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INTRODUCTION



INTRODUCTION

In s presidential address to the Mnual Cone
ference of the Indian Society of Agriculsural Statisties,
1973, Dr.M.S.Swaminathan, Rirecwsr Gmmeral of ICAR, New
Delhi, stated: "There was & gmeral feeling wmtil 1972,
that the eowmntry 4$s at leng last en the path of self
sufficiency in food requirensnts, ik spite of the rapid
grewth in population. Suidenly, spirits dsspened in July
@d optimism ves replaced by alamm as it became spparest
that the bahaviour of the monsesn is likely to be aberramt”.
In the words of the Rirector Gemeral of the Food and
Mricultural Organisation "it is insclarable that this
world of the 1970's with all its significant progress
and its slowly growing sense of ssmsen purpese, should go
oR enduring a situation in vhich the chanoss of enough
deomnt food for millions of human beings may simply depend
on the wvhims of one year's weather®, (Repert of National
Commission of Agriculture, 1976). The twe statements very
aptly swnm wp the dependence of feed production en weather,
In & predominantly agricultwral cowmtry like, India, natiemal
piegress is vitally linked with inereasing production of
agzicultural arops. A major faster influencing
gtowth, sustenancs and yield of exup is weathery



in f£aot weather controls every phase of agrigultural activity
from tillage to harvest and gtorage, Successful farming
therefore calls for appropriate decisions in relation to
weather for choice of arop, sowing, transplanting,schedul~
ing of irrigasion, fertiliser application, use of pesticides,
etae? A knowledge of rigk dus to adverse weather conditions
such as drought, floods, hailstomm, frost and environmental
oonditions conducive to pests and disease inaidence is
egsential, In India only m‘oz the net area sown has
irrigation facilities and even this is not wholly assured
(Sharma, 1970). The crop production is thus dependent on
the vagaries of weather, The stesp fall La food grains

out put experienced during the drought years of 196568

and 1966-67 from 89 million tonnes in 1964«65 to 72 and 74
million tonnes in 1965-66 and 1966~87 respectively, shows
the extent to which production osuld go down in a bad year.
Subsequently, with more or less normal weather in 1967«48
the production picked up and a harvest of 95 million

tonnes was reaped and this exceeded the previous peak
production of 1964~85 by 6 million %onnes, Next year

the production went down slightly to 94 million tonnes

again because of unfavourable weather conditions over a
large part of the country, S8imilar instances can be seen

in Kerala aleso, That our corpping pattemn is heavily dependent

on rainfall was clearly brought out in Evaluation series
No.22,1975(page 2),
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omntitative studies on ervp-weather relationshiy
attrasted attention in the beginaiang of the centrury{Repert
of National Cemmission en Agriculture,1976) vhen esrtain
data were eollested on growndnwt and gottom crops in Rgypt
and interpreted in tems of weather factors. T™is was folle
owed by a cwmprehensive cropeweather stuly in Britain in
1922 The bread ebjest of these studies could be said o
have baen whether the plaat Steelf can be used as an
indication of 1ts own yield, It is mot difficult to
visualiss that the play of weather fasters starts right
from the time the seed is sowmn. Rvery weather sequence
favourghle or adverse, has its impast on the growth and
dsvelopment of the plant. The easiest way to viswalim
this is to exmine any cress~sestien of a leg of wod vhich
entains naay cenomtric rings, cash of which represents
R snval grewth of vaseular bundles, vhich we ueed
by the tres for transiecatien of feod material. The
distancs between any two rings is an indication of the

moocmmmaam@ummmm
in & particular year. Cowpared %o the life eyele of a tree,

the 1ifs of a svop plaat is vary mush gharter, but
oven in Whis case, the variation in height, the intensity
of drandching or the quidiness or the dalay in the

time of fleowering all vary frum year W year depending
won weather., Analysis of agricultural growth are
usually concerned with three majer qusstiens{a) what have



been the direction and magnitude of changes in
production and productivity over time and how stable
are they? (b) What is the contribution of A&ifferent
inputs, weather and other factors to these changes?
And (@) What are in some sense, the more basic factors
datemining the rate and pattern of absorption of
inputs and technology and, henee, of agricultural
grewth (Vaidyanathan, 1979)7 These questions have
long been and continue to be the focus of resesardh
sssng economists and agricultural statisticians.
There are not many definite snswers yet; in fact many
issves remaing contraversial. 7The asswption in ’un—
ing a trend line for measurement of plant growth
(Dey, 1975 Reddy,1978) is that the weather are truely
random in charaster, According to the report of the
National Commission on Agriculture, 1976, it is bslieved
that weather as a single facter is estimated to be
responsible p:u-uuusommocvm.mu
vield whieh ocour from year % year, the remaining 30
percent being due to other fastors like irrigatiom,
manuring and plant protection measures, ete.

A nwber of ressarch institutes and Organisations
are at present engaged in the study of crop-weather
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relaticnships. The Indisn Meteorolegical Department

is studying various aspects of drowght, forecasting of
crop yields, dry farmming, ate., A crop weather Studies
Wit has been set wp in the Directerats of Boonomics
d Statistics in the Ministry of Agrisulture and
Irrigation to concentrate on the publication of long
temn esmparable data on erops and weather, dsrivation
and eomputatien of rainfall indiess, malysis of erop
weather relationship between weather and crop productien,
etc, The IR ad IAX mmumm
werk on arop weather relationships. Some of the
agricultural wiversitises have alse beent engaged on
stulies in this importamt field.

Crops are generally depandent on weather during
the periods of growth aad partieularly in the critieal
phases like geminstion, flowering, seed setting,
manuring eto. Yor healthy growth and good yields certain
optimwm conditions of rainfall, temperature, wind,
smehine, soil moisture, etes sr¥e sssential. However
the problem is oomplex and much work wuld have to be
done %0 arrive at dependahle relationships in
quantitative lpu betwesn these fasters and yields of
erops. Such studies are being astively pursuwed in
many countries. . In the V.S.A. exep yisld studies ams
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made wsing regression tethniques, doth linear and
curvilinear (Repsrt of Natienal Commission on Agriculture,
1976). In additien to weather fasters, teshnological
trend is used both in ite linear amd quadrstic forms.

In the USSR crep vield forecasts, wsing curvilinear
techniques, are issued, Besides weather parmmeters,

seil maisture, stage of arep development, seil type aad
evapstranspiration are alss omsidered. Research work
in this fi¢ld is being carried owt im Canada wnd
Australia also. In India, data collected wnder the

All India Cowordinated Crop Weather Scheme imtroduced in
1945 have been statistically analysed uwsing the techwiques
of regression, Yishers' responss eurves, probahility
distribution of metesrologieal fastors aad curvilinear
Tegression., The stuiies have Beought ocut the relatively
large depmndnce of crop grewth and yvield on rainfall
and its distribution 4ia varieus phases compared to
other meteorological parameters. At Miphad{Maharashtra),
Dharver (Kamataks) and Peweriheda{Madhya Pradesh) raine
fall above nemal in the sonth preseding smwdng amd in
gezmination phases has been Sownd te have baneficial
influence en vheat yield, At Niphad and Talgaon
(Maharashtra) an idea of the £final yeld in vheat eould
bs had from the nature ¢of germination md ghoot grewth



«Te
wihen the arop is two months old, ’a early study en the
influmos of rainfall distridution on eotten yields at
Akola and Jalgasn has shown that am additional inch
(2,54 am) of rain in the Sourth week of May has an
adverse effect. Meavy and continwus rainfall in the
latter half of July and the fivst half of August affects
the yield adversely as it gives rise to weeds and
water logging and delays weeding and interculture
eperations. Meavy rain at the end of September or early
part of October dmmages the Cstten ¢rop by causing the
shedding of bolls, These and various other studies
ware carried out with data frem experimental stations
over limited periods. They wers severly conditioned by
noneavailability of wiferm data ever leng periods.

In Kerala most of the holdings are small,

 Usually the sewings are done with the first showers of
the mongoon expedting a mintsmm smowmnt of rainfall in

the subsequent pericds. Paddy is one of the main arops
of the State and 4t 19 & erop vhieh is very sensitive

to inadequate water supply at various stages. If the
rainfall dter the first showers is inerdinatsly delayed,
the yield may go down considerably. Mot only paddy but
other crops alse are sensitive % inadequate water swply,
S Joshi wnd N.M.Kabaria in 1972 had examined the effect



e
of rainfall distridution en the yald of grewmdnut,
It was found that a decreass iR 1 mm, rainfall during
a particular wesk redused the yield by 3.27 Kg/ha.
Similarly the yield and quality of estten are affected
by the soil moisture, rainfall sad atmospheric huidity
and cotton is susceptible even %o Whalir minor fiuwstustions.
™he effect of rainfall on eotten was studied by
Ouareshi and Hussani(1933) and Kalmkar sad Satajwpar
{1940), vivo fomd a cless relstiondip between yheld and
rainfall. Ranga Rao mnd Pandit Res{1959) edtained the
‘oversge dates for the beginaing and end of raintall
at the four distriot head quarters and exmined the
serrelation co~efficients Metwesn the mmownmt of rainfall
at the sarliier stages mad that feor the later periods
of the seanon at all the plases of thelir study., There
are instanees{Cumings mmd Ray,1940) where the weather
is measured exslusively in temms of rainfall. Thus ewr
ain omtres rowmd the establighment of n efficient
method for the estimation of rainfell wihich can give a
elus %o the famers for futuse Geurse of astion. %o the
immediate question that new arises is the selestion of
&R appropriate period fer swih estinsien., It has bemn
found that weekly rather than seasonal or monthly obetrve~
tiens on rainfall are more revesling.
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he crop growth s yield are governed to a large
extent by the westher smmplex. BEven for anyone weather
clement there is an eptimwm valus at which the maximm
response takes plass and this response oontinually
decreases with valuss aither above or below the optimwm
and osases vhen the higher snd lower thresheld valuss
are reashed. In this biclegical phencmenca the change
in the rate of decreass with the incresse or decreass
from the optimum value may perhaps bes evaluated by
gitting ewrvilinear multiple regression curves.

It is often felt nessssary to decompess the numer-
ous meteoxelogical variables in ane or at most a few
eamposite varisbles in the fomm of “Index Numbers” which
muuvm«uywummmm
It wvas noted that temperature and rainfall are generally
two most impertant facters affesting crop yields(Dubey,
1972), But beth of thess change s» Very frequently
that short peried obssrvatiens are requived to b eonsid-
ered for their effect an yields. But it is diffieult t»
incluis the individual weskly rainfall data and weekly
nean tanperature as sush in an eguation which has other
eplmatery variasbles in 1t. Often the time series is too
short to accommedates mere than a few variasbles. Attempts
have been mads by many authers to solve this difficulty
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by constructing 4&i fferent types of indexss whiich eould
be used instead of the NMumerous metesrologicsl varishles.

The estimation of weather parswsters sspeeially
rainfall, sumarising wveather ia teims of a single nunber-
a weather index = and & stuly of the everall effect of
weather on exeps, threwgh various seasons deserve £ serious

stuly,
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REVIEW OF LITERATURE

M tndepth exmination of weather crop relation-
ship attrasted the attention of scientists in the beginning
of this agsntury (Mational Commission on Agriculture,1976),
By the experiments conducted on different crops it was
fownd that the weather parameters like temperature, rain-
fall, swagshine hours, ete., have effect on the growth
and yield of arop., Some of the recent publications on
this topia are sharma(1970), Louis (1970), Sreenivasam
4% al. (1970), Raxlo and Des (1978), Pinlay and ‘ilkinson
(1963), Joshi and Ksbaria(1972), singh gt 3l.(1970), sen
and Das Guptal{1970), Krishaan and Kushwaha,(1973),
svesnivasan (1973), Sshu(1969), and Avatar singh and
Pavats (1968),

Finlay and Wilkinson(19¢3) was ons of the carlier
research worxks on the adaptadility of orop varieties teo
different secasons and places. The axop on which they
worked was barley. Their method wes Mased on linear re=
Oressiea. Lety,, be the mean yiald of the 1% variety
1n the I plaee. Assume that x, i3 the mem of the
the yields of all varieties at the J*® plass. Them the
uumncrmtuuy“axjmum;mu
r“-ﬂ-b(xj-'i)un.o!m ¥, 1 the memn
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of We 1*® variety 1a the experinents md X 1s the grand
meak of the yields of al)l variaties in all the axperie
nents. Xy measures the tetal effest of the weather at
the I*® plece and can e @ulled veather metameter(Reo,
1957). If ¢his changes by one Wit and the changs is
equal to the change in yield of a particular variety swy
e 1'%, we Latter has 2 change equal %o the change ia
the average yiald of the varietiess i.¢. the variety
in question is open 0 average cdhange which is same as
saying that the variety has averags adaptadility. since
Whe Tegression equation mm be written in the altematiwe
fom (y,,=F) /(ixg=%) = b, in the shove situatiom
b will have a valus equal % wity. Tharefore a
variety will have sverage adeptabiiity when b is near
wisty.

If eorresponding teo a walt changes in x, the
dhange in the yield of the variety is less than ens walg,
then the faterpretatisn is hat the variety wmder consiéd-
eration is subject te less variatien fthan the averape
of all wvarieties or it smownts W saying that the variety
wder consideration 1s more adapted o weather than
the sverage of all varieties; i.e. for D less thaa wmity
the veriety will have better adaptability to the plases.
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Js bafore let x, change by one wmit, If the
errespending dhiange in the yield of the variety is
larger than ene it it is wore than the change in the
average of all the varieties. This mmounts to the asserte
fon that the change in the veriety is more tham the
dhangs in the average and b is greater than unity.
Therefore, 41£f b is greater than wity, the variety is
said to have legs than average sdaptability. Sumarising,
& variety has average, better than average or less tham
aversge adaptahility, aceording as b is 1, less than 1
or greater tham 1.

Based on the abowe approach the awvthors studied the
sfsptadility of a randumly ehosen growp of 277 varieties
of darley from s world collection, grown in replicated
tziale for several seasons at thres sites ia south
Mstralia. PYor each variety a linear regression of indi-
vidual yield on the mean yield of all varieties for each
site in cach season was computed. The besic yields were
measwred on legaritimic scale, since it wvas found that
a8 high degree of linearity was theredy induced in the
regression of individual yielde on the site memms. Vee
of a logaritimic scale also indwesed a reasonahle degree
of hamogeneity of experimental exrer. The mean yield of
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all varietics for cach site and seassn provided a
quantitative grading of envirenments, ammd frem the
snalysis deseribed varieties specifically sdapted o
good oF poor scascns and thoss showing & general adapt~
shility were identified.

™he stuwdy of adaptation of the vhole populatien
of varieties weare fasilitated by the use of a soatter

dlagram vith mean yield and regression co~efficient as
es-ordinates for each variety.

Varieties charasteriged by regression Co-effic-
it of the order of 1.0 had averags stability over all
avironments, Wr exaple, the veriety Atlas showed
average stahility with a linear rYegression eo-efficient
(b) of 0.90. It produced shove m yields in all
scasons at all sites vhich indieated that it had general
afaptability. On the other hand, BR 1230 alee had &
Tegression Cosefficient appresimsting 1.0 (b = 1,08)
but consistently predused belowsaverage yields. It
wes poorly adspted to all eaviremments,

Provest vas typical of verietics which wers very
sensitive t0 dranges in the eavizemment(belew=gverage
stability)s smull changes in the enviromment preoduced
large changes in yield, The variety yielded very little
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grain in s lowyielding envircament, but as the eaviroma-
ment improved, thus fawvouring higher yields, Prevost's
yiald increased at a rate well alove the average for the
growp. Under the most favourable conditions it became
one of the highest yielding varieties; Provost vas,
therefore, deseribed as baing specifically adapted to
NMeh yielding envirerments mmd eharasterised by a regre~
ssion oseefficient significantly greater tham 1.0

(ba 32.13),

Bankuti Xorai exhibited the opposite type of
sdaptation, with very little change in yield despite
large changes ia the enviromment (abowve-averags
stability). The variety preduted abeve-average yield
in lowyielding envoroament, but insensitive to environ-
nental changes, 1t yielded relatively little grain in
a high yielding environwent. Bmmkuti Xorai with a
regression es~efficient significantly less tham 1.0
(» = 0,14) therefore typbfied varieties specifically
sdapted t0 loweyieclding eavireaments.

Yollowing Finlay and 'ilkinson, Eberhart and
Ruseell(1966) propesed the medel

y“ g ¢ Pi’j’ ”?,.lj
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invelving a stability cosefficient x.1 for variety aseese~
ment, P‘umm-nhlmmunm
Go-efficient measuring the changs in response of the 1%
variety dus to change in eaviremment I,. The regression
oo~-afficient was thus taken as & measure of stability
Of the performancos of any variety vith changing eavirone
ment, the relationship being the less the value of the
regression eo~efficient for a variety, the more the

.m"o

Ranle md Des (1978) expleited the above appusath
Sor interpretation of the data esllected from groups of
experinants, and experiments on eultivators' fields.
The data oollected from an experiment conducted over a
mumber of years or places wers weed % obtain twe
induxnss, vis.(1) treatment index nd (11) envirommmmt
index. The treatment index for a treatment in an eperi-
WONt was talisn as the memk yield of that treatment snd
ths enviromment index was taken as the grand mean of
that oparinent d hencs tie s for sach treataent
in the xperiment. For each treatment thers was thus
as many pairs of values as the number of years or local=
i1ties or their produst. Taking the treatment index as
the depandent varishle and the enviromment index as
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the {ndependent variahle the regression of the treatment
index on the eavironment index was emputed. The re~
gression eovefficient wvhich gave & measure of the change
in respones %0 the tweatment per wmait change in the
enviromment index was thus taken as the stability index
for that treatment. Assessnant of the effisacy of a
treatment wvas made asccording te the nature of the stablli~
ty index, that is, the less the regression co-efficiant
for a treament the more stable being that treatment
Wadsr varying eaviremments. A treamment showing a
Mgher performancs and suall regression e-efficieat wes
very much desirable as the effest of adverse enviromment
was likely to be resisted by it. Thus the usual regrese-
ion of treatmaent index orn envirenment index gave the
daange in effest of the treatment per wit changs in the
eaviromment. The stability index for the i'® treament
was taken a8 I/ (D, | + 'D'y buing the regressien
qutolmtmm T™his wvas an improve-
ment over the results of Finlay aad Wilkinson (1963), by
the suthers. If b; were waity the iaverse of by was
wity, the interpretation of vhich was that the 1Ptrest-
ment had average stability i.e. the trestment responss
A ves as mwch s the enviromment index. If b, were



=il

m“uwﬁcumno!h‘muuthnﬂv
wiich vas interpreted as that the eorresponding treat
ment had less stability in the sense that aay change in e
eAviromment caused greater change in the treatment
zesponse. Ia that situation the treswment Tesponse was
to some extent wmpredictahle as mwih as the eaviromment.
It by were lcnthnmerﬂutmruo!h‘mmm
than ity thereby meaning that the treatment had got
more stakility, that is, vhen the envirosment changed
eonstderably the treatment response lagged behind.

strietly speaking stability index indicates as %
vhether changes in weather has influsnos over the yvield
of the arop. This in effest is equivalent to exmining
the effest of sscasons over the varisties. An alternative
method therefors, culd be given by the analysis of
groups of Mﬁn (Coahiran md Cox, 19577 Panse
md sddratme, 1954), ‘here thers is interaction hetwesn
ssasens end varietice it certainly is indicative of the
differential effect of season on varieties and consequantly
latk of stability of at least seme of the varieties.
’m absenoe of interactien dees not indicate stability
of the treatments. But it would indiecate stability
provided the seasonal effects are net significant, Therefore,
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tast of stadility in the analysis of grows of aperi~
nnts would awownt to t esting seasonal or place effects
amd interastion between varieties mnd seasons. 7w
different sitwations arising in the analysis of grows
of experinents were extensively treated in Cochram and
Cox (1957) and Panse and Sukhatme (1954),

An abgolutely common place approath was adopted
by sharmas (1970), %o bring out the influmes of weather
oncrop. Me indicated a close relation between yield
of food grains and weather conditions. Primarily
this was Gue o lack of irrigation fagilities to lion's
share of the cultivated land, To illustrate his point
it was pointed out that there wvas steep fall in food
grains output during the drought years of 1965-66 and
1966-67 frem 89 million tonnes in 1964-65 and to 72 nd
74 million tonnes respectively. This was in spite of
the continuing efforts liks increasing the area wnder
irrigation, imtredustion of new varieties, spplication
of fertilisers, stc. Me has, therefore, suggested that
attempt should be made £irst to distinguish between the
esmtridutions made by weather and technology towards incre-
ased preduwation. HMis second Wuu that methods
should bs ewlved to predict the cowrrent years' preducts
ien by studying the weather crep relationship of the
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previous yesrs. It was peinted out that if weather
data over leng periods of time were studied, symetrical
features and semetines syelical fiwctuations ecould be
identitied, If thess could be fdentified en the basis
of swehh an analysis it should be possible to forecast
nmrnmmMawumnmﬁ
threwh this %0 predict the crep pwduction in the years
that follew. This then csuld be the third area of study,
The Sourth area for study, aceording to him was by
delinsating the country inte homsgenecus orop westher
. tegions whidch would enahle a eleser md more meaningful
study of arop weather relationships. Dut it wpe fownd
difticult as the comtry cannot be delineated inte home-
geneous regions because of the wids variations in the
conditions of the soil, climate, gesgraphy, e te,

Considersble similarity vas ehesrved between
Shama (1970) and Louis (1970). The latter reviewsd the
leng time weather and erop data for many cowmtries and
particularly Sor India, viich revealed much evidepnes of
repetition ia cyclical trends. Statistical devices te
.ntthn«dhrm&u.dm faresasting, swih as
Srend, projections snd the search for eyeles with fimed
splitudes and periodicities have proved fruitless.
There was much evidence te show ¥he existence of repeating
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patterns and that may last for $ or 15 years before

Rew ofies assert themselves. The more astonishing disecovery,
however, was that there were points of symmetry, points
beyond which the annual variations and their eyclical
trends took the form of the variatiens just preceding
those points best described by a 180° tum. Thus

for the statisticians interested in time series correle~
tions, the akove statement meamt amether form of auto-
correlation, in which the lag or time=interval was an
expanding instead of a £i:nd one.

e interest of Sreenivasan g al. (1970) was
more Fealistic than that of Shama end Louis. They
analysed the crop weather dasta oR twe varieties of vheat
at Jalgaon and Niphad frem 1947 wader, eo~ordinated
crop weather schame by aflopting the linear and qurvi-
linear multiple regression metheds, The two varieties
ware N.P.4 aad OGulad in Jalgann and W.P. ¢ and Vijay in
Niphad. 7The study revealed the differential responss
of (1) the wheat crop at thess two stations (11) the
verieties at the same station and (141) the N.P. variety
at the two stations, The diffaremce in gain in informate
ien by resosrting to the curvilinear techniqus instsad of
the usual linear multiple regression was Mrought out fer
the two stations.
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The effeat of rainsfell distribution in the 352
weeks of the year conmeneing with January on the vheat
growa in winter months of November to February at the
two exop weather stations namely Jalagaon and Riphad
were investigated with the help of the data extending
over a peried of 22 years cwmencing from 1947. The
rainfall response curves ehtained by using Fichers'
well inown method of regressien fwnetion fndicated ﬂl&t.
by and lavgs, the curves for both the varisties of vheat
at the 4o s tations showed similar pattern of responss
both before and after removing the trend and the multi-
ple correlation co-efficient was of the order 0.8,

In gemexal, there was a positiwe responss to
M additional wmit of rainfall iR any week but the
nagnituds of response was more for the additional
rainfall after sowing and during the swamer menths.

T influemos of rainfall on the yield of cotton
growm in the Goverrment Experimental Famm, Jalgaoh, wnder
erap~weather sehame since 1947 were also statistically
analysed by the authors adopting VFisher's response
curve techaliqus, taking into congideration the rainfall
in all the 52 weeks of the year. The multiple correlations
were of low magnitude 0,67 before removsl and 0,55 after
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rensval of pregressive dhanges in the variety Jerilla
and 0,42 heflore removal and 0,36 after rewoval of trend
in the variety Vimmar.

Prom the above diseussiens 1% is quite clear
that metarslogical factors have a significant effest
on the growth and yield of exepe. Mut it may not be
possible always t» have a clear pieture of the true
effest of the various meteorwlogical fasters if v are
swplied with the data en the individual fastors.
Further a comparitive study of the effects of the variows
metesrological factors on the yields of 4l fferent creps
may not alvays hecoms possible. Again to draw a rapid
eoh¢lusion based on the varicouws fastors is really diffi-
cult, 8o it has often Deen £slt nesessary to fuss the
Aumercus meteorological varishles iate one or at most a
fow emposite variahles in the ferm of “Index Numbers®
which osuld be gonveniemtly handled in the produetion
or swply equations (Dubey, 1970),

Net all these facters are impertant and they are
to some extent interrelated. Frem the view point of
influenos on the yields of areps, temperature and rainfall
are most impertant (Dubsy) 1970). Attewpts have been
mads by many suthors in constrecting &i fferent types of
indexes which could be used instead of the nwmerous



metesrvlegical variahles

Wioshard suggested (Dubey, 1970) a moisture
tanperature index as & measure of the comhined effeot
of the two variables on yield, The index was given as a
messure of the change in yield per wit change 1
wnmummocmmnrmmu
total evaperation during a puueuhr erop period,
harge, mqmmcuuumu zainfall ws
directly proportional to total presipitation and
inversely preopertienal to the mesn temperatwre, swuggested
8 simple formula I = P/T. De Martenme made an
improvenent in the Lange fermula by adding 10 to the
demoninator to avoid getting negative values of I,
Xeppen suggested three other medifications, vis.,

'*-'m“-m"‘? te 7y w1e yly
s we the index 4w to rapstren

mwm.mmm he
«uumaqammuwﬁﬁ.m
hle seale uwaing monthly precipitation nd average men-
thly tamperature flor n monthus thust ‘

b 3 % (», 22/ ¢ 2‘: ‘M + 100 8 #8,800000
F S | im} \
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Knetach used dyought index as an explanatory
variable in his yield equations., He defined a drought
day to ococur when the available moisture in the soil
reached a point of sero availandility as measured by the
difference between daily preceipitation and gvapotranspie
ration. A weighted average of the drought day intensity
during a arop season with the weights based on the
correlation bestween drought occurance and yield, was
used to calculate drought indesx,

Thormth Waite gave another index based on
moisture ratio which can be given as the ratio of the
difiference between precipitation and potential evapo=
transpiration, to potential evapotranspiration, viss
M= P/e=X,

Hypothesising that the meteorological variables
were a weighted function of time, Ram Dayal and J.P.
Doll separately suggested a acheme of ocollapsing the
weekly or fortnightly observations on rainfall and
temperature into a single variable, if the relationship
were assumed to be linear or a few composite variables,
which could be used as an explanatory variable in
yield equations., The composite variable can be made
into a weather index so that whatever b the number of
composite variables, the same can be reduced to one
variable.
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Shaw and 3Stallings separately construoted
theizr weather indmwms, not from the periodical weather
data, but from the yield data. These indexss were based
on the ratio of actual yields to trend yields, The
trend used ocould be linear or higher degree polynomial
or some type of moving average.

Thornthwaite (1948) introduced the concept of
Potential Evapotranspiration (?I‘l’). Acaording to his
oconcept the loss of moisture in the form of evaporation
and trangpiration, in case its suply were unlimited
depended on the atmospheria eonditions. This loss
was referred to as PET, Jor estimating the values of
PET, Thornthwaite suggested some empirical tclam
based on two metsoroclogical parameters namely the mean
temperature of the day and its length, Alternative
methods for estimating PET were also suggested by some
other authors including Ramdas (1957), By uthlising
such information, the moisture aveilability periods
could be classified into different categories by
comparing the amount of rainfall received during the
pPast 24 hours for each day with extent of PET assessed
for the same 24 hours to indicate the adequacy or
deficiengy of available moisture, The World Metervloe
gical organisation in their Technical Bulletin No,86
suggested a clasaifiation in temms of three periocds
as followst~



(1)Preparatory:

This is a period for which rainfall is more than
PET/10, but doesnot exceed PET/2 g0 that in this case

PET/10 < Rainfall < PET/2

(11)Intexmediates

Tis is a period for viiich rainfall {s more
than PET/2 but does not exosed PuT, thers being two
such periods viss one at the beginning of the rainy
ssason and anothar at the end of the rainy ssason, Thus

in th.l; case

PET/2 < Rainfall < PET

(111 )Hanide
This is a pariod for which rainfall axceeds
PET or egquivalently, |
Rainfall > PET

Here it is to be noted that intermediate
periods and the humid periods gunstitute the moist
period,

Bhargava g% al.(1978) attempted to examine
the extent of influence of different periods on the

yield of Jowar and loss in noxmal yield dus to the
deviation of the date of cessation of'humid’ period
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fxom mean cessation date, The study was based on

26 years of data on rainfull and records of V.S5.Pan
evaporimeter for 11 years for the Jalgaon district,

The season considered for the study was 'Ist May to

31lst October', The choice of this period was made in

view of the faot that it coingided with the oxop season
of Jowar and also sbout 90 per oent of the total anual
rainfall were received during that period. The available
data on U.8,Pan evaporimetar readings wers converted

to PET by & method given by Rmmdas (1957). PFurther,
based on a comparxison of rainfall with PET, the entire
period of Xhanif season (vizs May to October) was classi-
fied into three eategories of moisture availability perxiods
depending on whether the moisturs availability were
surplus or deficient, m._ commen cament and casgation

of such periods {(viz; moist and humid) were studied, It
wag found that the span of the humid period extended
between the third week of June t.o second week of September
while that of the moist period extended between seacond
week of June to the end of September., The mean cessation
date of humid period was seen to be september 15 and

it was found that the termination of humid period prior
to September 15 app:ared quite likely to cause a depress~
ion in the oxop yield,
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Through a graphical technique adopted to
determine the minimum number of moist/humid days it
was found that the requisites number of moist days was
30 while that of humid days was 25.

It is a foregons conalusion that the data
on rainfall, temperature and humidity are useful for
the purposes of planning orop rotations and particularly
in introduaing new crops in a given area. The data on
likely rainfall and temperature gonditions including
hours of sunshine at aritical periods of crop growth
are required for the suoccessful introduction of new
cropping patterns. By substituting éhc long duration
variety of rice by a short duration variety in coastal
dissricts of Madhra Pradesh it has become possible to grow
rice in fallows. Such changes would require the knowledge
of the changes of occuranoe of zain or no rain at the time
of sowing and at the critical periods of crop growth,

Another area in wvhich an analysis of crop
weather relationship is useful rﬂtﬂa to the incidence
of pests, It has baen found that attack of certain pests
and disecases are highly corrslated with the occurance of
certain weather conditions. If such relationships could
be identified with sufficient confidencs they may help
the farmer to adopt prophylactie measures to protect
theirx crops against pests and diseases,
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s mantioned eariier rainfall ‘and temperature have
boen identified as twe majer factors of weather, It
would therafore, bs useful if metheds are developed for
estimating rainfall! The pattem of distribution snd
cmu- of rainfall have attrasted the attention of
' seversl Tessarchers. Some were interested in the effect
u nmm of rainfall en rhu ef erop.

Joshi and Xaberia (1972) stwiied the effest of
rainfall distridution on yield of buneh growndnut in
Sauraghtra during 194570, They fownd nei¢her the tetal
sainfall ner the distribution of rainfall had any effect
on !he yield: This was ¢we t» 8¢ rainfall during 30
peroant of the tetal experimental peried and the period
of the growth, 5165 days, of the arep, Newewer, they
ehoerved significmt correlation betwemn rainfall fyem
the full pegsing to the pod Gsvelepment (3180 days)
mmmy-moc:m,mmm
in thres years., The most exitieal period was the week
fyen full pegging to early pod development($1-57 days).
A dosresse i 1 mm rainfall during thet week reduced the
yield by 3.27 kg per ha.

singh g8 al. (1970) made a study on the total and
muymumammp-ma-am
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relation of rainfall %o the yield of seed cotton flor
35 years at Indore and for 43 years at Fhandwa. e
Righest mesn cotton yvield of 704 kg per ha was oltaimed
at Khandwa in 1930, vhen the snual rainfall was 679 mm
with a distribution of 99 mm, 251 mm, 119mm, 18Smm, 20wm
respsetively during the S menths span, June to Octeber.
with the same anmaual rainfall of 679 mm at Indere in
1956, the highest yield per ha was 364 kg when the distri~
bution of the rainfall was 114 mm, 200mm, Sd4mm, 177 mm,
3%m, frem June te October, MNigh rainfall at the time
of ssuing and germination in June at Xhandwa fawvourably
influencsd the yield of estton. But the highest raiafall
at the tims of vegetative growth ia July, Awgust,
September and October adversely affested the yield at
both Riandwe snd Indore. The adverss effect was more
pronounced at Iandore and this was attributed to the
heavier soil and poor drainage of the plase.

sremmivasan (1973) used a differmt technique. The
data weare analysed by the Figherian techaiqus of regre=
ssion intergral and the techaiqus of selection by sigaie
fioant direst correlation sad regressiem function. The
trend yield Sownd st Xhandve ves Temoved by the Fisherimn
tedhniqus, PFive out of six rainfall distribution const~
ts for Xhandwa and thres out of six for Indore hed
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significmt correlation with yield, The regression of
rainfall distribution ammstants Mefore and after rewval
of trend wore significmt for Xhandwa but insignificant
S Indore, Jer both the stations additional rain during
growth and bell fermation perieds was detrimental to the
erop. The method of analyses Mought out the sensitive
weeks in the elengation through hell fermation peried
of 16 weeks, /

Rifest of water reginss en e main shoot of rice
varigties attrasted the attention of Sen and Das Oupta
(1970), They considered three varieties grown in &iffer-
-t ssasens. Thelir conclusions were that irrespective
of the varieties nd ssascns, the final leagth of the
inserncdes and the main shoot, and the grain yield per
plant, were minimm wder deficient water suply and maxi~
wen wder differential swply of water at various stages
of growth, with shallow sudb mergenes eanly during the
tillering phase.

Parformance of dwerf indiss e panlal riee
varieties in the rainy md dry ssasstts at Ihvbentghwar
was diocussed by sshu (1969), Temperature sumatices
was the parameter considered. Me sheerved that the dwarf
Andisas ‘Taichwng Native 1' and "ING' and the pamlal
'Tainen 3' ware thermophasie, °‘ING’ required a tamper-
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ature gaumation of 2340°C aad 'Taichwng Native 1' and

AL, varieties 2200°C frem geeding to the flowering
stage. ‘Talehwng Native 1' and 'IR@’ behaved as early
maturing varieties in the Xhapif ond as wediwm duration
varieties in the Zalil seasen.

M analysis of the distribution of area of riee
in different states, profdustion ad rice yield per wnit
area in India was male by Chatterjes and Maiti{1979),

They fownéd that the distridution pattern of ares wmder
rioe and the predustion potentiality of the arop in

the different parts of the COWALXY were apparantly goverw
Red by the enset and vithdrawal of monsoon, the Metri-
bution of rainfall md the extent of irrigation facilities
available in the different regioms. Further it was
ohesrved that the practice of rioe eultivation was greatly
influenced by the pattern of rainfall distribution, e
sane ebeervation was made by Origt (1973) with reference
to trepical cowntries. According to him the water swply
Sor about 80 peresnt of the Wwrld's area plmnted to
paddy cems directly frem rainfall, The hich variability
of trepical rain rendared the swieess of paddy cultivat-
ion wmesrtain in areas other thaa the great deltas md
Basing of large rivers.
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Ramiagh (1934) peinted out that there vas ne
relationship between the teotal gquantity of rain and
vield in countries swih as Egypt, Italy, Australia and
the United States vhich are charasterised by moderste
rainfall but provided with frrigation facilities.

Tullis g% al. (1934) have reported that high
temperature scoompanied by increased wind veloaity on
alear bright days cause scald of paddy, Studies of
Yamagupta (1958) revealed that ths number of tillers
and ears increased with the intensity and quantity of
light, Stansel (1967) found that faveurable yield res-
pones to high levels of applied nitrogen oceurs only
when the erop receives high light levels. The findings
of Tanaka gt al. (1966) were that in the rainy season
growth rate vas Mﬂuf at early stages but it became
slower and sometimes even megative at later stages. Om
the other hand in dry season the grewth rate was slow at
sarly stages, but it was Japt aluost censtant till the
end, OGenerally a high sarly growth, vhether caused by
8 varietal charaster, haviag nitregen or seasonal effect
was frequently associated with glower rate at later
stagas resulting in lower graia yield,

A high positive correlatien of grain yield with
solar radiation and 3 negative gserrelation with mean dally
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tnparasture during the 5 days periad bafere flowering
was cheerved at IRRZ, A high esrrelation of 0.834 wes
Sownd betwean grain yield and sslar rafistien during
ripening pexied ( IRRZ, 1974), Murata (1964) and Tenaka
and Vergara (1967) reperted that there was a negatiwe
esrrelation between rice yield and mean dully Semperature.

It vas reported by Ghosh (1970) that neither We
zainfall nor the nwmber of rainy days showed any appre»
elable effest on yicld pradehly besguse the arvp was grown
wder irrigation, Newever, a styong detnimental effest
on the mmber of rainy days ot the ripeaing phase was

Nursta end Tegari (1973) et a negative correlate
ion of grain yield with rainfell a8 the ripening peried,
A siniler finding was Teported by srinivesen (1974) on
the effest of heavy rainfall in Orissa on the grain yield,

™e esrrelation coefticients worhed out with vare
fous netessclegical clenants ot different phases show
hat ninimum and mexinum olF teuperature at vegetative
phast were negatively esrrelated with gratin number
(sresdharan 1975), Ne further found that minimm alr
tenperature at reprodustive phase and sumation of minie
m alr teaperature throughbut the erep growth peried
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wes Regatively carrelated with graias/ia’. A negative
esrrelation weas found detween yield and total rainfall
during the crop peried. It was fownd that the yield was
lovest in the sowing sunths when rainfall during the
orop period was maximum,

Ghosh (1970) oheerved that meither the total
rainfall ner the number of rainy days showed any
appreciable effeet on the grain yield, On the other hand
8 strong detrimental effect on Awmber of rainy days was
evidenced at the ripeaing phase

xanmmmm. utiliging
the data asowmulated at the Ries Ressarch Station,
Pattanid, Pillai (1980) foumd that the monthly weather
parsmeters were correlated with yield of paddy in v
seasons, The result showed a significent positive
esrrelation between monthly rainfall during June and
yield of paddy for one variety in the Autwn season.
There was significant positive correlation between nunber
of rainy days during October and yield of PTB-20 {n Wi
winter seasen. There was strong megative cerrelation
botwean rainfall mceived during July and yield of Autwmn
creps. mmmummmun.
rainfall wvas fownd to be the majer facter contriduting
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‘to variations in yield, It was Sownd that at least ome
third of the variatiens in yield of the Autwm arop
" oowld be mplained through the fiustuations of monthly
rainfall during the months of Nay, Jwne and July.

Prebability of occouranes of éeficient rainfall
perieds within the main rainy seassa and their persisteney
1n the srid wene of Jodpur wnd in the seni and mene of
Jaipur formed the subject matter of the discussion by
Krishaan and Xushwsha (1973). A simple Markov Chain
Model was fitted to the data for standard pantads of
daily rainfall of the two plaves during 190160,

™e tuin sbjectives of the study by Singh and
Pavate (1968) were: (1)The rainfall pattern at twe cotton
growing osatres, ’mravati and Gaimbetere and (11) Suggest
ing a suitable variety along with the optimum timings
for the various cultural operations based on the rainfall
PAtLern at these centres.

, The data on the menthly rainfall of the two places
ghowed that the frequeney distridutions werse highly
positively giewed in the case of Jmrgvathi and highly
Regatively skewed in the case of Coimbatore,

The values of P and £, caleulated for the raw
data of the two cantres showved that the digtributions
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ware highly shev and far feem nesmal, ‘hile F, wves

Righly significant for the raw data of both the cemtres,
%1 - P:-zwas highly significant only for the raw data
of Coimbatore, Mene of the Fi and Y. were signifio-
aatly high fer the transformed data, viieh showed

that netmal sppreximation ves satisfastory.

After the transfomation of the data, the mean
(X) and the standard deviation( 5) fer each momth over
the available number of years were ealoulated, The akove
values tegether with the appropriate values of (¢°
provided eonfidence limits of menthly rainfall on the Rew
seale, The actual linits were ebtained by conversion.
™he opected values outgide the ramge were worked out en
the basis of the level of confidence and the total mumber
of years for the moath,

Prediction of monthly sad smnual precipd tations

. at Pattanddi was the interest of Themas (1977 ), He
further examined the distribution of rainy deys during a
normal year, Mean was talem as the estimate. Confidence
intervals at different confidenes levels were also esti-
mated, The study was based oa the revords of moathly raine
fall and awmber of rainy days per msnth maintained at thw
Rios Research Station, Pattamhi for the period 1927-76,
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The mesn ennual presipitation st Pattswhi vas
fownd © be 2003.3 mn @d Whe stenderd deviation of the
Swwmt of preeipd tatien wes 536,05 mm. The mean nwmber
of rainy dqamnamthuﬂmawm-
ation was 13,52 days.

The results also showed that with 80% confidenes,
the swount of rainfall that ean bs apected at Pattamii
in a normal year would s between 1919 mm and 3293 mm.
At 90% cenfidence total expested preeipitation would be
less than 1919 mm md with 75% emnfidence it would be
above 2245mm, Further it wvas found that the probability
of annval rainfall enveeding 3293 mm was 0,10 and the
same for enceeding 2960mm was 0.3,

Patro gt al. (1973) were of the opinien that cxap
planning in rainfed agriculture were largely dictated
by the sownt and distribution of rainfall. So the predie
otion of rsinfall smewnts expested at various levels of
probability for different perieds wes of vital importanes.
It vas found that the rainfall and rwn off data followed
the logarithmic normmal dlstridutien, Thus the objective
of the authors were to prediet the weekly rainfall ameswnts
at Ehubeneshwar at three levels of prebebility viss 10X
350% and 8O%,
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Twe rainfall valwes Sor any period were arranged
in order of size with the largest first, The plotting
pogitions were computed wsing the California method and

Hasen's method, In Califexaia method 7 = 500 nd

in the other 7, = ‘ﬂH.m "7, 1s the plott-
ing positien percent, 'n’ the raak number and 'y’ the
awsber of years of recerd, The sheciasa (normal probadi-
ity scale) of lognormal prebakility paper was used for
plotting pesitions and the ordinate (log normal) for
zrainfall values, A best £it straight line vas dram

By the eyes through the plotted points.

Frequenay lines were dram by both California and
Hasen's mthods for cach metesrolegical week of the year.
The plots were observed %o be straight line, approximately.
The rainfall amowmnts corresponding to 10%, S0X% and 80%
probability were determined from the frequenay plots.

The rainfall amownts predieted at 80% probability
could be taken as the minimwm assured a value., Ths raine
fall valves predicted at 50X probability suggested the
imit of maximum rigk that the arop planner could take
ia asswming that amount of rainfall available for planne
ing, BPuring zZaki season, there was no assured rainfall,
the one could expect some amount at 10% probability wvhieh
4 oocurs would improve the corp yield considerably.
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A Smprovenent ever the prevesdures of estimation
of weekly rainfall of a plase was suggested by Surendran
2% ak.(1977). Two gemersl mathods of estimation of
weakly rainfiall of a plese hased on probability considera=
tions were propesed. It was Sbund that the California and
Hanen's metheds were particular cases of procedures deve-
loped by them,

In their methed n&ly Xainfall data were arranged
in digcending order of magnituie and the results were
obtained wmder the following asswmptionss If X stands
for the rainfall during the arditrary year, (1) for any
glven X, and X, . the prebability is 'p’ that, X, . <

X<Xx 1° 121,23, eee o (T =)

11) p is e prodability that X > X , md,

111) p,is the probability that X < X _, clearly

y
(2.) P ePe(Ya)Pmy

If P(n) 4is the prebadility that the miniswm rainfall of
amul.. it should satisfy the relation)

(2.2) n) = Py + (n=1)p
Assigning different eets of values to ‘p', aé

p; subject to the relation (2.1) vhem L will be sutematically
detemnined, different Gxputssions fSor P(n) can be ebtained.
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Of these only the fellowing twe have been adopted.

(2,3) 't'ﬂT!T'T.‘" A , for k :2 and

(30) py= §-2 ma 7= § sorr 2

Making use of (2.3) and (2.4) successively in(2.2)
ané dencting the resulting fomms of p(n) respectively
hyp.a‘p;uucmucumu. }
(2.8) - ml-—” 2+k(ne-i) ma
(2.6) v:.- ;}- : gtrﬁu + z{r - 1)}
he cerresponding confidencs percentages rn amd
7, ware abtained by multiplying the R.H.s. of (2.5) nd
(2.6) by 100, Thus

(an 1. iy jrenta-n {
(2.8) - g,gt rel)erxine- x)}
on putting K« 2 4n (2.7) and r = 2 4n (2.8) they reduced

respectively to the California and Masen's approaches.

Now as Uniform predelility were attributed to any
rainfall between 81 and x‘“ vost omfidmaos peroent~
mm%uc‘a‘c“x.mumwmx

gerzesponding to a confidencs effieient C, for whieh
c‘< e<c‘“ eould be sstimated frem the rel stion

XwX "" ot (c - c,a 1-1 a ooo' (' - 1)0
1+1 g—bﬁl 1e1 ’
(te1 = *1)
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MATERIALS AND METHODS

Investigation of influence of metexorological
faators on crop needs data. The data required for the
examination of weather paddy crop rel stionship were
ocollected from the Rice Research Station, Pattambi,
These related to the permanent manurial trials on
Jaya Variety of rice from 1973«79 for the Kharif and
Eali seasons, The information on 1974 Zahi orcp was
missing and therefore the same could not be used for
the study, So altogether there were data from 13 seasons -
7 khagif and ¢ rahi -~ on jaya variety (Dwarf Indigs).
As long jndiga 4is not in qurrent use, NOo attempt was
made to include the same in the analysis, The experi-
ment for all the seasons were layed out in a 4 -~ replicate
randomised block design with 8 treatments. A uniform
spacing of 15 am X 15 om was adopted, The gross plot
size was 7.80 X 5,25 Sq m and the net plot size 7,6 X
4,95 Sqm, The treatments were aw given below,
Treatments
1. Cattle manure at 18,000 kg/ha to supply 90 kg N/ha
2. Oreen leaf at 18,000 kg/ha to supply 90 kg N/ha
3, Cattle manure at 9,000 kg/ha + Green leaf at 9000 kg/ha

to supply 90 kg N/ha

4, Monium Sulphate to supply 90 kg N/ha
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Se Cattle manure at 9000 kg/Nha + Amoniwm Sulphate
to supply 45 kg P,0;/ha + 43 kg K0 as M.0.P.(Murtiate
of Potagh)

6. Green leaf at 9000 kg/ha + Amonium Sulphate to supply
43 kg N/ha + Super phosphate to supply 45 kg 9305/113 +
43 kg K’G as M.0.P,

7. Cattle manure 4300 kg/ha + Green leaf 4300 kg/ha +
45 kg N as Amoniwa Sulphate + 45 kg onsﬂm + 45 kg
Kzo/ha

8. mxm Sulphate to supply 90 kg N/has + Super Phosphate
to supply4S kg onsfha 4+ M.O.P. %0 supply 45 kg K‘zo/h‘.
(Amonium sulphate to be applied half as basal and the
rest as top=dressing at paniale initiation).

The same experiment was repeated from season to
season, The response to these treatments may remain steady
Or may depend upon the season, That is 0 say the treatment
response may despend upon wether. These are two approaches
for studying the weather paddyecrop rel ationship.

Lat x be the mean yield of the same treatment in
the pth season and y the mean vield for all treatments in
the same ssason, Then the regression of x on y is (Finlay
and Milkinson,1963) o

Xex = b(’.?—)
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Congider a unit change in the valus of y, This
represents average variation in the average responge of
all tmeatments. If now the corresponding dhange in x
is aleo 1 wmit, h-H w]l, a8 x and y are
measured in the same wnit, i.e. change in the average
respsnse of all treatments is equal to change in a
treatment, Henoe we can say that this treawment has

only average variation vhea D = },

¥Whan the average change of y = ¥ 4s larger thaa
the average changs in x = X, the relative change in the
treatment is b<1l and we say that the treatment has
better than average consistency in different seasons,

In the same way Lif the change in x -~ X is
greater tham the cimge in y = ¥, b>1 and the treatment
has lower consistenay(stahility).

A regorous justification of the aptnass of the
method to measure consistenay(stability) can be glven as

follows!= xR wb(y=§)

i U e e !

1 V(x‘)

ZV(‘)
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Therefore it follows that in the place of ‘D' we can make
use of V(ﬁ)

v 22

Hence a treatment has got average, less than
average, greater than average oonsistency aocording as
the variation in that tﬁamt is equal to,greater than
or less than the average of the variations of all the
treatment,

The abovs method was employed to ascertain the
staddlity of the eight treatments applied to the Jaya variety
at Pattamdi. The same problem was approached from a
di fferent angle, by using the technique of analysis of
groups of experiements. VWhen the data were grouped the
design obtained was one of twoeway classification with
multiple but equal observations per oesll, Asswming

equality of variances the analysis can be derived as
follows:
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Dw linear modal for amslysis is
Yi * M 40((.4(554. &-ao €k,
£ 21, 2, 0ece 21 I3 1,2, 0eeo M Km 1,2, veese Po
vhere |
H = general effect
o m etfect of 1 replicatien
Tjm attect of I*™ creatment
5 = intersction between 1 ad J classifications and

Yoo = vield of the X plot of te 1™ replicatica
recaiving treataent J§ amd Ccjkere IN(O, o)

Then 18 4, o Ty 8”25 are respectiwvely the
least squere estimates of [, i, Ty md 5\‘6,

y“.' -’(#-ro{c-qu + 5&8 ), vhure ’“,"Z’“g

Thus by Markeff£'s theoren (Kempthone, 1952),

nNoA A 3 2
(3.1) %k(“&ak"““ “C-Tzs—gi(g)ﬂ %kmi‘ % 1/;; - s,
is a X2 with (p = 1)zv hm of fresdom. This
is independent of any hypothesis. (3.1) is called the
within o811 sum of squares. Nenes the varistions dws
to the £ mnd j classifications are ocompletely contain-
od in the bstwesn osll swm of squares. Thelr study
should, therefors, ks based on the analysis of esll

totals. The linesr modsl for this is (Das and Giri,1979),



Yy, = Me o+ TGeli) e c or

-!u‘- M q-o(c¢(€5+ '7\‘»5 vhere ?\cdnéaé-o% md
4

2 hy oy 2
V(?\x& = G35 ¢ -—c’:r; - G—S’P*G— - Gy (say)
The normal equations Sr tha estimation of o (LZ)’

M are

!MA = xv Hevw3oe IZFCO'
P

z‘“- VPOV&CQ ZFCO

P

:.h = r Mo Sica v FC@ and A

.: \.;‘ Z’(" | «-F-é?t"ﬁ?a"’
“ S .
- 1[‘ m&'-m"‘z.lu".gu)-
) P prv prv
2 ) '
(25&-,’:‘;) . itisa X oo er
IPT  prv
2 a 2 : . 3
G e L) s (S h e e (S ity = Tana ) 10
o P prv Cpv prv 59 prv

a ‘X, uwl (r = 1)(» « 1)degree of MMNG-PF

o tast (Ci ] (2.'.‘.' - LV. O, v@ nminimige,

Z’(_u.-f*-oa’dthrcmuﬂ amd o .
t,a P z 3
T™is leads to > -d ‘)-(Z - )haV(C“
".‘.,,a;‘h et J.u #



i
with t(v-n um«mummmm

mm- is trw C:lll(% 1* ‘) is a
prv

y N
A3 with (p = 1) degres of freesdem.

Similarly when o\ = Ch @ 440 ®=X= O,

- 3 8
(2!1..,- Y.s) asa X'es vtk (r = 1) dagres of
2 44 pEV

[V
frecdom, Nencos we have the follewing NIOVA,

Soures ag ' s Mss 4
(1) ' (2) (3) (4) (s)
) 2
2 Beat. Qag "‘l,’ Zyi-e’ »
il

3 Inseraction (rxwl)(wsl) (4,3)({1,3)»
(2,3) LR

¢ Met.calls mr-u.zy‘ -ecr
"Uv

'S Errer (p=1)xv (6,3)(4,3) =

¢ Total prtve 1 s y’ - CF
Syk AIm

In order to develop tests it is required to find
Qxpectations of the various swms of squares, It is casy
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and X (Mean error 38) = G,

Thus the mem sum of aquares dus tocash of 4 aad J
classi fications shoudl be eampwed against interaction
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o of squares for testing sigaificmes. For exsmining
the presencs of intersstisn, the mean sum of oqsuu
dm to it ghould be compared agaiist mean error swn of
squares, This precedure maylave %o be modified vhen
the variances associated with the édifferent experiments
are not equal,

Since the srror sum of squares in the analysis
of the 13 groups of ewperiments is simply the sum of
erzor sums of squares in the analysis of individual
axperiments the data for the 13 seasons were first
snanyssd as randemised block designs, The mean errer
sums of squares for ssasons were tested for homogeneity
by Bartlet’'s test. (Swoema and surendran, 1973),

Tw errors nitc found to be heterogenious and the
straight forwerd combined analyeis of variance had to be
modified, The mean of a treatment in the t“ season
vaswighted with w‘-ﬁz where r is the number of

replications of ecath treatment in every season and n‘

he mean error 33 in the snalysis of the axperiamt in
the 1™ seasen. Men W, 1a the iaverss of the vartnce
of the mean of a treatment at the 1'® season. W shall
denote by ¥, , the meen of the 3™ treatmnt at the 1¥
mmr‘.zv‘jummuaxmuum

means of that uaaua; Let 8 = = V:j .

.
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Then Total 88 =W, 8,~CF vhere CF = ‘;ﬂ
3 SIA
14

udutoplnui-ézdn‘!: aér

2
SS aw to treatments = S (= w, V, )¢ _
C—%ﬁ}-“n
™he sum of squares Sor interaction was
obtained by subtracting f£rom the total awm 0f squares,
the sums of squares for the placses and treatments, Let
this be I. Then if n is the waifom dagrees of freciom

for errer in the malysis of eoperimemt in any season,

‘ - is a N«mﬁdmw
n{ v Ve

degres of freedem.

In case thwe interaction is aignificant the means
of the treatmants for the different ssasons should be
set out in a twe~wgy table and the simple analysis of
variance carried out, The treatment msan square is come
pared with the interaction mean square to test for the
significance of trestment differences.

Thae dally rainfall and temperature data for a
period of 31 years, from 1949 to 1979, ware collected
from the Rioe Ressarch Station, Pattambi, for computing
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a weather indax and for suggesting s method for she
estimation of rainfall.

A westher index should be sueh that it should
acsownt for the variations in weather from time to time,
The veather 1s detemnined in tetwms of a vecter of
dharastars, the variations of which will be indicated
By Wheir dlspersion matrix. Therefors, sny funetion
of the weasther characters which sssownts for the mani~
mwn variation 4m the digpersien matrix cem bs used to
cmmpute the weather index. 'Whwn the fmmetion is linesr
it nessssarily ¢gives the first prineipal component
of the vester of weather charasters. As mentioned
eariier the precipitation and the taperature wire assu~
md to be the meet inpertant ¢harasters detemining
the westher and henae the first prineipal component
(vhich accounts for the maximum variation) of the vecter
of thest twe characters ‘as used to cmmpute the weather
indsx, Ssparats indices were calculated Sor distinot
seasons., Fer the calevlation of the dlspersien matrix,
ssasonal means of temperature and rainfall were made
et of Lin the cast of first scassh and total rainfall and
mean tawperature in the sase of the ssosnd,

Let C ba the vector vhich eorrespends to the
saxinwe roet of the dispersien matrix )\ of the wecter
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the weather indsx Sor the 9sasem i a year is @, X eeyk,,

mu'il @d X, are the mesn values of the charasters,
wiits of X, and &, being ssse as thess empleyed for

computing N\ .

July 1 to Octoder 15 was taken as the first
ssason and October 1 to January 13 as the seeond,
Thirty-ont years of data were available for the computa~

tion of index fer the former seassh. However only 28
years of data could be prosured for the latter.

™he exast duratieon of the crup was taken into
scoount for the ecomputation of Jharif and Iahi indices.

™e uwsual weather index, §/T, P baing the preei~
pltation of a place and T the tamp erature gsuggested by
Lange(Dubey, 1970) were alse cwmputed, Purther cerrele~
anmdgmtmnd‘.immw
indexes by both the methods.

Similarly weather indexss by both the abowe methods
were computed for the Xahii seassh. As in the Mharif
season, the eorrelations were alse werked out with the
mean yield of treatments.
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Daily record of rainfall for 31 years' frem 1949

to 1979 vas used to estimste weekly rainfall, The daily
rainfall ebservations were fused into weekly totals. Por
given data frem an winown population the general spproach
for detemmination of distribution was given by Karl
Pearson (Xendall and Stwart, 1937). The assumptions
wnderlying this spproath are

(1) Prequency distributiens of homegenious populations
are wimedal, i.¢. within the range of adaissible
values of the variate there is one and one value
(the mods) at which the frequeney attains a
mascimnm,

(2) ‘The frequeney curve of a ssatinusus variate may
be represented by a eontinwus function of the
variste.

(3) The frequemcy curve has got high contact with
either of co=ordinates at the extreme points.

(4) The frequenay curve £ (x) is slways positive
within the range of adnissihle values of the
variate and {s such What

J !(x)dl -N,

MIumdno! the population.
T™he form of the Pearson @ stributions therefore
cans be given as
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The enlution of the abeve equatien is straight
forvard sines it takes the standerd variahle separable
fozm. But the form of the solwtion varies sccording
to the natwre of the roet of the quadratic n'alm,x’-e

4e, asvording to the discriminant of the quadratic o
he greater them, equal to or less tham sero.

2|
“ol;

on he basis of P amd R, k can Do expressed as
By ¢ By 2

1 -y P

(3.2) e, k=

(3.3) ke

Asoording te the different valueg of X duhnat distrie
butions are obtained. Tor predicting the weekly rainfall
of a plaos quickly with a specified confidencs coefficient
C, in any future year, the method of Surendran gt a2l.(1977)
has been adepted with modifications,

Let Xyo Xg0 oces X, be the arrangements of legarithm
of weekly rainfall in deseending order of magnituds for

Y years. IR cases where some rainfall walues are sere,
log (X + 1) 48 taken. Now if, C, is Whe peromtage con=-
fidence in getting X;, L= 1, 2, cees ¥7 4% 18

evident that

-
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e confidencs ceefficients were calcul ated dy
the California approach as alev by the Nasen's appreadh
(Patro gt. a2l ) .« In the Califemnia approadch, c, has

mmaur.-m in the Nasen'’s approach it has been
assigned the value r; vhere,

"_*?.‘,;.m*:.&

Now asswing uniform probability log rainfall
between X, and X, ., vhoss confidenes percentages are
C, md Cisye the minimm valws of X, eorresponding to a
confidenos ceefficient C for whieh € © Cj,q° Sm be
estimated frem the relation

X = "uz‘(?-—ﬁﬂ) (Cpq = 1= 1,2, oo (¥Y=1)

te1m €

Antilogaritham of this valus (1f neeassary after subtraste
ing 1) will g¢ive the minimum rainfall correspending to
aonfidence coefficient C,

In order %o fagllitate sssessment of the effect of
dletridbution of rainfall on yield a wet day was defined
as a day having at least 3m eof rainfall (Mhargava
% 2)-(1973). The effect iteelf was estimated by compute
ing the correlation between wat days and the yield,
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The multiple osrrelation was made use of to
examine the mlatien betwesn yield and weather parmmeters.
mrmmmwumm
direct relationship between variahles.



RESULTS



The eight treatments applied to the Jays variaety
in 13 seasons ~ seven Jhacif ¢ six zahi - wdll
hereafter be dmoted as Treatment 1, Treatwent 2, ...,
Treatment 8 respectively in the erder in which they are
degoribed in the materials and methods., The mean yields
of the Jaya variety of peddy fyem plots of sise
9.6 x 4.95 sq.m by the sight treatments are givea im
Table 3,

™he nean respongses per plet of the variety to the
treatment 1 were regpectively 13,77500 kg, 14.22500 kg,
16,20000 kg, 14,17300 kg, 13.87300 ke, 18.02500 kg, md
14,00000 kg in the seven JRACAL scassas frem 1973 to
1979. Tor the same trestments the mesn Tresponses dwring
the six zahi seascas from 1973 t» 1979 were 7,82500 kg,
9.75000 kg, 13.87500 kg, 11.02300 kg, 12.12500 kg and
11.17500 kg, Its oversll mean for 13 seasons was 13.23462hg.

Yor treatment 2, the mesn responses ranged from
10,30500 kg to 16,02500 hy during the kharif seasons
ad from 6.,12500 kg to 11.323500 hg dutng the rahi seasons.
On an averape harif response was 13,73730 kg and this
was greater thanm the average xahi vield of 9.56667 k¢.

Tw average yield of Jaya wndsr treatment 3 was
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13,28173 kg over the 13 scasens. 'hen Jiarif scasons alome
were taken the average was 15.08750 kg, KHowever, the
sverage was reduced %0 11,17500 kg in the Zahi sessons.
In the Jharis seasens, WYhe average yield had a range of
12,32500 kg to 17,40000 kg and the same in the Zahi
Seasons was $.77500 kg %0 12,97500 Xg.

In the case of treatment 4, the mesn yield of Jaya
was 13.55750 kg in the Jharif season avd 9,.34583 kg in
the zaki scasens., The overall mesn for the 13 seasons
was 11061365 kg, As in the case of other treatment
Miarif weas favourable to this treatment also.

The range of mean yiald of the paddy for treatment
S was 13,10000 kg to 17,97500 kg in the }Mharif season and
$.50000 kg %0 13.50000 kg, The mean yield for all the
seasons was 13.73942 kg, The maximwm wmean yield was
ohoerved in JRacif 1970 and the minimm in Zahi 1973,

For treatment 6 the mean Valwes ranged from
15,62500 kg % 9,92500 ky during the Jharif seasons and
betwedn 11,47300 kg and §,30000 ky in the Iaki seasons.
T™e overall mesn yield was 12,.23750 kg, Thw highest mem
valus was obesrved in Nharif 1978 and lowest in xahi 1973

The overall mean of treatment 7 was close % the
curresponding figure for treatmsat 1. The highest maan
yield vas in Jharif 197 and lowest was in rahi 1973,
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The range of mean Yelds was 13,30000 kg %0 17,30000 kg in
Mhazif ocasems mnd 8,75000 kg to 13.37300 kg in xahi
seasons.

e last treatment had a mean yiald of 12,.10042 kg
in Wie 13 gsasons. The mean yield was 13.47071 kg Sor
Mharif ond 10,52128 kg in the Zakd.

e seasonal means for the Jharif scasens ranged
frem 11.91000 kg to 16.43500 kg where as the ramge was
8.50000 ky %o 12.19688 kg in the Zalil scasons. ‘hen
all the treatments were taken into eonsideration their
Zahh wemns had a rangs of 9.34583 kg % 11.34167 kg
viile their JAarif weans were frem 13.47071 kg %
15.79464 kg.

™he mefficients of regression of treatment mems
on the seasonal means are presented in Tahle 8. This
csefficient of regression was 1,10043 for treatment 1,
1.12594 for treatment 2, 0,97084 for treatment 3,
0.97085 for treatmart 4, 1,1072¢ for treatment S,
0.97074 flor treatment 6, 1.04211 for treatment 7 aad
0.73523 for treatment 6. All but the second and the
last were not significantly differemt frem 1. The other
two were significantly different fyem 1.
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The mean daily reinfall in the jharlif seasons
ranged frem 0,80297 em %0 1.86125 am, the mean temper-
ature from 25.58172°C te 36,48480°C, the mean hwnidirty
from 81.87500 to $8.37293, the wind veloaity from
3.19855 /M to 4.37769 Jm/hr and the hours of swshine
from 2.81885 to 5,822770 (Table S).

In order to £ind out the direct infivence of the
weather parameters on the yield of the crop the seasonal
means of Jaya wvere correslated with each of the mean
daily rainfall, the mean daily tewpersture and the mean
daily hwaidity (Table 7). These corrslations were
Tespectively =0,01452, «0,37018 aad 0,61603. Only the
last ente wvas fownd to be signifiemtly different from
sero. The wind velocity and the hours of swnshine vhen
cath was eorrelated with seassnal means gave rise to
rum 0,25247 and ¢ = =0,41328 respectively. BRach of tham
wvas foxnd to bs non signifieamt,

As the mean rainfall during Xalili wvas small the tetal
rainfall was ene of the pargeters of weather taen
in that season. 7The minimwm tetal rainfall(Table 6)
ebserved in the zahi wes 37.05 en mnd wmaximwm was
92.73 em. The correlation between total rainfall end
seasonal means vas =0,42520 and this vas not signifio-
amt (Table 7).
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™e mean daily tenperature during thees Iahi
seasens vere. in the range of 34.71960°C te 26.72609°C
while the msan daily himidity was frem 70,50435 to
76,93044, Tw mmmmuhmc
correlation of «0,57013 with the ssasonal means while
the latter had a eorrdation of ~0,40833, with mean
hwnidity, Only the former eorrelation(r = =0.57013)
vas fowmd to be signifiemmt.

The wind velocity ad hours of sunshine for the
XAl seasen were in the intervel of 3,44240 dw/hr to
3.86171 J/hr ad 6.63826 to 7.92240 regpectively.
Nours of smshine had signifiemnt positive correlation
(r « 0,88193 ) with the scasonal mean yield, whereas
the wind veloeity @id net have my significant corre=
lation (r = «0,30246) with the seascnal mean yields.

™he lovest mean daily maxinum temperature was
28.52612°C and the highest 30,03784°C dwring JMharif.
™he average dally minimum t aaperature during these
seasons were in the range 22,63731°C to 23.49016°C, T
orrelations of the memn maximim and mean minimum
temperatures with the seascnal means had values almost
equal in magnitude but opposite in sign (re «0,23164
for mutimum teuperature and ¢ = 0,25206 for minimwm
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tesperature). But it was Sownd that both the eorrdlatien
osefficients wors not aignificant. Bt for the
ssagons both the correlation essfficients; i.e. the
osrrelation of the average of the daily maximum and the
mintmm temperature with the seasonal mean yields, were
significant, (r = 0,91131°° 4in e cass of maxiaum tempera
ture and r = » 0,08602 o in the case of minimum tempere~
ture), The range for the above tws parameters were
30.901744C to 32.93520°C and 16.50400°C to 22.07881°C
respeetively.

When the average of daily maximm and minimus hwie
dity were ocorrelated with the seasonal mean yields for
the khazif and Zahi scagons only the minimum huaidity
in the Lahi seasons showed significencs.(Table 7),

The osrrelation betwesn the masimum hwaidity and
seascnal mesns for Mharif was 0.45464, The sverage
minimws hunidity hod a cerrelahion of 0.S4718, with the
seasonal means. Thess gorrul skions were not significant,

In Zall oeason mean daily madmium hunidity was
in the range 85,2033 % 91.878236. This had a correlats
don of =0,11003 with scasonal mesns sd this was not
significant. The mean datly mintwnm humidity varied
frem $3.92800 % 61.98261 and this had a significant
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esrrelation of «O,50880,

During Eharif the average minimum humidity had a
osrrelation cosfficient 0.54178 with geasonal measns. T™he
eorrelation between the latter and mean daily maximum
temperature wvas 0.43484, Both coefficients wers not
significant.

T™he NIOVA tables of seasonal experiments are
given in Table 3., The treatmant mean squares for the
seasons vims BRakif 1973, Xhaxif 1974, Kharif 1975,
Zabh 1975, zahi 1976, Xharif 1977 ., Xharif 1878
MhaZif 1979 and rahi 1979 were fownd to bs significant,
The mean treatment sum of gquares flor the seasons, Iabl
1973, Mhaxif 1976, xabli 1977 and zahi 1978 ware fownd
to be non significant.

In the analysas wvhers treatment sum of squares
were significent tssatnents wers classified into homo-

genious subgreups (Tahle 3).

e meah square exrors ranged from 0,32036 to
2,0337S, When the meal square errers were tested for
homogeneity by Bartlet’'s tast ﬁr homogeneity of variances,
they wers fownd to be heterogenous.

Since the errors were found to bs heterogenous
the data were tested for interastion by weighted asnalysis.



b=

In that analpsis the total sum of squares was 4653.08027,
o of squares for places 4118.2946, swm of squares e
% treatments 314.93023 and swm of squares due to inter-
action 322.44148. The degrees of freedom £Or Error was

. 21, While testing for interaction 342,.13618 was fownd
to bs a dchiesquare with 714 degree of freedom and as
such interactien was persent.

Since the interaction was piesent, the meams of
treatments for the differcnt seasons were set out in a
two way table, PFurther analysis revealed that the treat=

ments were hemogenious.

Weather indiges were camputed for the periods
July 1 to October 13 end Oateber 1 to January 15, The
reasons for the ahoiocs of these periods was that they
spprestimately coincided with the Jharif and Zalih seasons.
For the sake of sonveniencs we shall refer to these perieds
a8 vinter and gumer., The westher indiges were canputed
for 31 winter seasons and 28 sSUNNT 8€as0Rs by two matheds,
one suggested in this thesis and amother by the »/7T
formula swggested by Lange (Dubey, 1970). The period
osvered is from 1949 to 1979, These indices arxe given
in Table 10.

Yor the years 1973 to 1979 wxact date of sowing
aid harvesting of Jaya variety of paddy were availakle
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for the two scassns. Nemes the weather indices were
osnputed for the actwal duration of the crop and are
presented in Teble 9,

T™he seascaal means of treatments were
oorrelated with the indioces for the Jharif w4 Dl
seasons scmputed by the two wetheds. These are presented
in Table 11. Thess correlations were all negstive for
the Khazif scasen. In the case of Zahl all the correlas
tions except the correlation of the swygested indax with
means of treatment 7 ware negative. The correl stion
botween the index P/T with this treatment was negative
(r = « 0,98012) nd vas signiticmntly different from stre,

The mean yields of the veriety Sor Xharif was
Sownd ¢o have a @orrelation of 0.26301 with the suggest~
od index and «0,00000 with the P/T index. Noth the
correlations wers not sigaificest.

The suggested index h’d a eorrelation of «0,42338
vith the rall means of Jaya. The @rrelation of the F/T
index with the Laki means was ~0.30088. No significenes
of these correlations was neted,

™e mhuummaﬁhcuntun-l
the seasonal mesns of uuutui was eomputed separately
for the Baakif wd xahi, The ervelations are present~

duunclu.’!eno!mumhuua‘ turned out to be
sognitiemt.
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™e multiple correlation of treatment means over raine
fall and tamperature, during the period of the arop wire
alee computed for the kharif and xahl (Teble 13), All of
them were fownd to be insignificant,

The sstimsted amownts of weekly rainfall with
confidence percentages 10, 30, 80 and 90 axe given in
Table 14 and Table 15, PFor the sakis of comparison
estimates by the suggested method and the existing
method dus to Suremdran gt al.(1977) are given side
by side.

The eatimated amounts of rainfall at oonfidence
levels 90%, 80%, 50% and 10X during the week June 1l1e17
were 0,28 om, 3.30am, 8.10am, 25.08om respectively
by the suggested method., These were respectively
0.284cm, 4,0160m, 8.10em and 25.112am by the exist-
ing method, This was the situation wvhen confidenoce
 levels wers attributed by Hasen's method,

During the same week if eongidence levels ware
determined by California method the estimated |
amounts of rainfall by the suggested method were 0,200em,
3.196aa, 8,10am, and 26,1%am with confidence lavels
90%, 80%, 508, md 10% respectively. 7The existing
method estimated the corresponding smownt as O, 208cm,
3.332am, 8.100m and 26,224cm.



In gemeral,the estimated amounts of rainfall
for correspemding periods 4id mot differ mush.

™he K (kappa) eriterion Sor detemining the
Raturs of the curve which fits given data as suggest~
od by Pearsen was computed for the weekly observed
rainfall and their logarithms, Thess values are
given in Table 16. They were all negative in both
cases.



Table-1. Nesn valuss of the treatments in scasens

Treatments
Season 1 2 3 e s .

Xaarif 1973 13.77500 13.182%0 13.81230 13.92750 13.71230  14.337%0
Rablk 1973  7.82500 $.10000 8.77500 $.80000  8.50000 8. 30000
Eaakif 197¢ 14.22500 13.73000 15.35000 13.45000 15.05000  14.12500
ERarif 1975 16.20000 14.52500 15.62500 14.15000 16.40000  15,.52500
Bahi 1973  9.75000 9,35000 10,62500 8.50000 11.82500  10,67500
Earif 1976 14.17500 13.20000 14.50000 14.00000 15.13000  13.97500
Bahk 1976 1387500 11.32500 12,97500 10.87500 13.30000  11.47500
Eaacif 1977 15.87300 13.17500 16.60000 13.47300 17,20000  14.85000
Balh 1977 11.023500 11.30000 12.13000 10,00000 13710000 11325000
EiEiL 1978 15.02500 16.03500 17.40000 14.30000 17.97500  15.62300
Rahi 1% 12,12%00 11.20000 11.55000 10,93000 12.25000  10,90000
ERaEif 1979 14.00000 10,30500 12,32500 11.40000 13,10000 9.92500
BRak 1979 11.17500  6.12300 10.97500  6.35000  9.87300 8.05000
Overall mesn 13.23412 11.81230 13.28173 11.61365 13,73942  12,23750
Rali mean 10.96350  9.56667 11.17500 9,343583 11.34167  10.12083
BAaif mesn  15.18214 13.73730 15.08730 13.55750 15.79464  14.05179

O~



Tahle - 1 (Contd.)

——Txaatmsntsa _____  Seasomal

R - k] et
15.97250 13.69500  14.30188
8.73000 8.935000 8.30000
14.63000 13.35000  14.24373
15.87500 16.57500  15.3%938
11.50000 10.42750  10.33156
14.30000 12,67500  14,0187%
11.52500 12,05000  12.19688
15.92500 13.42500  15.31563
12.37500  11.82500  11.587350
17.20000 - 14.65000  16.42%00
11.75000 11.52500  11.5312%
12,30000 11.92500  11.91000
9.27500 .o’“ 8.77188
13.19981 12,10042
10.86250  10,5212%
15.20321 13.470M

~te-



Tehie » 2 Jnalysis of wvarianos of enperimmts

Seasone Souwraes 4 28 nas 4

Xhxif 1973 Replications 3 20.46156 8.83052 11.%
Trestments 7 28.24263  4.03608 5.30 ¢e
Exzor 3} 15.97689 O, 74079

Sablk 1973 Replictions 3 2.90730 0,960187 3,03
Treshments s 4 4.,34300 0,83071 1.94
Ervor n 6. 77750 0. 32036

Bagit 1% feplications 3 $.,61625 1.87208 3.3
Treatmants 7 MU 90375  2.13911 3.73 o*
Eczox n 11.91875 O.56738

Raig 1973 Replicstions 3 8.94044  2.81367 6.53
Treatnente 7 19. 70000 2.98282 618 **
Bxrzor 23 92.59906 0,43710

Balk 178 Replications 3 $.83563 1.94521 $.08
Trestuents 7 33.00085 4.837TM 12,58 ¢*
Erzor 2 8.00304 0,30352

"ZA“



Seasons Souroe ag s nss | 4

Kaaxit 1976 Repli cations 7 4.0812% 1.62042 0.80
Trestments 3 16.73675 2.39411 1.18
Errer 21 42.70878 2.0337S

2ahh 1976 Repli cations 3 9.64844 2.88282 4.40
Treatments 7 34.75219 4.96460 7.68**
Error 21 13.56002 0.6461%

Xhacit 1977 Replications 3 O.88090¢ 0.129365 C.21
Treatments 7 52.33469 7.4769 S. 410"
Ervor 21 29.02636 1.38222

B 17 Replicstions 3 10,32250 3.44083 4.58
Treatments 7 10,79500 1,54214 2.08
Ersor 21 15.77730 0.73131

Ehazig 1978 Replications 3 S.475%4 1.82531 1.95
Treatments 7 36.60219 8.08603 8,854
Errer 21 19.62656 0,93460

.—QL«



Soures as 28 Nss »

Balik 197 Teplication 3 13.6012% 4.5337% .21
Treatments 7 7.0837S 1.007¢8 2,08
Srzex a1 10. 332373 0.49208

Eharif 1979 fReplications 3 - 2.93810 0.97837 0.54

| Treatments 7 51.54040 7.36291 4,08

Rryer 21 38.30370 1.8299

Ballk 197 eplicatiens 3 30.85504 10.28831 1.22
Treatments 7 102.67719 14.66817 16,00%*
Brver n 19.251%6 0.91674

TWHGIHcRE tp O.01) -
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Table=3 Critical values for classification of treatment means into
homogenious swbgroups by stwient-Newman ~ Xsul's test.

3

4

-]

7

1.28326

1.10838

0.99471
0.91350

1.18265
1.72972
1.42232
1.98701
1.40869

1.55586
1.3431
1.20%599
1.10753

1.43385
2,09712
1.72442
2,409086

1.7079

1.72048
1.48600
1.33361
1.22473

1.58557

2.31903
1.90639

2.66398
1.88863

. 1.84152

1.590%3
1.42742
1.31088

1.67711
2.48215
2,04103
2.,85137
2,02148

1.93201
1.66869
1.49756
1.37529

1.78051
2.60413
2.14133
2.99145
2.12082

2.00815
1.73273
1.55503
1.42807

1.84883

2,70406
2.223%0

3,10629
2,20220

2.07048
1.78829
1.60489
1.47386

1.80812
2,79507T7
2,29%480
3.20589
2.27282

-»-



Tablea-4 Season-wise homogeniocus sud groups of mamﬁ.

’ g
Ehazrit 1973 m:t;o 2 s 1 3 4 ¢ 5 7
Mean 13,1825 13.695 13.775 13.8125 13.9275 14.3375 15,7125 15.9723
Mo. 8 A 2 6 7 3
nant - ,; 1 . S
Kharif 1974 poen 13.35 13,45 13.7S 14,138 14,225 1485 15,05  15.35
Trest»
ment o, 4 2 s . 3 7 1 s
Eharif 1975 yemn 16,15 16,525 14.575 15.525 15,623 15.875 16.2  16.4
‘l‘n‘t— .
nent No, 4 a S ] 3 & 7 g
Zald Nean 8.5 9,35 9,75 10,4373 10,623 10,673 1l1.5 11833
Balh 1970 w0, 4 2 P 7 ) 3 s 1

,:_C L-




Treat=
Khazrif 1978 went No,

Nean

Treat-
msat Mo,

4 s ¢ 2 7 3 5 1
14,5 14,65 15,625 16,025 17,2 17.4 17.975 18.025
. 2 4 s 7 3 s 1

9.925 10,305 11.4 11,925 12,3 12,325 13.1 14

2 4 é e 7 S 3 3

$,125 6,35 8,05 8,35 9,275 9,875 10.9B1.17S

~ 94—



Table=5 Mean valuss of weather parmmeters - Xharif

Rainfall
(Mean)

Temperature
Naximum Mintmum NMean Naximm Minimum Mean

Humidity

Eazif 1973
EnazAf 1974

ERazif 1975

Earif 1976
Eharig 1977

Ehazie 1978
Ehaxig 1979

1.26739
1.86125

1.71918

0.,80297
1.12774

1.48306

1.57467

29.211%4
29.90221

29,.19672

30.03784
29.86642

28,.52612

29.1209

22,7538% 25.98269
23.03529 26.46875

23.49016 26.34344

22.93176 26.48480

95.40769
96.46324

96.40164

94.79054

22.93431 26.40036¢ 102,04380

22.63731 25.58172

22.65942 26.08321

96.433284

94.8115%

76.04615
76.41176

85.34426

66,.95946
76.27007

77.43284

73.52899

85.72693
86.43750

88.3729%

81.87500

89.15403

86.93284

84,17029

-AA_.



Dabie-5(Contd,)
wind Velootity Hours of Sunshine

——

4.37769
4.1M456
3.89098
3.90811
3.60049
3.59701
3.19855

4.74769
4.12722
2.81885
5.83770
4.64307
4.14701
4.7348%6

~8L~



Table=f Msan values of weather parameters - Raphi

: ;
Season w Naximum m MNean Rasism Mintaum Nean
Ballh 1975 78.45 30.90174 21.68000 26.39087 86.81739 60.19130 70,5043
Ball 1976 57,05 32.93320 16.50400 24.71960 87.76800 53.92800 70.84800
Bahl 1977 92,73 32.01652 21.43565 26.72600 91.87826 61.98261 76.93084
Rakt 1978 61,06 31.43983 22.,07881 26.53445 85.20339 S57.07627 70.63983
Table-6{Contd, )
T vind Hours of
M
3.71043 6.63826
3.44240 7.92240
3.51478 7.47565
3.86271 6.91017




Table~7 Correlation of the ssasonal mean yiqlds with verious
meteorological factors.

_ Pacters Xharis Rabd
Rainfall - ,01451% - 425260
W - om - .Smn'
Mumidity 0.616030* - 408320
Maxisnem temperature - 251640 0,911310*
Ninimum temperaturs 0.252060 = L686020**
Mudimum hunidlty 0.454840 - .1109%0
Minimws hunidity 0.541780 = .388800*
wind Veloolity 0.232470 = 4507460
Hours of sushins - .413250 0.881930

* significmt (p O0,05)
- gsignificmt (p 0©.01)



Table-8 Regression, Coefficients aad their students™ values.

Treatment *»* value 't* value
b | 1.10043 0.70720
2 1.12594 2.47017
3 0,97084 0, 36844
4 . 97085 ooml
s 1.1072¢ 2.18751
[ Q. 97074 0.24583
7 1.06211 0.66487
8 0.75523 4.6965

-1~



Table-® Weather indices for Xharif and Rali

Tear Ehaxis

Swggested P/ Suggested »/T
1973  25.59483 04878 -— -
197¢  38.01674 «07032 -~ -
1975  23.90686 «06326 78.68029 2.97413
1976 26.13823 «03032 57.22057 2. 30709
1977 26.02223 04272 92.92245 3.46004
1978  15.17638 05797 61.25109 2.30116
1979  25.66367 +08037 - -

<o



Tabl e~10 Weather indices for susmer and winter

Zoar winter

suggested P/T Suggested »/T
1949 26,03938 0.04629 17.41871 0.63279
1950 24,81547 0.02443 15.28170 0.54272
1951 24.34 0.01510 16.45583 0.60263
1952 26.02488 0.01486 16.23574 0.59478
1953 26.05368 0.01900 14.99604¢ 0.54356
1956 25,8257 0.015%0 11.48508 0.41957
1938 25.97935 0.01188 19.40038 0.73143
195  25.54080 0.01390 22.07550 o.81183
1957 25.92020 0.03798 48.03524 1.77208
1958 26,14828 0.,03777 35.46623 1.23082
1959 25.54056 0.07698 42.47312 1.58471
1960 25,71809 0.04388 64.08394 2.37927

-t



Table~10{ Contd, )

Year wnter Ssner

. Suggested »/T Suggested »/T
1961 25.24578 0.07899 32.90821 1.19577
1962 29,10441 0.05862 $4.77308 2.04355
1963 25.48182 0.04941 22.83301 0.84729
1964 24.55609 0.05935 43.0237¢ 1.68699
1968 24.62347 0,02973 26.46954 0,95462
1966 26,45987 0.03385 75.73796 - 2.73318
1967 25.36897 0.05839 21.04422 0. 74037
1948 497 0.08752 38,14519 . 135890
1940 25,04747 0.0433% 43,67102 1.66635
1970 25.74152 0,05208 238.82496 1.00448
M 25,44703 0.0457¢ 38, 10184 1.43044
72 26.20394 0,04770 ~$4,4321) 2.29554

-»o-



Table~10(Contd. )

reur Minter Summer |
Suggegted P/T Suggested »/T
1973 25.45665 0.03776 - —
1974 25,20638 0,07880 — -
1973 25,84625 0.05479 45.93699 1.60018
1978 26.11508 0.03590 55,44591 2.03878
77 25.90168 0.03710 92.15571 3.22077
1978 26.36968 0.029%9 61.50634 2.25614
1979 22.72166 -— -

0,03530

e 1 o



Table~11 mmmmamawuuau

Khart ¢ Rakd
Treatment

Suggested »/T Suggested »/T
1 =0, 350863 =0,24357 =0, 73040 =0, 00008
2 =0, 16807 «0,24570 «0.29635 «0.63211
3 =0,16072 «0,15287 «0, 31130 -0, 39548
4. «0,00683 «0, 32798 =0, 36112 =0, 53213
s =0, 30723 «0,42553 «0,67575 «3,13872
e «0,03931 -0, 23326 =0, 08233 -0, 52009
7 -0, 35997 =0, 39271 +0,72718 «“0,98012*
8 =0, 38775 =0,10743 ~0,24375 «0,57623

* gsignificamt (p 0.035)

o=



Table-12

Correlation between number of wat days and ssasonal means of
treatnents

Treatment Khari ¢ Rakd
1 0.40421 «0,42919
2 0.28080 0.27270
3 0.24030 «0,11534
4 0. 39934  0.30202
s 0.30528 =0, 59994
¢ 0,37272  0.02993
7 0.24368 0.93983
(] 8.34871 0.13877




Tahle-13 NMultiple correlation of treatment means over raianfall
and temperature during the period of the crop

Treatment Khart £ Raki
1 0.50933 0.83450
2 0.18608 0.26429
3 0.16101 0.70004
. 0.25081 0.36138
5 0. 36507 0.94240
. 0.09064 0.70155
7 0.39678 0.7329%6¢
8 0.42957 0.43397




Tableawi4 Egtimated weekly rainfall at Pattambi with 8l Zfferent confidence lewvels
- by 2 -&-‘ (existing and suggested)

10% so% 80% 0%

Week | Swgg-

Existing Suggested Existing Suggested RExisting Suggested Dxisting ested
Jan.1=?7 © o o o o o o o
8-14 O o o ’ o o o (1) o
1S-21 O o ) o o o o o
22«28 O o o o o 0 o o
29-4Feb,0 o o o o o o o
FebyS=11 O o o o o o o o
i2=-18 © o o o o o 0 o
19«25 2,602 2.546 o o () o o o
26=dudlar. 0,008 0.008 o o o o o o
Max.5~11. 0.200 0.222 o o o o o o
13=18. 0,966 0.897 o o o o o o
19=125, 1.836 1.642 o o o o o o
26=1 APr.2.504 2,508 o o o o o o
ApT.2-8. 6.918 6.886 O.13 0.13 o o o o




Tabls=14( ]

1 2 3 4 s ) 7 s ’
ApT, 9=15 4.756 4.734 0.8 0.8 o o o o
16222 4,47 4.442 0,33 0.33 o o o o
2329 5,076 5,046 1.39 1.39 o o o o
30=6 Maye 2.3 10,75 1.3 1.3 0.087 0,086 o o
May 7=13 7,02 6,952 0.62 0.618 o o o o
1420 13,965 13,92  2.945 2,917 0,29 C.288 o o
2127 12,35 12,23 3,185 3.184 0,365 0,363 0.2 0,209
28~3,June,20.78 20,73  3.84 3.8) 0,78 0.771 0.37  0,3895
Tune.4=10,19.58 19.57 9.1 9.1 2,562  2.562 0.788 0,755
11-17.25.112 35,28 8.1 8.1 4,018 3.89 - 0.28¢ 0,280
19-24,27.464 327.24 10.21 10,21 3.757  3.75 2,454 2,452
25=1July. 32,484 32,18 11.51 11.51 7.35 7.348 4.562 4.5
July 2-8. 34,298 34,18 14,38 14.33 5,926 3,923 2.972 2,863
=15, 27,716 27.71 13.56 13,56 3.568 3. %88 1.898 1,882
1622 27.090 26,96 12.42 12,41 2,932 2.931 1.358 1,766

6



Iable-14{contd.)
1

2 3 ¢ S [ 7 s »
23-29 29.016 9.0 9.81 9.81 4.473 4.322 1.666 1.6%9
30-5Ag20.526  20.43 6.03 6.03 2.5 2,8 2,056  2.056

Aug.6=12, 20-892  20-81 7.59 7.59 1.373 1.373 0.828 0.824
13~19. 20.452 20.45 $.92 1.48 1,473 0.93¢ 0.93¢ 0.93%
20-26 12.308  12.3 S.24 S5.24 1.689 1.658 0.578 O.574

27=2.8ept. 8.472 8.462 2.31 2.31 0.293 0.2 o o

Sept.3~9., 8.290 8.27 2.52 2.52 0.24 0.237 o o
10=16, 10.678  10.65 1.92 1.92 0.17 0.169 o o
17-23. 11.560  11.56 1.62 1.62 0.273 0.173 o o
24-30. 14,984  14.94 2.3 2.3 0,322 0,303 o o

it { o



1 2 3 4 s [ 7 8 9
Oct, 1=7., 7.912 7.906 2.49 2,49 0.957 0,95 0,376 0,37
=14, 10,458 10,38 3,92 3.92 0,633 0.631 0.278 0.277
1521 15,858 15.83 4.37 4,37 1.349 0.3 0.7  0,7352
2228 16,812 16.64 3.9 3.9 0,105 0,105 o o
29«4 Mov. 11.626 11.59 3.22 3.22 O0.842 0,838 o o
Nov, S=1l, 13,400 13.4 2,48 2.48 o ) o o
12-18 9.992 9.97 1.8 1.8 o o o o
19=25 6,856 6,809 0,35 0,35 o o o o
26-2.De0. 2,660 2.496 O o o o o "o
Dec, 39, 4.00¢ 4.573 +] L+ o o o o
10=-16, 2.916 2.863 O ° o o o °
17=23 0 o 0 L] 0 o 0 0
24=31 0,208 O0.182 O ) » o o o

“z¢~



m-xs Estimated weekly rainfall at Pattamidi with differemt confidence
levels by 2 methods(existing and suggested)

S{confidmon level by California sethod)

10% soX s0% 90%

" aiating suppested misting suopmsted Txisting it meisring Sl
Jan. 1=7 o o o o o ) o )
8-14 o o ) o o o o o
15=21 o o o o o o o o
22-28 o o ) o o ) o o
294, Yeb, O o o o o o o o
Feb. 5-11. © o o o o o o )
12-18 ° o o o o o o o
19=25  3.14  3.07 ) o o o o )
264 Mar. 0.016 ©,04373 O o o ) o )
Mar.5=11. 0,52  0,7084 ) o o o o o
12-18 1.402  1.296 o o o o o o

-t 6~



1 2 3 4 ) ® 7 s 9
23-29. 29.472 31.%8 9.81 9,81 169 3,53 1.502 1,497
0=5, Aug. 22.182 22.12 6.03 6.03  2.47 2.460 2,052 2,052
Aug.6=12. 272,284 22.2 7.5 7.5% 1.346 1,345 0,736  0,7308
13-19 20,608 20,6 592 5.92  1.36 1,357 0,912 0,916
20,26 12,756 12.7% Se24 S5.2¢  1.488  1.453 0.486 0.478¢
17=2- 3ept. 8,824 8.816 2,31 2,31 0.176 0,161 o ()
Sept.3=S. 8.43  8.429 2.52 2.52 0.180 0,176 O o
10=16 9,948 9.947 192 1.92 O,740 0.1% o K
17=23 11,6 11.6 1.62 1.62 0,246 0.246 o o
%-30 15.908 15.88 2.9 2. O.184 0.3 O o
Octe 1=7, T.608  7.607 2,49 2,49 0,924 0,923 0,772 0,263
8-14. 11.546 11.49 3.92 3.92 0,576 0.573 0,266 0,208
15921 16,206 16.19  4.37 4.37  1.238  1.226 0,686  0.6841

-c6=



Iabis-13(Contd, )

1

2 3 . 5 . 7 e 9
2328 15.604 15.68 3.9 3.9 0.0 0,00 o o
29-4.Nov. 12.422 12,4 3,22 3.22 0.764 0,760 O 0
Nov.S=ll. 13.48 13=72 2.48 2.48 o o o 0
12-18. 10.284 10,28 1.8 1.0 o ) 0
19=25 7.572 7.536 0,35  0.35 o o ) o
26=2.Dec. 3.58 3.414 O ) o o o o
Dec.3=P, 4.204 4.2 o ) o o o o
10=16 3,452 3.402 O o ) o o o
17-23 o o o o o o o o
2431 0.416 0.5927 © o ) o o o




Teble~16 Pesrsoniam distribution of weekly rainfalls.

*K* Value for 'K* valus for

Meek existing Type Suggested

Jam. 1-7, :
4

1:;1 : There was wo rainfall,
29-4. Fad, =3,35829 3 -3.32518 1
Feb, S-41 «3,35748 ' =3,25085 -

1218 =5,70022 . -l 99574 )

19=25 ~1.67186 . 1. 36586 .
264 Mar, -3,45138 - «3.37104 .
Max,S~11. =5,18851 - «3,67343 -

12=18. =2,96490 w «-1,90329 »

19=25% 3010997 " -1.46328 .
26=1. April =2,48615 =1.02391 .
April. 2-8. «0,83570 =0,32308

9=1% ~0,57653 w «0.03595

16=22 -0,57181 " =04 16907 "

23-29 -1.11783 «0,03412
20t Ny =0.32060. . =0.07158. "

L6~



wl

1 2 3 4
10=-16 =0, 52063 1 «0,04731 ]
17=23 «0,75323 " «0,04551 .
34-30 =3, 44941 . «0,02748 w
Oct, 1«7 -0, 55273 - =0, 00067 "
8=14 «0,87179 - «0,08475 .
15=21 -3,02962 . -0, 32881 .-
2228 -0, 24558 - «0, P01 .
294, Nov, =0, 38266 . «0,08360 .
Rov, 3=11 =3, 16567 . «0,07473 -
12-18 =0,18716 . «0,00043 '
19=28 «0,50008 . 0. 13548 .
26-2. Dee. =i 17738 w =1,45980 .
Des, 39, =1.51040 . =0, 80099 .
10=18 =2,77425 . =1.,00617 .
17=23 -3.15430 - «-3,14903 .
24a33 - =3.28601 "

=i, 56866

-§0~
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DISCUSSION



™e treatments were found to be significantly
di fferent during Kharif 1973. On grouping them iate
homogenecus subgroups the treatments of 5 and 7 were
in one growp and the rest in snother homogeneous subgro-
ws.

Significant difference was obtained batween the
treatments during the Khapif of 1974, The classifi~
cation of the treatments inte homogenecus sub growp
revealed that treatments 4 and 8 belonged to the howmo=
genesus subgroups with smaller mean valuss. All the
rest belonged to a homogeneous subgroup with larger means.

In the next KRagif ales treatments were again
significantly different. The mesns of treatments 2,4
and 8 were smaller than the means of others which beloag-
ed to a homegenevus subgrowp.

In xahi 1975 the treatments were significently
different, The smallest mean was that of treatment 4
and this was significally differeat from others. The
rest of the trsatments belonged to two signitically
d fferent homogenecus subgrouwps, 1, 2 and 8 in ones growp
and 3,5,6 and 7 in the other.
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Significant 4ifference batwesn treatments
was obeerved during rahl 1976 also. There were twe
@ stinct homogeneous subgrewps; Treawments 2,4,6,7, md
'8 formed one homegenecus subgrowp of means of smaller
values and the other growp consisted of 1,3 and S,

In Kharif 1977 there was significant difference
hetween treatments. They belonged to two distinot
hemogenecus subgroups, one with the leowsr mean values
consisted of treatnents 4 and 8 wiiile the rest formed
the other group. 7This was a repdition of the grows
An Ehaxis 1974,

However in EKharif 1978 treatments differed in
their mean valuss. There wers twe homogenecus subgrowps
Trestments 4, 6 ands vere in one growp and the rest
in the other, The fommer consisted of means with lewer
values. |

Significant differencs was efiikited by the
treatnents dwring Kharif 1979. Treatments 2 and &
belonged to one growp and the rest in amother homogene~
ous subgrowp.

In Zahi 1979 treatments differed in their sffect.

There were three homogeneous subgrowps. Treatments 2
and 4 were in one growp. The seesnd consisted of treat-
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ments 6, 7 md 8. The last growp with the highast means
consisted of treatments 1, 3 anéd S,

No significant difference was eheerved between
the mean yield of Jaya te the treatment during xahi

1973, Mhatif 1976, xahi 1977 anéd Zalh 1978,

From the akove discussion it is evident that
the sffect of seasons on the Ltreatments wvas not wie
fomm, Putting it in the language of design of experi-
mants there was interaction Metween treatments and
seasons.

The analayis of grows of cxperinments also
indicated that there vas significant intersction bet~
ween tTeatments and seasons.

The stability coefficiants of treatments also tell
the smme story. The treatments 2 and 8 had regression
Gsefficients significantly different from 1. For other
treatments they were not significaatly different from
wity theredy indicating that treatments 1,3,4,5,6 and 7
had average stability overall the ssasons. Since
treatment 2 had a regressien esefficient greater than
wity it wvas adapted only to some seasons, i.e. it gave
better yielde in some ssasons and peorer yield in some
ether seascns. This was similar to the findings of
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Pinlay and Wilkingon (1963) in bariey variesics. The
treatnent 8 had evefficient of stabilicy significantly
less than 1. Mence it had more than aversge stability,
™his was wn to the fiadiage of Rawlo and Das
(1968) en the effest of farm yard manures on the yield
of vheat.

Thus the result obtained by the method of
stability ecefficients and thoss obtained by the analysis
of groups of experimants arve equivalent, Purther the mee
W0 of stahility ceefficients is sasier % wply.
herefore, in all situations requiring the clessification
of treatments on the basis of interastion with environ-
ments the method of stadility wmefficients may be pre-
ferred, Thismecedure alse helpe o @hooss treatments
suited to different enviresmenta, A treatment with a
higher mean yield in sn envireament and having stahility
esefficient greater than wnity is mest suited for that
oavironment, The treatment with stability eefficient
less than waity and having higher mean yield is the
one sulted Sor all enviromments. |

Ia the amalysis of grows of experimants no siglh
ficant difference bDetwean trestments was observed,
Thus the loag temm affects of the various treatments
OR the yield of Jaya was the s, This was dus W
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the neutralisation of the positive effects with negative
effects over the seasons. |

The nuaber of wet days @id not have

significant correlation with the seasonal means of

the variety., This is in agreement with the results of
Ramiah(1954) for irrigated creps aad M( 1970), e
total raimfall did not have any significant cerrelation
vith seasonal mean yields in both the Yharif and xald
seasons: The Jaya variesty was, thersfore, not influen-
osd by total rainfall under these treawments. Mis
agfeed with the observations of Joshi and Kebaris'1972)
and Ghogh(1970) but aid not agree with mmuﬁ)

The mean dally temperature had a signifiemnt
negative correlation with the seasonal mean yields in
the zahi season, This conourred with vhat is seperte
od by Murata (1964) and Tanska sad Vergara(1967).

™he mean dally maximwm temperature and the
ssasonal mean yields were positively cerrelated im the
Zall season, This is in contrast with the findings of
Sreedharan(1975).

In the bl season the mean daily minimum
tasperature had a significant negative eorrelation wvith
the seasonal mean yields of the variety, This cwmperes
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sugoested 1 at least as (0od as a rainfall index or
a P/T indax, Further investigatiem in this respect are,
however, warrsnted,

The weskly rainfalls estimated by ths suggested
and existing methods were found to bs nearly equal for
the eorrespending weeks.

Pearson'’s criterian valuss ef the weekly rainfall
and its logarithm for corresponding weeks have been
found to be equivalent indicating Beta distribution in
all cassss This is in variance with the obeervations
of Tomas(1977), The methed of fitting Pearsonisn
ourves to rainfall data seems to be the most appropriate
one.

The method suggested hite as aleo the method of
Surendran gt al. (1977) for estimating weekly rainfall
\Bﬁ appropriate confidence level asswmes that the
probahility associated with amy point of a given interval
is the same, In the existing method the observed raine
falls for the weeks are the values determining the inter-
vals whereas in the suggested methed logarithms of thess
values detemine the intervals. The asswption of
equal probability feor any poiat of a given interval will
. ba more true with the logarithms tham with the original
values. Henoe the suggested method is superior to the
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well with the observations of Sreedharan (197%).

Significant positive correlation was observed
batween mean daily humidity snd the seasonal mean yields
in the Xharif secason. The mean daily maximun humidity
444 not have any significant correlation with the mean
yields of the variaety. The mean daily minimwn humidity
had a significant correlation with the seasonal mean
yields in the rahi season.

The mean dailly wind veloaity 4id not bear any
sigii ficant correlation with the seasonal mesan yields
in both the seasons.

Significant positive correlation was found between
the seasonal mean yields and hours of sunshine in the
Zalll scason, Thig is in agreement with the report of
IRRI(1974),

In gensral negative though not significant corre=
lation was observed betwecen the indices coriputed by the
suggested as also the usual P/T methods. These two
indices are weighted in fawour of rainfall and it was
observed (Sresedharan 1975), (Ghesh 1970) that rainfall
had a negative correlation with yield, Ramiah(1954) aia
not £ind any correlation between total rain fall and
'yield. In the light of these findings the index
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suggested 18 at least as good as a rainfall index or
nr/'l'ima. Further investigatien in this respect are,
however, warranted,

The weskly rainfalls estimated by the suggested
and existing methods wers Sownd to bs nearly equal for
the eorresponding weeks.

Pearson's ariterian valuss ¢f the weekly rainfall
and its logarithm for corresponding weeka have been
found to be equivalent indicating Beta distribution in
all casess This is in varisnes with the obesrvations
of Thomas(1977), The methed of fitting Pearsonian
eurves to rainfall data seams to be the most appropriate
one,

The method suggested hire as also the method of
Surendran gt ale (1977) for estimating weekly rainfall
with appropriate confidence level asswnes that the
probability associated with any point of a given interval
is the same, In the existing method the dbserved raine
falls for the weeks are the valuesa determining the inter-
vals whereas in the suggested methed logarithms of these
values detenmine the intervals. The asswmption of
equal probability for any point of a given interval will
. e more true with the logaritims than with the original
values, Henoe the suggested method is supsrior te the
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existing one. If the estimates turm owt to be
almost equal by the two metheds as observed here
the inference is that the assunption of linearity of the
eriginal values is trus ie, the nwmber of years for
which the data is available is sufficient to justify
the asswption of linearity of the oleerved valuss withe
in that interval, This then offers a method for dster-
mining the sufficiency of the length of data for
estimation, The logaritimic method is more appropriaste
especially vhen the number of years for wvhich the data
is available is few.



SUMMARY



Finlay and wilkinsen (1963) initiated a nev
approach beased on regreasion for the study of the
stability of treatments over seasons or places. T
asoelerate the linearity of regression the authors
had taken logarithms of the observatiens. In this
thesis a new justificatien has been given for the
spplication of this method for detemmining stability
of the treatments. A treatment has less than sverage,
average or greater than average stability according as
the regression coefficient » 21,

The above method was used to dstermine the
stability of the 8§ treatments of the permanent manuri-~
al trials applied to the Jaya variety of paddy in
Marif =d zahi seasons, from 1973 to 1979 1in the
Rioe Research station, Pattambi. |

The mean responses per plot of the variety to
the treatments varied considerably. 7The overall means
of the treatments, had a rangse of 11.,61365 kg to
13.73942 kg, The mean responses of the tresatments
over the Jharif varied from 13.47071 kg. to 15,.79464 Xg.
In the zalf seasonia the average response was in the
range 19.34383 kg to 11,.34167 ky.
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™he mean responses of the variety had a rangs of
11,91000 kg to 16.425%00 kg in the Jhaxis end
8.5000 kg to 12,196887 kg in the Zak..

The sesson~vise analysis of the experinents
wiieh wers in four replicate randemised bloeks showed
that the treatments were not homegenesus in the variews
seasons. Mowever the homogenesus swhgroups of the
treatments differed £yom seaseh %0 seassn. The seasonal
effoct was thus evident.

™he analysis of the grows of experinents
showed that there wis signifieant interaction between
treatments and seasens. In the regresaion approach
it wvas found that the regression ceefficients of
treataents 2 and 8 significantly differed from 1 vhereas
the remaining 6 trestments had a Fegression coefficient
equal to wnity, Sines treatsient 2 had 8 regression
coefficient greater than wnity it was adaspted omly to
some seasons, i.e. it gave better yeilds in some seasons
and poorer yields in some other ssasons. The treatment
8 had evefficient of stability significantly less thaa
1. Rence it had more than average stability, Thus the
method of sulyd.- of groups of experiments and the
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regression approach are equivalent, But the latter
is casier fram the peint of view of analysis. e
sarlier research workers did not wdertake a study to
oompare the two methods and thes gives added importanoe
of the present investigatien,

e nean yields of seasons were correlated with the
various meteorological facters, vis. mean daily raine
fall, mean dally temperature, mean daily huaidity, memn
daily maximum temperature, mean daily minimum temperature,
mean dally medmwm hunidity, mean dally minimum huaidity,
mean daily wind velocity and mean dally hours of sumshine.

In the m season mean daily hunidity was
significantly correlated with the yield, whereas all
other parameters did not have any significant correlation.

In the Zalili ocason mean yield of Jaya had a
oerrelation of «0,57013 with mean dailly temperature,
0,91131 with mean daily maximum ¢t emperature, «0,6802 with
meah dally mimimum temperature, «0,5888 with mean daily
minimum hunidity and 0.88193 with hwours of sunghine,

All thess corelations were significant,

Based on the linear funckion that accowmts for
the maximum variation in the dispersion matrix of the
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variables, s weather index taking inte accomt the
rainfall and temperaturs was swygested. This index and
the index P/T have been computed fer the periods July 1
to October 16 and October 1 %0 Janvary 15. The
swggested index has bDeen fownd to be at least as good
as the rainfall index.

Weather indices besed en the actual duration
of the crep wers also computed from 1978 to 1979 wvhen
the exact dates of sowing and harvesting were availahle.

™he seasonal mean of trestments wvhen correlated
with the indices for the Xharif aad raki secasons ehind-
ted negative correlations in gemeral. They were not
however, significant.

The number of wet days for the secasons 4id not
have ay significant correlation with the ssasonal mean
yields of treatments and hanos with the mean yield of
the variety.

™e multiple corralation of the treatment means
over rainfall and temperature during the period of the
cerop were also computed, but nene of them were fownd to
bs significant.
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Jor estimating the weskly rainfall of a place
AR improvement over the methed suggested by surendram
&5 21.(1977) was mads. ‘e logarithms of observatioas
were considered for the linear interpolation of weekly
obgervations, Weekly smounts of rainfall were estimated
at confidence levels 90%, SON, SON and 10%, The confide
ones levels were aowmputed by MNasen's as also by

In general, the estimated gsowmnts of rainfall
for eorrespending perieds did mot differ much by the
tve metheds. This has given & precesdure for determine
ing the adequacy of the data. If the number of years
for which data are available is small the logarithmie
nsthed suggested is better than a method due to Surendren

a8 ak.(1977).

For detemmining the nature of the distributien
of weekly rainfall the eriterien K developed by Xer)
Pearson was computed., The X valuss showed that the
rainfall in all the wesks followed Type I Deta
distridutions, The Pearsonian £1t may prove to be
highly efficient and accurate as emmpared to other
methods.
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An eaffective regression msthed for the exminate
ion of the stability of the w‘u repeated
eperinents vas introduced by Vinlay and Wilkinson
(1963). A new justification for the employment of
this method wvas evolved and this dees not require the
logarithmic transformation of the data to induce
linsarity of regression. A treawment has greater than
average, average or less than average stability socerde
ing as the regressien ecetficient b < 1.

T™he data from permmnent mammurial trials
condusted at Ries Research Station, Pattembi from
1973 to 1979 ware used to show that the method of regre~
ssion cosfficients to study stahlility and the method of

analysis of groups of eperiments are equivalent. This
was the first attempt in that direction,

Method of analysis of primcipal éupumu was
used to suggest a new weather index based on rainfall
and temperature which are considered to be importamt
weather para meters.

The nuaber of wet days did not have any signifi-
et correlation with the mesn yields of treatments.



In the Jharif ecason mean daily hwmidiey
vas significantly corrvelated with the yield, whersas
all other parsmeters such as mean daily rainfall,
mean daily temperaturs, mean daily maximum temperature,
mean dally minimum temperature, mean daily maximum
humidity, » an daily wind veloeity and mean datlly
hours of sunshine 4id not have any significant
asrrelation,

In the zaki ocason mean yield of Jaya had a
correlation of =0,57013 with the memn dally temperate
ure, 0,91131 with mesn daily maximwm temperature,
«0,6802 with mean daily minimwm tempersture,-0.58688
with mean datly minimus hunidity and 0.88193 with
hours of sunshine.

A modi fied procedure was suggested to-
estinate the weekly rainfall of a plass. This ves
obtained by applying the methed of surendran gt al.
(1977) to logaritwms instead of the weekly smnual
rainfalls. Inaidentally it gave a method for sugg-
asting the adequacy cof the length of the date for
estimation.

Theoretical distributions of the weekly
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rainfall at Pattamhi were indicated, All of them
were found to obey beta @istridution.

VA48T




	image88975
	image88976
	image88977
	image88978
	image88979
	image88980
	image88981
	image88982
	image88983
	image88984
	image88985
	image88986
	image88987
	image88988
	image88989
	image88990
	image88991
	image88992
	image88993
	image88994
	image88995
	image88996
	image88997
	image88998
	image88999
	image89000
	image89001
	image89002
	image89003
	image89004
	image89005
	image89006
	image89007
	image89008
	image89009
	image89010
	image89011
	image89012
	image89013
	image89014
	image89015
	image89016
	image89017
	image89018
	image89019
	image89020
	image89021
	image89022
	image89023
	image89024
	image89025
	image89026
	image89027
	image89028
	image89029
	image89030
	image89031
	image89032
	image89033
	image89034
	image89035
	image89036
	image89037
	image89038
	image89039
	image89040
	image89041
	image89042
	image89043
	image89044
	image89045
	image89046
	image89047
	image89048
	image89049
	image89050
	image89051
	image89052
	image89053
	image89054
	image89055
	image89056
	image89057
	image89058
	image89059
	image89060
	image89061
	image89062
	image89063
	image89064
	image89065
	image89066
	image89067
	image89068
	image89069
	image89070
	image89071
	image89072
	image89073
	image89074
	image89075
	image89076
	image89077
	image89078
	image89079
	image89080
	image89081
	image89082
	image89083
	image89084
	image89085
	image89086
	image89087
	image89088
	image89089
	image89090
	image89091
	image89092
	image89093
	image89094
	image89095
	image89096
	image89097
	image89098
	image89099
	image89100
	image89101
	image89102
	image89103
	image89104
	image89105
	image89106
	image89107
	image89108
	image89109
	image89110
	image89111
	image89112
	image89113



