
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The pecond veetor mugt satiafy ( S - AEI) 8, = 0e A, i8
thus the sccond churacteristic root end a, is 1ts asso-
-ciated characteristic vector. 3imilerly all other chara- |
cteristic roota and chartctoriagtic vectors can bo found out

o
e that /\11- )\2-!- sess e +)\p = tracﬂi = Do

The firat principai component scrves asg that linear
combinetion of_yaara which explains mazimum variation emong
the trestments. This is /§imply ja weizhted indox of
seaacnal componenta, the welghts beinz the coefficients in
the agscoiated eigern vector. The process provides & unigue
value for each treatment in the set of treatments and this
ias obtainod by mdltiplying the trengformed matrix z with
the eigin vector 24 This value of the dorived composite
variable known as the index value acts ag an index of per-
formance of the gspecific treatment in relotion to the other
treatnents and thus helps in the deserimination between treat-
mentse The treatments are then ranked on the basis of the
derived indicen and the dest treatmont is recommended for

adoption.

’

But the méthod described above fella to provide a
atatistical test of significonce amony treatment effects.
A mora general approach 1o to derive the firet principal

component from the orizinsl Fr x p matriz of cbservations
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where r ig the number of replications for cach treatment.
standardised values ere then obtained by aﬁplying the rele- '
vant trangforzation desecribed in (1)-P cigen values snd |
corresponding oigen vectors ars gonerated and the eigin
vector corrcaponding to the largest clzen value ig deaigna=

ted ag the Tirst principsl component. It is siven by

r

Then by multiplying the &r x p matrix of standardised
values with thé lergest eigen vector (principsl component)
of order p an index value matrix of order Nr x t 13 obtalned
.which can be arranged into a two way $able of H trestments
and r replications. Data of the two way layout can be analjsed
2s in & randcmised block desisn. The analysls of variance of |

the resultin; date 1s given below.

ABOVA .
a GBZ’G@ dtzo ) ﬂo Q" ) . Hoﬂ.
f 2
Replications r-1 8 -0 8,2
: K r

9,2 - 2

Preatments He %— i - CF 8y
_ r
Lrror (r=1)(H~Y) . 332
- - N -

Total ri=-1 T 3132 CF



€
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Ry and fj are the total of &ll obasrvations in the

th

1" replication and 3th treatment respzcetively.

E‘Ey 2
CF = ( 14 Y13, the correction factor.,
ri '

17 the treatmonts are found to be asiznificent, critical
difforence ¢, = T, Ieea can be calculated. Then the
r

troatoont meana are compared with CD, %o tept The signifi-

cance of the treatzent differencea.

4. The non~parametric method proposed by Rei & Reo (1980)

The method is applicable to problewms in which analysin
of varience ounnot validly be applied. It con clso be used
for the trinls when the error variances are heterogenccug.
The procedure involves firat ranking of the observations in
each replication of the imdlviduel exporiment. If t treat-
mente are compurad in a replication the individusl obgerva-
tiong ars ranked by giving rank 1t to the higheat value, 2 t0
the next lowsr and 00 on. The smallest value of the observa~
tioné will be given rank t. Renking i3 done afresh for each
repliéation and 1% will heve veriste value 1, 2, seecssset.
Un the hypothesis that thore is no algnificant difforence
between the treatmenta, the differonce in She .valuos in each
replication for difforent treatmenta will érise golely from

gampling finctustiona.



The get of ranks for each treatment represents a
random gemple from the discontinuous rectenguler distribu-
tion. Sappose each tre&tﬁent ia r&plicated r timea in &
particulur triel end the trinl is repeuated ovor p yeasrs. If
the chartcter under atudg i3 indopendent of the replication
the get of ranks Ty g boing the ronk of B troetment in

th th

the 1" replication of k" experiment will represent a .

randoz sample of rp itemp from a discontlrmacus rectanguler
universe. Moan and verlance of this universe are obtsined

as follows. \

- ”

Mean == ¢t (t41; = 3;;

o "2t 2 _
varia 1 Et;tii (281 - £2(t41 fj:-. £5=1
riance = % gy 12
The mean rank of jth treatment is given by
P

r
- 1 s s,
VOB TR Ty o ik

It is known that the sampling distribution of theii;meana
of the ranks will be approximately normal. The sampling
distribution of the meen ranks'ﬁj will have the mean value
R which is equal to 1:_3;1‘ and the variance ‘5—2 which is

eguel to t2-1 . The hypothesis that the meana of the
e rp

ranks of various treatoents came {from a single homogencous

norzael pomilation cean be teated by‘the sfatiatic



By putting the values of R end < and taking R = rp K

J J

where ﬂj is the gus of ranks of the Jth treatpent, wo get

the velue of K in another form
1. % ® -7)°

E =

f
-
W&
W
jad
Er
|
H
—
atfck
$
o
Lt
sty
L

This gtetistic 1s distributed as chi-sqﬁare with {(t-1) d.f.
If k 1p significantly greater tusn the eipected velue, tho
pean ranka averaged over yeers differ aignificuntly amnd

there ig slznificent difference in the treatment otiects. The

chi=gquare value representing the tresatment x year interaction

may be obteined aa

3!

= _ 2_( : Ty 5x)° ]
I‘(ﬁ 1) [K=1 J=1  i=1 B jmi j

vhich is distributed ss 8 chi-square variete with (t-1)(p~1, 4.
The pignificance of this statissic indicates the presence of

interaotion of treatments with yeura.



The rank meens of treatments can them be compared in
tha usual manner with the help of oritical difference cale-
calated by

2
) |
D(.05) [T 3 1496

\

5« Extended Friedman's Analysis of veriance by ranks

Consider & get of t troatments assigned randcaly to
the units in ezch of the r blocks of & randomised blockA
layout. let ‘ij dencte the observation in block 1 of treat-
ment 3 (3el, 2, seeeesl), Jal, 2y seeseati}e 3ince the obger-
vations in different blocks are indepondent the colleotion of
entries in the varicus rows of the two way ¢clasaification
are independent. In order to dotermine whother the treatmont
(column) effects sre all the same or not the amelysis of veri-
ance technigue ism appropriate 1f the zgsumptions of normality,
addltivity and homogsneity of error variances are satisfled.
If on any ground one is in Goubt on the validity of these
aésumptiens he may procesd to apply a non parametric test of
equal treatwment eorffects proposed by Friedmen (1937). In this
approach the observaitions in each row (bleck) ere replaced by
their rank order within that row. If Rij denote the rank

th

order of the ath treatment 1n the 1™ block &nd Rj. the rank

total of the jth_eolumn (trostment)



2
vor (s, = HFt |
-G 49)

Cov (leg Rik) i

Further by desizn agoumptions, obgervations in different

rows are indapendent.

The sum of sguares of deviation of the obgerved cuymmn
totale around its expscted value g(g+1z wiil be a meagure
of the difference in treatnent effscts. Therefore wo ghall

consider the aamplin diatribution'of the random variable 3

vhere o = Z’ (Rj-r(_____LH)

under the null hypothesis of no ditferonce betweon treatmentis.
The probnbility distribution of 5 is glven by

:t(s j = zg%:'r

TCel

where Ug is the number of arrangewents of rapks in e block
whieh-yields 5 a3 the pum of squares of coluamn total devia-
tiong. Tobles of the distribution of 3 for small values of ¢
have been prepared by Heminll (1962). Outside the rangs of
the exioting tablss en approzimation is genmerzlly used for
tests of siznificance. Tho expectation and varlence of g are

zgiven by



7
o rE(t"=1)
;.'J(EB / = 2

g -
-1 j{t=1 1
ver (s) = t9p Emlliltels”

Fricdman (1937) has shewr that s linear fanctiom of s which
is denoted e s iz,is dlstributed wpprozimately aas a

chil-gquare varinte with (t-1) degrecg of frocdom.

2 12 a-
Xp = v(tel)
-t-,
2
Z &
= 12 521 7d o omp (41
TE(E+) )

The first two memenbs of :ﬂi are (t=1) and 2(%-1)
which are the firat two momonts of a Lchi-aquare distribution
with (-1, degreoes of fraedom- The hijgher momenta of xar
also clogely spproxlimated by corresponding hizher moments of
the chi-gguare. Thus for all proctical purpoOses -I?r can he
.considered to be a chi-asquare variasble with (t-1) degreen
of freedom. Numerical comparigon have ghown this t0 be a

good eprroiimation as long aga t > T.

The region for a teat of equal treatment effeetn with
level of algnificance, £ 1is

PER for £2 25y 4

where R is the eritical region and £ the calculated value

of 3@_21,0




The above approach is related to the olaseicul analyais

of varisnce using ranked data.

it 3 denote the totel aum of sgquarss of deviations of

2ll the rt ranks sroand its average value then

r t
=2 - -~ tii
S‘l‘ R Y jm‘ Ri:l

= rt !‘hf-z-" 3

or X?r = (§-1}s
7T

The totsl aum of sguares of the ranked date can be

pertitionsd into two components & followa.

- (2. -% + & -5H°

= s + - K)
Sp ® gt ger M T30
s g -7 )& L 8
T T O F Ry R 3

where ER is the residual aﬁm of sguareg.

All these cen be prescnted in the analyeis of variance
tzble ag followg.
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Be tween colﬁmns bt 8/r ' FHe3eTe
( Troatmenta)
Betueon rows (blocks) - r-1 ¢ 0 )
Gesidual (t=1)(x=1) 3, - & Msh
Total - m@}'ﬁtr-1 o . Bn
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The additive property of chi-gquare enables usg to
extend this result to the cagse of three way tables with
years as the additional factor. Ilet us 2ssume that the act
of exparimental years repreocent @ randem sample from an
infinite pornlation of yeara. Then it is pomsibls to cal&u-
late the Friedman's f?r statistic to the daté of each of
the p years sepsrately. On the gséumption of independence
theee chi-aguare values can be pooled %o get a total chi-aquare
with P{t-1) degrees of freodom. This chi-sguare can be split

into two componecnts.

P 2 P4
DCrT = )(r.Dd-_)(rH

where x?rD in the deviation chi-square calculated from the
column totels. of the pooled date. It can be used to provide

a genoral ftest of equality of tremtment effects over all the

i
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D years. f?rﬁ - the heterogeneity chi-gquare is 2 componend
of interaction between nessgons cond trectments. A sigzni-
ficant ;?H indicates the presence of treatment x year

interactlon. The relsvent procedure is ocutlined belov.

Yearﬂ Soé’c W Jetle
) 2 .
1 34 X" py t=1
2 2 ' .
2 92 X p2 t-1
L] L) L] ]
2
L x R -
F Sp $p t=1
P . b
Potal Smo= £ 8,  HFB= oz L2 p(t=1)
T 4o 2 T gt
Deviation 39 < rD = tLLs+1)
Leterczencity 3 Joy i 4 B 2 g ? D ] |
pveroeg ¥ 8y o= Spm8y XH= xpt = XD (p-iate-i

---——-—-ﬂu—-mﬂﬂ---ﬁd--ﬁ-*--&——ﬂ-‘--

The regults can cisc be prescnbed in the form of an

analysis of variencs table ag follows.
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Treatment 2 year
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whero SD = 3 TD 3
£ £ £ Ryl
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2.
= rtp 3"'{'21-
£ s & 2
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Zar {(1982) giver & non parcmetric multiple compariscen

procedure to bs adopted in two way analysis with rdnks when

the usual assunpticn of normelity ard homogedasticdiy are

not ¢ “gatvisfied.

According to him rank sumg =re 1o be



erranged in degconding order. Gritical ranges of diféarent
lengtha have t0 be calculated by multiplying the ptanderd
-error of troatment totala by the tabulated value of studen-
tiaéd range with number of means k and error degrees of
fresdon n. Then the Hewman end Xeul'a procedure may be
used for making muliiple comparison. The . b 1a‘calcu1ated

by‘the expreéaion,

gB( RJ) = J.I'_L_.t‘l;*_l‘

Aong tho different multiple compnrison procedures
Iuncan's multiple range teat ls considered to be most precise
and powerful and baa_beanmcidel& used. Thua it would be
batter to incorporate a non paramotrie mﬁltiple comparison
procédure invelving Duncan's multiple range test. For the
overall conpericon of treatment votelp besed on pooled data
for P years, 3E (113) = %—M) . Thg critical ranges can
be calculated from'the expresoion, WJ = p(n,t) SE(Ru).

1f treatment means are to.be compared the exypreagion

baecomean,

: ti{t+1
. - -— . . —— ) oy —‘-‘——l
hj D(n.f} gB (Rj) wéeraﬁJE(EJ l 1{ rp



o

Here B(n £) is the table value obteined from the Duncan's
[ ]
teble with number of meang n &nd error degrees of freedcm f.

A range of j treatment means can be compared by Hj.
6. Btability enalyais proposed by Eberhart and Russell {1966)

Lst there be 't' treatcents whose performance hag ‘been
‘tenated in ‘s’ yeers. Considering yij ag the mean of the 1th
treatment in the 3t§ yesr, Fberhert and Sussell (1966) used

the following model 0 study the gtability of ireatmente

under different environmonts.

313 “ Mi + bi Ij + 13 i1 = 1, 2. cassevet

J [~ 1' 2. teassnasl

where Hi is the nean of 1t

h treatmeant over sll the yeara;
by is the regfosaion coeffici@nt that measures fhs reaponge
of t°B treatment to varying environzenia. Ij is the environ-
aenfal index, obtained ag deviztion of the mean of all treat-—
nonta at the-jth year from the grand mean and Jﬁj is the

th

deviation from regresaion of the 1™ treatmont in the jth

Teaxr.

Ij'a which aro the independent veriables on which yij's

are regrepsed were ocbtained as

t t 8
P v - b = \
Ij it "%‘i 1=1  Jj=1 ﬁi
) 8t
8

b
so that 3= I



The two porameters of atability under thilp model are

a
by = 574
8
s 17
js:‘i 3
8
8 a - = cri 2 8 &
dl ; - g
J=1 g=2 5
a Cr z (3]
. s 13 € _ -SN S
whers P = oy By 4o "1 7
2 8 2 2
yy % ji, Yig = Yy,
— """‘"""‘B 3 5
b, = Jig vy s =l o
i J:ﬂ & 2
= 1
j=i J

gnd » is the ﬁumbar of roplicutions.

The enalysis of varisnce under EBberhort znd Lussell

modoeld ia glven bLelou.
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flare, the sum of sauares due to yoar and treatment x
year;! interaction ls partitioned into sun of aquares due
to years (iinear, treetucnta z years (linesr) and devia-
tion from the regresaion model with degrees of freedom

one, {(t=1) and t(g=2) respac%ively.

The following F teste ore made use of

. o 1
(1) F= Eﬁa » t0 tegt the equality cof rezression

coefficionisn

2 .
(2) P= = 94 to tost the individuel dsvietion T:

e _ .
from ro_rosgion '

2 treatment with unit regreesion coerricient (bim1)

e

‘and 84,° not significantly diiferent from gazo (%12 = 0)

could be congidersd 2s otable,

20 beat whether the regression cosfficient of indivi-

dual treatments differed significantly fram upity, the f£ol-
lowing 't test can be applied.

Sig o Sgl
e SQﬂn‘bi:}
Yo
whers S-E.(bi) o Lﬂ.s. gge tozgoolsd dav;aﬁionj‘
§=1



T» Stability analysis using non parametric memsurcs

Eon paremetric measures of stability are based on the
ranks of treatvents in esch year. dCJonsider a two-way tuble
with Kk treatments and N years. Within ezch year-

J{(j= 1, 2, seseeell)j tho k oObservaetionas xij (1= 1, 2, ook}
ere renked by ziving the lowest value & rank of 1 and the
highest value n rank of i. 1ot Ty bo the ronk of trestment
i in the jﬁh year. A traatment-ia azid to be stable over

years 1f iisc ranks are plmiisr over yecra.

decording to Haspor and Huhm (1987) twe non parzmetric

neagures of stabllliiy are

3y = 2 N (B-1)
=1 = j+1

which is the mesan of the absolute rank differencea of a

treatment over the & years and

8 (2J g (ry - % ? here T g T3
i - o wher r =
3 Jeal N -1 i J=i N

which gives the variance smonz the ranks oger the N {ears.
1, 2;
For a trsatment with mazinum gtablliity, 51 and si rust

be ggqual toc 2510,

The annlygis ig done with the nmull hypothesis that all
troatmento are egqually atable. This would arise under the
agsumption of no differences among troatments and no treat-

mont-year interaction.



th

The obgervation ‘11- of i treatzment and jth yoar

d
can be oxpreaged &3

113’3 H+Pj +°ij

where M 1s the overnll population mean, ﬁj i3 the offect
of year J and-eij-ia the randon error with mean zsro amd
variance 6—2. Since treatments are ranked ssparately within
each yesr, environzental effects have no influence on agta-

bility =nd therofore the model may _also be expieased ag
xij m L 913

Di{.ﬁrancaa E(H‘Iél(;ﬂg troatzente would have an effect on the

3y and 3y stability measures and may lead to differon-
peg in atability among treatmontse even :l.fjtl;ere is no tre‘at-
went-year interaction. To avold this *43 valluas are

aorrected

¥ = .
13 = 'J(_ijp.(.‘JLi.-l..)

—

w

whexre ii- is the marginal mean of 1“’ treatment and X..
ig the overall mezn in the E x N table. The stability
meaguraes 31(” and 31(2‘3 may be computed using the ranks

baged on the corrected valuca.

For a given treatment i, tho rankas rij (J=ts 2, ecedl)
repregernt & random sampls from a desorete uniform distri-

bution cver the range 1 to k. Under the nmll . hypothesis,




.tho woans snd variances for each of the gtatiastics 31(1‘

(2)

end 8, may be computed es followg.

ne

4 (1)
B (3 E =1
(i ) tx T

"o
L

B @1(2)) =

&1

(2) 4 - N3 (B (8,02
var (31 ) - ﬁ_ ﬁTﬁgT) (x 1 ))
where m4 = E(y=1 /% = B(y?) - 4 1 E(3?) + 6 £%B(5%) - 3 p4

with K = B(y) emd § = 8, (2

2
E(y )m (K1) (2K+1g ;5& 4+ 3K-1)

. 2
K {X+1)

-

The variance of the siatistic 81(1} for different combina-
tions of H and K have besn gonerated mucarically by Nagaer

and Huhn (1987) end are givon in tableg.

if the aistz{ibution of the stetistics si(“ and 31(2)

may bs approximated by 2 normal digtribution, the statistice

7y (=) [s () _ g (5 ("”JJ -1, 2
ver (3, lm))




would have en approximute chi-square distrivation with 1

deogres of freedom.

gimilerly, the = _‘ptatistic

I ———

K (m)
(m) s i (o mn=1, 2
B = 1-’ i ’

xay be approximatoq by a chi=-agusre distribution with K
degrees of frqedom. 1f this chi-aguare test is significant
the mll hypothelis of equal atability amenz génctiypes is
rejectod and one may proceed to mcke multiple comparigons

amongz the Si(m) valuesgs

8. Analysie based on principle of game theory

Any lonz term exiporimcnt can be regarded as o gane bet-
ween the experimenter and nature. The tresatments are the
ptrategzles st the commond of the experimenter where as
varying .veather conditions are the strategies of nature.
Problens for the experiwenter 1é to chooge the optizum

stratepios g0 as 0 win over nature.

A decipion making problem under_uﬁcertainty hag tho fol=-

lowingy four basic somponents relatinz to the decipion maker.

(2) 2n objective function (b) a set of atrategies
(c) pay offs associnted with given streteglies of
the decision maker for each state of nature and (d)
uncertainty about the gtate of natura likely to

prevall in the period for whioh the declalon is mude.



o
(o)

Let 8 = (1| 32, 0100.31 ..o-iﬁm} be the Btrat.gy sot
0of the docialon Eaker. T o (t" ta sens tj-"" tn) bo the
atates of nature and P m(?ij] be the pay off matriz of the

deceleion waker.

There arc several appro2aches for the choice of the
optimal atrategies. Among then Wald's wmeximin criterion,,
laplace's principle of insufficient reason, Savage's regret
eriterion, lurwicz optimsm~pesasimism oriterion md Agrrwal's
ezcesg benefit criterion are the nmsjor eriterds which are
usu2lly employed in arriving #t optimzl decislons under
risk. All these eriterla are exrected to suggeut the stratesy
aot 3 that would maximise the expected utility of the deéi-

pion maker under varylng environmente.

a) ¥ald's mazximin criterion

Thip eriterion comsist in choosing the maximm ;alua
apong the minimuw returns. That is, the deeiaioﬁ asker
attachos 2 probability of one to the worst consequence for
a glven strategy and zﬂré to the other ocutcomes in that row,.
Let B(u,) bo the expocted utility of his 1*¥ strategy (u,)
to the d?ciaion saker under ¥Wald's criterion, then E(ui) =
m}n Pija' Ir m§§ E(uii = E(uga/s tho gabR strategy is
optimal to the decision meker. This atrategy is for the
oxtreme peassimiet who wanta o avoid & possible less in

unfavourable conditicna.



od

b) Iaplace's principle of insurficient reason

Thia thaorj assumes complete ignorance on the part
of the decislon maker sbout the state of nature that will
pravail. fHence it ig assumed that each state of nature 1is

equally probeble. let E(ui) be the expected utility of the
1th ptrategy to the declsion maker under the Laplace's

principle. Then E(ui) = n-1 g_ P

J=1
the decigion maker will choase the 1

iy ° If nfx E(ui) = E(Ui,)

ath agtrategy. {In effact

the eatimate obtalned throuzh this mothed protects the farmer

frecm long range risk.
@) Hurwiog''optimism-pessimism’ oriterion

Thig eriterion 1g for the farmer who looks at the best
and worat of his outcomes and asaigng some weight to both.
That‘is. for the pessimist who is also colbtimus about a
likely rige soomex or later. According to thia criterioa,
the decision maker assigna a probability  jof 'a’, ocaci
to the best cutcome for a given ptratesy and a probability
of.'1~2' to the worat outcome in that row. ILet u{ui) 50
the expscted utility of the 1’2 atrategy to the decision

meker under Hurwicz model. Then

E(Ui) = a (%iz Pij) + (1=-2) ?in Pij

It mex B(ul} = B(Ui*), the decision meker will choose th
th
1!‘

stirategy.



60

dj Savage's regret corlterion

fhe bohavicural agsuzption under this criteriom 1s
thet the deocisicn maker tries to minimise hils 'regret’
where rogréet is defined as the difference bobtween the rotusl

th strategy end the maximua pay off') that

pey off for the &
he would have cobteined if he hed an sdvence knowledge of
the true atate of nature that actually provalled. iet R
be the regret matriy with elaménta Ty Then for a glven

= P,. = max P

ijo = *130 T "PF Fijo clearly

atate of nature tj .

0

ryy, =0 let Blui) bo the expected utility of the’> 1B
gtrategy to the declsion maker under regret criterion. Then

E(ui) mmin r,, « If mex B(ui) = B({ui®). 3,, is optimsl
3 iJ 3 i

to the deocision maker under regret criterion.

. This critorion focusses on wezlihy farmer who are wil-
ling to teke 2 risk. It is for the faramer who wants 10
naximnise his long range profit even at the exrense of some

pmzll loszes or sot backs at stray poriods.

¢ ) Agarwal's excess benefit criterion

This critverion is concerned with the maximisation of
additionsl bonefit or surplus. This is guited for those
. farmers who desire to choose 2 treetment that will give them

an additionel bensfit in ycars of unfavourable weather.



Let B bo the benefit matrisx with clements bij « FOFX

a given state of nature tjo’ bijo = Pijo - ?%p Pijo'
Clearly byy 20, If B(UL) 4s the expected utility to the

th

decigion moker of his 1" 'sirategy under the beneflt cri-

terion, then BE(Ui, = min bij o If ﬁéx iUl = B(U1%*) then
Jd

3i* is the optimal atrategy under the beneflt theory.

9. Caleulation of ccefficient of concordence for overall
conparieon among the differdent methods.

let there be k seta of rankings of n troatments and

Rij denvte tho rank of the jth treatment in the ith

mothode.
In order to teat the hypothosis that the k sets of ranmks
are independent, & statisbtlic known as Kendall's coefficient

of concordance (w, could be calculated frox the formils

= i8-8
%0 (n-1)
n 2 k
s - . £ p-
where 0 = = (Ry k(;d )] end Ry = 35 Ry s

'w! ranges between O und 1, with 1 designeting perfect

concordanee and O no agreement between the different mothods.

The gtatigtic k(n=-1,w is ezjpected Lo follow an appro-

ximate ohi-gquere disiribution with n-1 degrees of frecdom



as k becomes large. Hence chi-aquare teat can be ugsd to
test the sbtatiaticsal significance of 'w'e A signlficant
'w' ipndicates that there ia a strong degree of concordance

among the rank orderg of tresiments by the different methods.
B. Fitting of response models

in expefimenta_whan ona Or more guantitative inputa
like f&rtilizera are tested at two or more levels it is ofter
desirasble to summarige the available information on crop
response pattern by fitting & suitable reaponse surface. The
regpongd y may be represented by a sultable functicn of the
lzvela xiu' Aau. ssccasse xku of the K factors aas Yy ® i
f(xm, Xpys eweesee L3P ) +%u (1) where u = 1, 2, «oc.d
rgpﬁesent the N obaervations. Xlu’ the lovel of the 1th,

th

factor in the u° " observation (i. = 1, 2, sssesee k) and B

is tho got of paramzters. The residual e, moasures tho .
expgrimental exrror of the uth obaervation., The function 'I!
is czlled the response surface. If there is only onc in-
derendent variable thén_relation (1, ia called & response

- curve. DRfegponse gurfaces enable us to predict responsss at
varying‘véluea of xiu and helps in determining the yield
maximising the profit maximising levels of inputs. 3everal
nathenatical functions huve beon uged o represent yield

fertiligsr relationphips. In the sinizle variable category

the more widely used functions are juadratic, square root



polynomial, Helder‘s'polynoﬁial, Ihversé polynomial, Gupta's
function, Bolliday function etc. Apart froe thepe the mixed
modelvéhieh has nod been fregquently used for fltting reaponae
data and two slternative models are also proposed in this
afﬁdy. The biveriate models considered are suedratic, square
root polynomial, resistance or Jalmukund functions and
trangendental faunction. Hultivariate medels involving thrse -

or more inputa have not bsen considored in this gtudy.

fn the univarinte cage an empirical comparison of
different models was pade on the basis ¢f the secondary data
gathered from the final reports of completed manuriel trials
on raddy given in the various igsuos of the Eﬂsaérch Reports
of E.40J. for the pasgt ten'years and the vafiogs posi sraduate
reseayrch theses of the Faculty of Agriculture’of k.A.U. A
totel mmber of 71 soto of date were available., 1In the two
variatelcaae, very few reports were available in the varicusn
issues of the Research Reporig of K.2U. or post graduate
deasertations. Hence the results of & long tern mupurial
trial on Jaya varieiy of rice conducted st Rice Research
Station, Xeramana during the 18 seasons from 1977-78 to
19856~87 were utilised for the studys There wore a total
number of 36 gets of data for fitting tho two vafiate reg-

ponse modelg.




ifferont mothemcoticnl technigues have been uged for

the estimation of parametors of the fistted models. The pro-
dictavility of the fitted models could bo determinéd on the
basis of the value of coofficiont of determination, B?.and'
algo by the apount of’average abgolute error. For the
‘linegr modol; y = b, + Eju;i + 04 where y 1s the rosponse,
x;'s are the inputs ey is the rendom error and b, 's ere the
partial regresasion coefficients. the coeificient of deter-

mination, R? is caleulsted ag

-

g2 o &um of pauares due_1o_regreasgion

Total aum of sguares

gum of ajusreg due to regi'as;jion = ibisxiy

] . ER;Ey
vwhere Sx:i.y = E347 !::
2 (£y.)°
Total mum of sgquares = z;yi - i

n

The non lineer functions czn be converted into lineer
functiona by employing sultsble tronsformations and the same
procedure can be adopted for findins the coefficlent of deter—

mination. In the case of non linear functions R? can also

ba found out directly as

2 _ ZTotal sum of asguares - Error sum of sgueres

R = . Total sum of aquares

il
Brror sum of gquures = £ (yi - §)2
. i=1



where § 4s the expscted velue of y and n 1g the number

of levels. A4verage absolute error cen be estimated by the
formula < __l_x%u

The furning peints of the funciions could be derived and
the physical and economic optimum doaes of nutrlentas are
estinated by employing thoe method of caleculus. In the case

of univariate models, the physigal 0piimum domso ig obtained
aft

by egquating %f to zerc when —3 <0 and the economic doge
dx 2
ig obteined by aquating'gf to the price ratio g/p when Q_§,¢ v

dz
Where p is the pricé per unit quantity of output and q is

the price per unit quantity of input. In the two variate
category, physicel optimum doges are obtained by equating
the partisl derivatives of the functions with respect to the
inputs to z2ro and golving the resulting equations. Ecoﬂﬁmio
optimum doges are obtained by equating the psrtisl deriva-

tives to the regpective price ratios, ie. by solvinz %%H = %1
arf ge -

and EEé = =7 vhere a1 and q2 are the price per unit quantity
of nutrient inputs and p is the price per unit quantity of
Oﬂt;mt .

In the cage of models which do not permit direct csti-
mation of &n economic opbimun, profit merlmising levels of

inruts are estimated from the date on net . returns per hoctare.



For & univariste model, if T i the not profit,
T = py =94x where y = F(x)

Econopic ophimum dose is obtained by equating %E—- to zero

2

d
4z

the net profit Tis given by T = py-q%¢y - 4212

when < 0, 3imilarly in the cage of two variate models,

Bconomic optimum doges are obtained by equating the partial
derivetives of this function with respeot to the inputs to

zero snd golving the resulting equations.

In case, a doge of zewo haa been included as 8 level
amonz the sot of levels of the nutrient, eonviderable diffi-

culties huve to be encountered in the estimation of perameters
from cortnin moedels involving regiproeal and 1ogar1thcmip
terns. In order to circuﬁvent suchk a situatlon, it 1s desi-
rable t0 raige evéry dosage by one unit and then tramsform
the estimates back to the original doaagé when the process of-

eptination bhas been over.

A relation betwsen the polyrnomial and iis £1rat derivative
can be derived as below which will be very uaéful for the
gastiration of opiimum qoses for qgrtain conplicated modelg.
let —% = Pu(x) where y is the response ond Ph(x) is a
polynomigl of degree n in x, the doae of the rutrient

S
, .4
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Differentiating with reapect to X

’ '

=L ody o %P, (xs - Bola)
‘ dz .
¥ 2

2
- ;‘!—d- RXCT ::Pn'(;;)].

=

. - R
-a-% s 0= Pn(x} xPﬁ_}‘:-!) w O

This relation can be easily applied for finding the physi-

cal optimum in certain type of univariate models.

Dotails of the variocus responge models considered in

the atudy are given one by one below.

Univariste modelg

1. Quadratic model

y= 8 %+ bx + cx2

g-f:b+2cxm0

Physical optimum doss, X = %%
4y q
az ad + 201X o .I-)_.

a/p=b )

iconomic optluum dose, I = e

The constenta, &, b 2nd ¢ are estimated uping the technigue

of leagt squares.



2., Hguare root polynominl

y=28+ b (X +ox
Put [%x = x', then this model became aimilar to the guedratic

mcdel.

Sl

= =2 4 =0

2[3 )

physical optimum dose, 2 = (5%)2

éin--ﬁ--q-c::-g._

dx zr

Lconomic optimum doge, 2 = [2 (Q"‘I—*W ]

5« Hel8er's polynomial
i = a + bx
y
1

Fug - 5 =9 then y' = a 4+ bx

This is the linear regrossion model and can be fitied by

the prinelple of leaat asguares.

LY
dz = b

o ""m'-'»

2 -
= ¥ = T =0
Thig model has no physicsl optimum dose.
(asbz } P

bque + Z2abgx + a® Q +Fb = 0
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Seoneplc optimum done,

X = -abgq Ja2b2g2 - baq (azzq + Fo)
d

b q

4. Inverge polynomizl

ax
y = 45
1 _ z4b
¥y~ ax
R TR
=E + --{f"g_) X
= L 1 an b
= P+ Py (g) vhere f= = and f = 2
Pat LA ' and i = 3!
y = 7 X

Then y' = R+ B4 z'

This ig the lineur regresslon model and ¢an be fitted by
the principle of least squareg

ay . (asb) o =~ ox
ax ]
{(z4b)

2l o 0
(x40 )¢

Thio model has no physical optimum dosec.

ab y
(x40 )d

= q/p

£ - 2 .
qax” + 2bux + qb «~ Pab =« 0



Ecgonomic optinum doge,

-bg & fba‘q2 - q(qbz—yab)
q

A =

e Hized model

yoa+blogz +cx

Fut log X = x4, X =X,
'Theny-a-rbx‘ + Oy

70

Thig 1s the regression model and cen be fitted by the

principle of least suyuareg..

E + 0a1| - = 0

%%“ x 2z
2‘14—0\{? = O

Phyeical optisum dogse, X a ﬁpf(zc@)z

2b + cJx = q
Zx P

2¢x ~PoJz ~-2\Pb. =0

fconoaic optimum dege, -

‘ 2
X = ch'i pzcz + 16 pqﬁ}
4q

6. Gupta's function

y = F"&" Bz + ]32::"'1



|

Then § = fox {31:11 + Pora

This la the regreosgion model and can be fLitted by the

principle of least aguares.

d -1
a‘:%:a F1+f32-'2' = 0

b 4
Pfﬁ = Py
X
P2
Physical optimum dose, X = “ﬁ-“
4
Pa
Py = 2 /p
PR,
Beonomic optimum dose, x é -§—F;:E

7. Holliday function

ax
1 + bx =+ cx2

2

=

i + bz + CX
a

L

L] L

= 1/a + (&) 3 4 (@) 2°
= fsb-!- !31.'?. + (_3222

where Po:: ':'2', P1 = Ef and F‘a =

pio

Put

< fie

= y', t'h.a ¥y' = Pﬁ + [311 “+ sza

This is similar to the quadratic model.



ic. 'ﬁo + F11 + ﬁzxa -z ( P1 + 2 Pax) ‘= O

po"' ﬁzxz = 0

[ B
Phyaiczl opiimun doge, X = -Fé%-

Date on net profit per unit area can be uged to

find the economic optimum doase.

8. Rev model ~1.

| «y2
¥= Fgt P f“-’-— +,821 =Y
PU.'C\(X-’ = 31, .‘.'cl-ya: 3{2
Toen y = Pg + Py + Box,

Thin s the regrossicn medel and can be fitted by the

principle of least syuares.

! =l 4 =5/2
%% = [31 ?"e":r';_ + pz = b4 = 0
Fa
Fhygical opbimum dogss, x = 'ﬁ?”

Data on net profit per unit srea can be used %o find
the economilq optimum dose.
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9. Kew nodel -2

ax -
y =

b +cx +x
X breJx + X
“a e e
v B

3 1
S s S Eaba

fi

= ]304'P1JE+P21

' b c I
where Po =gy f = gand P = 3

Put \E".— = 31 then (E_'_)Eﬂ [30 + 1813' "l' PE(X.)Q
y

Put (2202 = y' then y' = Py + ByE' + Pole’)?
J

Thig is =similsr to the guadratic model.

5 = Bo+ Pz ePpx = Pylul
P(z) =3P '"(«) = O

ic. p0+ﬁ1(x_+(32x -X(Piz“r—_' +,B) = 0

-2 2
Physical optimum doge, =3 o= ﬁg ]

Py
Data on nst profit per unit area can be used 0 find the

ecenonic opbimam doge,.



Tuo variate models

10. Qusdratic model

2 2

Thin can be fitted by lsest aguares.

gi forrd i 3 -
a . .

Solving these two equations, physical opbimum dosges are

cbtained ilo.

2b,b, = b.b
k= —d 2%
bs® - 4oy
end %, = 2b2b3 135
b 2
b;" - 4bb,
dy . q
ay . 5
dxg = b2 + 2b432 + b5&1 __g.

Soiving these two cquations, econonmic optimum Joses are

obtained
ie. 21”";"4 = 24Py + bs - Fhobg
Fbg® = 4 Pbgb,
and %, © q’ii_- Pbybg 2ng3 + 2P0 b

Pbs 4Pb3 4
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11 Sgquare root polynomial
¥y = by + bgXy + byXx, +b3J2L_1 +b4\[’x_§ +b5ﬁ.ﬁé
Put [z = gy and(X; = 3, -
¥y = by + b1 212 + b2322 % b:,’.zfi ¥ b422 + b5z152
P

= bG + b331 + b4zg + h12’.12 + b222 4 b52122

This 18 siwilar %o the gquadratic model.

¥ b, + b, = +bp (7, == = 0
Y 2p, +b, ~— & by fr; =Le o 0
632 2 421?2 5\[_1- @—

dolvinz these two equations, physical optimum doscs are

ob tained. 2b.b bob )
b - .
2
1 :_:-:_::‘:-'.,, 251 -“5
ay . by (X, + b, + b (% = q

2 3,

4



C 7B

8olving these two equutions, sconomic optimum dosso are

obtained. 2 P
P b = 4p"byb,+4pa,by+4p3yb,. = 404,

ic. 31 =

2p2b.|h4 - 2pyb, - p‘{b.jbs
apd %, = ( T

1Z2. Trznsendental funciion

CqE b coi
y = 811b16 113226_ 272
log ¥ = log @ + by log 2, + €,X, + b, 1og 1, + C,3,

Put log y = y', log 24 = @, and log x, = 2,

then y' = log & + by gy + C438q + by2y + €%y

This can be fitied by the principle of least sguares.

. b
-;- %%1 = ;3- +C =0
12 dy = _32 + ¢ = ¢
y dx, Xo
Physiosl opticum doge, X4 = :f_@_
4
and 2, = f_’_@_
e2

Date on met profit per unls arem can be used to find the

econoinic optimum doges.




13, Resistunce or Balmulkund function

'y'1 - 311-1 + b:sr.;‘,"1 + 011-112-1 + d

x;“a = ax, +bx; + ¢ + dX, X,

m C + bx1- + 33.2 + dx.‘zz

Put 3112 =
y
The.n ¥' o C+bXy + ax, + dx4x,

yl

This c¢an be fitted by the prinoiple of leamt squares,

a + bx1 + ax, + dx112
24%2

=1 dy . %, '(b+d12~3-(o+b11+axa+dx122)xz
2
)

(1112

a xy(Tc-ax,) g
e

(242,

) -s,.‘;' -ax.':.’ m 0

=i ay . x4%, (a-s-dxi)' - (c+bzi+axa+dx,xa)x1

Physical optimum doses, Xy = =c/b and 2 = -c/o.
Data on not profit per unit erem can be used to find the

oconcnic optimum dooes.



Josults and Tiseussion
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REJULIS AND DISCU3SIOH

The rasulﬁa obtained are pressated in thils chapter
under two sub headings (A) analyais’ot data of long term
experizents end (B) Fitting of rosponse modely, 8nd dis-

cusged thereafter.
A, Analysis of data of ibng term experimenta
1. Hethod of groups of experinments

The data for each yocar ware anélysed geparately as in |
a randomised block dosign. Homogeneity of error mean squeres
wag tested using Dartlei'a test; 48 the errcr mean squares
were foaund to be heterogeneocus weizhted analysis was per-
formsd 2nd the resuliinz analysis of variance is given in
Table 1. fThe significance of interaction effect was toated
ﬁaing chi-aquare test and the offect wae found to be signi-
Ticant. The treatment means for the different yeurs were
arranged in a two-way table and the analysis of variance
-technique was applied 0 teet the significance of various
effecta. The analysis of varicnce tablo of the unweighted
ﬁata is given in Todble 2. The trgatment zesn squares was
then tested =gainst tho interccetion mean pguere. The overall

effect of trortmentis vas found to be siznificant. The means
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of treatmente wore then arranged in descending order of

magnitude and the significance o treatment differences
. \

vap fested using tho critical differonce. The result

cbtaired is given below

2 5 TZ T7 T8 6 12 T4

2. Analysis of date as in e split plei dosign

The data were zlac mnalysed ag in o split plot deagn
with treatments in main plots and yeers in sub plots mnd
the r@sﬁlting annlyasis of variance ia given in Table 3. The
trcatoent effect was focund to be hizghly significant. Ireat-
mente were then ranked eccording to thoir mean poerforrance
and the significance of pairuwisc differences among the
neans was teated using the celculated value of the criticsl

difference. Tho results obteined are summarised below.

M T3 7 W W 12 74

5+ Frincipsl componcnt eanalyais

The original data matrix wag transgformed into a matrix

of standardised values. ZTho tranaformed matrix 2 = (2

ij)



is given in Teble 4, From 4, ths correlation mairix

in obtained end is given in Table 5. The elgen vaines.
eigen vectora and the percentage iariation explained by
each compenent veotors are givoen in Tsble 6. Since the
first principsl componant explained more than 75 percent
of totzl variation in ithe data other compononta were not
conaidered for tho analysls. The transformed metriz Z wag
" then multiplied with the eigen vactor corresponding to
the hizhest eigen value, &nd the index velue or first
principal compqnent acore for each treatment was obislned.
Thege are expected to pexrve ag the index of overall per-
foraznce of tﬁe specifio treatments 19 reletion to the
other treatments in ﬁhe‘tested environnent. The treat-

mantg and their respective index values are aa given below.

Treatments T1 P2 73 T4 5 76 7 78

Index 3.5269 "2.1098 2.4228 "4.1254 302945 "2.1344 105468
values ' -2 o4 163

The treatments were then ranked en the bragis of the

principal ocomponent score (indez} and their rolative stending

ia ag given belovw.
9 ™ TS 7 T2 T T8 4

' In the general cage, the original 32 x 12 matrixz of

obeervations was transformed into a matri:z of standardised
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valuess The matriz of staendardised acores i glven in

Table 7. &izen values and corresponding eigen vestors were
generated from this matrix, Then, by miltiplying the 32x12
matriz of standardised valiea with the lergest eigen vector
of order 12 an index score matriz of order 32xt is cbtained
vhich was rearranged on the form of a two-way tablo of
treatzents end replicetion. The relevent tvwo way tuble of:
4ndex scores 1 given in Table 8. The deta were further
analyased ag in & randomised block design and the results of
analysis is given-in Table 9. The treatient effect ﬁas agein
found to be significant.  Comparisons were alpso made between
ralrs of meens using the czlculated critical difference. The

result obtsined is 28 given below.

T M I3 7 76 18 T2 4

4. Hon parametric method proposed by Bal and Rao (1920)

The obmervations on different treatmonts in each
block (replicetion) were ranked snd the suns of ranks'(ﬁj}
along with the values of the ptatigtic K are presented in
Tablo 10. The sbatistic E ia expected to be distributed-
as chi-aguare with*ﬁ'&? degrees of freedom. The K values for
each of the difteran% yeara weée fcuni 1o be significant

indicdating that in ezch ysar the treatment effects were



atetistically significant. Tho stablatic K calculated for

the aggregatc deta also sghowed statistioal signifizance.

But the ¥ statistic doveloped for the tost of the treatment X
year interaction component wos found to be non significant.
flence it mey bo inferred that the treatment difforences were
apparently consistent with yoers. The relative performance

of different trcatments were judged with the help of mean
ranks and the caleulinted volue of lenat aignifiéant difforence.

The results obtalned are as given below.

5 71 T3 7 16 1< I8 4

ultiple comparigonz among means wore zlso made using
Iuncen'g fultiple renge teat snd the result obtzined is

as given belou.

~

15 e 53 27 T6 T2 78 4

5« Threc~way analysin of variesnce by ranks

The observations in each block were ranked for dif-
forent trostmentes zpd the sums of ranks are given in Teble fi.
The random variable 8 and the value of'xgr'for different
years wore calculsted and sre presénted in Table 12. 7%ho

deviation chi-sguare (175.20) for the overall data is




digtributed aa chi=-ggqunare with 7 degrees of freedom. Since
this wag atatiaticelly significant it could bo concluded
that thore were slgnificant difforencea among tho treatments
in their offects. The helerogenseity chi-aquare for treat-
ment 2z year intexraction waa not found to be atatigtically
significent. <Therefere, the hypothesis that treatment
effocta were invarient under varying seasons (or onvirén—
henta) wap not rejecisd. An analyels of var}anee of the
whole proceduros mentioned &bove is priaenteﬁ in Table 13,
The difference in mean ranks'of‘traatmanta were compsarad
uping the reloéant critiegl dlfference znd thé result ob~

tained is given below.

% ™ T35 7 T T2 1 A O

The relatlve -performance of diffcront trsatments
wers also judged using Duncon's mltiple renge teat and

&

the‘ﬁ result obtained is as given below.

5 T 13 7 16 12 8 4

T e e
b

6. Stability annlyela proposed by Eterhert and ansnoll(rqee)
Ihe analyais of veriance under Eberhert and Ruogsell
model is glven in Table 14. The linsar component of treat-

ment 2 yoar interaction was found to be non significant.




\

Although there had ot been eny interaction between treat-
mente and years, an atienpt was made to eatimate the ata-
bility parameters for illustrative purpose. Pooled deviation
from regregslion also turned ocut to de noh aignifiéant.

But deviation from regregsion for trestmont 1 was found %o

ek t-__—‘-‘_—':";“- ==

be significant. f;iﬂu_ S

The environmsntel 1indices, IJ are given in Table 15.
Bativates of gtability parametors cof the various treatments
and tho relevent 't' and 'F' veluos are given in Table 16.
Hone of the ragreaaion coefficlents differad significently
from unity indicating that all the troatmente were heving
more oOr less average atability. From the 'F' valuesg for
tegting the residusls the effect due to treatmont 1 was found
to be signlficant. The regidunl éarmanca 32&1 for treatment 1
was found to be comperatively higher than those of other
tréatments indisatihg that 1t 1p relastively leos atable then
otheras. 41l other treatments oxhibited average stability
with regord to both of the stabllity peramoters.

In order to have a more meaningful ccaparison among
treatments, their relative performence in productivity shall
8lao be taken into account. The treafmants 5 and 3 showed
average stobility with moderately high yield. Treatment 7
had regreaéion coefficient 0.9516 tqgether with a sufficiently

3



high yleld. ZThis indicates fhat the treztment is stable
end at the pame time it hap given high yileld. fTreatment 1
hed yielded a ompaller value for regression coefficient
(siznificent) slong with very hish yield. Henge it can be
reeomméndtd only under aszured better environment and
manegement conditions. Tho other trsatments showed aigns
of stebility with comparatively lower yilelds. Therefore,
treatzenta 5, 3 and 7 are ideal for adoption ifone is
uncertain abouf the environment and other mancgsment con-

ditionz.

7.‘Stab111ty apnalysis using non psraretiric measures

The corrected values, xlji ¢f sach of tho different
obgervationg are presented in Table 17. The treatments were
then ranked on the basis of the corrected valuea of cbser-
vations in each year and the renked date are presented in
Teble 18. The values of the mesn rank ¥, two non para-

metric stebility rarsmeters 31(1) and 31(2) and the statistic

~

31(1) and Zi(aJ for each treatment are given in Table 19.
It could be aeen thet ZB. Z:l(“ = 18.18 and. g Zi(‘?) =
1131 11::1

23.78. &incoe the velusc of these stutistics cxceeded the
oriticsl values of chi-mgquares, 1t could be concluded that
the treatments differed significantly smong themgelves with
regard to these rhenotypic stability. On compering each



of 21(1’ and 31(23 valuep with the tabled value of
chi-square with 1 degrees of freedom at i percsnt level,
the offect due to trcatment 1 wag found to be siinificant.
All the other trectments showed clmost equel gtability.

An exspinstion of the values of 31(1’ and 31

(2)
revealsd that‘traatments 5 and 7 showed relatively higher
stability. Thesoe trestments also heve recorded relatively
bigzher yield when compared to other treatmenﬁs; The troat-
ments & and 6 were found te be wore atabie thon the remain-
ing trestmeonts. But. these treatrments showed low productivity.
Aunong all the treatmboents, treatmont 1 gave ths maximum yield.
But it wams found to be lessg stable -then other préatments
vecawse of the significaonce of Zi(1J statiatic . Hence

this treatment cannct be recommended for general adoption.

1t can be recommended only oﬁ asgured bettor conditions of

enviroarent, Treataents 5 and 7 1o expected to produce a

gocd responae even when tho environzenis ere not favwurable,

8. fnalysis baged on the principles of game theory

The coste of the different treatments were caloulated
.and using these values and corrosponding yield in torm of
money value, the pay off matriz'waﬁ formed. The pay off

matriz of the experiment P = (P, ,) is given in Table 20,

13
The results obtaoined through the application of different

decision criterle are given below.




a) Wald's maximin criterion

In this critorion E(ULi, = min P, ., where L(UL} i the

i
sxrmacted utility of the ith atrategy.J Zhe minimum pay off
value for each strategy wao obtained from the pay off matrix
end the maxzirum of tho minimum pay off values dotermined
for each troatment. The minisum pay off values obiained areo

tebulated belows

Sategory/Treatment Buij
T - 10254
2 -4722
&3 5655
74 12633
25 13292
z6 5848
7 2458
B 14708

?&x E(U1) = 14708

Thuo the Bth treatment was optimal to the decision
maker. The strategies wers then ranked on the basis of

pinimun pay off valucs and the rank order is given helow;

8 5 T4 ™ T %3 26 12




b) laplace's principle of ;naufficient're&san.
' )
In this oriterion, E(U4i) = n"1 ;ia Pij' The average
=

pay off valus for the differont strategies are tabulated

below,

gtratesy/ Ireatmnent B{ui)
T3 _ 15397.25
T . g27
I3 ' 9156.5
™ - 1631045
75 . 1680425
6 8476
27 | 13251.75
78 17374

a?? Blui) = 17137

Thug the 8th trestuent wes opbimal to the decision
mokor. The treatments were then ranked in the following

ordsr.
28, T3, %, 1, 7y T3, 6 2 -
¢) Eurwicz 'optimism-peasimiem' oriterion

Agcording to this criterion, the decision maker agoignas
g probability of '2' (0o < & < 1)} to the best outcome for a

glven gtrategy and e probebility of (1-a) to the worst ocutcore



i ) .
in that row. liere 'a' ig token to be Gu845(UL) = a (mez Eij)*

(1-3) min Pij‘ The maxisun pey off value, minimum pay off
J

value asnd axzpected utilivy for each strategy are given below.

-

entms nas Pij min Pij E(Us)
A I— s
Mmoo 2026 10254 18231.6
T2 3999 ~4722 225448
T35 12177 5655 1087246
P4 18855 12633 17610.6
P 19151 13292 11979.2
26 10760 3648 9377.6
27 15419 9458  14226.8

18 19475 : 14700 18521.6

Hax E(UL) = 18521.6
i .

Ihixg it could be seen that the Oth treatzent was
optimal to the decliaion meker, The treatments were then

ranked as given bolow.

8, 1, W, ™, 7, 13, 1B, T2
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d) sawage's regret criterion

The regret matrix R was calculated and ia given in
Table 21. In this criterion A(Ui) = é}n Ty

Js
Treatmﬁnt- A

1 -6399
72 ' ~13430
T3 : -10998
T4 -3947

15 . : -2362
6 ’ -10697
27 ' ~6073
18 =-2020

mix BE(Ui; = =2020

The matimum velue of E(Ui, hag been recorded azainast
tho Bth trestmont and hence 1t cculd be regarded cg optimal
to the decision maker. The strategles were ronked on the

basis of ezpscted utility and the rank order is

©8, 15, 14, @7, TV, ©6, I3, T2

e ) igorval's excess benefit criterion

The benoflt matrii B was czlculated and is given in
Table 22, In this critericn E(U1) = min bij-Ezpeetad utility
J
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corrogponding to esch treatment 1s as given below.

Trestment - ; 2 (ui)
Ti | 11055
2 A | 0
3 i : 6456
74 ' 12234
5 | - 175~
76 4493
27 10508
8 13598

max £(UL) = 13598
i - -
Thus the B8th treatzent was found to be optimul %o the
decision maker. The strategleoo wore then ranked and the

rank order is

8, T4, T, @, 1, 3, 6, T2

9., Uverall compasrison of the different mothods

inalysis bassd on groups of experiments, aplit plot
design and method of prineipal component wake ﬁse of F teact
for.teating the significence of trestment effects and hence
thoe relntive efficlencies of thene three methode can'ha em=
pirically comparcd on the basis of the relstive magnitude of

the ragulting F ratios. The ¥ values for testing the overell



sreatmant oeffects as obtained in the throe methods are

given below.

_ethodg ' value
droup of experiments 24 .40
3piit plot analyeis - 27.83%%
Principel component anslysis 27.89%%

Principnl component analysig has recorded the maximum

F value for deteccting real trectrent effect than the other
two mothods. Thus 1t could be inferred theﬁ principel com-
ponent annlysis would be more efflcient ond sensitive in
detecting the resl treatment differences when compared to

the other motbods. Frincipzl component analysig have certain
other distinct advontees over the other methods The usual
aspunption of indegendence of error ierms does not seem 1o
'be valid in the caame of rerecated trials on the sane pite.
Princlipal componsnt anzlyeis takes care of this difficulty
by way of generating & new composite variable from the yeerly
responaes and thus the resulting aonlysis of the dats is
_ expaéted t0 be Iin better confcrﬁity to the underlying assun-
pitions of independence of error terms. It is well known

that the first principal component is that line=r compound
vhich explaina the ﬁaximum amount of variastion in the expori-

mental data thén eny other linear ccmponent not excluding
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simple aggregcte valuss of treetment responses over the

whele period. Due o this fact the sengitivity of the F
test in detecting true breatment diff erences i1s ezxpected

£0 be more in principal component anslysis than the other
mathods. Thisg can be very well eviﬂént from the amount of
percentage varistion explained by the treatments in the threo .
rothods. The percentage variation expiuined by overall
treoiment differences in the three methods were found to be
20463 percent in analysia of groups of exparimenta, 21.94
percent in split plot analysis and 9C.29 porcent in principal
conpound analysis. Thus prineipal component 2nalys is provides
greaﬁer predictability for overall trestment comparigong

thon the other methoda. Thlo may be the case with aimiler
sete of date gomerafted from other experimenis of long term
neture. In fauct, principsl componsnt analyais does not
reauire an underlylng stetistical medel to explain thé error
structure. Thus it may be conaluded that principnl component
antlygis should be preferred to ordinory peithods for the

- eénAlyain of data from long term masurizl trisls. Bub in

ease the firat principal component fails to explain an a@e—
quately high pé;centage'vari&tion (say mbre than 60 percent)
two or more componenté rmay have to be used for the resulting
anslysis. The treatments may be grouped into sevoral homo-

geneous groaps on the basis of the plotted pecinta of component




geores of ithe two genorated . variables on a two dimensicnal
churt., p° anglysia based on the valuea of ecch of the gene-
rated variables may also be attempted and clusters formed |
uging oananical analyeia or other methods ao ep 0 got a
clear gonfiguration of the set of troatmonts into o few

homogenecus clusters.

The split piot analysis seems to be more gonsitive than
the method of groups of éxporiments becnuse in that we are
uoing two differsnt types of grfor, Tor roducing the risk
of drawing invalid inferences. But the mothod suffers from
o rumbor Of drawbacks when viewed from a logicel stand point
end cennot be recoumended for general adcsption. 8plit plot
degign requires the ramiom arrengement of get of gub plot
treatmeﬂta within each wein plot and thut cannot be expected
in the case of triols repeatad over several sesasonge 1In
this anelygis the assumptions of independence of error terms

does nobt seem to bes wholly velid.

énalysls of groupa of experiments makeg uae of the
ggsunption of independence of error terns. Therofore, the
regults obtaining from‘it may e faulty and unrealistic to
gome extend. Farther, in such types of dsta anelysis no‘
general’teat appetara %o be avullable for overall treatment

conparisons whon error variances are heterogeneous and



interzction effect is abgent. lience principel componant
analyais can be considered as a betber alternative tolS 377

L. -2 ..,—»._—;1_’ = -

analysis of groups of experiments and s plit plot =nalysis.

It 45 elgo interesting to muake an empirilcal comparlson
betwean the‘two ron parsmeétric methoda of data analysis with
an objeotive of choosing a better mothod for genarél a&Option
This c¢an be achieved by comp:ring the chi-aguare valuecs for
teating tho affects of btrestmontis and interzction in both
methoda. Althouzh the chi~sgquare valuesg for tho method pro=-
poged by Rai and Huo (f980) aro higher than that for tho
new citended Friedman's analysis of variance by ranks the
difforence is negligibly small. The chi-square values for
teating the effocts of treatments and interzction are 200.97
and 71.36 in the method proposed by Rei and Rao (198¢) and -
17520 and 63.71 in the oxtended Friedm=n's analysis.

The nowly developsd procedure ag aﬂ exiengion of
¥risdman's two way analysis of yariance‘shows certain distinct
. advantagus over the method proposed by Rsl snd Rso {1980/

It ig entirely distribution free, in the rezal sense of the
‘term. But the methoed proposgd by Ral =nd Reo (1980) make

use of the aaaumption that the sompling digtribution of the
means of ranks is approximately normel. The method is ap—-

plicable only for cases when the mumber of replications per
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experiment is four or more. The amcunt of information lost

in the procoss will be more/  when thore are only & few
trestmontg. Thorefore, the newly gdeveloped method is a
better non parsametric alternative %o the analysis of date

of long term menurial trials over tho existing methods.

Analysis based on principle of geme theory pug:est spe-
¢ific recommendations for farmers with varying decision en~
vironrents. BRenking of trectments obtasined by applying

various criterie are given below:

Weld's maximin criterion T8 ©5 T4 T1 -T7T T3 T6 T2

laplace's principle of :
insufficient reason T 5 ™ ™M 2T T35 6 T2

Hurwicz 'optimissm- : .
pessipism' criterion 8 Tt T 4 DT T3 6 12

Bavage's regret criterion T8 5 M 7 T T6 T3 T2

Agarwallg excess benefilt
criterion . T8 T4 5 TV DT T3 "I6 12

It could be seen that\treatment 8 (4smmonium sulphate
to supply 45 kg N/ha %'Super phosphate to supply 45 kg ansf
ha' "~ MUP to supply 45 kg K,0/hu) was the bost strategy
under all the different decision criteria. Thia recommen-—
detion could defiinitely L1t iﬁ to the requireuments of &
broad apectrun of farmersf It is sultable not -only for a

weelthy farmer alming at huge profit but slso for a subsigtenc
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former who wunts to avoid a powseible losg. It could be
expected thet auch a strategy would ensure in the long run
paximum net reverme and et the same time maximum protoctlion

from likely losses in years of disaafer.

-

One drawback of gome theory approach is that one can-
not predict 1ikeiy responses of the crop at interrediote
levbla not tried in the experiment and hence the reallsed
optimum 15 only an estimate in the descrete scnse of the
term. Estimation of the optimal point on & continuous
resime can be attenpted by fitting response surface models.
Further therc is no known method of testing the significence
of the difference between tho performanée of tho asrotegles
undey various eriteris. Cozparisons ars baged entirely on
Yhe momen values which aré sudjected to change at different
environmentc. Thuszs the roliability 6f‘the resuli could not
be assésaed stntistically. However they gave a better
underatanding of the problem and help in ziving specific .
recoomendations to different types of farﬁora ﬁith varying

requirenents.

Fendall'a coefficient of concordance (w} waa calculatad
to meesure the degfae of overall sgreemont amonsg the dif-
ferent methoda in detecting the true rank order smong the

aet of treatmonts. A aignificant 'w' indicatos that there
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is = atrongz degreec of concordance smong the renk orders
of treatments Sy the different approaches and in thatb
aitﬁation a composiﬁe ranking on the basin of the rank asums

~

appeared to be feasibla.

The extond of mutual concordsnce amonz the rank orders
of treatmentg in the analysig of data asz groupa of‘expari-
zents/split plot analysis, the principml ccmpdneqt anzlyois
and the non parametric methed was examined. Jince the rank
orders of treatments in the enalysis of dota ag groups of
experiments end those of splly plot enzlysis were same, the:
common rank order of troatments slone was takon into con-
slderation. The seme waa the coge with tﬁe ordering of
treatﬁents in the two non parémetric nethods éiscussed in
thip study.' The two way lay cut necessary for calculaoting
‘w' 1s presented in {nble . 23. The correapording chi-~square

valﬁe wies Blso esloulated.

The coefficient of concordance 'w' wes calculated to
be eaual t0 G.9629 snd the ocorresponding chi-sguere value
(20.22) was found to be significant at one percent level.
The resgult indlcated that there was almost perfect agreement
or concordunce among the different methoda of znalysis of
date vig. method of groups of ezperiments/plit plos analysis,
principal component analysis end the non parametric methods

with regerd $o the rank orders of trestmontae
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In all tho avove five methods the ranking of treat-
ments was done based on their yleld performences. 3ince
stability snalysis wap done with a different objective no
attenpt wag mad@lto meke an empirical comparison between
the ordering of treatments according to phemotyple stability
and those agoording to the other procedures referred above.
Analysis based on principle of geme theory is zlso performed
t0 moet with a different objective and hence thet method elgo

wag not considered in cmzlculeting the value of 'w'.

banford et al.(1960) used split piot anclysis and mul-
tivericte analyseb such as likelihcod eriterion and
Hotellings T2 for a given‘dat& to tegt the miznificence of
treatment effects and iouﬁd that the unlvariate and mulbi-
variate procedures gave the game result. The results obtained
in the present study are also in agreamenf with the findings

of Danford et 2l.

The results obtained in this atudy by the application
of method of groups of exoriments and that fby the principal
component analyais were sume. Thisg is also in egreement with
the findings of Cole an@ Grizzle (1956}, Thay‘uaed sethod
of groups of ezporiments and likelihcod criterion to teat
the aigﬁificance of traafment e £fects and found that the
univeriate and multiveriate procedures have the same scope,

ﬁoéer and flexibility,
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Zrishnan gt al. (1982; have roported that stability
énalyais cen be conaidered as oen alternative to the method
of grdupe of experiments. Tho results obtaincd in thia
study are not in sgreoemont with their findinga. In thie
study treatment 1 was focund to be the least stable treatment
but st the same time the most productive among the lot.
Thus the aelection of treetments solely in accordzance with
their interaction with environment alone need not indicate
a gubtle treatment. A3 reported by Hszwlo and Daa (1978)
it conld be always better to select the mere aiahle and ‘
nlgh yiclding treatments. Therefore, conclusion drawn from

stabllity analysis is not sufficient to draw vaslid inference.
fﬁj‘fittiné of responge modals

A mamber of ﬁnivariate and two variate models were
fitted using the deta givon in =ppendices I snd II and their
relative efficloncles evalusted on the basis of the obgorved
values of the coefficiont of determination and mverage
absolute error. A3 a preliminsry; atep in detecting the
nature of the response model suited to sny particular data
the obgerved values, in the univariate cese, were plotted
graprhically and based on the share of the graph 4the data
wore broadly clagsifled as belonging to one ¢r the other

of four mutually exclusive categories (1, parabolic tyrpe
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(2) spgymptotic (eztremely egoymetric rarabolic) type

(3, Distorted parabolic (bimodal, type (4) Multimodal or
irregular type. Speoimen graﬁhs representing the above

four cﬁtegories of data are given in Figure 1. UL the T1
gets of duta congidered in this s tudy, the number of data
gsets that fell into each of the above four caztegories vere
39, 4, 25 and J resapecotively. The valuep ofcnoefficiqnt of
determination and avercge abasolute error corresponding to
each of the fitted wodels were caleculsted and are presented
in Tables 24, 25, 26 and 27 respectively ws per the parti-
culay claps of reldpongse curve. The mean and rénge of H‘?
valuea and thoge of average abaclute error for each of the
different models under the four cotezories of response were
2ls0 determined &nd sre presented in the tables. The gets
of date fﬁr which a model failed to locate either a physical
or an econonic optinmum 0n‘com§ut&t1;nal grounds were noti
consideraed in this atudy for fitting the apecific model,

The position corresponding to such endrices in the table has
been left as blank. |

Among the tested medels majority of the models showed
bigh degree of predictebllity in representing the parabolie
responge pattern. Ihe square root polynomlal ranked first

vith a multiple correlation coefficient of 0.8977. It was
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clogely followsd by the quadratic model (R° = 0.8916).

Thus a paravolic response pattern could be woll represented
by either e qﬁa&ratic or aquare root polynomial response
function with s8light advantage for square root function over
the uguel guadratic function. The percentage variation ex-
plzined by othor modéls! egpeelally newly proposed model,
model~1 {R° = 0.8746), Mapta's funotion (&° = 0.8661) and
mized model (R? = 0,8470) wers alac relatively high. 7The
values of average zabsolute error as obtainedtfrom these
models mre algo not very high. Thus theao three models can
also be recommended alonz with the quadratic snd aguare roct
polynomial for representing the parabolle response. However,
the guadratic model had certain distinct advantagea-oéer
others. FPitting quadratic function 15 simple es only lineor
gatimation 1ls involved and the ususl technigue of anclysis
of vafiancg and tests of piznifleanco can bo easily applied
with this function. The stendzrd errors of cstiuated optimum
is expectod to be smaller in the case of quadratic funqtion
ag comparsed to that in other functions. It was further ob-
geyved from the empirical data that the quadratic function
Zave nore realigtic estimates of optimum reguirements of
ﬁufrienta and expected optimum value of the response than

pthey models.
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4 oritical examination of the chopes of the different
curveo drewn to each aet pf-data revealed anothor interea-
tingz observation. For zlmost all the curves with atleast
8lizht amount of asgymolry about the antleipanted optimum
the square root model was found t0 ba a betier fit than the
‘drdinary guadratic. Iﬁ goes zgwithout soyinz that the aquare
root pglynomial also phared all the distinct adventages of
the ﬁuadratic polynomial as it is obteined Jjuet by fititing
@ quadratic polynomisl to the transformed data obthined by

takinz square roots of the original observations.

Thws in fertilizer trials where the yield fortiligzer
relationgship ia egpected‘to be represented by an aasyméetrie
parabolo the square root polynomial is best sulted in pre-
dicting the optimum reaponse and optimam level of nutrienta.
Since moagt of the fertiliszer trials belong to this category,
28 a general recommendation the sguare rcot polynomiel ig
to be preferred over quadratic polynomial in fitting the
rosponse paitern unlcos date exhlbit speciallised patterns

or wide distortlons from the normal modalitiesn.

Johnson (1953, emphasised thet in the cose of single
input, quadratic ond aguare rodt polynomials were better
thaﬂ other forms with scme preference to the aguare root

gunadratic attributed to its non symmetricel and flatter
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ghap2 in xy plano. The findings cobtained in this study also

egree with the above resulta.

In the second catezory of curves with agasymptotlc
tendency the newly proposcd model (modecl=2} was found to be
the most efficient. This model pomsessed an sxtremely higa

Re

value (0.9991) and least average absolute error (G.39).
Square root polynomial model and mized mode; were alse found
to be s ¢fficient &3 now model 2. Quadratic polynomial algo
gave relastively good fit to the deta. Dut the estinmates of
optimum doges observed from these three models in the most
cages, fell bayond the range c¢f the inputs triced in the ex-
periment and hence were not ugeful for making pgenerzl recom-
mendation. The new model gave more ronlistic egtlaates
with such hizhly agaymptotic deta. Thus the newly developed
wodel combined the qualities of an asymptotic growth curve
like the [Mitscherlich's and thosc of an ordinury polynomial
and hence is better suited for generul aﬁoption in reaponse

curve technigue,

In the case of curves showing ovilmodal tendancy the
cublce poiynomial 1s considered to be ideal. 2ut if bimodal
tendency is not very much pronounced, other models could
alsoc be used satisfactorily to reprcsent the recponge

pettern. 3Such models possess the nddod advantege that they

I
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roquire lesser number of parameters to be estimated gnd

hence may provide esbtimatea with lesser stondard error.

Among the different models, esquere root polynomial tdpped
all others in predictability. But the model expleined only
66.75 percent of the total varisbillity in the reaponse of the
curve to nutrient input. New model-1, mixed model and Gupte's
funation- also. gave relastively good f£it to the data. In

this ozge also, the guadratic function was found to be.
inferior t¢ the sguare root function in represeﬁting the
response pattern. Thus iv oan be inferred that the square
root function ig botier suited in repregenting the yield-

- Tertiliger relationaship in responge ocurve studies then the
ofdinary guadratic as it islmore atable and is not sffected
by minor distortions in the data. This is mlso in agreement
with the findings of dJdohmson (1953,

In the fourth category, the newly proposed model,
model-1 gave the maximum predictability than all othor models.
The averuge variatlion explained by this model was found to
be 37.22 percent which was the highest among that of the
tested modela. Gupta's function snd mized model gave rels-
tively high uverage pradictability and relatively lecasger
average abgolute error when compared $0 the other modals.
Thua these models are ret inefficient in represcenting the
tyre of data under this Cphtegofy. |
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The percentaze number of ceses included within gpecified
rangas of coefficlent of determination under each model are
presented in Teble 28, Juadratic funotion._aquare root
polynomial, Nelder'a pﬁlynomial and new model~Z have been
fitted éo all scts of data. The other models failed to
locate either ; phyaical optimum or an écpnomio optimam for
certain scots of data and no attempt was made t0 repregent
spuch date sets by the relevant model. The percentage of
data which weore actuaslly utilised for fittinz each of the
difforent models are &alac given in Table 28, Hixed model
and inverse polynomisl could fi% to more gets of dota than
new model-1, Holliday function and Gupta'as function. The -
percentage number of caseu included in tha range 0.98-1 of
g? were found to .be more for mixed model (26.76_percent}.‘
gquare root polynomial (25.35 percent) snd quadratic model
(25+.94 percont). Thus in zcnoral these throe models zgave
better fit to the data than other models. Hollidey function,
" Helder's polynomial end new model-=2 legged behind the other
models in general adaptability as more than $0 percent of the

2

R~ valuea attributed to these models were below Ce5,.

Hean values of coefficient ¢f detcrminution and average
ebsolute error for the entire sets of data under each of Ghe
fitted models are glven in Table 29. An overall conmparison
' among the models can be made using thege values.  Among the
different models asquere root polynomisl topped all others

2

with an average i~ value of 0.7736 and minimum average
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ebsclute error of 82.12., Hew model-! mixed model quadratic
model and Gupta‘'s function algo gave betier performanceas.
Thorefore, thoce medels can be used for genersl adoption

in fertiliger triala.

Nelder (1966) compared. the goodnesa of fit of ordinary
and inverpge polyncgial models 2nd found that inverse poly-
nomial models were better than othora. Bui in this study
the performance of inverse j;olynomial wag found to be in-

ferior to that of ordinery polynomials.

Clarke (1968) compared inverse polynomisl surfaces of
lincar and qupdretic type and found that the 1attef often
succeeds cven in cases where & maxirum was not reached.

But in this study inverse polynomiel surfaces of guadratic
type were found to be inferior to the others by conuideringz
Holliday funotion and new model=2 as quadratic Lype inverse

polynomiala,

| The percentagze cages of ogtimates on physical and
economic optima which fell into tho epecific ranges of
nutrients tried -in the trial under ezch model are given in
Tabia 30 In thé cage of new model-Z, wized model, quadratic
model and square root polynomial model more than 75 percent
eatimates on physical end ccenomic optima fell in the

specific ranges of nutrients. Thus these models produced
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ogtimates on physical and sconomlc optima with zreater
practical valuge than the other models. HNo eastimate on
physicel optimum could be estimated from Helder's polyno-
mial or inverse polynomisl. This has teen indicated in the
Ltabla by using & blank entry. The'economic optioum values
cbtained for Nelder's polynomial were far above the doses
tried. The osbimated optimum values as estivated fron
quedratic and square root pﬁlynomi&l were found to be ap-
preciably closers Qupta's function failed 1o sive optimum
values in 36.12 percont cases, Holliday function in 33.8C
percent czees, New model-t in 3C.99 percent ceseas, inverse
polynomisl in 12.68 pefcent cages end mized model in 1.41

percent cz29eg,

A1l the nodels Fxcépt Nelder's polymozisl and inverse
volynomial havé two independent constents, - Helder's poly-~
- nomial and inverse polyromial have only one indesndant
conetent. Even then these two polynomiala have explained
&g much variation eas the other funciions for most of the‘

data.

In fitfing bivariate response nmodols hp effort wag mode
to cleagsify the pattern of rcaponce as porcéivod by the

shape of the obgerved surface., Thils 19 laorgely due to the
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complexity of the rroblem and the lack of sufficient data

to . represent the varying categories of reaponse.

The value of coefflclent of determination and average
abgclute error correspondinzg to each of the fitfed wodels
vere calculsted and are presented in Table 31. The mean and
range of R° values and those of . _“avorage mbsolute error
for esch o f the different models were olso determined and are

presented in the game table.

The four reaponse functlons were fitted teo each of the
avallable date sget and their relative ofilciencies compared.
It was fcund thot 211 the functions are useful in reprosen=~
ting response purface. Among the tested wodels, tho resis-
ﬁance funiction was found %0 be the mogt efficlent. This
function, on the average viplasined as much a8 99.35 porcent
variation in yield differences. Tno percentage variation
explained by the square root polynomial (83.80 percent)
und quedratic response model {85.66 porcent) were also re-
létively high. The averags abaolute error wag found to be
smaller with these functions. Thus in the two variable
caa; ilyo the gquare rcot polynomizl model was found t0 be
slightly botlter then the quedratic functlon in represcsnting
the response purface. Transendental function was found to be
lesp efficient 1n describing the responase pattern when come

pared to the other response functione.



The percentage number of cases included withig gpeci-
fied renges of coofficient of determination under each
model sre preacnted in Table 32. The percentege of duta
vhich were mctually utiligsed for fitting each of the dif-
ferent models ere also given in the same table. In the two
varinte case, ell the 36 saﬁs of Qata.could be utilised for
fitting each of the differont models. The minimumlvalue
of coefficlent of determination for the resistance function
wag found to be as large aﬁ Ce95. Thus for this model,
none of the cages fell cutside the hixhest range of E?
(Ce95 to 1 whereas the percentage rumber of cases fell
within that range under he qua&ratic and square root poly-
noziel ‘mogels was found to be eguasl to-16.67. Tranaendental

function gzave relatively lowsr R? velues,

The eatimates of physlcal and econumic optimz under
each model along with their meuns and atandard deviation
.are prasented in Table 33. Certain models faiiod to locate
a pogitive physical or economic optimum value for some data
sets., The position cerreeponding to sach entrieaz in the
table has been left &3 blank. The percontaze number of
cages of estimotes on physleal and economic optina under
'each_madel which lie 1in the speoific ranges of nutrients

tried in the experiment are given in Tablo %4. Among the
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different nmodels, guadratic function square root polynomial
and tronsendentesl function had sbout hzlf of their eastimstoes
on optimuzm within the stipulated intervel. In the case of
reglatance funcfion about one half of the estimates of
physical optimuzz doges were within tho apecific ranges
while all of the ocatimates of economic optimur yere distri-

buted within the rage..

The stendard deviation of the ¢ptimum doses were very
high for the square rocot polynomial model. Juedratic nodel
algo have relatively high standard deviation for the optimm
doses when compared to transendentsl function. ¥ith regsrd
to resistance function, the standard deviation of the
physical optimum doses were comparatively hizh wherems thet
of eccnomic opbimum dosos were very awnll, Thus résiatance .
Iunctibn geve relatively more stable eatimntea than the ofhor

functions.

The dquadratic gurface and sgquare roct polynomisl model
removed more then 80 percent of the yleld veriation in
about T2 percent of the czreriments whercas transendental
function removed the-same variation in about 50 percent of
tho exyjerimento. Butiin the case of reailstonce function
-8ll the experirents removed more than 95 percent of the
Yield variation. Thug resistance function gaée unifornly

better f£fit than othor modols.
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Anong the bivarinte models, quadratic polyncmial model
2nd sguars root polynomial mocdel sre based on five indepen—
dont constents. At the same time the transendentasl function
wag four and $the regisicnce. {function has only three inde pen=
dent constant. It is a fact that tho percentage varization
explgined by = model is puaitivcly related to the number of
" indepondent conatants. ﬁin this study 1% hes been obperved
thet the resistance funciion has ylelded comparatively hizher
valunea of E? evon with 1ésser nunber of pafametara. The
sgtizated standard error of the cotimates from this model
wore £1g0 relatively losaser then thogse obtained from the
other modela. Thus the estinates on optimum response obtained
for different seta of deta under this model were more realis-
tlc and stables Therefore tho resistancoe function can well
be recommended for repreaentiﬁg the response pattern and .
estimﬂfing the optimum level of nutrients in multifactor
eiperimonte.

The above result 1g in sgrecment with the findings of
Abrehem and Reo (1966). They have pointed ocut that registance
function would give'uniformly better f£it to sets of data
‘when mtrisent interaction wag present. In most of the ¢zpe~
riments wo can ezpecﬁ a giznificont interaction between the
conptituent fectors. .>iccording to them quadratic models
are betiter sﬁited for generazl adoption in fitting the




114

reaponse surface of fertiliger trials. The resultel:7of the
pregent study are not in quite . “ngreement with these (|
findings. lere the squere root polymomial function was

found to give glightly beiter regults than the ordinary
guadratic polymomial, although both are equally efiicient

in describing the reaponse surface. More then 50 porcont

of the estimates on optimum doezes were inclu@ed in the ati-.
mlatod raﬁ;e for tiis functicn wheééas the quadratic fun-
ction yielded only 38.9D’percent of egtimetes in %the aspecified
ronzes  although the t rangendental function wes in genaral
less efficlent in describlng the response pattern than

othor models, i1t was faund to be hrighly efficient in loca-
ting the physical and econcmliec oplimum. The eatimates
cbteined through tbhis function were more realistic end
exhiblted comparatively lessor atandard errors. The stand-
ard deviation of estimates on physical optimum was least for
the trangendentul function. Also the square.rodt polynomial
nodel can be 2djudsed %o be guperlor to ordinary guadratic
polynomial model in representing the response pattern and
estlmating the optimum-level of nutrients. Thus it is
essentinl to have 8 propsr rethinking of the existing practice
of estimating optimum doses from response surface models by

enploying the ordinary quedratic polynomiel model.
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Table 1, Anelysis of veriance of the data in the case
of welghted analysis in groups of exporiuents

d.f.

-3- 3.

- S i S e - A A S

Source - .
. Treatments T 66347578
Years B 11 | '2244‘. 3595
Iﬁte?aétion
( Treatment x year) 71 307.C703
Total 95 3215.1875

119
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Pable 2. Analysis of varisnce of the dets in the onge
of unweizhted enalysis in groups of experimeuts

Source dz Fe 30 Haibe P
Zrecatnent T 344.6172 49.23510 24 44857%%
Year 11 823.0001 74.8182 37.2118%%
Interaction
( Troatzment x : >

yeur ) 17 154.8164 20106
Pooled error 252 2,767

#% gimnificent at 1% level



Table %. Analysis of variance of the dnte as in
cagse of split plot design

7

et

1

tﬁe

Scurae df 83 M3 P

Replications 3 21.1621 7.0540  0.9993
Bain plot : '

{ Troatments ) T 13715.1194 196.4465 27.8292%#
Errvoxr (a) 21 148,2385 T«C550
Sub plot (years) 11 32B9.6315 299.0574 97.2808%+%
Interaction 77 622.6273 8. 0861 2,6303%%
Error (b} 264  811.5799 3,0742

Toteldl 626845587

383

#% girnificent at 1% level



~1.029
~1.304
~0, 180
-0 U60

1.209
-0.137

1.647

Pable 4. Motriz of otandardiged values

0.484
-1.051
R
-1.028
1.429
*0{785
0e937

~Ge 711

-0.036
0.222
0,144

=2, 020
1335
Cel14
0.824

-0.607

1.131
-1.044
G779
~0.847

1.489

~0.476

-0.117

O
~0.234
1.030
~1.570

1.336

Ge.4C1

C. 780

1.184
~04395
Ge535
-1.357
1.227
-0.773
04535

""G. 962

for the

1.448

-1 * 374
0.842

Qe 739

-0.874
0287

original 8 x 12

1.768 .

-1,026
GCe TGT
~0.951
0. 769
-G 691
‘0.011

=589

1,404
Ce367
0.981

-1.054

~0.128

-1;125

(e623

~1.07%

satrix

1.720

~Ue418

0.667

~1.241
0.804
=0.916
0.008

-Ce631

1.189
~Ge 331
1 0.958
-1 .560

G 794
-0.612

Qe432

1.502]
-1,012
0. 702
-1.297
0. 781

—=

0.464

-0.718

§11



Table 5., Correlotion motrix from the maetrix of standerdised valucs

1.0007 0.6100
U«9948

C.4110
0.T079
0.9992

Ge2714
0.8179
05638
©e9599

C.4693
C.8836
C.EBT703
CeT930
G.8734

0.2681
0.9042
C.7518
G.9051
0e8505
10200

Ce2d43
C. 0364
C.4118
0.8765
06150
08367
1.00C3

C.081G
07874
Ged 351
049203
G.9093
0. 8z82
0,9600
U.5388

~0.1247 ~0.Ci12

05941
C.4522
0.5887
O.6112
Ce7928
0.6519
GaT31%
5998

0.7674
0.5438
0.8808
/a6705
0.9355
G896
09835
G. 8333
1.0003

C.1416
0.8460C
0.7422
0.85%0
0.8586
G.9619
0.8436
Ce8851
0. 8472
GeT397
Ce9997

C.B.Z-'.‘EZ':)'I”l

0.8666
0.6687
0.9113
0. 7394
C.8367
Ge4399
Ce9653
0. 7506
9390
Ce9431

1‘0009,

I

v
!
-

6



Table

6. Bigen values

and corresponding eigen vectors .
Eigen vectors (Frincipal componont;

I

IX

II1

Iv

'

VI

VII

" VIIT

IX

X

i1

XII

640957
0.3080
0.2363
. 3081
Ce2827
Ge32T72
042999
043073
0.2592
Ge3126
63239
03227

=0.7015
-0,26C1
-C.3508
0. 0099
-0.2928
<0, 0077
0o1186
0.2269
043001
0.2518
0.0730
0,826

=0.3475
-0. 1533
045399
-0.2378
C. 3024
C. 1081
-Ge4 003
-0.2665
0.3423
-C. 0043
G.1987

-0.3650
-0.1635
Ge3136
0.4015
-G 0C49
0.0220
=0. 0586
0.1146
~-0e7169.
0. 0825
~0.C059
0. 0366

C.1374
~0.1940
Oe4224
-0.5768
-G.4128
-0.0BBF
0. 3245
(0956
~Ue 1156
0.0661
C.1193

Ca3330

0,2225
-0 (339
C.1118
0.1295
~0.5059
0.5307
=0.4475
0. 1817
C.1246
02530
=0. 3083
-0, 0316

-0.0855
0.2430
C.0539

~0.2122

=0.0037
Cel617
0.3857

-Ge1578

-0a1347
Ced618

=( 08C6

-0,6698

~0,0939
0.4269
-0.1636
~0.315¢
C. 1269
~0,2609
~C.4298
L0079
~042149

-Oa 0652
Ca3344

0.1629
-0, 1487
=(. 1549

0.2478
-0.2363
-3, 0462
={e 018H
~0e6546
-0,0909

Ce2T75

0.5356

0.1073

0.0375
~CGe45C6
~-0,2324
-0 1825

0.4507

C.4264

0.1543
-0e2%49
-Ge 1426

0.1667
-0.3276

0.2983.

-0.1434
0.1768
0.2024
0.2761

=0e 1050

~G.2864
0.2537

—0.4140

0.2639
0. 0697
=0.5326
0. 2494

Ge3344
-0« 4 B30
0.10G79
041501
0.1742
~0.4854
000743
0.2722
0a1572
0.4549
~0.0888
-0, 1830

Figen
Values 9.0592

Averiation
explained by

vigen
vector 75.49

1.5754

13.13

=0, 1325

0.8021

6.68

0.2956

2.46

0.1319

1.10

C. 0719

(.60

0.0369

Ce 31

«CCO0TT

U 0006

+00CC19

-.0G0009 -GO0C57
- =(,000088

¢.0002 0.,0CC08 0,0005

Bo

[smann

|



Table 7. Matrix of standardised values for the original 32 x 12 matrix

=1.,187
0.527
0.675
0.915
-1.002
-0.514
-1.524
=-0.400
0.482
0.983
0.717
0.203
-1.373
-1.165
-0.143
~1.056
0.946
1.178
0.982
1.518
0.668
-0.579
-1.319
-0.782
0.482
0.853

0.751

0,946
-1.296
~0.348
“1.167

-0.242
=0.101

0.774
=0.366
=1.083
=-1.219
=1.010

0067

0.389
0.644
0.025
0.157
=-1.714
-1.113
-1,402
-2.116
1.283
1.017
1.559
1.054
0.967
0.272
-0.260
0.306
0.284
1.390
0.810
0.979
0.126
-0.900
=0.510
0,082

1.158
t.336
0.849
0.344

=0.529

-1.£90
-0.934
0.095
1.067
0.317
-0.976
1.342
-1.441
~0.362
0.042
=0.753
0.793
0.826
19527~
1.043
0.520
~0.645
-0.552
=0.753
=0.620
~0.136
0.170
0.344
~0.939
0.543
-0.552
-1.652

-0.446  0.337  1.172
-0.075  1.857 -1.658
-0.241  1.490 1,602
0.914  0.431  0.962
~0.248 <=0.625 -1.077
-0.766 -0.443  -1.,305
~0.119  =0.639 -1.089
0.293  0.554 =1.155
0.198  0.625 1,040
1.256  0.342  0.852
1.434 0.536 0.593
0.632  0.369  1.219
~1.635 -1.106 -1,188
-0,713  ~1.004  0.463
=1.712 =1.446 =1.533
-1.399  =1.231  0.353
1,635 1.684  1.119
0.883  0.679  0.605
THLOZET T 0.9037T 0L
1.196  1.169  0.513
0.743 =0.048 ~0.817
-1.032 1,069 -0.244
-0.282 =-1.006 -0.398
-1.004 =0.615 -1,347
0.496  0.481 =0.233
1.308  0.342 ' 1.063
0.576  0.352  0.047
0.406  0.862  0.802
0.743  =1.347 -0.021
-0.873 —0.724  0.216
-0.691 -0.198  0.269
-1.060 =1.538 -0.641

1.519 =0.395
1.896  1.580
1.272  0.963
1.873 1.174
-1.397  0.747
-0.314.  0.088
-1.125  0.324
~0.906  0.190
0.627  1.900
0.859  0.325
0.684 ~0.396
0.424° 1.598
~1.234 =141t
~0.515  =1,099
=1.133  <0.560
~0.575  =0.246
0.559  0.347
0.505 ~0.472
0iB63° 13607 T
0.930 ~0.634
0.215  0.374
-1.002  -0.497
-0.82  -1.901
-1.012 -1.095
0.314  =0.321
-0.829  1.201
0.802  0.174
-0.318  0.165
-0.606 —0.568
-0.603  -1.126
-0.573  0.040
~1.160

—0.416
.

1.173
1.989
0.505
1.377

=0.B23
=0.391
=0.313
-0.012

0.100
=0.283

1.264
1.342

-1.594
~0.561
~0.862
-t.321

0.586
0.731
1.309
0.308
0.024

~1.046
-1.126
-0.868

0.446
0.397

=1.103

0.015

-0,486
-0.B842

0.335

-0D.542

et
o

0.308

1.159
1.361
1.076
-0.579
-0.279
=0.364

0.947
1.308
0.260
1.172
-1.896
-1.415;
=1.455
-1.508
0.969
0.770
1.002
0.232
-0.282
-0.600
-1.139
-0.262
0.375
0.018
0.655
0.598
-0.436
=0.955
-0.316
-1.310




Table 8. Twowey table of data generuated through prineipal .
' component analysis

o

Foplicaetione

" Treatments Potal .
' - R A2 R3 A
T 1.8505 " 50783 3.1647  2.967T5 11,1570,
72 “2.4517 =2.4703 ~=2.5261  —0.7269 841750
25 2.0856 . 2.2002 1,301  2.8334 844205
14 ~4.7964 =2.5719 =3.3912 =3.5168 ~14.2763
75 51458 2.2371  3.7412  2.6884 11.8125
76 0.6423  =2.147T7 =~2.739T =2.4570 ~6.7021
27 0.7876  1.8573  1.3394  1.5105 544949
18 “1,2876  =2,2350 =0.8989  =3.3208 ~7.7423
Total  =0.0239  0.0440 ~0+0216 ~0.0108

0o




Table 9. #énalysis of varisnge of the date generated through
principal component analyasils

S0urcee ’ ) Qafe Hee Pi. de F
leplication 3 0. 0003789 0.0001263
Treatoent T 180.1543% 26,4506 27.89%*
Error 2% 19.9177 00,9485
Total 31 205 0724

=% Yiznifdcsnt ot 5% lovel




Toble 10. Sums of ronks ond velues of K obtained in Roi a2nd
Bao's method

Suma of ranks (RJ) )

Year Troatoents K
™ T2 T3 ™ T5 6 7 T8

1993 &5 26 20 20
1974 17 24 14 21

18 5 21 18.0372%
22 12 24  19.8460%
1975 21 28 14 31 14 9 22  27.3668%%
197 © 25 15 25 8 24 19 20  16.5140%
1977 17 206 16 29 7 22 11 28  22,50568%%
6
1

LS I R 4 |

1978 10 20 13 29 26 14 27  25.0820%«
1979 12 28 9 25 11 26 14 22  18.7985%
1980 4 26 11 26 1C 27 18 22  25.3676%%
1981 11 12 11 27 17 24 14 .28  17.4660%_
1983 6 22 12 28 8 28 17 23  24.7964%%
1985 . 8 23 8 32 ‘10 24 14 25 27.84285%
1987 4 26 14 31 10 26 13 26  28.6044%%

Total 143 280 151 330 105 275 159 285 200.9726

\

L gtmtigtie for treatment z yesr interaction
m 272.3286=200.9728 = T1.356 with 77 d.f.

* glagmificant at 5% level
#+ Sisnificant =t 1% level

124
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Tatle $1., Rank sums of treatments in d4ifferent yegrs‘

sums of ronks (Rj)

Fotal

Year " g g3 o m B T 28 Total
1973 25 26 20 20 9 18 5 21 144
1974 17 28 4 27 4 22 12 24 144
1975 21 26 14 3. 5 14 g 22 144
1976 B 25 15 25 8 24 19 20 144
1977 17 26 10 29 7 22 11 28 144
1978 10 20 13 20 6 26 13 27 144
1979 12 28 9 2 1. 26 14 19 144
1980 4 26 11 26 1c 27 19 22 44
1981 1112 1% 27 47 24 14 28 144
1583 6. 22 12 28 B 228 17 23 144
1985 8 23 8 32 ¢ 28 14 25 144
1987 4 26 14 "3t W0 20 13 26 144
143 280 151 330 105 275 159 285 1728




>

Table 13.' Values of rendcm varisble 's' snd p for
dizferent years
{lears . 8 | xar defe
1973 380 15,8333 7
1974 418 17.4167 7
1975 576 24 7
1976 ' 348 14.5 T
1977 | 476 19.8333 7
1978 528 | 22 i
1979 396 16.5 7
1980 534 22,25 7
1981 568 15,3333 7
1983 522 21.75 7
1985 585 24.3167 T
1987 602 25,0833 7

g
oo

Total ' 2358,9166 ) 24




Table 13. 4nalyzis of verisnce and chi-aguare values in

the caoge of ezxtended Friedman's enalyais.
TE— - - !
Scurce defe 308, 12

Treatment 7 1051.2083 175.2017%%
Yoar 11 0
Replication 3 0
Treatment X year
interaction T BB2.29 63.7149
Residual 285 ' 582.5017

Total 383 2016

. glgniflcant nt 1% level




Table 4. spalysis of varinpce under Bberhart ond Fusgell

Hodel
dourece da.t» BaBe Haeda F
Potal | 95 1322 .469
" Tyestuents (] 344 .652 40,236 26,35109%%
Yenr 4+ .
{ freafment x yoor) B8 977.816
Yeor (lineer) 1 823,026
Treatment x year .
{linear) ' 17 5323 CaT60 ¢.4C69
Pooled devimtion ao 149.468 1.8684 0.6752
Treatoont 1 ‘ 10 58.040 5804 E UG o
Prectment 2 1¢ 17.267 1.7¢67 00,6240
- Troatment 3 10 15.661 1.3661 U.4937
Ireatoment 4 ¢ 25.229 245229 G117
Treutmont 5 10 3.540 G«8540 1435086
Treztoont 6 0 11.590 1.159 0.4189
Treoatuent 7 10 56956 0.5696 00,2058
Treatment 8 G 9.446 Ga2446 Gu3414
Pooled error 252 697.308 2,767

i -

=& gimmificant st 1% level
¥ gimmificant st S9% level




Table 15, Environmontal indices (Ij) under Eberhert cnd -
Fusgell model

Yoaor N Ig
1973 ~1.0445
1978 1.5943
1975 | 009443
1976 1.5630
1977 2.1536
1978 f 3.2099
1979 ) =4 435770
1980 | 2.5927
1981 06418
1983 ‘ -2 .,1876
1985 2,2877
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Table 16.{5£§Ei§ity'parameters by &80d g4 snd their corres-
ponding 't' and 'F' stetistics

Treatment bi . adig t(1) F(1)
Ca9310 5.03569 =0.5120 240975 «

1.1916 -1,0404 1.4221 0.6240

1.0130 -3.4010 0.0966 0.4937

. 9696 -G, 2442 ~042259 0a9117

1.0091 ~1.9131 00676 Ce3086

1.0149 ~1.6091 G.1109 0.4188

0.9516 “241975 ~C. 3594 Ge2058

049193 ~1,8255 -045986 0a%414

-

* glpnificent ot 5% level



Tabls 17. Corrected xid volues for stebilily enelysis using non parcmetric
measures

- Gl [ G S S i S S -

1 5069 6517 6241 6806 6497 7372 6032 8393 6971 6523 T2 7238
2 6208 7196 G906 7082 605 808 4901 GBO 7541 6271 421 6601
5 5616 6892 6602 6932 7275 7329 5807 7605 6984 5965 7730 6601
. 6688 1T504 6878 74681 7262 ° T632 5558. 7185 6944 6021 6374 5672

4
5 5946 7027 T027 7124 73?6 566 5613 T562 6176 6040 7522 6476
6 6498 7243 T457 7255 T451  T545 5241 7068 6522 %4863 7060 6195
7 6367 7135 TOoB2 6718 P33t 7506 5519 7084 6935 5790 Y431 6505
8 6535 7277 Ti69 T095 T229  TAE5 5896 T207 6592 6088 6924 5907




Table 18. Ronks of treatments in each yeer bassd on the
sorrsotoed xij voluea

ments 1 2 3 4 5 6 7 8 9 1¢ 11 12
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Pable 19, The vslues of atability purancters 3i(1f snd Si(

133

2)

end gtatisticy zi(” and 21(2) for sach treatmont

ment | i A 2,1 A A
1 4.417 34682 6.9805%  10.811  14.265%
2 4.583 34136 1,634 T.356  2.046
3 44333 2,909 G.504 6.242 0,454
A 4,750 24864 04356 64023 0275
5  4.667 1,636 54109 2.424 3684
6  5.400 2,667  0.0M 54162 C. 002
7 4,000 2,030  2.210 34091 2,151
8 4.750 2,379 0.379 44205 Ga504
gm) o z, '™/ 18,16 23,36
Lt |
go: o (8,'™)  z.625 525
var (8,'%)) .16 24168

* Significant at 5% laevel
=% Signiticant as 18 level



* Btratezies or treatment

T

I2

7

I8

Teblo 20, Pay off matrix for the mnalysis based on geme theory

(10254

=801

5655
16653

14291

7619

12002

16625

14598
2163
9483

18471

17534

9872

14306

18851

13770 15465

1293

8613 .

16593

17554

10496
14147

18527

1821
9603

1eq402

17855

939C

13055 -

18305

14538
3393

10632

17745
18401
16478
14894

18707

17163

3999
10794
1e855
15151
107560

15419

19475

13143
~4 722

6228

12633

13292
3848
9458

147¢e

20226
1002

11622

17514

19139
. 9329
14153

18641

15960
3198
9759

16791

14981

7691
13706
16796

14616
-612
6702

14¢22

14573
5714

10271

15284

18273

2836
12177
15072
19¢19

9505
15194
17792

16761 |

-2448
8610
12975
15881
6710

12416

14771

bel



Table 21, Regret matri:x

[ -6399
-17454
-10998
0
=2362
-3G34
-4651

-28

-4253
-16688
-9368
=380
1317
-8379
-4545

0

-4757

-1T7224 .

-3914
-1934

=993
-8031
'4380

¢

in Savege's regret criterion

-2937
-16581

-8799

=547
=g512
~5347

~4169
-15314
-8075

=862

-8229

-3813

=2312
~15476
-8681
-520
~325
~8715

-4056

-1565
-19430
=8430

-2075

-1416
-1C860

-5250

-g36 668 =746 O |

-13598 ~15696 =-16181 -19209

~7037
-5

-1815

-9105

-3090

-858¢
~-1262

-711
=3570
=-5013

0

~5842 -8151
-3947 =3786
o -880
-9714 =10051
~3825 ~A345

=1227 <2020

[

J1




Table 22

11055
O

| 6456
17454
15692
3420

12803

JQ?426

12435
¢
7320
16508
15371
709"
12143

16688

12477

o

1320

9303

12854

17234

13644

11145

[

15164

17865
¢
1C95¢
17355
18014

8570

14180

19330

Benefit matrix in Agorwel's ezxcess btenefit criterion

16224
G

10620

18137
B327
13151

17639

12762
0
9561

13593

L.

11783
4493

10808

13556

15248

7514
14634
15185

63526
10883

15896

15435

9338
12234
16181

6467

12356-

14954

19209 |

11058
15423
18329

9158
14864

17189

s
o
Lo 81




Tuble 24, The Volues

sets of dote under categery

of wmaffiolent of determication snd averagd sbsolute errar for difforeos wodela corresponding to different

1 slozg vith their sesmond ronge of verlstione.

[

e NG oY ol ot o St
-3;--;.:.;.-;3;- a4 T Y TR VT W N Y W SN L ¥ % S i Y %
v 0.99 14.50  0.998  6€.19  0.9459 33.28 0.5244 53.68 0.9964 T.64 - - - - o.ewr 4919
3 0.9031 160.40 0.6617 205.42 0.0845 545,13 0.0500 468,53 0.5579 319.18 0.5655 11.28 0.0004 1006.p5 0.5185 328,85 0.0002 1033.17
4 0.989%  M.21  0.8507 123.12 0,165 359,30 0.0403 311.49 0.7670 150,43 0.7765 144,92 0.0011 627.97 0.T330 1568.99 0.0026 614,77
S 0.9998  2.01 0.90735  41.11 0.1048 151.68 0,6265 B2.55 0.8514 50.84 018443 51.25 0.0008 263.23 0.8273 54.15 0.0065 201.39
§ 0.9T7T2  42.67 0.9669 49.74 0.9325 93.6% 0.8959 102,21 0.9686 47.70 - - - - 0.9692 47.22 0.9097 64.71
5 1.0000 Q.00% 0.936T7 21.26 0,847 183.62 0.3815 65.10 0.9960 23.34 -~ - - - - - Q0.9908  38.3
10 0.9977 10,88 0.99330  &.73 O0.7919 125,06 0,975 11.99 0.9976 10.04 -~ - 0,9136 50.65 0.9974 11,3t 0.9875  25.07
12 1.0000 0.80  0.9302 22.05 O.8536 108.3% 0.9032 78.60 0.9896 22.12 - - - - - - 0.9-3'73' 4;:.5-7
19 0,584 35.61  0.3809 31.31  0.%698 32.M - - 0.529% 133.87 - - - - - - 0.9603 64,77
2 1.0000 2,36 0.9605 14.80  0,1367 116.69 - - 0.6270 50.21 0.9719 18.07 0.95T4 22.50 0.9791 16,26 ©.8993 37.18
3 0.9815 12,62 1.0000 19,13 D.4614  T3.59 - - 0.2558 T70-01 0,9370 21.77 0.9014 26.88 0,5402 21.46 0.8404 30.99
2 0.5613 60.16  0.7583  42.94  O.3944 67.31 - - 0.8401 34.34 0,8239 35.27. - -  0.8670 30.88 0,1261 6€9.92
2 0.m2%: §7.52  0.5744 100,78  0.2008 143,23 0.5219 105.56 0,5076106.42 0.4838 106,77 0,0016 379.09 0,4813 107.87 0.0076 297.86
26 0.9706 14,09  0.,5442 108.67 0.9267 20,90 0.4350 57.B0 0.9178 22.25 0.9359 19.26 0.0008 146.88 0,9089 23,14 0.00805 122.79
27 0.9T9 13.84 0.9922 6.23 0.5405  21.47 0.8007 40.49 0.3892 9.32 = - 0.6B84 35.27 - - 0.5163  52.67
20 0.8037  WL.T4 O.53T4 150.24  0.1408 208,80 0.4969 156,90 0.4620 158.96 0.4474 158.B2 0.0003 535.65 0.4337 161.16 0,0008 4356.94
30 0.8058  BA.64 0.9125 57,22 0.6999 111.09 = - 0.9558 40.04 0.9436 44.22 -~ = 0.9679 33.60 00,9776 23.22
32 0.9582 78.90 0.8365 148.63 0.5612 349.28 0.9131 156.94 0.B060 156.33 - - 0.0034 }65'“.0'79” 161.34 0.4094 301.44
¥ 0.9397  B.10 0.9767 65.70 0.67R 353,15 0.9762 84,14 0.9665 76.93 -~ - 0.1893 3241 - - 07176 351.86
36 0 9849 78,99 0.9768 90.89 0.9266 255.42 0,7957 }51.51 0.9844 T2.64 -~ - - - 0.9862 67.60 0.9526 123.47
38 0.6547 226415  0.9376 50.36 C,0152 - 357,51 0,3404 272.55 0.9847 40.79 0.9861 37.73 0.9832 46.65 0,9926 27.83 0,0197 299,31
44 0.5503 111,04 04631 109,17  0.3202 128,80 0.4292 110,64 O.43T4 110,74 = - 00174 324,02 = - 0,0076 265.46
45 0.9245 5348  0.9T22 27,46  0.4005 154,67 0.9423 43.85 0.9513 J6.28 0.9357 39.76 0.0281 189.02 0.9384 39,93 ©.0432 157.61
4T 0.9620 B34 0,824 595.T6  0.2608 134,76 0.7397 T4.5T 0.T595 T1.37 047283 T4.70 0,047 355.13 0.7287 T4.96 0©.0261 292.74
43 0.9657  TE.15  0.9015 117.46  0,7091 291.81 0.8939 139.30 0.8917 124,59 ~ - - - - - 0.1325 300.57
43 0.960 95.03  0.9817  53.49 0,238 505,98 0.8838 180,51 0.9580 94,00 0.9532 97.71 0,0056 341.15 0.5464 107.86 0.2579 M9.45
SO 0.94T8  108.92 0.959) 4)-72' 0.9725 445.93 0.9821 70.93 0.9836 52.18 0.9799 55.75 0.7281 177.78 0.9795 56.85 0.835% 158.61
52 1.0000 0,10  0.5581 1B.76  0.54%4 69.75 - - - - - = 0o 194,70 - - 0.0065 91.75
53 O.BSTT  44.50  0.9987 7.62  0.0132 125,67 - - 0.99% 2.58 0.9990 3.52 0,9917 7,32 0.9963 6,85 0.5869 60.9(
$5 0.TH5  43.70 0.,9638 16,66 0,479 88.36 0,5897 S51.31 0.9892 9,02 0.9909 8.03 0.6127  31.52 0.9953 5.7 0.9810 10.88
56 0.7076¢  112.90 O.B44%  T8.48  0,5082 131,83 0,039 189.20 O.897T 62.44 0.BM43 £5.18 - ~  0.9160 55.79 0,6577 104.40
3T 0.5015  158.23  0.7671 103.09 0.1258' 190,76 0.064% 191.95 0.8549 79.35 0.8429 B1.29 - - 0.B804 T1.14 0.0009 195.67
%5 0.8059 109,70  0.9708  40.47 0.%835 229.6) 0.7927 106,50 0.9308 22.38 0.9935 18.47 0.8Y01  7T7.24 0.9960 14.35 0.9925 18.61
59 0.8927 11,20 0.998) 3,58 0.1104  95.30 0,7038 45.90 0.9983 3.57 0.99T0  4.69 0.8370 26.90 0.9942 6.62 0.7153  43.97
€1 0.7306  49.4C  0.B840 30,87 O.4548  64.29 0,0142 85,35 0.9334 23.00 0,9235 24.16 - = 0.9493 19.76 0.8746 28.21
€2 0,9232  62.70 0.9999 2,15 0,1485 228.68 0.7600 105.71 0.9900 21,04 0.9885 22.21 0,GOT8 175.44 0.9827 27.29 0.0723 173.61
&3 0,968 26,40 0.7785  66.2)  0.0003 162.50 0.2852 114.00 0.6839 T7.23 0.6869 T5.69 0.0037 444.3) 0.5495 B60.30 0,0041 3I%,0Y
4 0.9992 3:70 0.9546 2649  0.4C47 117.40 0.8999 36.23 0.9308 32.23 0.9184 34.30 0,006% 141.62 0.9175 34.62 0.2640 101.62
3 0.2 M0 0.9995 2,51 0.026) 14B.66 0.2206 108,80 0.9658 15,55 0.9860 15.23 0,1485  92.58 0,9746 20.65 0,0955 11B.26
Eesa C.OM6 5657  0.8977  56.48  0.4432 1B0.16 0.6197 126.79 0.8470 64.32 0.866% 60,39 0.3275 237.20 Q.8T46 62.48 0.4540 178.44
Baage 0-4303 226,15  0.3369 283,27 0.9895 524.23 0.9833 456.60 ©.7438 316.60 0.5576 307.76 0.9914 998.73 0.5637 325.10 0.9923 1022.29




Table 23, Hanks of trontments ms obinined in groups of
sxporiments, principal cowponent anralysig end
Ra2i and Rao's method
[isthcds Treatmenta
1 2 3 4 5 6 7 3}
1 1 [} 3 8 2 & 4 S
2 2 73 8 Vv 5 4 6
3 g 6 3 8 1 5 4 7

W wmk ER A A W M W W WS RE A SR d wWl Wy B O B o B G S O ws AR M am G O

Total (RJ) 5 20 9 24 4 16 12 18

il Y A [t T - pra— -

()

~]



ohle 24, the values o
! # sets of date under category 1 mlong with thelr

.

f mefficient of doterminatios and aversgy Abeolute erTor for different wodols corrsspending to dirfferent
mansind rangd of variptions.

133

e e i R Sttt i
-é—.:j;:;é"-:dJ I Y R VR N I W T i ¥ % S O W A S VT SR O T ¥ S

1 0.99 14.50  0.398  6.19 0,459 33.20 0.8244 53.68 0.9964 T.64 - - - 08191 4319
3 0,503 160,40 0.6617 205.42 0,0646 545.13 0.0500 468.59 0.557% 319.10 0.5655 311.28 0.0004 1006 .05 0.5185 328.85 0.0002 1033.17
4 0.9895  34.21  D0.8507 123.12  0.1365 359.30 0.0403 311.49 0.7670 150.43 0.7765 144.92 0.0013 627,97 0.7330 138.99 0.0026 614.77
S 0998 .01 0.507T5  41.11  0.1048 151.68 0.626% 62.55 0,8514 50.84 0.B443 51.25 0.0008 263.23 0.8273 54.15 0.0063 201.39
§ 0.9T7T2  42.67  0.9669 49.74 0.9325 93.69 0.8959 102.21 0.3685 47.70 - - - = . 0.9692 47.22 0.%097 &4.T
B 10000 0.00% 0.9967 21.26 0.8676 183.62 0.9815 65.10 0.9960 23.34 - - - - - - 0.9908  38.36
10 0.9977 10.82 0.9990 6.713 0,7919 13%.06 0.9975 11.99 ©.,9976 10.04 ~ - 0.9136 50,65 0.99T4 11,31 0.987% 25.07
12 1.0000 0,80 0.9902 22.05 0.8536 108,39 0.9032 78.60 0.9896 22.12 - - - = - - 0.9373 4_7.5'1
19 0.3886 3361 0.9809 M.} 0,9898 3. - - 0.3293 133.87 - - - - - - 0.9603 64,77
21,0000 2,36 0,9505 14.80 0.1367 116.69 - - 0.6270 50.21 0.3719 18.07 0.95T4  22.50 0.9791 16,26 0.8993 37.18
I3 0.9815 12,62 11,0000 19,1}  0.4614  TI.59 - - 0,2558 70.01 0,9370 21.77 0.9014 26.88 0,9402 21.46 0.8404 30.99
28 0.5513 £0.16  0,7583  42.94 0.3544 6T.31 - - 0.8401 34.34 0.8233 35.27: - -  0.8670 30.83 0,126% 69.9)
25 0.82X  67.52 0.5T44 100,78 0.2008 143,23 0.5219 105,56 0©.5076106.42 0.4838 106.77 0.0016 379.09 0,481) 107.87 0.0076 297.86
26 0.9705  14.09  0.9442 18.67  0.9267 20,90 0.4350 57.80 0.9178 22.25 0.9359 19,26 0,0000 146.88 0,9089 23.14 0.0085 122.79
27 0.9 13,64  0.9922 B.23  0.9405 21.47 O0.B0OT 40.49 0.3892 9.3z - - 0.6884 35.27 =~ - 0.5163  52.67
26 0.8037 WI1.Té  0.5374 15C.24 0.1408 208.80 0.4969 156.90 0.4628 158.56 0.4414 158.82 0.0003 535.65 0.4337 161.16 0.000% 436.94
W 0.8058  88.64 0,915  5T.22  0.699% 111.09 - - 0.9558 40.04 0.9436 44.22 -~ = 0.967T9 33.60 0.9776 23,22
32 0.9582 78,90 0.8365 148.63 0.5617 349.28 0.9131 156.94 0.8050 158.33 ~ = 0.0034 365.48 0.7933 161.34 0.4094 301.44
¥ 0.9997 810 0.9767 65.70 0.6732 353.15 0,972 e4.14 0.9665 76.93 - - 0.1693 312.;1. - - 0.TT76  391.86
3600 9841 7899 0.9768  90.09  0.9266 255.42 0.7957 351.51 0.9844 T2.64 - - - = 0.9882 6T.60 0.9526 123.471
J2 0.5547  226.15  0.9376  90.38  0.0192- 357.51 0.M04 272,55 0.9847 40.79 0.9861 ¥7.73 0.9832 4B,65 0.9926 27.83 0.0192 299.31
44 0.5503  111.04  0.463F 109.17  0,3202 128.B1 0.4292 §30.64 O.43T4 110,74 - - 0.0174 324.02 = = 0.0076 265.46
46 0.3245 53,48 0.9T22  27.46  0.4005 154.6T 0.5423 43.85 0.9513 356.28 0.9357 39.76 0.0281 189.02 0.9384 39.93 0.0432 157.61
47 0.9620 8.4  0.8234  59.T6  0.2608 1M4.T6 0.7397 T4.57 0.7595 T1.37 ¢.7203 74.70 0,0047 355.13 0.7287 74.96 0.0261 292.T¢
48 0.3657  T5.15  0.9045 11T7.46 0,709 291,81 0.8839 139.30 ©.8917 124.59 - - - - - - 0.1325 300.57
49 0.360¢ 95,03  0.9817 53.41 0.2638 505.38 0.8030 180.5% 0.9560 94,00 0.95¥8 97,71 0.0056 341.15 0.3464 107.86 0.2579 349.45
50 0.%478  108.92 0.9893 43.72 0.9T25 445.98 0.9821 7T0.93 0.9836 52.18 0.9799 55.75 0.728% 177.78 0.9795 56.83 0.83% 158,63
32 11,0000 0,10  0.5581  18.76 0.5454 69,75 = - - - - - 0.0178 194,70 - - 0.0065 91.7%
33 0.B6TT 44.50  0.9957  7.62 0.0132 125,67 - - 0.9996 2.58 0.9990 3.52 0.9917  T.32 0.9963  6.65 0.53;9 6C.5¢
55 0.TMS  43.70 0.9638 16.66 0,479 BB.36 0.5897 51.31 0,9892 9.02 0.9909 B.03 0.6127 31.52 0.9953 5.7 0.9810 10.88
56 0.7076 112,90  0.8441  T9.48  0.5082 131,88 0.039) 189.20 0.89TT 62.44 0,8643 65.18 - = 0.9160 55.79 0.6577 104.40
57 0.5013  156.23  0Q.7671 103,09  0,1256° 190.76 0.0641 191.95 0.8549 79.35 0,B429 01.29 = -~ 0.8804 T1.14 0.0009 195.67
56 0.00%9 109.70  0.5708 40.4T 0.18% 229.63 0.7927 106,30 0.9508 22.36 0.9935 16.47 0.B10V  77.28 ©.9960 14.35 0.9925  18.)
59 0.8927 3,20 0.9983 3.58 0.1104 95.30 0.70368 45.50 0.9563 3.57 0.99T" 4.69 0,8370 26.§0 0.9942 6.62 0.7153 43.97
&1 0.TX6 49.4C  0.8340  30.87  0.4548  64.29 0.0142 B85.35 0.9334 23.00 0.9235 24.16 = - C.9493 19.76 ©:89748 .21
62 0,923 62,70 0.9999  2.15  0.1485 228.68 0.7600 105.T1 0.9900 21.04 0,.9885 22.2) 0.COT8 175.44 0.9827 27.29 0.0723 173.61
63 0.5881  26.40  0.7785 66,23  0.0003 16250 0.2852 114,00 0.6839 TI.23 0.6869 75.69 0,0037 444.33 0.6495 80.30 0.0041 339.0
4 0.9992 J.70 0.9546 26.49 044C4T 117,40 0.8999 3I6.23 00,9308 32.2% 0.9184 34,30 0.00583 141.62 0,9175 .62 0.2640 101.62
63 0.9212  39.40  0.9995% 2,91 C.0261 14B.66 0.2206 108,80 0.9658 15,55 0.9860 15,23 O.1485  92.58 0.9746 20.65 0.0955 118,26
Reas Co16 56.57  0.B9TT  56.48  0.4432 190,16 0.6197 126.79 0.8470 64.32 0.8661 60.39 0.3275 237.20 0.8746 62.48 0.4540 178.44
Baage 0-4383  226.13  0.5369 203,27 0.9835 524.23 0.9833 456.60 0.7438 316.60 0.5576 307.76 0.9914 998.73 0.5637 323.10 0.992) 1022.2%




Tabls 25.Ths valuss of coefficient
of dats under category IL

of determination and averege absolute error for different models corrssponding to different seta
along with their means and rangs of veriatione.

Table Quadratic model 3quare root

—_—— ———

Mixed model -~Cupta's fun-

- —————

Nelder's poly- Inverae poly- Ney modal 2

No. _ _ . _ ___ .. pelynominl _ _ nomisl _ _ _ _ romisl _ _ _ _ _ _ _ _ _ . gtlon _ _ _ _e¥lom _ _ _ _ _ _ _ _ _ _ _ _ _o_o._.__
g2 AME B AL B2 A.AB B A.AB RO AAE B°  A.ALB B2 ALA.B 8 A.i.B R° A.ALE
7 0.9994 7.9% 0.9997 4.27 0.9251 106.31 0.9537 75.85 0.9998 3.84 - - - - - - 0.9999 2.05
9 0.9964 21.998 1.0000 2.37 0.8772 157.55 0.9822 54.56 1.0600 0.491 - - - - - - 0.9996 7.64
11 0.9945 31.10 0.9994 9.87 0.8403 202.27 0.9296 126.43 0.9993 10.83 - - - - - - 0.9999 1.62
29  0.9963 15.45 0.9975 12.42 0.8304 126.85 0.9166 79.39 0.9969 13.11 - - - - . - 0.9968 14.24
Mean 0,9966 19.12  0.9991 7-23 0.8683 148.25 0.9455 B84.06 0.9990 7.06 - - - - ~- - 0.999t 6.39
Range 0.0049 23,17 0©.0025 1C.C5 0.0947 95.96 0.0656 71.87 0.0031 12.62 - - - - - - 0,003 12.62

st
2
(e




Table 34, The velues of coefficient of determination and avernge absclute error for different models correspording to differont sets
of data under category III along with their means and range of varietion

Table Quadratic model Jquars root poly- Neld

er's poly- Inverae poly- Mixed model Qupia's fun—- Holliday fun- New Model 1 How model 2
= —

RBOsw L e e e e e - nomial _ _ _ pomiml _ _ _ _ nomial _ _ _ _ L Lo oo _ _ ekdon__ _ _gtiom _ _ _ _ _ _ _ _ _ _ _ __ . _ ..
B A B AAB__ B AchE __BE pebsB___BE __ AMB. B AAB BE _ A.ak K a.aB B 1.A.B
2  0.7462 105.30 0.84T5 77.72 0.6575 117.42 0.8939 66.82 0.8629 72.07 - -  0.0002 654.5% = - 0.0037 257.50
13 0.6343 90.80 0.7839 66.46 0.5192 100.12 0.8615 56.84 0.8145 60.22 0.8331 56.21 0.0012 621.12 0,8283 57.21 0.0168 201.28
14 0-8777 54.80 0.9206 41.93 0.8310 60.09 0.8637 59.40 0.9203 41.18 - - 0.0067 393.93 '+ = =  0.2061 161.07
15 0.1507 139.60 0.2674 123.45 0.1520 139.10 0.3240 115.87 0.3151 116.78 0.3340 113.26 0 625B8.36 0.3384 113.29 0.0002 596.46
16 0.3827 181.64 0.4046 188.27 0.3865 182.43 0.3536 179.49 0.2890 165.79 0.3761 181.96 0.3572 187.41 0.3440 174.81 0.3674 186.84
17 0.5202 165.74 0.5295 156.82 0.3989 104.97 0.2874 190.36 0.3156 152.39 0.5817 152.80 0.5317 167.12 0.5251 141,07 C.5774 155.26
18 0.7205 148.23 0.6614 139.47 0.7000 145.41 ~ - 0.3549 193.26 0.7144 147.18 -~ - 0.7720 155.75 0.6454 172.67
20 0.1403 136.45 0.1863 132.57 0.0631 136.62 0,1093 128.24 0.1206 142.30 0.2400 126.43 0.1517 133.66 0.2183 132.46 0.1949 137.16
21 0.1368 146.33 0.1419 153.80 0.1382 155.28 0.1230 151.64 0.0027 147.32 0.1337 155.52 0.0606 146.T4 0.1686 159.61 0.0603 153.81
31 0.9095 B89.43 0.9292 76.06 0.8732 95.70 0.8180 142.87 0.9208 79.00 - - 0.0004 523.60 = -  0.0056 314.30
33 0.9033 84.20 0.9338 49.30 0.7309 f144.13 0.9730 58.70 0.9699 43.78 - - 0.0017 204.78 - - 0.7413 121,09
34 0.6020 140.50 0.7822 98.96 ©0.4691 164.87 0.8874 84.12 0.8221 87.47 0.8383 82.05 0.0001 2676.61 0.8385 82.28 0.0652 275.87
37  0.6923 95.998 0.7317 90.55 0.6861 92.91 0.6643 82.25 0.7263 B89.90 -~ - 0.0004 1667.84 -~ -  0.0001 689.3
39 0.8392 77.14 0.7758 91.32 0,7034 108.28 0.1839 161.52 0.7321 95.66 0.7546 90.92 0 10095.51 0.7179 95.79 0.0003 1152.21
40 0.2539 588,15 0.2786 588.06 0.2246 675.33 0.0004 736.35 0.3659 532.17 0.3371 538,39 - - 0.4021 505.77 0.0011 1011.80
41 0.0828 292.12 0.3985 242.10 0.0033 260.32 0,2139 208.04 0.5438 206.89 0.5453 203.16 0.0002 1511.67 0.5970 191.57 O. 2657.49
42 0.45T1 204.03 0.4456 178.89  0.4710 188.67 0.1289 203.44 0.4955 162.41 0.4656 164.18 0.0005 730.60 0,5110 157.08 0.0041 468.66
43  0.2934 177.60 0.1790 197.88 O0.1717 195.13 0.1461 188.95 0.1593 196.85 = - 0.0001 1678.37 =~ - 0 48692.77
51 0.9315 121.98 0.9841 56.86 0.6565 334.34 0.9890 60.08 0.9901 42.45 - - - - - - 0.8869 118.80
54 0.6608 67,60 0,8702 39.82 0.2179 92.59 - - 0.9095 32.61 0.9205 30.04 =~ C - 0.9259 29.13 0.3065 77.88
60 0.6314 159.04 0.6508 147.27 0.6295 158.84 0.6130 141.09 0.6419 146.31 - -  0.0003 1231.97 = - 0.0056 4B89.69
66 0.4889 112.80 0.7528 74.70 0.1677 135.88 0.6857 84.99 0.8136 63.63 0.8257 60.45 -~ C - 0.8392 58.31 0.1323 140.90
67 0.4315 162.998 0.3848 161.45 0.3627 166.04 0.3100 158.37 0.3646 160.97 - - 0.0002 3354.28 - -  0.0016 626.26
68 0.6456 81.30 0.8614 48.41  0.2774 109.31 O0.8373 54.52 0.9094 38.19 0.3168 36.06 = - 0.9248 34.38 0.0756 120.23
69 0.2730 60.70 0.4861 48.58 0.1814 60.60 0.0024 63.31 0.5926 42.20 0.5706 42.70 - - 0.6275 39.89 0.0413 175,13
lean  0.5362 147.38 0.6075 130.82 0.4269 167.50 0.4850 146.84 0.5981 124,47 0.5867 136.33 0.0618 17685.45 0.5986 133.03 0.1736 2367.34
lange 0.B487 533.35 0.8422 548.24 0.8699 §15.24 0.9886 661.83 0.9874 499.56 0,.7868 508.35 0.5317 9961.85 0.7573 476.64 0.8869 48614.89
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Table 27. Thev valusa of coefficlent of determination and aversage abaolute error for different models corresponding to different aeta
of data under category IV along with their means and range of variationa B

Table Quadratic model 3quars. root poly- Helder's poly- Inversa poly- HMixed model * Gupta's fun- EHolliday fun- Now Model 1 New model 2
Noe  _ e A pomial _ _ _ _ _ nomial __ momiml _ _ _ _ _ _ _ _ _ _ .. etdion__ _ _ _etion _ _ _ _ _ _ _ _ - __ - ____.
R2  A.a.B B A.4.E B2 A.AE R 2 A.A.B R° A.A.E  R®  A.A.E B2 AAE R A.A.E B2 A.A.B
45 0.4149 105.45 0.4732 97.49 0.4000 105,92 0.0413 137.20 0.5569 B89.59 0.5275 88.89 - - 0.5888 85.87 0.0004 236.25
70 0,1%569 95.28 0.1706 92.24 0.0976 102.30 0.0185 102.10 0.1865 90,74 0.2244 B87.28 0.0006 223.46 0.2273 B88.04 0.0007 211.69
YA 0.0329 137.96 0.0884 138.37 0.0083 139,24 0.1589 112.18 0.2050 134.19 0.2782 122.95% 0.0002167.02 Q0.3005 125.11 0.0001 709.89
Mean 0.1949 112.90 0.2441 169.37 C.1686 115.82 0,0729 117.16 0.3195 104.84 0.734%4 99.71 0.0004 695.24 0.3722 ©9.67 0.C004 385.94
Range 0,%820 42.68 0.3848 46,13 0.3917 36,94 0.1404 35.10 0.3604 44.60 0.3031 35.67 0.0004 943.56 0.3615 39.24 0.0006 498.20

—— 2 —

_————
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Table £8. The percentage Iuumber 0of casegy included under each medel within the specified
rangss of ¢ cefficient of determinssion

Range of Different models
He Juadra- JSguare Nelder's Inverse NIixzed Gupte's Hollidey Hew Hew
tic root poly=- poly- wmedel  fun~ funetion =»odel 1§ modeld 2
Bodold poly- nomiel wnomisl ction
__________ nomie) L L L L e m e e m e m m e e e m e e et m . ———————-
0.98=1 23.94 2535 1.408 Te042 264761 9.859 2.817 11.268 11.268
{3.95"‘0-98 1 1 027 1‘1.{38 - 4.225 0451 40225 1 .408 7.{}42 4 3225
0e9=0.95 11.27 C o836 Be4S 7.042 9.859 11,268 2.817 12,676 2817
0.8=0,9 11.27 11,27 9.859 16.90 14.085 9,859 24817 84451 B+451
0.7-0.8 Te04 11.27 T.042 T.042 5634 6354 1.408 TeU42 4.225
Veb~0o7 9,86 4,225 B,451 5.634 44225 T.4C8 2817 2.817 2817
0.5-0.6 G5.63 4,225 5.6%4 2817 Be451 ToU42 1.408 7.042 4225
Below 0.5 19.72 19,72 59,155 36,62 21,127 14.085 50,704 12.766 61.972
Total 100,00 100,00 100,00 87.%2 984593 63.380 66,196 69.014 100,00




Teble 29, Hean valueg of coefficient of determination
and average sbsolute error for the differant

mode 1o

Hodels R? AJheE.
uadratic model 0.7429 88.81
Sjuere root polyﬁomial 0.TT736 82.12
Belder's polynominl C.4498 171.18
inverse polynomial 0«5655 131.00
Hixod nodel 0.7442 B4 «26
Gupta's model 07319 90.01
Hollidey function G.2118 849.64
Few model 1 ' G.7538 87.79

How model 2 G.35668 948.25




Table 5Ce Porcontage number of casea ¢f estlmates on
physieal and economlc optimz under each model
which 1lie in the specified ranzes of nutrients

Phyolcal Egonomic

Hedels ’ optimunm optimun
dose doage

Guadratic model - 80.28 84.51
Sauare root polynomial 76,06 T7.46
Heldef'a rolynesial - 8.45
Invorse polynomial - 83410
Hixed modol 85.92 91455
Gupta's tuncﬁion 60«56 "50;56
Holliday function 6338 64.79
Hew' model 1 ' 63.38 66,20

- Hew model 2 9577 35477 -




Table 31. The valuea of coefficient of determinstion and avorags absolute error for different bivariate
nodela correaponding to different sets of dats along with their means and range of variation.

Table Suadratic wodel dquars_root_polynomial Trangemdental function _Resistance function
Ho. 2 AaB # A4 W 8° rAz
1. 0.3830 234.97  0.8613 493.64 0.811  223.68 0.992 . 2579.83
2. 0.9631 484.44  0.9626 712.07 0.969 118.68 0.998 954,71 .
3. 0.9611 225.30  0.9683 118.23 0.950 149.32 0.999 . 628.91
4. 0.8196  574.11 0.8110 377.95 0.755 256.56 0.993 " 1049.68
5. 0.6998  324.35  0.7389 1142.06 0.636 248,72 ' 0.998 908.58
6. 0.1199  180.31 0.1229 227.74 0.126 168.87 , 0.999 527.43
7. 0.4798 858.94  0.5479  971.72 0.389 191.10 0.995 840.83
8. 0.97T16  399.39  0.9795 488.61 0.952 60.03 0.+999 533.03

9. 0.807T1  158.41 0.7980 384 .20 0.777 175.99 0.997 1093.63
10, 0.9039 308.33  0.8730 311.85 0.648 159.65 0.999 665.68
11. 0.8066 314.50  0.8203 737.72 0,793 146.33 0.998 1342.32
12. 0.8934 456.28 0.8640 152.95 0.676 134.17 0.999 694.72
13, 0.9158  699.11 0.9018  381.45 C.414 282.13 0.997 2937.12

14, 0.8692 512.67  0.8451 456.09 © 0.850 133.46 0.996 1932.98

15, 0.7786  373.39  0.7963 261.93 0.731 145.75 0.992 667.15

16. 0.9351 551,39  0.9313 1110.93 0.915 140.37 0.999 364.74

17. 0.9540 122.09  0.9476 162.22 0.938 17.77 0.998 862.52

18, 0.8455 721.89  0.8327 768.86 0.814 . 191,46 ©0.995 8718.44

19. 0.6936 548,17  0.7145 287.01 0.283 280.28 0.996 737.49

20. 0.9279 289.44  0.9283 514.25 0.935 96.35 0.998 398.92

21, 0.8832 T26.28  0.9341 643.39 0.761 143.58 0.999 £30.85

22. 0.6925 1365.50  0.6240 836.63 0.368 324.29 0.980 5952.25

23, 0.5750 273.12 ' 0.6140  257.58 0.562 286.47 0.952 1065.67

24, 0.9465 TA1.67  0.9466 435.49 0.875 160.24 0.969 1044 .76

25. 0.9173 188.19  0.9199 617.28 0.896 216.92 0.999 662.39

26. 0.9194 314.33 0.9220 796.79 0.927 166.96 0.997 606.93

217. 0.9850 1200.83  0.9800 1439.72 0.918 134,88 0.999 1166.68

28. . 0.9608 800.00  0.9723  2106.00 0.917 156.74 0.997 1636.05

29, 0.9329 239.56 0.9298 862.27 0.915 125.55 0.597 397.09

30. 0.7292 387.33  0.7114 1027.58 0.730 218.68 0.984 1460.28

3. 0.6987 226.98  0.6623 891.58 0.631 210.57 0.976 1055.5t

32. 0.9260 162.33  0.9512 612.T 0.836 199.03 0.996 560.68

33. ¢ 0.9239 1036.00  0.9461 704.75 0.741 225.03 0.997 532.78

34. 0.9307 969.45 0.9305 . 984.08 ©.933 97?38 0.996 1976.39

5. 0.9349 1122.72 , 0.9484 T24.90 0.708 234.36 0.996 427.33

|- TUR— 0,9342 _ 487,61 __.0,9297 __._. 953186 .. 02938 9449 0.995 3208.85 .

Mean  0.8366 516,09  0.8380 665445 . 0.751 177.86 0.9935 1413.98

Range 0.8651 1243.41 0.8571 1987.77 0.843 261.26 0.047 8413.70

/



Table 32, The percentage number of cgagses included under each wodel within the
spagified renges o©f coefficisnt of determinuticon

- - - ~— A v

Range of Difforent models
R? Guadratic gJquare root fprangendental Eosiatance
modol polynonial function function
0.9=0.95 764111 364111 25,060 -
CeB~0,G 22.222 19.444 16.667 -
Ceb=0eb 2.178 2,718 2.778 -
Total 1C0. 00 100.00 160.00 100,00

ki " i

- R W sy . i T
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73, Phystcel apd economlo optimus dosey of the difforent wets 0f data under each of the tested biveriate sodels along vith

table
thelr wesns and etandard deviation
Tev oSTIREL L L || gt Rt} - o Bupeesel Mt oo, Bt ey
. thyitasl opti=- Boonomis optm. eptisus opu.u optmu-_ een t:p:!-:u: .. _°f‘f"f'_ .
;:‘x?i,”m A 'x;"'x,_:_ 1, 1, oy
1. - - - - 4.42 0.995 5.11 0.629 = 10.40 = 8.95 108.73 8.80 81.92 38,96
2. 132.82 za.ga 128092 35.39 176,80 13,91 162.82 17.68 185.37 13.92 168.28 16,92 33.05 2.79 83.63 40.01
3, 154.86 505,86 140,87 183,25 415,64 S570.T5 148.45 100.57 140.29 21.77 133.21 - 72.;6 - 83.23 3y.84
4 W4T 6440 XNIT O TB.5 45.69 24.85 45,76  40.53  45.41 11,36  47.00 18,82 49.22 £.55 83.36 38.60
5 89.05 48.22 86,13 '51.40 85.56 28.98 B61.87 33.73  B5.46 21.59 82.44 25,92 24.3% 5.89 82.23 40.99
6. 91,03 55.21 107.20 81.68 B87.31 43,04 141.87 805.90 82.69 32.73 101.46 - 79.60 56.83  79.35 40,29
1. 83.72 36.05 7613 42.10 14,96 17.82  68.16  23.01  79.9% 16.18 68,31 18,62 177.18 T67.90 78,16 40.11
8. 107.51 36.86 103,38 46.62 110,06 16.19 103,22 26.11 112,63 18.70 1C3.34  26.84 544.91 - 81.48 35,59
§. 111,81 1,52 103,76 9.93 108.42 6.73 98.70 7.85 104.28 6.05 93.74 T.22 216.04 347,75 80.96 41.64
19, 11135 56,71 99.6% 52,23 130.52  34.61 1C8.14  35.70 156.85 9.42 121.81 13,11 127.38 86,91 B1.54 4C.65
1, B3.40 58,41 85,77 51.89 85.30 51,33 B80.46 34,80 80.81 4T.41  TT.37 X082 69.26 - T9.62 41.9)
12,  1T7.%5 - 137.96 - 128,02 11,26 109.52 963 112.34 - 92.23 - 91.88  51.86 B1.33 41.7¢
13, 4.70 - 41,52 5.40 50.12 2.3  54.99 5.81 100,42 - 88.06 123.40 54.T7 9.44 T8.82 40,15
14, 16T.26 22,84 104,56 33,62  114.71  10.64 106.89 16,80 119.04 14.35 103.08  19.95 53.% 8.73 B1.7TT 40.47%
15, 76.03 - T4.10 - 81.03 3.05  T4.30 5.C4 91.95 4.72 B1.72 594 - - 79.29 42.3%
16, 113,86 67.35 107.56 62.84 120.49 B89.81 108.68 64.46 108.56 92.13 100.54 59.21 38.14 3.75 82.85 44.9¢
17. 1C7.25 215.04 101.50 182.17 a2.51 5,03 T9.29 8.8) 6%.82 - 82.83 - 24.72 5.05 B1.0T 42.16
18, 0.9531 T2.2% 9.0  64.55 30.95 56.23 32,38 40.49 25.48 3B.91  29.81 256.59 62.B8 - 81.99 41.7T¢E
19. - - M. T4 - 51.34 0.005 57.54 3,00 80.81 - T5.50  39.T1  58.47 5.61 TT.11 41.45
20. 240.36 B0.24 zic.zf TO.63 4422.85 1488,19 3366.T4 304.19 - 'o- - 140,24 = - 82.40 41.7¢
21, T4.94 62,93 T3.02 56.66 67.02 74,15 67.82 46.40 72.B6 66.59 69.91 36.2)  55.20 - 80.54 41.4%
22, 68.37 46.80 67.85  41.62 67,86 2).26 65.80 15.44 65.03 16.46 62.90 14.10 25,19 11.20 79.90 39.32
3. .8y - - - AT.84  0.242 42,07 0.980 39.70 3.9 37.68  T.18  23.08 = 79.15 43.36
24, 33.64 108.93  33.3T 90.84 1145 13IT.99 36,04 227.67  S5.18 673.46  53.91  48.37 19.77 4.26 76.31 41.24
TRS. 108,99 100.29 105.35  91.45 0,263 B453.58 194,04 2440.19  94.76 -~ 91.93 - - - B1.68 43.36
26, 1280.33 251.84 1144.23 226.%9 T+69 .99 5.92 17,76 - - - - 304.87 - 82,57 42.83
27, 106.29  54.62  99.86 52,52  112.97  43.65 102.49 IT.79 119.90 S3.40 106,76 41.52 75.88 - 83.26 4s5.%¢
28, B2 4463 35,16 44.27 4o.¢3 28,28 46,03  26.63 43.07 34.96 4T.T1 30.86 2473.88 1.90 79.96 42.86
29,  138.99  83.01 120.65  75.48  224.44 208.53 163.76 139.43 132.86 688,23 196,27 100.94  36.0) 2,98 81,16 43.1C
30. - .64, - 44.50 19.62  51.26 29.68 40.42 17.98 63.95 31.84 43,70 67.9%  14.70 80.75 43.26
3, - 35.16  35.39  44.99 14.27  27.11 37,30 33.00 107.64 T5.53 50.06 47.34  66.06 17.01 76.69 44,14
” 18,76 147.89 146.77 122.2% 18.92 B.04 15,07 10,27 66.58 - 57.49 - 11,97 6.44 76.96 43.53
33. 55-44  90.45  51.T1 86,31 208.37 18,22 482,07 473.48 99.25 - 87.54 370,74 385.B6 ° 95.60 82.61 43.05
. 54.82 60.67 6%.51 55,25 55.83 64,14 60,02 46.91 55.25 61.81 59,24 41.74  63.03 9.17 61.41 42.17
3s, 42.64 96,38 39.90 93,98 228.87 53.76 1072.39 2357.88 89,72 - 80.79 181.9C 129,17  14.51 B2.50 43.12
26. 48,47 5847  5T.15  54.35 51,72 508,72 57.12 43,27 52.32  57.61 S5T.16 39.25 65.29 9-11 81,19 42.22
Kesn 123,57 67,72 117.08 72,35 210.67 361,71 208.69 209,62 @8.19 82.96 80,90 54j69 176.05 58.91 80.85 41.77
Ly 213.35 9316 186,38 4T7.90  Ti6.49 1405.91 563.30 552,89 36,26 174.28 30.04 72.57 420.78 159.88 1.8638 1.6067

»

y ~ Bitrogen in kg/ba

X = B0 in ke/hs
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Table 34. Parcentaze mumber of caseg of estimates on

physical and economic optima under each mcdel
which lie in the spocificd ranges of nmatrients

S A .

Physical Economic
Modols optizum optinum
doao done
{madratic rodel 38.89 58.89
Sgquare root polynomial 52.78 58.23
Transendental function 44.44 5GC,.00
Resiptance function 36411 100.00
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FOMMARY

Invostigetions were made to suzgest suiﬁable methoda
of anulyois of date from long term menurial trials with
fized gst orltragtmepts'utilising the seccndary data on
graln yield of thg permaﬁent‘manurinl azperiﬁent on paddy
a2t the Regional Agricultural Research Jtation, Pattambi.
The nsture of the relatianship betwoen the doges of ferti-
ligers and crop yield was piso ezamined eapirically with
2 view to suggest suitable mathematical medels to reproaent

the ypropcesed pattern of relationshlp.

" The stetiaticsl techniques evaluated for the analysis
of data from long tera experiments included the analysls
- of data as in grocups of expsriments, aéalysiu of the aplit
plot design, the principal component 2nalysis, stability
analysis, non parometric procedures and anslysis based on
the principle of guwe theory. In addition to the {icon-
ventional method of stebillty analysis proposed by Eberhaxt
and Russell, 8 non parametric variant of the wethod pro~
posed by Noszer and Hubn hes been 2lsgo discusaed. A new
non parameiric mothod of analysia of data of long tera
triclas was 8ls0 developed. This new method conmsisted in

extending the ordimary Friedman two way anelysia of varience
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for ranked dates to the case of three way clsasification
with years ap the additional factor. ZIZampirical comsparisons
waa also nsde botween the newly propoasd methed and the non
parasstric procedure for lons term trials develaped by

Rei and Rao.

Gne of the bagic agsumpticns underlying the enalysis
of varisncs technique nemely independence of error teras 1is
not satisfied in experiwents of repeatative nature end. hence
the clagsical method of trecating them as apecial cases of
‘groups of ezperiments' dces not seem to be ‘logicall,y sound.
~ &nalyeic of datas from groupa of experiments introduces added
difficulties in the senge that no genérml teat for overall
treatment comparison appsar to be available in cnges where
error verinnces are heteroganeous and interzction effeot ia
abgent. Frincipal componsnt enalysis s ex;ﬁectad to obviate
these difficulties in the mense that it dues not reqﬁire any
underlying stetistical model to explsin the error structure.
The results of apelysis Of data pertaining bo .thig study
revezled that principal componsnt anslysis wonld be atlecst
as efficient as the other two methods vig. groups of experi-
ments and’ split ploft snalyeis in detecting the true troatmsnt
differences. Thersfore tho method of principal component
analysis could be recommended 8g @ better alternstive for the

analysis of dats on long term trimls with & fixed set of
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troatnentg,.

An empirical comparison between two non parametric
methods of data analyais viz. non parametric method proposed
by Rei end Ezo and extended Friedman's anelysis (newly pro=-
posed method, was also mede., %he method proposed By Ral and
fso 1a based on the assumption that the sampling distribu-
tion of the moans of the ranksg is approzimctely normal. The
method ls applicable only for caﬁea vhen the number of re-
plication @er gaperiment is four or more. Tho amount of in-
formation lost in the process will be more when Lhere are
only & few trsutmonta. But the newly developed procedure .is
entirely distribution frec and it utilises none of the ugal
asgumpt iong required for the anslyals of'varianca. Thue the
newly developed extended two éay analysis of variance by
ranks can be conaldersd uwpanother wisble alternztive for the

analyasls of data of lonz term trials.

Tho non paremetric enalysio of siebility proposed by
Hegssr and Huhn hae certain dlstinet advantages over the
methed ¢f analyals of stability proposed by Eberhart and
Fusgell> as it 1s entirely distribution free snd can be fitted
to any typs of data. But treatments cannot ordinarily be
rocommanded on the basis of thelir stabllity of the performsnce
alons &9 high yislding treatments nced not be stebls. In
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this atud& tho most high yielding treatwent (T1 - cattle
mamre at 1800 kg/hs to eupply 90 kg H/he) wea found to be
the least gtable. Thus it ig more logiecal to take into
account the yleld variation 2lso in making reconmendation of

treatments on the basis of the results of stability annlysis.

~ Analysis based on the principle of game theory is useful
to suggest apecific recommendations to different types of
farcers with varying decision environments. Comparisons among
the difforent decision meking criteriz viz. Weld's maximin
criterion, Iaplace‘'s principle of insufficient reason, Hurwics
‘optimisa~pessimisn' criterion, Savage's regret criterion and
Agarwal's excege benefit criterion ghowed that thore was ainoat
perfect agrasment in the results obteined through the various

griteris.

Kendall's coefficient 0f ooncordance was calculated for
Judging the overall sgreement among the selectéd methods of
analyscs in detecting tho true renk order of treatments. 7The
analysca baged on deocision theory an§ ot2bility were excluded
from the proceas ¢f finding concordance due to logical |
reasong. It was found thet there wes almoot perfeot égreoment
arong the difter&nt mothods with rogerd to the rank orders

O0f trestments.



Dilforont mathematicel funotions wore used to describe
the reaponse pattern of fertiligzerg onm erop yleld and thelr
officioncies comparad on the basis of gecondery data gathored
from variocus fertiligzer itrials conducted in Esrals Agricul-
tursl University. The univariste models asglected For the
atudy consiatod of the ordinary guadratic polynomilal, square
root pulynomizl, Nelder's polynomial, Inverse polynomial,
mixed model, Cupta's function and Helliday function. 5wo new
models were alao developed for describiang the vesponse pattern

for cortalin types of triviel data.

In the single variavle category, each 0f the obmerved
datz wars nlotted gzraphicelly and baased on the shaye of the
graph the data wore Lroadly cluspgified oas belonging to one
or ‘the other of four mutually exclusive categorios.

(1) Parabolic type (2) assymptotic type (3) bimedel) type

(4) exlsd medel tyve. Differont oodels yere compared besed

on the vslues of coefficient of dstermination (B?) and average
ebgolute error. It wes found that parabolic raosponae pattern
could well be represanted by a quadratic or square root pely-
nomiel veaponse fanction with :©  nlight proference to squere
rool function over the umwal guadratic function. Tho qnadiatk:
function is to be preferved in casea where there would be

pynmetry on elilther alde of the anticipsted optimum. In the




case of moderstely aspyuretric responge curvesa the sauare

root polynominl was found to be more efficient than the or-
dinery quadratic. The newly proposed model (model-2} wus
found to0 be the mogt officient in describing the reaponae
pattern of an as$ympt6tic nature. In the cage of curves show-
ing bimodal temdancy square root polynomiul was found to be
satisfactory in representing the regponse pattern. In the
fourth category, the nowly propcsed model (model=1) gave the

maxivum predictability than all other models.

Ameong the differsnt models, mixed modael, square root
yolynomial and gquadratic model showed relatively high R?
vulueu., An overall comparison amons the different models were
nade uping the meen values of coefficlent of determination and
average abaolute error.sauere roci polynomial medel, new model-1,
nixed model, quadratic polynomisl model and Guptels funchbion

gave ' batter perfornunces thsn cthors.

Mizxed model, guadratic mcdel, and square root polynomial
model had more than 75 percent estiwates on physical and
econoniic optima within the spocific ranges of nutrisnts. Thus
theae models produced eastimates on physical and economic
optims éith greator practical value thsn the othor malels.
gupta's function, Holliday function and Hew model-1 failed. to

give opbimunm values for cbout one third of the data set.
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gﬁ In the bivariate cese the different models conaldered
ar® quadratic function, squére root polynomial, tranaendéntal
function end resistznce function. The four rcaponne'fuuctions
were fitted to each of the avzilable data get and their rels-
tive efficlenciss vwere compored. Among the tested models,
realstence function gave very high R? valuos compared to

other wmodels.

All the diffsrent models had aboﬁt half of their egtimates
on optimunm within the stimlated interval. In ths case of re-
sisbtance function all of tho ostimaies of economic optizum
werc distributed in the range of nutrients covered in the ez~
periment. Losistance function has yilolded comparatively higher

valunes of B? even with lesssr number of parameters. The estli-
pated stardard errcr cf the estimates from this model were re-

latively losser tlen thoge obtained from the other models. The
astinatos obtained for different sets of data uander this

model wers more realigtic end steble. Thersfore the repistance
function can well ke recommended for representing the response
paettern and estimating the optimum level of nutrienté in multi~-
‘rnetor exporimenta. Although the tranaenﬂéntal funetion waa in
general less .»yefficient in deseribing the regponse pattern
than other funcbions, it was found to be highly efficlent in
locating the physiczl and economic optimum. Thus in experiments
where the sole objective 1s to find the optizum dose and tho

resultlng response transendental function can also be usged.
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Appendiz I. Grain yicld of paddy corresponding %o graded
doges of fLortilicor in different experimenta
involving a single mutrient.

Serisl mumber of sotzs of data (n)

- e

1bi

Dosge
(z) 1 2 3 4 5
) 2930 2930 2930 2930 2030
29 3154 3447 3594 . 34587 3271
58 3252 3301 3984 3467 3320
87 3369 3545 2496 2588 3057
xfn_ b  HE - SO 9. 10
0. 3052 52 3052 3665 2 3052
58 3549 3735 3935 3906 3638
&7 %6557 3606 4126 5628 3607
116 3857 4628 4150 4126 3662
x/n - i1z &fn i3 14 15
0 26869 2227 0 2373 2373 2373
40 3443 2624 29 2783 2686 2734
80 3749 2842 58 2617 2666 2373
120 3918 2889 87 2783 2861 2686
/0 s T 18 19 20____21 22 2%
45 31365 2692 3303 3254 3264 2366 2445 1913
60 2668 2380 3323 2861 3668 1972 2633 1972
75 3658 3037 2642 2544 3293 2435 2603 1952
g0 %502 3007 2841 2268 3500 2287 2327 1725
x/n_ 24 25 26 27___ 28 29 30 39
0 2833 2200 2833 2200 2833 2200 2833 2200
27 2996 2400 2986 27350 3103 265C 3040 2700
54 2770 2700 2923 2400 3534 2850 2635 2700
87 3G85 2500 2995 2950 2428 3150

2125 2359
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x/n 32 33. 34 x/m_ ] __.35 36
0 1444 1444 1444 0 2036 1715
30 2148 2062 2086 50 2990 2323
6C 2654 2049 1807 100 3342 3178
90 L2173 2247 2012 150 3173 3490
in | 37 38 . 39 A0 __41 42 43 44 _ 45 46 __ 4T
G | 3500 4064 3500 4064 3500 4064 4500 4064 3607 3607 3607
29 | 3900 5246 3500 2757 4420 3942 73940 4173 3370 4086 3891
58 | 3700 4757 3700 5273 3760 4201 3380 4634 3860 4236 4120
87 | 3900° 4513 3610 4718 3500 4824 73540 4281 3759 4113 3998
116 | 4100 4158 4160 4566 3B50 4336 4020 4377 3819 4065 3849
2fn [ 4849 __50 81 x{n|[ 52 53 __54_ 55 __ 56
0 | 2930 2930 2930 2930 0 (2514 25t4 2514 3503 3504
58 | 3646 4265 4265 4199 200 2299 2155 2155 3785 3249
87 | 3972 4460 4460 4134 40 | 2227 2270 2299 3672 3743
116 | 4297 4199 4265 4265 60 [ 2299 2414 2270 3601 3856
x{n | 57 __ x/nl _58___53 __60 __61_ _zx/n] 62 __ 63 _
0| 3505 O© | 3781 3313 3791 3313 0 | 3781 3313
40 | 4054 20 | 4548 13995 4282 3173 40 | 4438 3589
80 | 3503 40 | 4313 3531 4013 3387 80 | 4328 3672
120 1 3432 60 | 4773 3433 4563 3461 120 | 4078 3298
x/n| 6% 65 66 67 =z/m| 68 69 x/n| 70 T
¢ | 2613 3037 2613 3037 0 | 2612 3037 0 | 3888 3445
20 2931 3390 3107 3392 40 | 3037 3178 7.5 | 5142 3980
40 3001 3249 2825 3037 80 | 2860 2066 15 | 4874 3566
60 | 2860 3008 2995 3002 120 | 2895 3008 30 | 4547 3659
45 | 5061 3459
90 | 4834 3632



Appendix 1II. Grain yield of paddy corresponding to graded doses of nitrogen and
phogphorous in the long term fertilizer experiment conducted st
CRS, Earamane

—————

Dose of Doge of _ gerial mumber of sefs_of dzta _(n)

(x1) (52) Ll 2 3 4 S 6 7 8 -9 10 1 12
40 0 6044 5350 4322 4594 47T6T 5267 4022 3750 5672 6028 3294 3517
80 O - 6461 6222 5467 4489 6672 5694 4211 4256 6422 6394 4056 4117

i20 o 6883 T117 5517 5833 5917 5156 3550 4267 6300 7078 3294 4133
40 40 5811 5244 3933 4694 4928 5444 3422 3356 6128 6206 3611 3994
80 40 6806 6389 5439 4461 5561 4900 3433 4111 6139 6656 4183 4106

120 40 6772 65806 5989 5694 5250 5439 4039 4250 6783 6700 4350 4428
40 80 5350 5350 4206 4006 5422 5428 3933 3644 6578 6628 3778 4322
80 - 80 5806 6772 5217 5467 5461 5139 4194 4217 7211 6994 4211 4422

120 80 7156 7222 5900 6006 5733 5272 4000 4367 6756 6683 4044 4211

eontdl......

eaT



Dose 0f Dowe of __ ceewo_deriel numbcr of seta of dato (nj
W Ly

(x1) (22 13 14 15 16 17 18 19 20 21 22 23 24
40 0 4967 4456 2656 2178 4906 5022 3211 2906 6017 6384 2711 2928
80 0 4778 5283 3C17 3133 5980 5822 3572 3161 6844 6356 2944 2933

120 0 4389 5128 2583 2811 5394 6050 2539 3600 6506 6794 2694 2494
40 40 5006 4478 2783 3344 5572 5406 2983 3456 69718 6828 3917 3722
80 40 5033 5083 2806 3583 6111 6044 3506 3639 7200 7022 3144 3356

120 40 5378 4994 3350 30911 6080 6878 3617 4128 6633 6494 2206 2561
40 80 4478 4533 35094 3239 5694 5933 3117 33£9 6961 6683 3594 3772
80 80 5628 5017 3650 3772 6644 5700 3289 4139 7111 7267 . 3328 35817

120 B8O 5761 5683 3450 4117 6572 6450 3878 4128 6778 5417 3439 2383

. — N T il T

Contdeesesns

%91



- ek e et s G o S W - g

Doge of Doze of _ Serial number of gets_of dats {(n)

B P
(1) (x2) 25 26 27 28 23 30 51 32 33 34 35 36

40 0 3944 38561 2278 2844 3739 3650 2806 3206 3606 4051 3472 3933
80 0 5361 4639 3044 2617 4444 4089 3194 2650 4222 4072 4083 4061
120 0 4517 4778 3128 2756 4144 39392 2594 2583 4711 3635 4533 4406
40 40 4444 4TI1 3433 3603 4365 4522 3539 3378 4900 4844 4750 4689
8C 40 5711 4889 3922 372 5044 4917 37T 3894 4917 5059 4772 4861
120 40 5944 6156 4130 4544 5239 4600 3478 3661 4872 5100 4711 4961
40 80 4944 4778 3683 3194 4622 4583 3583 3794 5000 4828 4922 4656
80 80 5778 5683 3833 3839 4906 4217 3161 4189 5400 4756 5256 4572
120 80 6306 6033 3878 4161 6594 5350 4183 4106 4894 5461 4617 5311
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ABSTRACT

The suitobility of difforent stotistical techniques for
the analyais of deta of long torm fertilizer trigls was examined
with the holp Of secordary data gathered from the permanent mani-
rial exparisent in paddy at Regional Agricultural Research Station,
Pattambl and coertain new methods with distinet advantages over the
existing matheds were suggested for the sarte. The rolative effi-
cliencien of varicuc mathematical functions in ropresenting the
vielé-fortilizor relationship and in estimating the optimum level
of the grplicd mutricnt vwere also avaluated on the basis of seconw
dary data gathered from the varicus fertilizer oxperiments on
paddy corducted at the various rice research stations under the
KAy during the last ton vears, Two new mathematical functions wera -
also developed to ropresent the response pattern for cartain type;
of trivial data,.

The methods cvaluated for the analysis of data of long term
triels irncludo method of grouns of experiments, split plot anmlysis,
principal component analysis, non paramctric method proposed by
Eal and Reo, stabllity analyails proposed by Eberhart and Russell,
non pérametric atability analysis propaced by Massar and Huhn and
analysis based on prirciple of game theory. A new non parometric
methed as an extongien of Pricdman's two way anslysis of variance
by ranks was aloo developed for the analycsis of such dato,. This
method was found o bo almost as powerfnl as the methed proposcd
by Rai and Rao and honce can he regarded as an improvoment ovor
the existing mothods as it is free from any stringent assum@tions
on the nature of the unﬁerly;ng universe. Princlipal component



analysis wag also found to be empirically atleast as officient as
the method of groups of oxporiments/split plot analyﬁis and can
be adjudged to ke o better alternative o the solution of the sare

problem on-the grounds of theoretical and statistical walidity,

The univarlate models used t0 describe the response pattern
of fertilizers on crop yield include (uadratic polynomial, square
root polymémial. Heolder's polymomial, inverse polynomial, mixed
model, Guptats function and ilolllday function. The square oot
polynomial was found to be better then the ordinary quadratic poly-

nomial in representing the response pattern of a parabolic nature.
an

bic [ xR
% i the input and a, b, ¢ are conatants, was found to be the

vhere ¥y 1s tho respénse,

The neuly developed mode]l ¥ =

most efficient in Qescribing the response pattern of an assymptotic

nature. In representing the multimodsl response, the new model

Y = Bo *+ pl‘ﬁE-+ ﬁzx-h where o, f, and f, are constants, gave
the maximam predictability than all other medels.

The bivariate models selected for the otudy congisted of
cquadratic function, square root polyromizl, transendental fune
ction and resistance function, The resistance function was found
to be the most efficient in reprozenting the response surface in
multifactor experirents. The cstimates of optimum levels obtained
through the use of this function was fournd to bo realistic and

relatively more ctable.



